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APPARATUS FOR DETECTING THE
CONFIGURATION OF A COMMUNICATION PORT

The present invention relates to data
communications and more particularly-to a sysfem for
configuring a data communications channel to permit such
communications between two devices.

Background of the Invention

Many standards exist in the field of data
communications. There are, for example, many software
standards, or protocols, for encoding and transmitting the
data. Some of these standards providé the ability of
discovering or even correcting transmission errors.

Before the question of such software standards
can even be reached, however, choices must be made among a
myriad of hardware standards. Such hardware standards may
provide for "parallel“'data transmission in which a
plurality of data bits are transmitted simultaneously.
Usually a parallel data communications channel will provide
for the transmission of eight data bits at a time,
corresponding to an eight-bit byte. There is nothing that
inherently restricts such parallel communications to
eight-bit data channels, however, and any convenient number
of bits may be transmitted simultaneously.

Alternatively a data channel'may be a serial data
channel in which a single data bit is transmitted at a
time. The data bits are then accumulated by the receiver
and assembled into the desired group1ngs, again typically,
although not necessarily, eight-bit bytes. 

In addition to the data being transmitted most
data communication channels, both parallel and serial, will
inciude_a-number of control signals. These control signals
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configuring a data conmmuni cations channel to_pgrmt such conmmuni cat i ons
bet ween fwo devi ces. Backgrouhd of the Invention
Many stanhdards exist in-the field of data communications. There are, for
exanpl e, many software standards, or protocols, for encoding and:

transnttting the d thes standards provide.the ability of
discoverihggor evgﬁ&ioFigefl etP&ﬁ ﬁ\§§F@HnéFFgF§9 with one aB@ﬂﬁFé Qe

question of such pobpemlig stdddaedtheacommenikatieashetianheleter inshriecthat
o e o aPPbkatacha"BoRLAEE15: S0URRNEL T Unk®CERL o ancr s
Perhaps the best known standard for a serial
5 communication channel is the RS232C. The RS232C standard
specifies uses for each of 25 signal lines connecting two
electronic systems that are to communicate with one
another. Of these 25 lines, two are for data transmission,
one in each direction, and the others are used either to
10 match electrical ground potentials between the_two systems
or to provide control signals.
The RS232C standard is defined for communications
between two different types of devices. These are known as
_ data terminal equipment-type devices (DTE)} and data
15 communication equipment-tYpe devices (DCE).' At times,
however, it is desirable to use an RS232C channel to cause
two devices, each of which is configured as a DTE, to
‘communicate with one another. Additionally, élthough it
makes little sense in terms of the definitions in the
20 standard, in the real world it is sometimes desirable to
connect two DCE devices for communication with one another.
Furthermore, even within the definitions of DTE and DCE,
there is some room for variation from one system to
another. As a result, the exact configuratiop of the
25 devices to be connected must be known in'advance and
special cables and/or jumpers provided in order to permit
communication between the devices.

Summary of the Invention

30
The present invention provides circuitry for

automatically detecting the configuration of a
communication port. According to one embodiment a
difference register is reset to a first digital value and a
35 latch stores the digital state'of-a'signal line of the
communication port during an initial time period. A
comparison'means compares the digital state stored in the .

This gy,

\\\\\\\\\\\\“\-\\
//II/I///III/////l/I//I77°ed



plurality of data bits are transmtted sirrul_ta%egusly. Usual |y a parallel
dat & comhuni cati ons channel will provide for the transm ssion of eight data
bits at a time, corresponding to an eight-bit byte. There is nothing that

i nherently restricts such parallel comunications to eight-bit data

channel s, however ngd any,convenien unber of _bits may be,transm,tted

si mul t aneousl y. 1a22h "ithg Rafltgd 9Taggéf§ Eﬁaﬁhglsﬂéﬁ gé“ﬁ g@F#QF dat a

channel in which aubseguentiatimei perdodsansdift thed digatalnstatecodathebiline
are then aCCU”UIaEﬁQnggFFhS EFEShHeﬁigﬁﬂaQSSSNHE?dFi?EQ:EE?_gﬁﬁhgﬁﬂe first

P addi ¢ on to t hBLBAEALoVRRSer AROREPERG DS EPASRALERRRORPCARBARLERANAEI S
both paral |l elgandindicate whakt thel lineaspunibfitotedobsr ah sugpaks forThhee
control signals . ununication port. . o
According to a second embodiment of the invention
an electronic driver circuit attempts to drive a line of
the communication port to a selected one of the digital
10 states. A comparison means determines whether the driver
has forced the line to the selected one of the digital
states, and if not, stores the second digital value in the

difference register.

15 ' Brief Description of the Drawings

Figure 1 is an electrical schematic diagram of a
first circuit according to the invention;
_ . Figure 2 is an electrical schematic diagram of a
20 second circuit according to the invention;
Figure 3 is an electrical schematic diagram of an
.alternative embodiment of the second circuit according to
the invention; and
Figure 4 is an electrical schematic{diagram of
25 digital filter for use with the invention.

Detailed Description
of the Preferred Embodiment

30 ' The present invention will be described in terms
of a data communication system comprising a local
communication port and a distant communication port. Each
of the ports is capable of transmitting and receiving
information on a plurality of parallel information

35 channels. It will be understood, however, that the
communication ports need not be parallel ports in the
traditional sense of that term. For the purposes hereof,.
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wili allow the parts comunicating with one angther to properly utilize the
commani cations channel to insure that information is correctly transmitted
and recei ved. Per haps the best known standard for a serial

comuni cation channel is the RS232C. The RS232C standard specifies uses

for eath of 25 signalnldNeh CONESHLS Cdgibrd o8¢ 'O fa LS dAE rl§1)fng
parallel information will also include traditional serial
communication ports where two parallel channels are used to
transmit data, one for each direction of transmission or

5 where data is transmitted on one or more channels parallel
' tp control signals on other channels. _

' In the present invention the requirement of
having advance knowledge of the configuration of a
communication port is eliminated by providing a circuit

10 that senses that configuration. After the configuration
has been determined, information concerning it is stored in
a register and is transmitted to a similar circuit
connected to a distant communication port. A similar
circuit at the distant communication port senses the

15 configuration of its associated port and stbres information
concerning that configuration and transmits it back to the
original circuit. Both of the circuits then determine
whether a valid connection is possible between the two
ports and automatically configure themselves for

20 communication. _ '

The present invention provides circuitry for
determining if information'channels in a communication port
to which it is connected are intended to be inputs or
outputs. Two strategies for making such a de#ermination

25 are employed. The first is to monitor an information
channel in the communication port to determine whether the
electrical potential is changing between digital states.

If it is, the port.is driving the channel and it is an
. output for that port.

30 . Figure 1 illustrates a circuit for so monitoring
an information channel. The circuit of Figure i includes
an input register comprising AND gates 10 and 12, OR gate
14 and D-Type flip-flop 16 and a difference generator and
register comprising EXCLUSIVE-OR gate 18, AND gates 20 and

35 22, OR gate 24 and D-Type flip-flop 26.

There are five input signals to the circuit of
Figure 1. These signals are the data signal received from
the communication port and applied to line 28, a Hold-Not

i
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another.” of these 25 lines, tw are for data_tganam ssion, one in each
directioh, and the others are used either to match electrical ground _
potentials between the two systens or to provide control signals. The
RS232C standard is defined for conmuni cations between two different types

of devieces. These - t ' i - e.dew ce ITE)

and data communi céﬁlgdn%p%mﬂ%qagﬁq?{ees?Wﬁﬁéﬁnﬁeﬁ?%oﬁ/&éﬁ It

is desirable to u@ﬁi%ﬂd%rﬁl g etk s igna ldapplded danligte wid cand a
i's configured as addhE silgha0THPPY G 1t Midd) 3g1e another. Additionally,.

