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CLAIMS

1. A computer program product for performing an input/output (I/0) opera ibn initiated

by an I/O operation instruction at a host computer system configured for compfunication
with a control unit, the computer program product comprising: }- |
5 a tangible storage medium readable by a processing circuit instructions
for execution by the processing circuit for performing a method co o

sending, by a channel subsystem in the host computer syy a process login (PRLI)

request message to the control unit to initialize a link betwee channel subsystem and the

control unit, the PRLI request message including a field u a value that indicates
10 whether the channel subsystem supports bi-directional o transfer;
receiving a PRLI response message from unit, the PRLI response message
including a field having a value that indicates w the control unit supports bi-directional
data transfer;
providing an indication to a host system that bi-directional data transfer is
15 supported; and "
responsive to executing the (J operation instruction received from the host computer
system, performing a method co o

gathering a plus of commands associated with the I/O operation

%

instruction received fom the host computer system, at least one of the plurality of

20 commands speci an input data transfer and at least one of the plurality of
commands spgCifying an output data transfer;

trap erring the plurality of commands to the control unit;

at least one output data message to the control unit including output

data, be transferred to the control unit, the output data message associated with the

25 one of the plurality of commands specifying an output data transfer; and
receiving at least one input message from the control unit including input data
to be stored in a main storage of the host computer system, the input data message
associated with the at least one of the plurality of commands specifying an input data

transfer.

2. The computer program product of claim 1, wherein the plurality of commands are a
—plurality-of device.command-words-(DEWa-that-each-is-asseeiated=with-an-liO-comnrands
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and gathering includes obtaining a transport command word (TCW) at the channel

subsystem in the host computer system for the I/O operation, the TCW including a

command control block (TCCB) address field including an address of a TCCB r main

storage of the host computer system, the TCCB including the plurality of D f at least one
5 of the DCWs specifying an input data transfer and at least one of the / specifying an

output data transfer.

3. The computer program product of claim 2, wherein tragf erring the plurality of
commands includes transferring the TCCB including the p) ality of DCWs to the control
10 unit.

4. The computer program product of a wherein the indication is configured to

specify whether a first-transfer-ready disablcondition is in effect, and the method further
comprises:

15 responsive to the ﬁrst-transfady disabled condition being in effect, sending the at

20
& omputer program product of claim 4 wherein the message from the control
unit inclydes one of a transfer-ready message requesting that the channel subsystem send
outp data and the input data message.
25

/6. The computer program product of claim 2, wherein the TCCB is included in a
transport command information unit (IU) sent to the control unit, the transport command TU
including a transport command header (TCH), the TCH including a field that indicates

whether the channel subsystem is requesting bi-directional data transfer.

o WA
o
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transport response message from the control unit indicating that thé 1/0 operation has ended,
the transport response message including a TCH content error j fdication in response to at
least one of" ) ,

the control unit detecting that a read (R) bit and 3 Avrite (W) bit in the TCH are both
set to one and that the TCCB does not include the BR DL; and

the control unit detecting that the R bit ang /he W bit are both set to one and the

control unit not supporting bi-directional data ffansfer.

9. The computer program product claim 7, wherein the method further comprises
receiving a transport response message from the control unit indicating that the I/O operation
has ended, and the transport respy/ e message includes:

a Data Length Residua/Count (DLRC) field that specifies a difference between a DL
field value in the TCCB angd an amount of output data received by the control unit; and

a BRDL-residuount that specifies a difference between a BRDL field value in the

TCCB and an amoupf of input data sent by the control unit.

and #n amount of output data sent to the control unit; and

a BRDL-residual count value not matching a difference between the BRDL field

/ value and an amount of input data received from the control unit.

11.  The computer program product of claim 2, wherein the PRLI request message

indicates a request to the control unit to indicate whether the control unit supports a transport

mede-protoeol-the-transport-mede-protoesksupporting-the-use-of the-FEW-and-the PEERB s
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and the PRLI response message includes a field that indicates whether the control unit /

supports the transport mode protocol.

