3.14 HMRCF & HOMRCF



3.14.1 HMRCF



3.14.1.1 Overview



(1) Main object

Reduce Backup time.

Easy testing with the data which applications are actually using before system upgrade.



(2) Function Outline

Making a duplicated volume.

There is no conflict on volume, because the duplicated volume is on another physical storage.

Three destination volumes can be with one master volume.�Those three pairs can split independently each other.

HMRCF (Hitachi Multiple RAID Coupling Feature) can be controlled by PPRC Command interface.



Table 3.14.1.1  Outline of HMRCF

No.�Items�Specification��1�Coupling object�One logical volume (LDEV)��2�Support emulation type of LDEV�3390-1/2/3/3R/9, 3380-J/G/K, NF80-K

��3�Requirement for create a pair�Pair LDEVs have to be a same track format and same capacity.

Pair LDEVs have to exist in a same subsystem.

It is not possible to share a destination volume at same time.��4�Support of CVS(Customized Volume Size)�Supported

��5�Combination of RAID level between master volume and destination volume�RAID1((RAID1

RAID5(3D+1P)((RAID5(3D+1P)

RAID5(6D+1P)((RAID5(6D+1P)

RAID5(3D+1P)((RAID5(6D+1P)

RAID5(3D+1P)((RAID1

RAID5(6D+1P)((RAID1��6�Data protection�There is a parity protection for both master volume and destination volume.��7�RESYNC pattern�From Master Volume data to destination volume ��8�Time for transition from Duplex to Split.�3 min./VOL(3390-3) without IO

(Depend on the number of pairs and the load of DKC)��9�When the destination volume can be accessed from HOST.�The destination volume can be accessed at only Split status.��

�10�Cooperation with HRC/XRC�HMRCF : Supported

The master volume of HMRCF can be a M-VOL or R-VOL of HRC.��11�Cooperation with HODM�It is not supported.��

�

















�



�3.14.1.2 Construction of HMRCF



•  HMRCF can be controlled from SVP, Remote Console and HOST.

•  DKA with LA exchange have to be exist in the subsystem.
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Fig. 3.14.1.2  Construction of HMRCF



�3.14.1.3 Status transition



Table 3.14.1.3  Status of HMRCF

No.�Status�Definition��1�Simplex�There is no pair with the volume.��2�Pending�At this status, there is a job to copy the data from the master volume to the destination volume.��3�Duplex�The copy from master to destination is finished.

The destination volume can not be accessed from HOST.��4�Split Pending�At this status, there is a job to copy the differential data from the master volume. ��5�Split�The pair is splited.

The destination volume can be accessed from HOST.

At this status, the position of write data from the HOST is recorded on a bitmap to reduce the copy time on RESYNC.��6�Resync�There is a job to copy the differential data from master to destination.��7�Suspend�There is an error with the pair.

After a running copy job was stopped by operation of SVP, the pair status is “suspend”.��
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Fig. 3.14.1.3  Status transition map





�3.14.1.4 Interface



(1) Outline

HMRCF support a command set to control HMRCF functions.

This command set is a common interface in a subsystem.  So the command from different HOST is translated to HMRCF command at each command process.
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Fig. 3.14.1.4  Outline of HMRCF IF 







(2) HMRCF operation



Table 3.14.1.4  HMRCF operation

No.�Command�Operation��1�Duplex�Create a pair and start initial copy��2�Split�Split the pair��3�RESYNC�Resume the pair and start differential copy��4�Simple�Delete the pair��5�Suspend�Suspend the pair action��6�Status Check�Requirement for status information��7�Reserve�Marking and Unmarking the volume for a candidate of destination volume��

�3.14.1.5 Reverse-RESYNC



(1)	Reverse-RESYNC Function

	The Reverse-RESYNC function is an extension of the RESYNC function of the MRCF.



	When a pair in the Split status is requested to perform the Reverse-RESYNC, the differential data between the target volume and the source volume is copied to the source volume from the target volume.

	When a pair in the Suspend status is requested to perform the Reverse-RESYNC, the whole data of the target volume is copied to the source volume.
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Fig. 3.14.1.5-1  Normal RESYNC Process







� EMBED Word.Picture.6  ���



Fig. 3.14.1.5-2  Reverse RESYNC Process



�(2)	Specifications



No.�Item�Description��1�RESYNC copy pattern�•	The data of the target volume is copied to the source volume.

•	The copy pattern can be selected by specifying a unit of operation.

Specified operation unit :	SVP/RMC: In units of pair operation at a time��2�Copy range�•	In the case of the Reverse-Copy in the Split status, range for merging writing into the regular and target volumes

•	In the case of the Reverse-Copy in the Suspend status, whole volume��3�Copy format�•	Same format as that of a copy in the Duplex status��4�Applicable LDEV type�•	3390-1, 2, 3, 3R, and 9, 3380-J, G, and K, and CVSs of them��5�Host access during copying�•	Source volume: Reading and writing disabled

   • Target volume: Reading and writing disabled��6�Specification method�•	SVP/RMC: Add a specification for the RESYNC pattern onto the Pair Resync screen.��7�Conditions of command reception�•	The pair concerned is in the Split or Suspend status.