'n the real world it is somi e ML UG (e dtlcsedipase, tit et
conmuni cati onswi t lHode stigidleron R0l theertestt Eiyrale ateflinid i361and
DTE and DCE, therg gy SYF whid'® ft:qxre Vraeré.eag iscirbd‘arlorgnorﬁnseysstder?é theld high.
Since line 30 is in a low state the output AND
gate 12 will be low while the output of AND gate 10, and
thus OR gate 14 will follow the data input signal on line
10 28. Thus at the first clock pulse on line 32 the value of
the current data signal on line 28 will be stored in
flip-flop 16. | -
At the same time, since the reset signal on line
34 is held high and the test signal on line 36 is held low,
15 both AND gate 20 and AND gate 22, and as a tonsequence OR
gate 24, will have low output signals. Thus on the same
first clock cycle a low value will be stored in flip—flop"
26.

After the system clock signal on line 32 has been
20 cycled causing the initial values to be stored in flip-flop
16 and 26 as described above, the Hold-Not Hold, reset and
test signals are all inverted. Because the Hold-Not Hold
signal on line 30 will then be at a high value, AND gate 10
will have a low input and thus will have a lqﬁ output
25 regardless of the value of the data signal on line 28.
| Conversely AND gate 12 will receive a high input signal
from line 30. Thus the output of AND gate 12 will be high
if the output of flip-flop 16 is high or low if the output
of flip-flop 16 is low. OR gate 14 will thus receive a low
30 signal from AND gate 10 and either a high or low signal
from AND gate 12, the value of the signal from AND gate 12
being the same as the output of flip-flop 16. Thus the
output of OR gate 14 will be the same as the output of
flip~flop 16. This results in the value in flip-flop 16
35 - remaining unchanged when Hold-Not Hold signal on line 30 is
~high. '

i



another. An a result, the exact configuration gf-the devices to be
connect el nust be known in advance and speci al cables and/or junpers
provided’'in order to permt comrunication between the devi ces.

El ectro-81. Conference Record Vol. 8 No. 7 - 9, April 1981, di scl oses a

hal f dupl ex serial network &g\¢cd rthgarot._{ | rac#ﬂpolﬂ@el n% v ﬂe‘-]V#Fee& at

acting in conjunction wi.ith a OSt CcO

ave aeril a

addressabl e from tthe y@duegaf fdier Mangficﬁi’@rlaﬁv(ﬂiélmﬂ'&? tférer: d’d@?ﬂasﬁ%’dﬂﬂ/

t he host.
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det erm ning the conf | q;rat [ 31 inairhel ecdtartlac%lalue ur}:'icn%t QN Oerstti. ASppe
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other input tq EXCLUSIVE-OR gate 18 will be equal to the
subsequent data signals dﬁring the test. As a result, the
output of EXCLUSIVE-OR gate 18 will be equal to zero at any
time that the data signal is the same as the initial data
signal latched in flip-flop 16 and will be high if the data

| szgnal differs from the initial value.

Because the reset signal on line 34 is low, AND
gate 20 will receive dne'high input. The other input to
AND gate 20 is the output signal from flip-flop 26. Since
flip-flop 26 was reset to a low output value, this signal
will initially be low. Therefore, the output of AND gate
20 will initially be low. The test signal on line 36 is
high, giving AND gate 22 a high input. Therefore, the
output signal from AND gate 22 will egual the output signal
from EXCLUSIVE-OR gate 18. Thus, AND gate 22 will have a

. high output if a difference between the initial data signal

latched in flip-flop 16 and a subsequent data signal on.
line 28 is detected and low otherwise. 1If such a
difference is detected, OR gate 24 will receive a high
input signal and will be then provide a high putput signal.
On the next cycle of the clock signal on line 32 that high
signal will be latched into flip-flop 26. Thereafter, the
output of flip-flop 26 will be high. That high signal will

~be fed back to AND gate 20, which thereafter will have two

high signals, insuring that OR gate 24 will always receive
at least one high input signal. Thus, the output of

flip-flop 26 will be guaranteed to remain high until the
. system is reset to begin the detection process again.

If the output signal from flip-flop 26 is high,
the signal on data input line 28 has changed digital

states. For this to. be true, data input line 28 must be

connected to an output line on the communication port to
which the circuit is attached. Since the line is known to

\
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The present invention provides circuitry fo[_qyypnétically detecting the

conf.iguration of a _ -3- communi cati on
part. According to one enbodinent a difference register is reset to a
first digital value and a latch stores the digital state of a signal |ine

of the’'- comuni cation port during an initial tine ?eriod. A _conparison
means conpares thBedPBi PUFPYEat ENGr Bedf-FAnEhguration circuitry may proceed
: with the configuration process. If the output signal from

flip-£flop 26 is low, however, there is no assurance that
the line of the port to which data in line 28 of the
5 present circuit is connected is an input line. The
"possibility remains that it could be an output line that
has not changed digital states during the time of the test.
If the test of the circuit of Figure 1 is unable
to conclusively determine that line 28 is connected to an
10 output of the communication port to which the circuit is
connected, a different test strategy may be employed. A
circuit for the alternative test stritegy is provided in
Figure 2. The strategy of the circuit of Figure 2 is based
on a difference between an output line and an input line in
15 a communicétions.port. :
| If a particular line is an output line, it will
have connected to it a driver intended to hold the line at
a particular voltage indicative of the current logic state.
I1f, however, the line of the port to which line 28 is
20 connected is an input, the circuitry in the port will be
intended to since the voltage imposed by an outside source.
The strategy of the circuit of Figure 2, thus, is to
attempt to drive line 28 alternately'to the high and low
‘voltage states and monitor what its voltage 1#. Driver 44
25 and resistor 46 are chosen such that they will easily drive
line 28 to the desired voltage if line 28 is connected to
an input of the port, but will be overcome by the effect of
" a typical driver in an output line of a communications
port. Thus if line 28 is at a high voltage level while
30 driver 44 is attempting to drive it to the low voltage
level or if line 28 is at the low voltage level while
driver 44 is attempting to drive it to the high voltage
‘level, then line 28 is connected to an output of the
communications port. If, alternatively, line 28
35 consistently follows the output level of driver 44, line 28
- is connected to an input line of the communications port.
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latch wi'th the digital state of the sane |ine @urLing subsequent tine
periods. "If the digital state of the line changes, a second digital value,
differing fromthe first- digital value, is stored in the difference
register to indicate that the line so nonitored is an output for the

conmmuni cation port. Accgrding to,,a sgc d e dj ment, of t.he

i nvention an ePectronlc drldﬁneQnéhﬁuqfkﬁQ¥ﬁnﬁ nt 1%k &9 9?1 used,
communi cati on portthe test|sojreal o kifne S8 diisglpv.ai igttd eshe Aawnbagisostate.
means det er m nes el atadis i 4 N8 é@rﬁqm HAdFF dibddinc¥gded one

of the digital state %_ not , ores t secon I t°a ue 1n the
di fference regi stc—?rffe"t vely causig 9 theotignak ih JO‘f’“t R o %\M’rﬂﬁ no effect