12, An apparatus for performing an input/output (I/O) operation initiated /O

operation instruction at a host computer system configured for communic'n with a control
unit, the host computer system configured to perform:

sending, by a channel subsystem in the host computer syste process login (PRLI)
request message to the control unit to initialize a link between thhannel subsystem and the
control unit, the PRLI request message including a field havi o a value that indicates
whether the channel subsystem supports bi-directional daansfer;

receiving a PRLI response message from the ' unit, the PRLI response message
including a field having a value that indicates whet the control unit supports bi-directional
data transfer;

providing an indication to a host oper system that bi-directional data transfer is
supported; and

responsive to executing the I/0 6peration instruction received from the host computer
system, performing a method com'ing:

gathering a plurality of c¢fmmands associated with the I/O operation instruction

recetved from the host compyfer system, at least one of the plurality of commands specifying
an input data transfer and, dt least one of the plurality of commands specifying an output data
transfer; ”

transferring, plurality of commands to the control unit;
sending one output data message to the control unit including output data to
be transferregd'to the control unit, the output data message associated with the at least one of

the pluralify of commands specifying an output data transfer; and

‘Teceiving at least one input message from the control unit including input data to be
in a main storage of the host computer system, the input data message associated with

the at least one of the plurality of commands specifying an input data transfer.

13. The apparatus of claim 12, wherein the plurality of commands are a plurality of

device command words (DCW) that each is associated with an I/O command, and gathering

~ineludes-obtaining-a-transport-command-word-(EEW)-at-the-ehannel-subsystem-in-the-hes e
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specifying an input data transfer and at least one of the DCWs specifying ‘ data

transfer.

14, The apparatus of claim 13, wherein the indication is configy to specify whether a
first-transfer-ready disabled condition is in effect, and the host o system is
configured to further perform:

responsive to the first-transfer-ready disabled co o being in effect, sending the at
least one output data message to the control unit follg transfer of the TCCB and prior to
receiving at least one message from the control and

responsive to the first-transfer-ready dig thled condition not being in effect, receiving
the at least one message from the control unj rior to sending the at least one output data
message.

15.  The apparatus of claim 13, herein the TCCB is included in a transport command

information unit (IU) sent to thg’control unit, the transport command IU including a transport
command header (TCH), CH including a field that indicates whether the channel
subsystem is requesting 'directional data transfer.
16.  The apparg tis of claim 15, wherein the TCCB includes a write data length (DL) field
specifying an g fount of output data to be transferred and a bi-directional read data length
(BRDL) fie specifying an amount of input data to be transferred.

17. apparatus of claim 16, wherein the host computer system is configured to further

prm, responsive to the control unit not supporting bi-directional data operations,

,ceiving a transport response message from the control unit indicating that the I/O operation

has ended, the transport response message including a TCH content error indication in
response to at least one of:

the control unit detecting that a read (R) bit and a write (W) bit in the TCH are both

Set-to-0ne-and-that-the-FcEB-does-not-include-the-BRDI==and
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the control unit detecting that the R bit and the W bit are both set to one and the ~ /

control unit not supporting bi-directional data transfer.

o

18.  The apparatus of claim 16, wherein the method further comprises receivj

7.

received by the control unit, and a BRDL-residual count that spes a difference between a
BRDL field value in the TCCB and an amount of input data r the control unit, and the
channel subsystem recognizes an error in response to at leay of:

a DLRC value not matching a difference » DL field value in the TCCB
and an amount of output data sent to the control

a BRDL-residual count value not matchi ; difference between the BRDL field

value and an amount of input data received a the control unit.

output (I/0) operation initiated by an I/O operation

19. A method of performing an inp
instruction at a host computer syste; for communication with a control unit, the
method comprising:

sending, by a channe bsystem in the host computer system, a process login (PRLI)
request message to the c unit to initialize a link between the channel subsystem and the
control unit, the PRL) message including a field having a value that indicates
whether the chany subsystem supports bi-directional data transfer;

receivip : a PRLI response message from the control unit, the PRLI response message
including having a value that indicates whether the control unit supports bi-directional

data trfer;

providing an indication to a host operating system that bi-directional data transfer is