•	Another pair sharing the source volume is in the Suspend or Split status.

( If this condition is not satisfied, the CMD RJT takes place.

•	When the Reverse-Resync is being executed by another pair which is sharing the source volume, it is impossible to change the pair status of the pair concerned. (However, the pair deletion and pair suspension requests are excluded.)

•	The source volume of the pair concerned has no pair of the HRC or in the Suspend status. (See Item No.13 in this table.)��8�Status display during copying�•	SVP/remote console

Pair status display: RESYNC-R (RESYNC is currently displayed.)

The display of the attribute, source or target, is not changed.��9�Condition after the copying terminates normally�•	The pair concerned enters the Duplex status.

•	The conditions of the host access after the status transition are shown below.

Source volume: Reading and writing enabled

Target volume: Reading and writing disabled��

�

10�Effects on another pair�In another pair sharing the source volume, the part actually copied becomes the difference after execution of this function.

Example: Pair of the other target volumes in the 1:3 configuration��11�Operation when the copying terminates abnormally�(1)	The pair concerned enters the Suspend status.

(2)	The source volume of the pair concerned is enabled to read and write.�( Data is not assured.

The target volume of the pair concerned is disabled to read nor write in the case of the main frame volume and disabled to write in the case of the open volume.

(3)	The status of a pair sharing the source volume is not changed.��12�Operation when a suspension request is received during copying�Same as above��13�Relation to the HRC�•	In the case where “M-volume of the HRC” = “Source volume of the MRCF”

( The Reserve-Resync cannot be executed. (Command Reject)

•	In the case where “R-volume of the HRC” = “Source volume of the MRCF”

( The Reserve-Resync cannot be executed. (Command Reject)

•	In the case where “Target volume of the MRCF” = “M-VOL of the HRC”

( The Reserve-Resync cannot be executed.  (Command Reject)

•	A pair of the HRC cannot be created with the volume of the MRCF executing the Reserve-Resync. (Command Reject)��

�(3)	Action to be taken when the pair is suspended during the Reverse-RESYNC

	The recovery procedure to be used when the pair executing the Reverse-RESYNC is suspended owing to some problem or it explicitly placed the Suspend status by a command from the SVP/remote console is explained below.



(a)	Case 1: A case where the Suspend status can be recovered without deleting the pair concerned

	This is equivalent to a case where the pair encounter an event that copying cannot be continued owing to a detection of pinned data or a staging time- out.

	Or, it is equivalent to a case where the pair explicitly placed in the Suspend status by a command.

	<<Recovery procedure>>
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�(b)	Case 2: A case where the Suspend status cannot be recovered unless the pair concerned is deleted

	This is equivalent to a case that the LDEV is blocked.

	To recover the blockade of the LDEV, an LDEV formatting or LDEV recovery is required.  Both of them cannot be executed in the state that the MRCF pair is created.  (A guard works against it.)  Therefore, delete the pair once, recover the LDEV, and then create the pair once again.

	However, care should be taken because, in the pending state, the data of the source volume is copied to the target volume if simply create the pair again.  Recover the blockade following the procedure below.



	The following procedure is applicable just to a restoration of the source volume using the target volume.  A procedure for directly restoring the source volume when the target volume is blocked is not included.



	• Case 2-1: A case where the source volume is blocked

	<<Recovery procedure>>





� EMBED Word.Picture.6  ���



�	• Case 2-2: A case where the target volume is blocked

	A recovery procedure for restoring data of the target volume is added because the copy source of the Reverse-RESYNC cannot be accessed.

	<<Recovery procedure>>
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�3.14.2 HOMRCF



3.14.2.1 Overview



(1) Main object

Reduce Backup time.

Easy testing with the data which applications are actually using before system upgrade.



(2) Function Outline

Making a duplicated volume.

There is no conflict on volume, because the duplicated volume is on another physical storage.

Three S-VOL can be with one P-VOL.�Those three pairs can split independently each other.

HOMRCF (Hitachi Open Multiple RAID Coupling Feature) can be controlled from RAID Manager.



Table 3.14.2.1  Outline of HOMRCF

No.�Items�Specification��1�Coupling object�One logical volume (LDEV)��2�Support emulation type of LDEV�OPEN-3/8/9/K and LUSE, NFOP-K��3�Requirement for create a pair�Pair LDEVs have to be a same track format and same capacity.

Pair LDEVs have to exist in a same subsystem.