Figure 1 is ag eIemﬁrthnﬂctxﬂuﬂﬁul(sihcaﬂﬁhétﬁest signal on line 48 is also
| coupled to one input of AND gate 64 causing the signal on
line 48 to be low will insure that the output of the
circuit of Figure 2 on line 66 will be low. .
When the circuit of Figure 2 is to be used to
10 test a signal line, the test signal on line 48 is set high
and the signal on line 50 is alternately cycled between the
low and high levels. The output of driver 44 will follow
the signal on line 50. Thus when the signal on line 50 is
low, the output of driver 44 will be low. As explained
15 previously the circuit is intended then to determine
whether driver 40 is driving line 45 to a high voltage
level when driver 44 is attempting to drive it to a low
voltage level.
_ This discussion will assume that line 50 is
20 initially set to the sYstem low voltage level and
subsequently cycled to the system high voltage level,
although there is no particular preference for this
sequence over its reverse. Since line 50 is at a low
voltage level and is connected to one input qf AND gate 56
25 the output of AND gate 56 is guaranteed to be low. Since
the signal on line 50 is connected through an inverter to
one input of AND gate 58 the output of AND gate 58 will
follow the output of voltage comparator 54.
Voltage comparator 54 has its minus input -
30 connected to a voltage source providing the high signal
threshold voltage, i.e., the voltage level above which a
signal will be interpreted as being at the system high
voltage level. If the signal on line 45 is above the high
level threshold voltage, the output of AND gate 54 will be
high. If that is the case the output of AND gate 58 will
be high as will be the output of OR gate'GO. EXCLUSIVE-OR
gate 62 has one input connected to line 50 and one input

35
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first circuit according to the invention; Figure 2 is an

el ectrical schematic diagramof a second circdi € according to the

i nventi on; Figure 3 is an electrical schematic diagram of an
alternative enbodi nent of the second circuit according to the invention;
and" - ‘Figure 4 is an electrical schematic, diagram of digital
filter for use witepnanected ctnithe output of line 60. Dkfiidine DS chs pdrbven

gf th_ebPaeferredEmmi state whilelle XywSKsYid @/iajﬁdl_)fld\/idx? mT. 50,

Cosor Do 11 ¢ Ml b B TR NS DA LR 4 S by st apa

capabl e of transmand milnchawera high i lfvehanitputon AhEnefdie ythd output of

parallel infogmatiffh gate 64 on line 66 will be high. This high value may

| then be stored in fiip-flop 26 in Figure 1, or in another

register, to indicate that the signal line to which the
circuit is connected is an output line of the associated
communication port.

10 _ ~ If the signal on line 45 is low when the signal
on line 50 is low, the voltage provided to the plus input
of voltage compaiator 54 will be below the threshold
voltage applied to the minus input and the output of
voltage comparator 54 will be low. This will cause the

15 outputs of AND gate 58 and OR gate 60 to be low causing
EXCLUSIVE-OR gate 62 to receive two low signals. Thus the
output of OR gate 62 will be low as will the output of AND
gate 64 causing the circuit of Figure 2 to have a low
output on line 66. 1In this situation, the line of the

20 communication port associated with the circuit has not been
shown to be an output line, but cannot be assumed to be an
input line either. | _

If the line of the communications port to which
the circuit is connected has not been determiﬁed to be an

25 output line when the signal on line 50 is low, line 45 is
again monitored when the signal on line 50 goes to the high'
logic state. When the signal on line 50 goes to the high
‘logic state AND gate 58 will receive at least one low input
signal and so will have an output'in the low logic state.

30 . AND gate 56, however, will receive at least one high level

input signal, so its output will follow the signal that it
receives from voltage comparator 52.

Voltage compafator 52 has'applied to its minus
input a signal at the low level voltage threshold. If the
signal on line 45 has followed the signal on line 50 and
thus is at the system high voltage level, the voltage
applied to the'plﬁs input of voltage comparatorjsz will be

35

This Sheet Has Been i(leﬂlaced.

RN




channels. It will be understood, however, that _the commrunication ports need
not .be parallel ports in the traditional sense of that term For the '
pur poses “hereof, . comuni cation ports capable of transmtting
and receiving B :
above the low level voltage threshold and the output of
voltage comparatOt'Sz will be at the high voltage level.
As a result the output signal from AND gate 56, and as a
result the output signal from OR gate 60, will be at the
5 high voltage level. Thus EXCLUSIVE-OR gate 62 receives two
high level input signals, one from line 50 and one from OR
gate 60. This causes the output signal from EXCLUSIVE-OR
gate 62 to be at the low voltage level. Thus AND gate 64
receives one low level input signal and one high level
- 10 input signal and provides a high level output signal on
line 66. This is what is to be expected because line 45
has followed the input signal on line 50. If, however,
line 45 stays at the system low voltage level when line 50
goes to to the high voltage level, voltage comparator 52,
15 AND gate 56 and OR gate 60 will each providé a low voltage
output signal. Thus EXCLUSIVE-OR gate 62 will receive one
low level input signal and one high level input signal and
will provide a high level output signal to AND gate 64.
AND gate 64, therefor, receives two high level output
20 signals and provides a high level output signal on line 66
-indicating that the line to which the circuit is connected
is an output line of the associated communitation port.

This test is continued while the signal on line
50 is cycled a number of times. 1If the line-ﬁf the

25 associated communication port is ever determined to be an
output, the test may be deemed completed. If after a
predetermined number of cycles it has not been found to be
an output, the fact that the voltages on line 45 have
consistently followed the'voltages applied to line 50,

30 indicates that the line of the associated communication
port is an input. .

Figure 3 shows an alternative circuit that may be
used in place of the circuit of Figure 2. "In the circuit
of Figure 3 tri-state driver 44’ acts in a manner

35 comparable_to tri-state driver 44 of'Figure 2. When the

" test is enable by applying a high voltage level to line
48', tri-state driver 44’ will attempt to drive line 45’ to

This Sheet Has Been Replaced




parallel information will also include traditional serial comrunication
port.s where two parallel channels are used t® ¥ ansnit data, one for each
direction of transm ssion or where data is'transnmtted on one or nore
channel s parallel to control signals on other channels. In the

present- i nvention the requirenent of having advance know edge of the
configuration of a’%ﬁﬁﬁﬂﬂ%%ﬂ ibkghhand i ow Vol tagedene ks Fokhowing ctheui t

Ejhat sensgs th?t EIRYridduragpied Ad ided & oonf Idsl_uﬁﬂtuort éxeesad is chosen
determ ned & 0f o TR S El 't IS4 N UL S et
A simlar circuit .valtllt hdr idies tidntt oo drbreurhi ot ity ts tedres oth it e a system low
Cont| S ot nSong YOOGS G AN LIV O R I o
CIrCUItS t hen det ¥9htfge output state. EXCLUSIVE-OR gate 62°' then simply
compares the output of Schmitt trigger 68 with the signal
applied to line 50’. If they are the same, EXCLUSIVE-OR
gate 62’ will provide a low output signal. If they are
10 different, however, EXCLUSIVE-OR gate 62’ will provide a
' high level output. As long as the test is enabled AND gate
64’ will provide an output equal to the output signal from
EXCLUSIVE-OR gate 62'. Thus at any time that the signal on
line 45’ and that on 50’ are different, a high level output
15 signal will be provided on line 66’.
' Both of the circuits shown in Figures 2 and 3
will provide transients when the signal on line 50 or 50’
change. Figure 4 shows an additional circuit that will
overcome errors that may result from the transients. 1In
20 the circuit of Figure 4 flip-flop 70, 72, and 76, and AND
gate 74 provide a filter to ensure that the high output on
+ line 66 or 66’ of Figures 2 and 3, respectively, is
maintained for a sufficient length of time to ensure that
the high output is actually indicative of a qétetmination
25 that the line of the associated communication port is in
fact an output line. A filter clock signal is provided on
line 78. The filter clock signal on line 78 is preferably
at a lower fregquency than the system clock signal on line
32. The input of flip-flop 70 receives the signal from
30 line 66 or 66’. The value of that signal is latched in
flip-flop 70 when the filter clock is cycled. That value
is then proVided to the input of flip-flop 72 and latched
theré on the next cycle of the filter clock. The output of
both £flip-flop 70 and 72 are then combined by AND gate 74.
35 Therefore AND gate 74 will only provide a high level output
if line 66 or 66’ provide a high level output for at least
two periods of the filter clock on line 78. 1If this occurs