4 and

responsive to executing the I/O operation instruction received from the host computer
system, performing a method comprising:

gathering a plurality of commands associated with the I/O operation instruction

AL e f G EIVE-fEO M- the-host-computer-systems-at-least-one-of- the-plurality-of-commands-gpeeifying e
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an input data transfer and at least one of the plurality of commands specifying an output dhia
transfer;

transferring the plurality of commands to the control unit;

sending at least one output data message to the control unit including o data to
be transferred to the control unit, the output data message associated with least one of
the plurality ef commands specifying an output data transfer; and :

receiving at least one input message from the control unit o input data to be
stored in a main storage of the host computer system, the input associated with
the at least one of the plurality of commands specifying an ’ transfer,
20.  The method of claim 19, wherein the plurality ommands are a plurality of device
command words (DCW) that each is associated I/O command, and gathering
includes obtaining a transport command word ' at the channel subsystem in the host
computer system for the I/O operation, the ¢ including a transport command control
block (TCCB) address field including an oc of a TCCB in the main storage of the host
computer system, the TCCB including ¢ plurality of DCWs, at least one of the DCWs
specifying an input data transfer an least one of the DCWs specifying an output data
transfer.
21, The method of claigd 20, wherein the indication is configured to specify whether a
first-transfer-ready a condition is in effect, and the method further comprises:
responsive 0 first-transfer-ready disabled condition being in effect, sending the at

least one output d message to the control unit following transfer of the TCCB and prior to

receiving at lgést one message from the control unit; and

re'nsive to the first-transfer-ready disabled condition not being in effect, receiving

ghast one message from the control unit prior to sending the at least one output data

22. The method of claim 20, wherein the TCCB is included in a transport command

information unit (IU) sent to the control unit, the transport command IU including a transport

command header (TCH), the TCH including a field that indicates whether the channel

1 it PO gt kO T ad
Subsys’:@m -fequesting-or-girectionat-aata-transter
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23. The method of claim 22, wherein the TCCB includes a write data length) field

specifying an amount of output data to be transferred and a bi-directional re e length

(BRDL) field specifying an amount of input data to be transferred.

24.  The method of claim 23, further comprising, responsivehe control unit not
supporting bi-directional data operations, receiving a transp ;esponse message from the
control unit indicating that the /O operation has endeyl{;franspon response message
including a TCH content error indication in responsg’to at least one of:

the control unit detecting that a read (R) b‘{id a write (W) bit in the TCH are both
set to one and that the TCCB does not inclu %ﬁe BRDL; and

the control unit detecting that t bit and the W bit are both set to one and the

control unit not supporting bi-direci nal data transfer.

22, further comprising receiving a transport response message

25, The method of claipr
from the control un;}g,dcating that the I/O operation has ended, and wherein the transport
fclud

response message j es a Data Length Residual Count (DLRC) field that specifies a

difference bety€en a DL field value in the TCCB and an amount of output data received by
the con?y nit, and a BRDL-residual count that specifies a difference between a BRDL
field va

sybSystem recognizes an error in response to at least one of*

lue in the TCCB and an amount of input data sent by the control unit, and the channel

a DLRC value not matching a difference between the DL field value in the TCCB
and an amount of output data sent to the control unit; and

a BRDL-residual count value not matching a difference between the BRDL field

value-and-an-amount-of-input-data-received-from-the-eontrokunitss e
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CLAIMS