It is not possible to share a S-VOL at same time.��4�Support of CV(Customized Volume Size)�Supported��5�Combination of RAID level between master volume and destination volume�RAID1((RAID1

RAID5(3D+1P)((RAID5(3D+1P)

RAID5(6D+1P)((RAID5(6D+1P)

RAID5(3D+1P)((RAID5(6D+1P)

RAID5(3D+1P)((RAID1

RAID5(6D+1P)((RAID1��6�Data protection�There is a parity protection for both P-VOL and S-VOL.��7�RESYNC pattern�From P-VOL data to S-VOL ��8�Time for transition from Duplex to Split.�3 min./VOL(OPEN-3) without IO

(Depend on the number of pairs and the load of DKC)��9�When the destination volume can be accessed from HOST.�The S-VOL can be accessed at only PSUS status.��

�

10�Cooperation with HORC�Supported

The P-VOL of HOMRCF can be a P-VOL or S-VOL of HORC.���Cooperation with HORC��Supported

•	The P-VOL or S-VOL of HORC can be a primary volume of HOMRCF.

•	The S-VOL of HOMRCF can be a P-VOL of HORC.���Cooperation with HMBR��Supported

•	A P-VOL of HOMRCF can access from HOST like a usual volume.

•	A S-VOL of HOMRCF can not access from HOST if the pair is not PSUS status.  In PSUS status, a S-VOL of HOMRCF can access from HOST like a usual volume.��

�
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�3.14.2.2 Construction of HOMRCF



• HOMRCF can be controlled from SVP, Remote Console and RAID Manager.

•  DKA with LA exchange have to be exist in the subsystem.
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Fig. 3.14.2.2  Construction of HOMRCF



�3.14.2.3 Status transition



Table 3.14.3  Status of HOMRCF

No.�Status�Definition��1�SMPL�There is no pair with the volume.��2�COPY(PD)�At this status, there is a job to copy the data from the master volume to the destination volume.��3�PAIR�The copy from master to destination is finished.

The destination volume can not be accessed from HOST.��4�COPY(SP)�At this status, there is a job to copy the differential data from the master volume. ��5�PSUS�The pair is splited.

The destination volume can be accessed from HOST.

At this status, the position of write data from the HOST is recorded on a bitmap to reduce the copy time on RESYNC.��6�COPY(RS)�There is a job to copy the differential data from master to destination.��7�PSUE�There is an error with the pair.

After a running copy job was stopped by operation of SVP, the pair status is “suspend”.��
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Fig. 3.14.2.3  Status transition map
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Blank Sheet



�3.14.2.4 Interface



(1) Outline

HOMRCF support a command set to control HOMRCF functions.

This command set is a common interface in a subsystem.  So the command from different HOST is translated to HOMRCF command at each command process.
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Fig. 3.14.2.4  Outline of HOMRCF IF 



Notice

It is necessary to define Command Device before using RAID Manager on OPEN HOST.

(See INST05-599A)

Please do not define Command Device on heavy loaded path.





(2) HOMRCF operation



Table 3.14.2.4 HOMRCF operation

No.�Command�Operation��1�paircreate�Create a pair and start initial copy��2�pairsplit�Split the pair��3�pairresync�Resume the pair and start differential copy��4�pairsplit -S�Delete the pair��5�pairsplit -E�Suspend the pair action��6�pairdisplay�Requirement for status information��7�Reserve�Marking and Unmarking the volume for a candidate of destination volume��

�3.14.2.5 Cascade function



It is possible to make a pair with a existed Target volume as a new S-VOL by using Cascade function.  See below figure.

This function is available for HOMRCF only.

�

































No.�Content�Specification�Note��1�Pair structure�A S-VOL of L1 pair (=Node volume) can be a P-VOL of L2 pair.���2�Number of copies�Root : Node ( 1 : 3

Node : Leaf ( 1 : 2

Root : (Node + Leaf) ( 1 : 9���3�Create pair condition�L2 pair have to be created after L1 pair.�The reverse is not true.��4�Split pair condition�L2 pair is able to execute pairsplit request only when the L1 pair is already PSUS status.���5�Resync pair condition�•	No conditions.���6�Delete pair condition�•	No conditions.

•	When L1 pair is deleted, then L2 pair become L1 pair.���7�Combination with HORC�Possible

But Node volume and Leaf volume are treated as a S-VOL.���

�Name of volume type

The P-VOL of first pair	: Root Volume

The S-VOL of first pair	: Node Volume

The P-VOL of 2nd pair	: Node Volume

The S-VOL of 2nd pair	: Leaf Volume

Name of pair

•	The first pair (A pair of root volume is P-VOL)	: L1 pair

•	The second pair (A pair of node volume is P-VOL)	: L2 pair

Name of pair chain

•	a chain of L1 pair and L2 pair with a node volume: stream 



�3.14.2.6 Reverse-RESYNC



(1)	Reverse-RESYNC Function

	The Reverse-RESYNC function is an extension of the RESYNC function of the HOMRCF.