This Sheet Has Been Rei aced




whet her a valid connection is possible betweenzthe two ports and
automatical ly configure thensel ves for communicati on. The present
invention provides circuitry for determning if information channels in a
comuni cation port to which.it is connected are intended to be .inputs or

out puts. Two Stra&ﬁg'ﬁighoﬁe@@&'@ggﬁﬁﬁh of qQBQrg%ngglagtaqqu Qbe%avgh%een

first is to nonitor an rnfor he _comquni cati Q f&
det ernm ne mhethercﬁﬁéeélb&tﬁl@&ﬁnﬁéﬁéﬁtﬁ&ﬂ t§ecH&A§Fnésbéﬁﬂ€89 &Pg ép—flop
states. If it is, yghe mritp-lfs_o@r ms' A8 thenCpronddesndti toi ¥1dp-Ediopui26f,0rfrom

t hat port. trat r t f [ ri an
i nformation channé’Pic hg 8IF8&P€“&%9F06833§TQ& %theggeriﬁn@DQhEQ t%Q
conprising AND gardscudtadé tpnnertgd: &olananytputypdnel of- ﬁh@pafé°§ﬁﬁﬁfd
di fference gener akgmmdndcation port.
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regi-ster conprising EXCLUSIVE—OR gate 18, AND agtes 20 and 22, OR gate 24 |

and- E1ﬂ' Hl There are fiveT nput signals to the )
circu I]mm “u Iﬂﬂl hese si ghals are the data signal received fromthe
comunicati on ports and applied to |ine 28, a Hol d- Not :

FN 43435 EPO 1A

CLAIMS:

5 1. Apparatus for determining the configuration
of an electrical communication port, where said port
comprises a plurality of data lines, each of said lines
being capable of assuming either of two digital states,
said apparatus comprising:

10 difference register for storing information about
said configuration; ‘
reset means for forcing said difference register
into a first of said digital states;
latching means for storing the digital state of
15 one of said lines during a first time period: and
comparison means for comparing said digital state
stored in said latching means with the digital state
of said line during a subsequent time period, said
comparison means causing said difference register to
20 . change to a second digital state if said digital state
stored by said latching means and said digital state
of said line during a subsequent time are different,
said second digital state differing from said first
digital state. - ;
25 | :

2. Apparatus for determining the configuration
of an electrical communication port, where said port
comprises a plurality of data lines, each of said lines
being capable of assuming either of two digital states,

30  said apparatus comprising: ' |
difference register for storing information about

said configurat1on, ,

reset means for forc1ng said difference reglster
into a first of said digital states;

35 driver means for attempting to force a
preselected one of said lines to one of said digital

states;
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Hol d signal applied to line 30, a systemclack signal applied to line 32, a

p
rese““l “ﬂ“}'“ﬂﬂl“&lto line 34 and a test signal applied to |line 36.
I ni t il i L est sequence the Hol d-Not Hold signal. on Iine 30 and
t he test __signa'f on line 36 are held low while the reset signal on line 34

12 will be low while the oltMRAaPolNAIne, iy Unbaind Shediledldite
follow the data input ofi grealidopreased exdedrdinentvwitthe spildsong @f saide on
line 32 the val ue of tigyiQHY YHatdd A sH iGN Wonadiistn Aibatid lcais isigreadid n
flip-lop 16. di f?ertem%esarré%itsltrgef tsbl nc%eantgrt]ae troesaetsesc:'&%ldioﬁ t!élne
5 state if said digital state of sald preselected line
' and said one of said digital states are differ.
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34 is held'high and the test signal on line 36 is held ow, both AND gate

20 and AND gate 22, and as a consequence OR gate 24, w |l have | ow out put
signals. "Thus on the sane first clock cycle @ +ow value will be stored in
flip-flop 26. After the systemclock signal on line 32 has been

cycled'-causing the initial values to be stored in flip-flop 1€ 6 '
descri bed above, the Hol d-Not Hold, reset and test signals aréghﬁﬁqﬁ%VQ&%b&a’

Because the Hol d-Not Hold signal on line 30 will then be at a high val ue,

AND gate 10 wi Il have a |l ow i nput and thusAggkheggve a | ow out put
regardl ess of the value of the data signal 28. Conversely AND gate

12 will receive a high input signal fromline 30. Thus the output of AND
gate 12 will e high if theaogyptemoifolr! detllc@inyt the kopfiguriaewonl dtha

out put of flip'fl%%m%%nh%é%?@h ggr%aﬁgciﬁdgglLi&@%ﬁt@%p%%¥em%nh%%ring a
communication line of the port.-_If the line changes
digital states it is assumed to be an output line of the
port. 1If the line does not change digital states another

10 circuit attempts to force the line into aiternately'high
and low digital states. If the line can be so forced, it
is assumed to be an input line of the port.
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signal from AND gate 10 and either a high or |ow signal from AND gate 12,
t he value of the signal from AND gate 12 being the sane as the output of
flip-flop 16. Thus the output of OR gate 14 will be the sanme as the output
of flip-flop 16. This results in.the value in flip-flop 16 renai ning

~unchanged when Hol d-Not Hold signal on line 30 is hi%i
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-6 Since the output of flip-flop 16 is |latched at the val ue of
the data signal during the first time period, EXCLUSIVE-OR gate 18 will

al vvays Fecei ve one input signal equal to that initial data value during the.

test. The other input to EXCLUSI VE-OR gate 18 will be equal to the
subsequent data signals during the test. As a result, the output of
EXCLUSI VE-OR gate 18 will be equal to zero at any tinme that the data signal

is the sane as the initial data signal latched in flip-flop 16 and will be
high if the data signal differs fromthe initial value. : Because
the reset signal on line 34 is low, AND gate 20 will receive one high
I nput. The other input to o 65 - '
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AND ‘gate 20 it§ EE?:
=y |

| fromflip-flop 26. Since flip-f|¥¥*»6Ahs
Is signal will initially be low Therefore,
tinitially be low. The test signal on |ine 36
i gh input. Therefore, the output signal from
put signal from EXCLUSI VE-OR gate 18. Thus,
AND gate 22 tput if a difference between the initial

data signal I{ate =f=0p *#6land a subsequent data signal on |ine 28
is detected and | ow otherwise. If such a difference is detected, OR gate 24

w Il receive a high input sigmpAr@fgs\¢bR BETEA®RNG' @HEde a hi gh out put
signal. On the next cycle of the clock signal _on éLEEP§2F5 at high signal

will be latched into fl5EVEIGPRBBIONQF A ¢QEMUNG u flip-flop 26
will be high. That high signal- will be fed back to AND gate 20, which
thereafter wll

H

resety tova | ¢ 22l E s
t he out put of
i's high, givi
AND gate 22 W

have e present invention relates to data
communications and more particularly to a system for
configuring a data communications channel to permit such
communications between two devices.

Background of the Invention

Many standards exist in the field of data
communications. There are, for example, many software
standards, or protocols, for encoding and transmitting the
data. Some of these standards provide the ability of
discovering or even correcting transmission errors.

Before the question of such software standards
can even be reached, however, choices must be made among a
myriad of hardware standards. Such hardware standards may
provide for "parallel" data transmission in which a
plurality of data bits are transmitted simultaneously.
Usually a parallel data communications channel will provide
for the transmission of eight data bits at a time, .
corresponding to an eight-bit byte. There is nothing that
inherently restricts such parallel communications to
eight-bit data channels, however, and any convenient number
of bits may be transmitted simultaneously.

Alternatively a data channel may be a serial data
channel in which a single data bit is transmitted at a
time. The data bits are then accumulated by the receiver
and assembled into the desired éroupings, again typically,
although not necessarily, eight-bit bytes.

'In addition to the data being transmitted most
data communication channels, both parallel and serial, will
include a number of control signals. These control signals
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hi gh signals, in§REb
hi ghr i nput si gnalj**;

[T the output Si dndl laﬁiAfrﬁéfﬂ

must be.