1. A non-transitory computer readable medium comprising executable instructions for
performing an input/output (I/O) operation initiated by an 1/O operation instruction at a host
computer system configured for communication with a control unit, the computer readable
medium readable by a processing circuit for performing a method comprising:

sending, by a channel subsystem in the host computer system, a process login (PRLI)
request message to the control unit to initialize a link between the channel subsystem and the
control unit, the PRLI request message including a field having a value that indicates whether
the channel subsystem supports bi-directional data transfer:

receiving a PRLI response message from the control unit, the PRLI response méssage
including a field having a value that indicates whether the control unit supports bi-directional
data transfer;

providing an indication to a host operating system that bi-directional data transfer is
supported; and

based on executing the 1/0 operation instruction received from the host computer
system, performing a method comprising:

gathering a plurality of commands specified via the I/O operation instruction received
from the host computer system, at least one of the plurality of commands specifying an input
data transfer and at least one of the plurality of commands specifying an output data transfer;

transferring the plurality of commands to the control unit;

sending at least one output data message to the control unit including output data to be
transferred to the control unit, the output data message sent based on the at least one of the
plurality of commands specifying an output data transfer; and

receiving at least one input message from the control unit including input data to be
stored in a main storage of the host computer system, the input data message sent based on
the at least one of the plurality of commands specifying an input data transfer.

2. The computer readable medium of claim 1, wherein the plurality of commands are a plurality
of device command words (DCW) that each specifies an /O command, and gathering includes
obtaining a transport command word (TCW) at the channel subsystem in the host computer
system for the 1/O operation, the TCW including a transport command control block (TCCB)
address field including an address of a TCCB in the main storage of the host computer system,
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the TCCB including the plurality of DCWs, at least one of the DCWs specifying an input data
transfer and at least one of the DCWs specifying an output data transfer.

3. The computer readable medium of claim 2, wherein transferring the plurality of commands
includes transferring the TCCB including the plurality of DCWs to the control unit.

4. The computer readable medium of claim 3, wherein the indication is configured to specify
whether a first-transfer-ready disabled condition is in effect, and the method further comprises:
based on the first-transfer-ready disabled condition being in effect, sending the at least
one output data message to the control unit following transfer of the TCCB and prior to receiving
at least one message from the control unit; and
based on the first-transfer-ready disabled condition not being in effect, receiving the at

least one message from the control unit prior to sending the at least one output data message.

5. The computer readable medium of claim 4, wherein the message from the control unit
includes one of a transfer-ready message requesting that the channel subsystem send output
data and the input data message.

6. The computer readable medium of claim 2, wherein the TCCB is included in a transport
command information unit (IU) sent to the control unit, the transport command U including a
transport command header (TCH), the TCH including a field that indicates whether the channel
subsystem is requesting bi-directional data transfer.

7. The computer readable medium of claim 6, wherein the TCCB includes a write data length
(DL) field specifying an amount of output data to be transferred and a bi-directional read data
length (BRDL) field specifying an amount of input data to be transferred.

8. The computer readable medium of claim 7, wherein the method further comprises, based on
the control unit not supporting bi-directional data operations, receiving a transport response
message from the control unit indicating that the /O operation has ended, the transport
response message including a TCH content error indication based on at least one of:

the control unit detecting that a read (R) bit and a write (W) bit in the TCH are both set to
one and that the TCCB does not include the BRDL: and
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the control unit detecting that the R bit and the W bit are both set to one and the control
unit not supporting bi-directional data transfer.

9. The computer readable medium of claim 7, wherein the method further comprises receiving a
transport response message from the control unit indicating that the 1/0 operation has ended,
and the transport response message includes:

a Data Length Residual Count (DLRC) field that specifies a difference between a DL
field value in the TCCB and an amount of output data received by the control unit; and

a BRDL-residual count that specifies a difference between a BRDL field value in the
TCCB and an amount of input data sent by the control unit.

10. The computer program product of claim 9, wherein the channel subsystem detects an error
based on at least one of:

a DLRC value not matching a difference between the DL field value in the TCCB and an
amount of output data sent to the control unit; and

a BRDL-residual count value not matching a difference between the BRDL field value

and an amount of input data received from the control unit.