	When a pair in the Split status is requested to perform the Reverse-RESYNC, the differential data between the target volume and the source volume is copied to the source volume from the target volume.

	When a pair in the Suspend status is requested to perform the Reverse-RESYNC, the whole data of the target volume is copied to the source volume.
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Fig. 3.14.2.6-1  Normal RESYNC Process
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Fig. 3.14.2.6-2  Reverse RESYNC Process



�(2)	Specifications



No.�Item�Description��1�RESYNC copy pattern�•	The data of the S-VOL is copied to the P-VOL.

•	The copy pattern can be selected by specifying a unit of operation.

Specified operation unit :	SVP/RMC: In units of pair operation at a time

	RAID manager: In units of command��2�Copy range�•	In the case of the Reverse-Copy in the PSUS status, range for merging writing into the regular and target volumes

•	In the case of the Reverse-Copy in the PSUE status, whole volume��3�Copy format�•	Same format as that of a copy in the PAIR status��4�Applicable LDEV type�•	Open-3, 8, 9, and K, and CVSs and LUSEs of them��5�Host access during copying�•	P-VOL: Writing disabled

	S-VOL: Reading and writing disabled

Note:	The reason why the P-VOL is not disabled to read is to make the volume recognizable by the host and it does not mean that the data is assured.��6�Specification method�•	SVP/RMC: Add a specification for the RESYNC pattern onto the pairresync screen.��7�Conditions of command reception�•	The pair concerned is in the PSUS or PSUE status.

•	Another pair sharing the P-VOL is in the PSUE or PSUS status.

( If this condition is not satisfied, the CMD RJT takes place.

•	When the Reverse-Resync is being executed by another pair which is sharing the P-VOL, it is impossible to change the pair status of the pair concerned. (However, the pair deletion and pair suspension requests are excluded.)

•	The P-VOL of the pair concerned has no pair of the HORC or in the PSUE status. (See Item No.14 in this table.)��8�Status display during copying�•	SVP/remote console

Pair status display: COPY(RS-R) 

The display of the attribute, P-VOL or S-VOL, is not changed.

•	RAID manager

Pair status display: A new name (RCPY) is added. (COPY is currently displayed.)

The display of the attribute, source or target, is not changed.��9�Condition after the copying terminates normally�•	The pair concerned enters the PAIR status.

•	The conditions of the host access after the status transition are shown below.

P-VOL: Reading and writing enabled

S-VOL: Writing disabled��

�

10�Effects on another pair�In another pair sharing the P-VOL, the part actually copied becomes the difference after execution of this function.

Example: Pair of the other target volumes in the 1:3 configuration��11�Operation when the copying terminates abnormally�(1)	The pair concerned enters the PSUE status.

(2)	The P-VOL of the pair concerned is enabled to read and write.�( Data is not assured.

The S-VOL of the pair concerned is disabled to read nor write in the case of the main frame volume and disabled to write in the case of the open volume.

(3)	The status of a pair sharing the source volume is not changed.��12�Operation when a suspension request is received during copying�Same as above��13�Relation to the cascade function�•	The Reverse-RESYNC cannot be executed for the L2 pair.��14�Relation to the HORC�•	In the case where “P-VOL of the HORC” = “P-VOL of the MRCF”

( The Reserve-Resync cannot be executed. (Command Reject)

•	In the case where “S-VOL of the HORC” = “P-VOL of the MRCF”

( The Reserve-Resync cannot be executed. (Command Reject)

•	In the case where “S-VOL of the MRCF” = “P-VOL of the HORC”

( The Reserve-Resync cannot be executed.  (Command Reject)

•	A pair of the HORC cannot be created with the volume of the MRCF executing the Reserve-Resync. (Command Reject)��

�(3)	Action to be taken when the pair is suspended during the Reverse-RESYNC

	The recovery procedure to be used when the pair executing the Reverse-RESYNC is suspended owing to some problem or it explicitly placed the PSUE status by a command from the SVP/remote console/RAID manager is explained below.



(a)	Case 1: A case where the PSUE status can be recovered without deleting the pair concerned

	This is equivalent to a case where the pair encounter an event that copying cannot be continued owing to a detection of pinned data or a staging time- out.

	Or, it is equivalent to a case where the pair explicitly placed in the Suspend status by a command.

	<<Recovery procedure>>
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�(b)	Case 2: A case where the Suspend status cannot be recovered unless the pair concerned is deleted

	This is equivalent to a case that the LDEV is blocked.

	To recover the blockade of the LDEV, an LDEV formatting or LDEV recovery is required.  Both of them cannot be executed in the state that the MRCF pair is created.  (A guard works against it.)  Therefore, delete the pair once, recover the LDEV, and then create the pair once again.

	However, care should be taken because, in the COPY(PD) state, the data of the P-VOL is copied to the S-VOL if simply create the pair again.  Recover the blockade following the procedure below.