— _ -_—
BETE 24 will always receive at | east one

Ul of flip-flop 26 wilhis$S aleemme gddt o
eset to begin the det agaln
op 26 is high, the si put
S
i

line 28 has ChaHOECF__QLijﬂ_jﬂ;gg‘ . For this to be true, data |npu I ne 28
connect Tﬁ“aﬁmﬁﬁfbut e on the comunicati-on port to which the
i s attached—Skpee-—th = isfk%oﬁm to

will allow the ports communicating with one another to
properly utilize the communications channel to insure that
information is correctly transmitted and received.

Perhaps the best known standard for a serial
communication channel is the RS232C. The RS232C standard
specifies uses for each of 25 signal lines connecting two
electronic systems that are to communicate with one
another. Of these 25 lines, two are for data transmission,
one in each direction, and the others are used either to
match electrical ground potentials between the two systems
or to provide control signals.

The RS§232C standard is defined for communications
between two differeént éypes of devices. These are known as
data terminal equipment-type devices (DTE) and data
communication equipment-type devices (DCE).' At times, _
-howeve:, it is desirable to use an RS232C channel to cause
two devices, each of which is configqred as a DTE, to
cqmmunicate with one another, Additionally, although it
makes little sense in terms of the definitions in the
standard, in the real world it is sometimes desirable to
connect two DCE devices for communication with one another.
Furthermore, even within the definitions of DTE and DCE,
there is some room for variation from one system to
another. As a result, the exact configuratxop of the
devices to be connected must be known in advance and
special cables and/or jumpers provided in order to permit
communication between the devices.

summary of the Invention

The present invention provides circuitry for
automatically detecting the configuration of a
communication port. According to one embodiment a
difference register is reset to a first digital value and a
latch stores the digital state of a signal line of the
communication port during an initial time period. A
comparison'means compares the digital state stored in the



-7- be an o
confd gurati on

however, there
line 28 of the
possibility re
digital states

8if i guration circuitry may proceed with the

put signal from flip-fhQR skt HE Be@Replaced

at the line of the port in
connected is an.input IU
be an gugput |ine that d

the test. If the test of the

circuit of Figure=t—TsTmanre

latch with the digital state of the same line during
subsequent time periods. If the digital state of the line
changes, a second digital value, differing from the first
digital value, is stored in the difference register to
indicate that the line so monitored is an output for the

communication port.’

According to a second embodiment of the invention

an electronic driver circuit attempts to drive a line of

the communication port to a selected one of the digital

states. A comparison means determines whether the driver
has forced the line to the selected one of the digital
states, and if not, stores the second digital value in the
difference register.

Brief Description of the Drawings

Figure 1 is an electrical schematic diagram of a
first circuit according to the invention;

Figure 2 is an electrical schematic diagram of a
second circuit according to the invention;

Figure 3 is an electrical schematic diagram of an
alternative embodiment of the second circuit according to -

the invention; and "~

Figure 4 is an electrical schematic; diagram of
digital filter for use with the invention.

Detailed Description

of the Preferred Emhodiment.

The present invention will be described in terms
of a data communication system comprising a local
communication port and a distant communication port. Each
of the ports is capable of transmitting and receiving
information on a plurality of parallel information
channels. It will be understood, however, that the
communication ports need not be parallel ports in the
traditional sense of that term. For the purposes hereof,



line 28 is connected to an output of the

b circuit is connected, a different test

cuit for the alternative test strategy is
tegy of the circuit of Figure 2 is based on a
di fference bgtween an out put |ine and® an input line in a communications
port. = . line is an output line, it wll have
connected to it a driver intended to hold the line'at a particular voltage
i ndi cati urrent ate, | i ne ,of the port to
whi ch 11 $En8n) SEeEHn B0k e BaGaBAALGF ErhnaBi EERRE, PR, naRe s wi |1 be
|ntendedPQbaibelohﬂfhemabloagviihpa%sd byc&ndeutsadétéouadeséﬁkabtrategy
of the Cééﬁﬂﬁﬁi@ﬁtfbﬂu Sr@s ?HE?e tgaﬁsifgﬁtchgnﬂﬁlﬁea Qs t

alternately to, oW VO states and nonitor what |ts vol t age
is Driver X 1t gata, one for each dlrectxon of transmission or J

where data is transmitted on one or more channels parallel
to control signals on other channels.

In the present invention the requirement of
having advance knowledge of the eonfiguration of a
communication port is eliminated by providing a circuit
that senses that configuration. After the configuration
has been determined, information concerning it is stored in
@ register and is transmitted to a similar circuit
connected to a distant communication port. A similar
circuit at the distant communication port senses the
configuration of its associated port and stbres information
concerning that configuration and transmits it back to the
original circuit. Both of the circuits then determine
whether a valid connection is possibie between the two
ports and automatically confiqure themselves for
communication.

to concl usiv
comruni cati o
strategy may jbq
provided in Ridqure 2. The_str

The present invention provides circuitry for
determining if information channels in a communication port
to which it is connected are intended to be 1nputs'or
outputs. Two strategies for making such a deﬁermination
are employed. The first is to monitor an information
channel in the communication port to determine whether the
electrical potential is changing between digital states.
If it is, the port is driving the channel and it is an
output for that port.

Figure 1 illustrates a circuit for so monitoring
an information channel. The circuit of Figure 1 includes
an input register comprising AND gates 10 and 12, OR gate
14 and D-Type'flip-flop 16 and a difference generator and
register comprising EXCLUSIVE-OR gate 18, AND gates 20 and
22, OR gate 24 and D-Type £flip-flop 26.

There are five input signals to the circuit of
Figure 1. These signals are the data signal received from
the communication port and applied to line 28, a Hold-Not
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and resistorRﬁ? ¢h that they will easily drive line 28 to the
desiired vol tlage 11 1THE 28 1|s {connected to an input of the port, but wll
be overcone jby t off 4 typical driver in an output line of a
conmmuni cat i plé?inAQﬁlag ifl fine 28 is at a high voltage level while
driver 44 i 4 Irijve it to the |ow voltage |evel or if line 28
Is at the | voltage level Wile driver 44 is attenpting to drive it to

t he hi gh vol VE' ine 28.i¢ connected to an output of the

£,
of driver 44,
conmuni cations port.

Hold signal applied to line 30, a system clock signal

applied to line 32, a reset signal applied to line 34 and a

conmuni cati ons port.
out put | evel

alternatively,

line 28 consistently follows the

line 28 is connected to an input

. test signal applied to line 36.
Initially during the test sequence the Hold-Not
Hold signal on line 30 and the test signal on'line 36 are
held low while the reset signal on line 34 is held high.
Since line 30 is in a low state the output AND
gate 12 will be low while the output of AND gate 10, and
thus OR gate 14 will follow the data input signal on line

28.

i ne of the

Thus at the first clock pulse on line 32 the value of

the current data signal on line 28 will be stored in

flip-flop 16.

At the same time, since the reset signal on line
34 is held high and the test signal on line 36 is held low,
both AND gate 20 and AND gate 22, and as a &onsequence OR

gate 24, will have low output signals.
first clock qycle a low value will be stored in flip-flop

26.

Thus on the same

After the system clock signal on line 32 has been
cycled causing the initial values to be stored in flip-flop
16 and 26 as described above,. the Hold-Not Hold, reset and
Because the Hold-Not Hold
signal on line 30 will then be at a high value, AND gate 10
will have a low input and thus will have a low output
regardless of the value of the data signal oq line 28.
Conversely AND gate 12 will receive a high input signal

test signals are all inverted.

from line 30.

Thus the output of AND gate 12 will be high

if the output of flip-flop 16 is high or low if the output

of flip-flop 16

is low.

OR gate 14 will thus receive a low

signal from AND gate 10 and either a high or low signal
from AND gate 12, the value of the signal from AND gate 12

being the same as the output of flip-flop 16.

Thus the

output of OR gate 14 will be the same as the output of

flip-flop 16.