11. The computer readable medium of claim 2, wherein the PRLI request message indicates a
request to the control unit to indicate whether the control unit supports a transport mode
protocol, the transport mode protocol supporting the use of the TCW and the TCCB, and the
PRLI response message includes a field that indicates whether the control unit supports the
transport mode protocol.

12. An apparatus comprising a channel subsystem for performing an input/output (1/0) operation
initiated by an 1/0 operation instruction at a host computer system, the channel subsystem
configured for communication with a control unit and including an interface for communication
between the host computer system and the control unit, the channel subsystem configured to
perform:

sending, by a channel subsystem in the host computer system, a process login (PRLI)
request message to the control unit to initialize a link between the channel subsystem and the
control unit, the PRLI request message including a field having a value that indicates whether
the channel subsystem supports bi-directional data transfer;
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receiving a PRLI response message from the control unit, the PRLI response message
including a field having a value that indicates whether the control unit supports bi-directional
data transfer,;

providing an indication to a host operating system that bi-directional data transfer is
supported; and

based on executing the /O operation instruction received from the host computer
system, performing a method comprising:

gathering a plurality of commands specified via the 1/0 operation instruction received
from the host computer system, at least one of the plurality of commands specifying an input
data transfer and at least one of the plurality of commands specifying an output data transfer;

transferring the plurality of commands to the control unit;

sending at least one output data message to the control unit including output data to be
transferred to the control unit, the output data sent based on the at least one of the plurality of
commands specifying an output data transfer; and

receiving at least one input message from the -control unit including input data to be
stored in a main storage of the host computer system, the input data message sent based on
the at least one of the plurality of commands specifying an input data transfer.

13. The apparatus of claim 12, wherein the plurality of commands are a plurality of device
command words (DCW) that each specifies an 1/0 command, and gathering includes obtaining
a transport command word (TCW) at the channel subsystem in the host computer system for
the I/O operation, the TCW including a transport command control block (TCCB) address field
including an address of a TCCB in the main storage of the host computer system, the TCCB
including the plurality of DCWs, at least one of the DCWs specifying an input data transfer and
at least one of the DCWs specifying an output data transfer.

14. The apparatus of claim 13, wherein the indication is configured to specify whether a first-
transfer-ready disabled condition is in effect, and the host computer system is configured to
further perform:

based on the first-transfer-ready disabled condition being in effect, sending the at least
one output data message to the control unit following transfer of the TCCB and prior to receiving

at least one message from the control unit; and
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based on the first-transfer-ready disabled condition not being in effect, receiving the at

least one message from the control unit prior to sending the at least one output data message.

15. The apparatus of claim 13, wherein the TCCB is included in a transport command
information unit (IU) sent to the control unit, the transport command IU including a transport
command header (TCH), the TCH including a field that indicates whether the channel
subsystem is requesting bi-directional data transfer.

16. The apparatus of claim 15, wherein the TCCB includes a write data length (DL) field
specifying an amount of output data to be transferred and a bi-directional read data length
(BRDL) field specifying an amount of input data to be transferred.

17. The apparatus of claim 16, wherein the channel subsystem is configured to further perform,
based on the control unit not supporting bi-directional data operations, receiving a transport
response message from the control unit indicating that the 1/O operation has ended, the
transport response message including a TCH content error indication based on at least one of:

the control unit detecting that a read (R) bit and a write (W) bit in the TCH are both set to
one and that the TCCB does not include the BRDL; and

the control unit detecting that the R bit and the W bit are both set to one and the control
unit not supporting bi-directional data transfer.