	The following procedure is applicable just to a restoration of the P-VOL using the S-VOL.  A procedure for directly restoring the P-VOL when the S-VOL is blocked is not included.



	• Case 2-1: A case where the source volume is blocked

	<<Recovery procedure>>
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�	• Case 2-2: A case where the target volume is blocked

	A recovery procedure for restoring data of the S-VOL is added because the copy source of the Reverse-RESYNC cannot be accessed.

	<<Recovery procedure>>
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�3.15 TPF



3.15.1 An outline of TPF



TPF is one of operating system (OS) which mainly used for airline customer reservation systems (CRS).

To correspond to TPF, DKC must support logical exclusive lock facility and extended cache facility.

The former is a function which called MPLF (Multi-Path Lock Facility) and the later is a function which called RC (Record Cache).



7700E(MPLF)  has implemented the MPLF and RC functions of TPF feature(RPQ#8B0178), using IBM public manuals;

(a) IBM3990 Transaction Processing Facility support RPQs (GA32-0134-03)

(b) IBM3990 Storage Control Reference for Model 6 (GA32-0274-03)



�(1) An outline of MPLF



This facility provides a means, using a DKC, to control concurrent usage of resources in host systems via use of logical locks.  A logical lock may be defined for the control of a shared resource, where the sharing of that resource must be controlled.  Each shared resource has it own name called Lock Name. Every Lock Name controls multiple lock states (2 to 16).  

Figure. shows the outline of I/O sequence which uses MPLF.

DKC recognizes up to 16 MPLF users. In this figure, user A and user B are used.  These users may belong to same HOST or different HOSTs.  Each user must indicate MPLP (Multi-Path Lock Partition) when uses MPLF.  MPLP is a means of logically subdividing the MPLs (Multi-Path Locks) for a user set. The maximum number of MPLP is four.  Each MPLP has numbered from 1 to 4. The process to get permission for use MPLF is called CONNECT.

The connected user execute SET LOCK STATE process using Lock Name.  The MPL corresponding to specified Lock Name is assigned to the user.  This assignment is canceled by UNLOCK process.  HOSTs can share the DASD without contradiction by using this MPLF.
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Fig. 3.15.1 An outline of MPLF



�(2) An outline of RC



RC has following two feature.

(a) Record Mode Chain

(b) Record Caching



The followings explain these features.

(a) Record Mode Chain

Record Mode Chain consist of following 4 command chains.

Mainline Processing (Read)

Mainline Processing (Write)

Capture

Restore

To execute Record Mode Chain, subsystem must be initialized for Record Caching, and Record Mode must be allowed for the addressed device.  Under these conditions, Record Mode Chain works when Record Mode Chain is indicated in the Extended Global Attributes of Define Extent command.  Otherwise, the chain is processed in standard mode.

A Mainline Processing chain consists of a Define Extent command, a Locate Record command, and a single Read Data or Write Update Data command.

A Capture chain consists of a Define Extent command followed by a Seek command and multiple Read Count, Key, and Data commands.

A Restore chain consists of a Define Extent command, a Locate Record command, and multiple Write Update Data commands.

(b) Record Caching

Record Caching is the naming contract with Track Caching used in standard model.  At the point first initialize complete, all of cache is allocated to Track Slot as standard model.  Record Cache will be allocated if Set Cache Allocation Parameters Order is issued.





�3.15.2 TPF Support Requirement



(1) OS



TPF Ver.4.1.



(2) Hardware



TPF Support Hardware Specification.



Table 3.15.2  TPF Support Hardware Specification

�7700E/MPLF��Number of logical volumes 

(MODs) per Box�Max.144 (6GB drives) (*1) or

Max.128 (9/18GB drives) (*1)��Number of LCUs 

(Logical Control Unit)s per Box�Max.4��RAID level�5 or 1��Emulation type	(1) LCU

	(2) Device�3990-6 (3990-3)

3390-1/2/3, 9 (*2), and (3380-K)��Physical Disk drive�6GB (*3)

9GB

(18GB)��Box Capacity

(in RAID5/3390-3 emulation)�Max.363GB ; (2.838GB(128MODs)

Max.408GB ; (2.838GB(144MODs)��Connection paths to Hosts�Max.32��Concurrent data transfer paths for Hosts�Max.32��Number of logical path addresses per Box�Max.512 (*4)��Number of Multi-Path Locks�Max.4096/LCU��New features

(1) CVS=Virtual LVI

(2) DCR=FlashAccess

(3) HRC

(4) HMRCF=Shadow Image

(5) HODM

(6) HMBR�

Available

Available

Available

Available

(Not Available)

(Not Available)��(*1) Recommendation by performance reason.

(*2) 3390-9 emulation cannot be selected with 6GB drives.

(*3) Recommendation by performance reason

(*4) 512 Logical path addresses = 16 addresses/path ( 32.