This results in the value in flip-flop 16

remaining unchanged when Hold-Not Hold signal on line 30 is

high.



it is not to be used, the test signal on |line 48
is put intd RE"TOW ogi c dtdte. That causes driver 44 to go into high

i npedance ge, 1quARt199kl ausing the signal on line 50 to have no effect
on the cirduijt. Since the tlegt signal on line 48 is also coupled to one

I nput of AND g {t he 5|gnal on line 48 to be loww | insure
that the ouf put of the 6 - ~

Wien the C|R§ELAC§HE§ﬁ§§

Since the output of flip-flop 16 is latched at
the value of the data signal during the first time period,
EXCLUSIVE-OR gate 18 will always receive one input signal
equal to that initial data value during the test. The
other input to EXCLUSIVE-OR gate 18 will be equal to the
subsequent data signals during the test. As a result, the
output of EXCLUSIVE-OR gate 18 will be equal to zero at any
time that the data signal is the same as the initial data
signal latched in flip-flop 16 and will be high if the data
signal differs from the initial value.

Because the reset signal on line 34 is low, AND
gate 20 will receive one high input. The other input to
AND gate 20 is the output signal from £flip-£flop 26. Since
flip-flop 26 was reset to a low output value, this signal
will initially be low. Therefore, the outpﬁt of AND géte
20 will initially be low. The test signal on line 36 is
high, giving AND gate 22 a high input. Therefore, the
output signal from AND gate 22 will equal the output signal
from EXCLUSIVE-OR gate 18. Thus, AND gate 22 will have a
high output if a difference between the initial data signal
latched in flip-flop 16 and a subsequent data signal on
line 28 is detected and low otherwise. 1If such a
difference is detected, OR gate 24 will receive a high
input signal and will be then provide a high Putput signal.
On the next cycle of the clock signal on line 32 that high
signal will be latched into flip-flop 26. Thereafter, the
output of flip-flop 26 will be high. That high signal will
be fed back to AND gate 20, which thereafter will have two
high signals, insuring that OR gate 24 will always receive
at least one high input signal. Thus, the output of
flip-flop 26 will be guaranteed to remain high until the
system is reset to begin the detection process again.

If the output signal from flip-flop 26 is high,
the signal on data input line 28 has changed digital
states. For this to be true, data input line 28 must be.
connected to an output line on the communication port to
which the circuit is attached. Since the line is known to



circuit ¥e 66 will be | ow V%en the circuit of
Fi gur e Py LATIRER &M est a signal line, the test si gilﬂraISh@nHéslma:
set hig hd the S|gna ¢ line 50 is alternately cycled belmm l

and hig evﬁh@ﬂwmmsmau of driver 44 will follow the s

Thus wh the si gnal on ne 50 is low, the output of driver

| ow. As ' y the circuit is intended then to detern1ne

whet her 7 ivijhg line 45 tQ & high voltage | evel when driver 44
is attenpting to drive It to a | ow voltage |evel. Thi s di scussi on
will assunme that line 50 is initially set to the system|ow voltage | evel
and subsequently cycled to the system high voltage level, although there is

no particul de RFIGIENEE, e 14U Sr SEWEIGEr Y Ebn LBeE§YEEonag BEGCELEE 50
with the configuration process. If the output signal from
ﬁlip—flop 26 is low, however, there is no assurance that
the line of the port to which data in line 28 of the
present circuit is connected is an input line. The
possibility remains that it could be an output line that
has not changed digital states during the time of the test.

If the test of the circuit of Figure 1 is unable
to conclusively determine that line 28 is connected to an
output of the communication port to which the circuit is
connected, a different test strategy may be employed. A
circuit for the alternative test strategy is provided in
Figure 2. The strategy of the circuit of Figure 2 is based
on a difference between an output line and an input line in
a communications port.

If a particular line is an output line, it will
have connected to it a driver intended to hold the line at
a particular voltage indicative of the current logic state.
If, however, the line of the port to which line 28 is
connected is an input, the circuitry in the port will be
intended to since the voltage imposed by an outside source.
The strategy of the circuit of Figure 2, thus, is to
attempt to drive line 28 alternately'to the high and low
voltage states and monitor what its voltage i#. Driver 44
and resistor 46 are chosen such that they will easily drive
line 28 to the desired voltage if line 28 is connected to
an input of the port, but will be overcome by the effect of
a typical driver in an output line of a communications
port. Thus if line 28 is at a high voltage level while
driver 44 is attempting to drive it to the low voltage
level or if line 28 is at the low voltage level while

driver 44 is attempting to drive it to the high voltage
level, then line 28 is connected to an output of the
communications port. If, alternatively, line 28
consistently follows the output level of driver 44, llne 28
is connected to an input line of the communications port.



PFed to one input of AND gate 56 the output of
=50f{be | ow. since the signal on line 50 is

connect ed to one input of AND gate 58 the output of AND
gate 58 wil|l ¢t of voltage conparator 54. Vol t age
conparator {54 has its_m.nus ijnput conngcted to a vol tage source providing
the high sijgnat™ “threshol d volitage, i.e., the voltage | evel above which a

vol tage | eYEISTIRCHEN
AND- gat e 5@fEELGYa-aRt e
fhn

signal wll s  being at the system high voltage level. If

the signal on |ine 45 s above the high level. t hreshol d voltage t he out put
of AND gate 54 will _be high. If t t.he ca the of AND gate 58
will be high as wil Whea { (S:l}trﬁ}'[ tof°%§ q"U§O Ehore 3l e 62 has

one input thentesitediighali A aﬁn&ndaomalpuhuinto ‘the low logic state.
That causes driver 44 to go into high impedance mode,
effectively causing the signal on line 50 to have no effect
on the circuit. Since the test signal on line 48 is also
coupled to one input of AND gate 64 causing the signal on
line 48 to be low will insure that the output of the
circuit of Figure 2 on line 66 will be low. -~
When the circuit of Figure 2 is to be used to
test a signal line, the test signal on line 48 is set high
and the signal on line 50 is alternately cycled between the
low and high levels. The output of driver 44 will follow
the signal on line 50. Thus when the signal on line 50 is
low, the output of driver 44 will be low. As explained
previously the circuit is intended then to determine
whether driver 40 is driving line 45 to a high voltage
level when driver 44 is attempting to drive it to a low
voltage level. :
This discussion will assume that line 50 is
initially set to the system low voltage level and
subsequently cycled to the system high voltage level,
although there is no particular preference for this
sequence over its reverse. Since line 50 is 'at a low
voltage level and is connected to one input qf AND gate 56
the output of AND gate 56 is guaranteed to be low. Since
the signal on line 50 is connected through an inverter to
one input of AND gate 58 the output of AND gate 58_will
follow the output of voltage comparator 54.

Voltage comparator 54 has its minus input
connected to a voltage source providing the high signal
threshold voltage, i.e., the voltage level above which a
signal will be interpreted as being at the system high
voltage level. 1If the signal on line 45 is above the high
level threshold voltage, the output of AND gate 54 will be
high. If that is the case the output of AND gate 58 will
be high as will be the output of OR gate 60. EXCLUSIVE-OR
gate 62 has one input connected to line 50 and one input
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-9- c diviche T I§EEMput of line 60. If line 45 is driven to a high
state whijl g~& i Ignal is on line 50, EXCLUSIVE-OR gate 62 wi |

have one }hi q@giovv ignal and will have a high |evel output.
Ther ef or g tfhe “ANID gate 64 on line 66 will be high. This high
val ue may] ¢ e -9 -

connected to the output of line 60. If line 45 is driven
to a high state while a low logic signal is on line 50,
EXCLUSIVE-OR gate 62 will have one high and one low signal
and will have a high level output. Therefore the output of
AND gate 64 on line 66 will be high. This high value may
then be stored in flip-flop 26 in Figure 1, or in another
register, to indicate that the signal line to which the
circuit is connected is an output line of the associated
communication port. .