18. The apparatus of claim 16, wherein the method further comprises receiving a transport
response message from the control unit indicating that the I/O operation has ended, the
transport response message includes a Data Length Residual Count (DLRC) field that specifies
a difference between a DL field value in the TCCB and an amount of output data received by
the control unit, and a BRDL-residual count that specifies a difference between a BRDL field
value in the TCCB and an amount of input data sent by the control unit, and the channel
subsystem recognizes an based on at least one of

a DLRC value not matching a difference between the DL field value in the TCCB and an
amount of output data sent to the control unit; and

a BRDL-residual count value not matching a difference between the BRDL field value

and an amount of input data received from the control unit.
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19. A method of performing an input/output (I/0) operation initiated by an 1/O operation
instruction at a host computer system configured for communication with a control unit, the
method comprising:

sending, by a channel subsystem in the host computer system, a process login (PRLI)
request message to the control unit to initialize a link between the channel subsystem and the
control unit, the PRLI request message including a field having a value that indicates whether
the channel subsystem supports bi-directional data transfer;

receiving a PRLI response message from the control unit, the PRLI response message
including a field having a value that indicates whether the control unit supports bi-directional
data transfer;

providing an indication to a host operating system that bi-directional data transfer is
supported; and

based on executing the 1/O operation instruction received from the host computer
system, performing a method comprising:

gathering a plurality of commands specified via the 1/O operation instruction received
from the host computer system, at least one of the plurality of commands specifying an input
data transfer and at least one of the plurality of commands specifying an output data transfer;

transferring the plurality of commands to the control unit;

sending at least one output data message to the control unit including output data to be
transferred to the control unit, the output data message sent based on the at least one of the
plurality of commands specifying an output data transfer; and

receiving at least one input message from the control unit including input data to be
stored in a main storage of the host computer system, the input data message sent based on
the at least one of the plurality of commands specifying an input data transfer.

20. The method of claim 19, wherein the plurality of commands are a plurality of device
command words (DCW) that each specifies an /0O command, and gathering includes obtaining
a transport command word (TCW) at the channel subsystem in the host computer system for
the 1/0 operation, the TCW including a transport command control block (TCCB) address field
including an address of a TCCB in the main storage of the host computer system, the TCCB
including the plurality of DCWs, at least one of the DCWs specifying an input data transfer and
at least one of the DCWs specifying an output data transfer.
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21. The method of claim 20, wherein the indication is configured to specify whether a first-
transfer-ready disabled condition is in effect, and the method further comprises:

based on the first-transfer-ready disabled condition being in effect, sending the at least
one output data message to the control unit following transfer of the TCCB and prior to receiving
at least one message from the control unit; and

based on the first-transfer-ready disabled condition not being in effect, receiving the at
least one message from the control unit prior to sending the at least one output data message.

22. The method of claim 20, wherein the TCCB is included in a transport command information
unit (IU) sent to the control unit, the transport command U including a transport command
header (TCH), the TCH including a field that indicates whether the channel subsystem is
requesting bi-directional data transfer.

23. The method of claim 22, wherein the TCCB includes a write data length (DL) field specifying
an amount of output data to be transferred and a bi-directional read data length (BRDL) field
specifying an amount of input data to be transferred.

24. The method of claim 23, further comprising, based on the control unit not supporting bi-
directional data operations, receiving a transport response message from the control unit
indicating that the 1/O operation has ended, the transport response message including a TCH
content error indication based on at least one of:

the control unit detecting that a read (R) bit and a write (W) bit in the TCH are both set to
one and that the TCCB does not include the BRDL; and

the control unit detecting that the R bit and the W bit are both set to one and the control

unit not supporting bi-directional data transfer.

25. The method of claim 22, further comprising receiving a transport response message from
the control unit indicating that the I/O operation has ended, and wherein the transport response
message includes a Data Length Residual Count (DLRC) field that specifies a difference
between a DL field value in the TCCB and an amount of output data received by the control unit,
and a BRDL-residual count that specifies a difference between a BRDL field value in the TCCRB
and an amount of input data sent by the control unit, and the channel subsystem recognizes an
error based on at least one of:
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a DLRC value not matching a difference between the DL field value in the TCCB and an
amount of output data sent to the control unit; and
a BRDL-residual count value not matching a difference between the BRDL field value

and an amount of input data received from the control unit.