�3.15.3 TPF trouble shooting method



Basically there is no difference between TPF environment and MVS for trouble shooting.



(a) To gather system error information by Syslog/EREP ...etc.

(b) To gather 7700E error information by SVP dump operation.

- Normal dump which contains TPF dump data also. (Refer SVP02-530)

(c) To send above data to T.S.C.



�3.15.4 The differences of DASD-TPF(MPLF) vs DASD-MVS



(1) Data-exclusive method by MPLF function



MVS environments

(a)	Logical volume(Device) is the unit of data-exclusive between several CPUs.

(b)	“Device” is owned by one CPU during its processing(accessing), and “Device-busy” status is reported to another CPU’s accesses.

(c)	“Device-end” status is used to notify the waiting CPUs

(d)	when the device becomes free.



TPF environments

(a)	Logical “Lock” is used for this purpose, instead of logical volume(device) of MVS.

(b)	Most Read/Write CCWs have a unique: Prefix-CCW(Set Lock) to own the target lock.

	And only when the request-lock is granted to, its CCW continues the following Read/Write processes.

	DSB=”4C” is for granted / DSB=”0C” is for NOT-granted(wait).

(c)	“Attention” status is used to notify the waiting CPUs when the lock becomes free.

(d)	The relationship between Lock and Dataset is quite free.

	Usually TPF users(customers) have their own definitions.



MVS environments

�

















TPF environments



















�(2) No path-group



MVS environments

Each CPU establishes the Path-group on every DASD Online-devices, using the all connected paths.

Channel and DASD (Control Unit) rotates the I/O service path to meet each occasion within this group.

“Device-end” status can be reported through any-path of this group.



TPF environments

TPF OS/CPU does not establish this Path-Group, even if its configuration has multiple-paths for DASD.

But the Channel rotates the I/O request-path, within the connected paths.  (Like old MVS way.)

“Attention” report is restricted to one “Connect-Path” which has been defined during IPL (Vary-online) procedure.



(3) Connect Path/Device



TPF system issues “Connect order” to define ;

Lock tables on each DASD control-unit,

Report path & Device for Attention interrupt.



This order is code(x33) of Perform Subsystem Function (x27) command.

This order is issued during the IPL process of each CPU.

CPU (channel) only has the capability to change this path and device definition.



Table 3.15.4-1  Order-list of Perform Subsystem Function (x27) command

Order�Meaning��x22�   Prepare to Read Lock Data��x30�   Set Lock State��x31�   Purge Lock��x32�   Unlock��x33�   Connect��x34�   Disconnect��For detailed, please see the IBM RPQ manual;

“IBM 3990 Transaction Processing Facility Support RPQs” (GA32-0134-03)



�(4) Channel Re-drive function



MVS environments

In general, the Channel selects the most proper path (in the Path-group) for each I/O request.

In MVS environments, there is no this kind of function.



TPF environments

In TPF environments, �to keep a fast IO response & IO request-order(fast-in-fast-out), �this kind of special function has been introduced. (Thus is our conjecture.)

By the channel-monitor data, �Once IO request is rejected with Control-unit busy by DASD, �Sub-channel repeats a reconnect-trial to DASD (with some short interval), �until (1) to get-into DASD or (2) to reach the trial-count threshold �(in this case IO request is registered to some waiting Queue in the channel.)

And once IO request is accepted by DASD control-unit,�next Control-unit judges this would be accepted or not using “Lock” status.



(5) Fixed Record-size

Dataset structure in DASD

In general, TPF software makes the following logical structure in DASDs.
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Table 3.15.4-2  Pool records Classification

Logical (usable) size�Physical size��381 Bytes�384 Bytes��1055�1056��4095�4096��There exist only three lengths for pool records.



Table 3.15.4-3  More detailed classification

381 Record�1055 Record�4095 Record��SLT

(Small, Long Term)�LLT

(Large, Long Term)�4LT

(4KB, Long Term)��SST

(Small, Short Term)�LST

(Large, Short Term)�4ST

(4KB, Short Term)��SDP

(Small, Long Term, Duplicated)�LDP

(Large, Long Term, Duplicated)�4DP

(4KB, Long Term, Duplicated)��

�(6) Prime/Dupe MODs pairs



To improve Data-integrity of DASD,�TPF system often makes the Data-duplications �on different two DASD subsystems.

The following Fig. Shows one example of this pairs.�Prime MOD(module)s and Dupe MODs are never located on�one-side of subsystem(spread to all subsystems).
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(7) Data Copy procedures



The Copy procedures are taken for the following purposes;

To make a pair (To copy data from Prime MOD to Dupe),

To recover the failed data (To copy the remaining data to the re-init MOD.)



There exist two ways to make a pair.

AFC (All File Copy), and

AMOD copy.