If the signal on line 45 is low when the signal
on line 50 is low, the voltage provided to the plus input
of voltage comparator 54 will be below the threshold
voltage applied to the minus input and the output of
voltage comparator 54 will be low. This will cause the
outputs of AND gate 58 and OR gate 60 to be 'low causing
EXCLUSIVE-OR gate 62 to receive two low signals. Thus the
output of OR gate 62 will be low as will the output of AND
gate 64 causing the circuit of Figure 2 to have a low
output on line 66. In this situation, the line of the
communication port associated with the circuit has not been
shown\to be an output line, but cannot be assumed to be an
input line either. -

If the line of the communications port to which
the circuit is connected has not been determiﬁed to be an
output line when the signal on line 50 is low, line 45 is
again monitored when the signal on line 50 goes to the high
logic state. When the signal on line 50 goes to the high
logic state AND gate 58 will receive at least one low input
signal and so will have an output in the low logic state.
AND gate 56, however, will receive at least one high level
input signal, so its output will follow the signal that it
receives from voltage comparator 52.

Voltage comparator 52 has applied to its minus
input a signal at the low level voltage threshold. If the
signal on line 45 has followed the signal on line 50 and
thus is at the system high voltage level, the voltage
applied to the plus input of voltage comparator 52 will be



then be stored in flln ann 26 in Figure 1, or in another register, to

BE B QBRI ne to which the circuit is connected is an
ed conmuni cation port. If the signa
signal on line 50 is |low, the voltage provided
de conparator 54 will be below the threshold
s input and the output of voltage conparator 54
se the outpOts of AND gate 58 and OR gate 60 to
] SR-lgate 62 to receive two | ow signals. Thus the
out put of R gate 62 mnll be low as will the output .of AND gate 64 causing
the circuit of Figure 2 to have a low output on line 66. In this situation,

the line atoweus@nnym £elbPNvBPthgaSEAteah8daVahll the Sutput JEs not been

shown tc’&@i qggué mparagot ?Etwfffngg g% %ﬁsug?ghtgogiage level.
As a result the output signal from AND gate 56, and as a
result the output signal from OR gate 60, will be at the
high voltage level. Thus EXCLUSIVE-OR gate 62 receives two
high level input signals, one from line 50 and one from OR
gate 60. This causes the output signal from EXCLUSIVE~OR
gate 62 to be at the low voltage level. Thus AND gate 64
receives one low level input signal and one high level
input signal and provides a high level output signal on
line 66. This is what is to be expected because line 45
has followed the input signal on line 50. If, however,
line 45 stays at the system low voltage level when line 50
goes to to the high voltage level, voltage comparator 52,
AND gate 56 and OR gate 60 will each prov1de a low voltage’
output signal. Thus EXCLUSIVE-OR gate 62 will receive one
low level input signal and one high level input signal and
will provide a high level output signal to AND gate 64.
AND gate 64, therefor, receives two high level output
signals and provides a high level output signal on line 66
indicating that the line to which the circuit is connected
is an output line of the associated communication port.

This test is continued while the signal on line
50 is cycled a number of times. If the line pf the
associated communication port is ever determined to be an
output, the test may be deemed completed. 1If after a
predetermined number of cycles it has not been found to be
an output, the fact that the voltages on line 45 have
consistently followed the voltages applied to line 50,
indicates that the line of the associated communication
port is an input.

Figure 3 shows an alternative circuit that may be
used in place of the circuit of Figure 2. In the circuit
of Figure 3 tri-state driver 44’ acts in a manner
comparable to tri-state driver 44 of Figure 2. When the
test is enable by applying a high voltage level to line
48’ , tri-state driver 44’ will attempt to drive line 45’ to




i nput line -WS@TH the line of the comunications port to
which the dirn s conne¢t @d has not been deternined to be an output |ine
when the sifg alg pOji4 low, line 45 is again nonitored when the
signal on I} 0 goes to tihq high logic state. Wen the signal on line 50
goes to th e {AND gate 58 will receive at |east one | ow

I nput sign and so w |l haveg an outputyin-the low logic state. AND gate
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: such that a system high voltage level applled to its input
will drive it to its high output state while a system low
voltage level applied to its input will drive it to its low
voltage output state. EXCLUSIVE-OR gate 62’ then simply
compares the output of Schmitt trigger 68 with the signal
applied to line 50°. If they are the same, EXCLUSIVE-OR
gate 62’ will provide a low output signal. If they are
different, however, EXCLUSIVE-OR gate 62’ will provide a
high level output. As long as the test is enabled AND gate
64’ will provide an output equal to the output signal from
EXCLUSIVE-OR gate 62’. Thus at any time that the signal on
line 45’ and that on 50’ are different, a hlgh level output
signal will be provided on line 66°’.

Both of the circuits shown in Figures 2 and 3
will provide transients when the signal on line 50 or 50’
change. Figure 4 shows an additional circuit that will
overcome errors that may result from the transients. 1In
the circuit of Figure 4 flip-flop 70, 72, and 76, and AND
gate 74 provide a filter to ensure that the high output on
line 66 or 66’ of Figures 2 and 3, respectively, is
maintained for a sufficient length of time to ensure that
the high ocutput is actually indicative of a qktermination
that the line of the associated communication port is in
fact an output line. A filter clock signal is provided on
line 78. The filter clock signal on line 78 is preferably
at a lower frequency than the system clock signal on line
32. The input of flip-flop 70 receives the signal from
line 66 or 66°. The value of that signal is latched in
flip-flop 70 when the filter clock is cycled. That value
is then prbvided to the input of flip-flop 72 and latched
theré on the next cycle of the filter clock. The output of
both flip-flop 70 and 72 are then combined by AND gate 74.
Therefore AND gate 74 will only provide a high level output
if line 66 or 66’ provide a high level output for at least
twn neriods of the filter clock on line 78. If this occurs
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the high level signal on line 66 is not likely to have been
caused by a transient and the value is stored in flip-flop
76. Flip-flop 76 in turn provides it to flip-flop 26, from
which the remaining circuitry can determine that the
circuit is connected to an output line of the associated
communication port.
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comprises a plurality of data lines, each of said lines
being capable of assuming either of two digital states,
said apparatus comprising:
difference register for storing information about
said configuration;
reset means for forcing said difference register
into a first of said digital states;
latching means for storing the digital state of
one of said lines during a first time period, and
comparison means for comparing said digital state
stored in said latching means with the digital state
of said line during a subsequent time period, said
comparison means causing said difference register to
change to a second digital state if said digital state
stored by said latching means and said digital state
of said line during a subsequent time are different,
said second digital state differing from said first
digital state. '

2. Apparatus for determining the configuration
of an electrical communication port, where said port
comprises a plurality of data lines, each of said lines
being capable of assuming either of two digital states,
said apparatus comprising: ' _

difference register for storing information about

said configuration;

reset means for forcing said difference register

into a first of said digital states; '
" driver means for attempting to force a
preselected one of said lines to one of said digital

states;
Tl ﬁii“sielnlierllird
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ABSTRACT

APPARATUS FOR DETECTING THE
CONF;GURATION OF A COMMUNICATION PORT

A system for detecting the configuration of a
communication port includes circuitry for monitoring a
communication line of the port. 1If the line changes
digital states it is assumed to be an output line of the
port. If the line does not change digital states another
circuit attempts to force the line into alternately high
and low digital states. If the line can be so forced, it
is assumed to be an input line of the port.
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Bot h of the reuits shown in Figures 2 and 3 will provide transients when
the si gn¥HERNAFRIE 8 " change. Figure 4 shows an additional circuit
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signal is provided on line 78. The filgter clock signal on line 78 is
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conbi ned by AND gate 74. Therefore AND gate 74 will only provide a high

| evel -output if line 66 or 66° provide a high level output for at |east.two
periods of the filter clock on line 78. If this occurs -
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ABSTRACT

APPARATUS FOR DETECTING THE
CONP?GURATION OF A COMMUNICATION PORT

A system for detecting the configuration of a
communication port includes circuitry for monitoring a
communication line of the port. If the line changes
digital states it is assumed to be an output line of the
port. If the line does not change digital states another
circuit attempts to force the line into alternately high
and low digital states. If the line can be so forced, it
is assumed to be an input line of the port.
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properly utilize the communications channel to insure that
information is correctly transmitted and received.

Parhapa the bast known standard for a serial
communication channel is the RS232C. The R$232C standard
specifies uses for each of 25 signal lines connecting two
electronic systems that are to communicate with one
another. Of these 23 lines, two are for data transmissaion,
one in each diraection, and the others are used either to
match electrical ground potentials between the two systems
or to provide control signals.
| The RS232C standard is defined for communications

\_ between two different types of devices. These are known as
data terminal equipment=type devices (DTE)} and data
communication equipment-type devices (DCE). At times,
however, it is desirable to use an RS232C channel to cause
two devices, each of which is configured as a DTE, to
comnunication with one another. Additionally, although it
makes little sanse in terms of the definitions in the
standard, in the real world it is sometimes desirable to
connect two DCE devices for communication with one another.
Furthermore, even within the definitions of DTE and DCE,
there is some room for variation from one system to
another. As a result, the exact configuration of the
devices to be connected must be known in advance and
special cables and/or Jumpers provided in order to permit
conmunication between the devices. |

Electro-81 Conference Record, Vol. 8, No. 7 - 9, April
1981, discloses a half duplex serial network and, in
particular, two plural slave devices acting in conjunction
with a host computer, each slave being gserially addressable
from the host and performing operations upon being
addressed by the host.

Summary of the Invention

An Apparatus for determining the configuration of an
electrical communication port, as claimed in claim 1 or 2

The present invention provides circuitry for
automatically detecting the configuration of a
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- 13 - CLAI M 1. Apparatus for determning the configuration
"of an electrical comunication port, where said port conprises a plurality
of "data lines, each of said |lines being capable of assum ng either of two
digital states, said apparatus conpri sing: di fference register
(26) for storing information about _ o _ '

communication port. According to one embodiment a
difference raegister is reset to a first digital value and a
latch stores the digital gtate of a signal line of the
communjcation port during an initial time period. A

comparison means compares the digital state stored in the
latch with the digital state of the same line during

subsequent time periods. If the digital state of the line
changes, a second digital value, differing from the first
digital value, is stored in the difference register to
indicate that the line so monitored is an output for the
communication port.’

According to a second embodiment of the invention
an electronic driver circuit attempts to drive a line of

— the communication port to a selected one of the digital
states. A comparison means determines whether the driver
has forced the line to the selected one of the digital
states, and if not, stores the second digital value in the
difference register. _

' Brief Description of the Drawings
Figure 1 is an electrical schematic diagram of a
first circuit according to the ianvention;
‘Figure 2 is an electrical schematic diagram of a
second circuit according to the invention;
Figure 3 is an electrical schematic diagram of an
w alternative embodiment of the second circuit according to

the invention; and ™ :
Figure 4 is an electrical schematicidiagram of
digital filter for use with the invention.

Detailed Description
of the Preferred Embodiment

The present invention'will be described in terms
of a data communication systeh comprising a local
communication port and a distant communication port. Each
of the ports is capable of transmitting and receiving
information on a plurality of parallel information
channels. It will be understood, however, that the
communication ports need not be parallel ports in the

traditional sense of that term. For the purposes hereof,
This is the replacement sheet
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sai d configuration; reset nmeans for forcing said difference

‘register into a first of said'digital states; | at chi ng neans
(16¥ for storing the digital state of one of said |lines during a first
time period; and ) conpari son nmeans (18) for conparing said digita
state stored in said latching neans (16) with the digital state

~of said line during a subsequent tinme period, said conpari son neans
causi ng sai d difference register (26)to7 _ change to a second digital
state if said digital state stored‘by said | atching neans and said
digital state of said line during a subsequent tine are different,
said second digital state differing fromsaid first digital state.

be an output, the self-configuration circultry may proceed
with the configuration process. If the output signal from
ﬁlip—flop 26 is lbw, however, there is no assurance that
the line of the port to which data in line 28 of the
present circuit is connected is an input line. The
possibility remains that it could be an output line that
has not changed digital states during the time of the test.

If the test of the circuit of Figure 1 is unable

U to conclusively determine that line 28 is connected to an
output of the communication port to which the circuit is
connected, a different test strategy may be employed. A
circuit for the alternative test strategy is provided in
Figure 2. The strategy of the circuit of Figure 2 is based
on a difference between an output line and an input line in
a communications port.

If a particular line is an output line, it will
have connected to it a driver intended to hold the line at
a particular voltage indicative of the current logic 'state.
If, however, the line of the port to which line 28 is .
connected is an input, the circuitry in the port will be

_ | intended to follow the voltage imposed by an outside source.

U/ The strategy of the circuit of Figure 2, thus, is to
attempt to drive line 28'a1ternately'to the high and low
voltage states and monitor what its voltage ié, Driver 44
and resistor 46 are chosen such that'they will easily drive
line 28 to the desired voltagé if line 28 is connected to
an input of the port, but will be overcome by the effect of
a typical driver in an output line of a communications
port. Thus if line 28 is at a high voltage level while
driver 44 is attempting to drive it to the low voltage
level or if line 28 is at the low voltage level while

‘driver 44 is attempting to drive it to the high voltage
‘level, then line 28 is connected to an output of the
communications port. 1If, alternatively, line 28 _
consistently follows the output level of driver 44, line 28

is connected to an 1nput line of the communications port.
This is the repiacement sheet
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2. Appar t he configuration of an electrical
connun|6at where said port. conprises a plurality of data Iines,
each of s mu,mmaﬂl U pabl e of assuming either of two digital states,

sai d appar difference register (26) for storing
I nformati on about sald configuration; reset means for
forcing said difference register - 13 -into a first of said digital states;
driver means (44, 44') for attenpting to force a presel ected one of
said |i nesdﬂg&gg of said digital st at es;

1. Apparatus for determining the cénfiguration
of an electrical communication port, where said port
comprises a plurality of data lines, each of 'said lines
being capable of assuming either of two digital states,
said apparatus comprising:

difference regiSter_(Z_G) for storing information about

said configuration;

reset means for forcing said difference register

into a first of said digital states;

| latching means (16) for storing the digital state of
one of said lines during a first time period; and

comparison means (18) for comparing said digital state

stored in said latching means (16) with the digital state
of said line during a subsequent time period, said
comparison means causing said difference fegisterﬂ_ﬁ_)to
change to a second digital state if said digital state
stored by said latching means and said digital state
of said line during a subsequent time are different,
said second digital state differing from said first
digital state.

U | 2. Apparatus for deter_mining the configuration
of an electrical communication port, where said port
Comprises a plurality of data lines, each of said lines
being capable of assuming either of two digital states,
said apparatus comprising: :

difference register (26) for storing information about
said configuration; _

reset means for forcing said difference register
into a first of said'digital states;

driver means (44, 44') for attempting to force a

preselected one of said lines tou one of said digital
states; '
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- 14, - conpari son neans (54, 68) for conparing the digital state of
sai d présH muu"": lmn said one of said digital states, said conparison
means( 54, sust! di fference register (26) to change to a second
digital state‘if-sdid®digital state of said preselected line and said one
of said digital states are different.
- 14 -
comparison means (54, 68) for comparing the digital state

of said preselected line with said one of said

digital states, said comparison means(54, 68) causing said

difference register (26) to change to a second digital

state if said digital state of said preselected line

and said one of said digital states are different.
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