In this copy process, the destination-drive of the copy keeps “Offline” status, and just after the completion of this copy, the source-drive is made “Offline” and the destination-drive is changed to “Online”. From the view-point of TPF software, there exists only one MOD, independent of copy process.�

In this copy, both source-drive and destination-drive are made “Online”.�TPF software can distinguish both drives, even if in the copy process.



�3.15.5 Notices for HRC-option setting



<SVP operation>

(1) RCU Option (see SVP04-120)

-	We strongly recommend to choose “No”-side in “PPRC support by host” column of “RCU Option” window.

-	We strongly recommend to choose “Not Report”-side in “Service SIM of Remote Copy” column of “RCU Option” window.



(2) Pair Option (see SVP04-180)

-	We strongly recommend to choose “Copy to R-VOL”-side in “CFW Data” column of “Pair Option” window.



(3) Suspend Pair (see SVP04-210)

-	We strongly recommend not to activate (to keep blank) “SSB(F/M=FB)”-lone of “Suspend Pair” window.





<Host (TPF-OS) consideration>

	In MVS-OS world, 7700E with HRC expects (requires) Customers to extend I/O Patrol Timer to prevent many MIHs from reporting.

	In TPF-OS world also, same consideration will be required, that is please discuss with the Customer to find the opportunity to extend “Stalled Module Queue” timer over 5 seconds.



�3.16 HXRC



3.16.1 An outline of HXRC



HXRC(Hitachi eXtended Remote Copy) function provides for data replication at distance in order to recover at a disaster.



� EMBED Word.Picture.6  ��� 



•	System Data Mover defines a XRC pair session.(()

•	When a write command is issued to primary volume from application site, primary DKC makes a sidefile data(replication) on cache memory.(()

•	System Data Mover reads a sidefile data non-synchronously at distance, and writes it to secondary volume.((, ()



Fig.3.16.1-1  An outline of HXRC



�3.16.2 HXRC Support Requirements



3.16.2.1 OS



(1) OS level

(a) MVS/ESA 4.3.0 or upper.

(b) DFSMS/MVS 1.1.0 or upper.



<Restriction of SMS 1.4 environment>

The Maximum number of HXRC pair per CU image is up to 128 under SMS 1.4 environment.  CCA (Channel Connection Address) can be specified to 128 logical devices per CU images such ‘00’ - ‘7F’.  CCA address ‘80’ - ‘FF’ for HXRC may be rejected by System Data Mover.



(2) Conditions of HXRC using

(a) The following conditions must be satisfied by OS before starting HXRC function,

• CACHE ON

• NVS ON

and must be CACHE ON status on DKC.

When CACHE OFF/NVS OFF commands are issued by OS or Cache malfunctions (includes ‘Ref code=FFEE: Area temporary blocking) occur, HXRC function is stopped.



(b) I/O Patrol Value

 Without CHL Extender

• Current patrol time(more than 30sec).

 With CHL Extender

• More than 70sec.



(c) Session ID

• Up to 64Session ID’s can be utilized per 1DKC for Concurrent Copy(CC) and HXRC.

• Up to 4Session ID’s can be utilized per 1DKC for HXRC.

• Up to 16Session ID’s can be utilized per 1VOL for Concurrent Copy and HXRC.

• Only 1Session ID can be utilized per 1VOL for HXRC.



<Specification of RAID300>

The maximum number of HXRC pair in the subsystem is up to 256.



(d) HRC/HODM

• HXRC cannot be used for the same volumes using HODM pair volumes.

• HODM cannot be used for the same volumes using HXRC pair volumes.

• HXRC must be for that volumes after deleting HODM pair volumes.



�3.16.2.2 Hardware



(1)	HXRC Support Hardware Specification.



Table 3.16.2.2-1 HXRC Support Hardware Specification

CU Type�3990-6/6E��DEV Type�3390-1/2/3/3R/9��DKC model�Primary:RAID300

Secondary:RAID300/RAID200HA/DKC80/DKC90��RAID level�RAID5/RAID1��Channel�ESCON��

(2)	CACHE SIZE

	Cache capacity should be doubled from current cache size.

	(The amount of sidefile data may occupy up to 60% of total cache capacity.)





3.16.2.3 Micro-program



(1)	HXRC Support Micro-program Revision.



Table 3.16.2.3-1  HXRC Support Micro-program Revision

DKCMAIN�52-36-12-00/00 or upper��SVP�51-36-12/00 or upper��CNT extender version 4.9 or upper level code is recommended.



(2)	HXRC support Modes



Table 3.16.2.3-2  HXRC support Modes

Mode�Description��Mode45�Sleep wait timer used to delay activation.

Mode45 OFF	: Activates sleep wait timer at 40% sidefile threshold.

Mode45 ON	: De-activates sleep wait timer at 40% sidefile threshold.��Mode59�Variable RECSET size performance improvement for CNT channel extenders.

Mode59 OFF	: Performance improvement de-activated (fixed RECSET size)

Mode59 ON	: Performance improvement activated (variable RECSET size)��Mode97�Variable sleep wait timer duration.

Mode97 OFF	: Sleep wait timer duration = 100ms at 40% sidefile threshold.

Mode97 ON	: Sleep wait timer duration = 10ms at 40% sidefile threshold.��Mode98�Selectable SCP or session cancel at 50% sidefile threshold.

Mode98 OFF	: SCP activates at 50% sidefile threshold.

Mode98 ON	: Forced session cancel at 50% sidefile threshold.��Mode118�Warning SIM reporting at 40% sidefile threshold.

Mode118 OFF	: Not report SIM.

Mode118 ON	: Reports SIM. (30sec interval over 40% sidefile threshold)��

�3.16.2.4 HXRC recommendations



(1) Recovery site CPU is the most ideal location for Data Mover.

(2) Data Mover’s path should be utilized only to read sidefile.

(3) Subsystem configurations

- Cache capacity : Should be doubled from current cache size.

- Confirmation for Number of channel paths for system data mover (SDM)

- Confirmation for Work loads for the subsystem

(4) Utility device for primary volume

- Should be prepare for each XRC session.

- A low activity device should be selected as a Utility Device

- Utility Device should be specified at 1’st time before establishing pair volumes.

(5) System Data Mover (SDM)

- Confirmation for PTF levels

- No record found problem. : APAR # OW30183, OW33680

- Necessary tuning for SDM data set : Capacity, Geometry of the data set

(6) DB2

- Broken VSAM index file problem : APAR # II08859

(7) Others

- CPU MIPS : Enough for HXRC environment

- LINE CAPACITY : Enough for HXRC environment with channel extender.



�3.16.3 Online Maintenance while Concurrent Copy(CC)/HXRC using



(1) Availability of Installation and DE-installation.

Component�Maintenance Type�During initial copy�Established�Suspend����Primary�Secondary�Primary�Secondary�Primary�Secondary��HDD�Installation�*�x�*�x�*�x��canister�De-installation�*�x�*�x�*�x��Cache�Installation�*�x�*�x�*�x��PCB�De-installation�*�x�*�x�*�x��CHA�Installation�x�x�x�x�x�x���De-installation�x�x�x�x�x�x��DKA�Installation�x�x�x�x�x�x���De-installation�x�x�x�x�x�x��x:	Maintenance is available.

*:	When a maintenance operation is needed while CC/HXRC is using, I/O’s for CC/HXRC pair volumes or CC/HXRC itself should be stopped before the maintenance operation.

If the maintenance operation must be done while CC/HXRC is using, you must confirm that the usage of Sidefile monitor less than 20% of total Cache capacity before you start the maintenance operation.  Only when the usage of Sidefile monitor is less than 20% of total Cache capacity, you can proceed the maintenance operation.

Refer to “Monitoring” in the SVP SECTION about sidefile monitor.

Select the [Information] icon in the ‘SVP’ window.

Next select the [Monitor] menu in the ‘Information’ window and select [start....].

Next select the ‘Sideflie’ box in the ‘Item’ menu in the ‘Monitoring’ window and select [OK].



(2) Availability of the System tuning.

When the following System tuning operation is needed while CC/HXRC is using, CC/HXRC should be stopped before the System tuning operation.

•	It is impossible to change the DKC No, SSID, or DKC Emulation type by System tuning operation while CC/HXRC is using.

•	When the DRV emulation type of CC/HXRC pair volumes are 3390-3 or 3390-3R, it is impossible to change the emulation type between 3390-3 and 3390-3R by CHANGE EMULATION operation while CC/HXRC is using.



�(3) Availability of the Replacement.

Component�Maintenance Type�During initial copy�Established�Suspend����Primary�Secondary�Primary�Secondary�Primary�Secondary��Logical�Blockade�**�**�**�**�**�**��Device�Recovery�**�**�**�**�**�**���Format�**�**�**�**�**�**���Verify�x�x�x�x�x�x��HDD

canister�Replace�x�x�x�x�x�x��Cache PCB�Replace�*�x�*�x�*�x��CHA�Replace�x�x�x�x�x�x��DKA�Replace�x�x�x�x�x�x��LTM PCB�Replace�x�x�x�x�x�x��x:	Maintenance is available

*:	When a maintenance operation is needed while CC/HXRC is using, I/O’s for CC/HXRC pair volumes or CC/HXRC itself should be stopped before the maintenance operation.

If the maintenance operation must be done while CC/HXRC is using, you must confirm that the usage of Sidefile monitor less than 20% of total Cache capacity before you the start maintenance operation.  Only when the usage of Sidefile monitor is less than 20% of total Cache capacity, you can proceed the maintenance operation.

Refer to “Monitoring” in the SVP SECTION about Sidefile monitor.

Select the [Information] icon in the ‘SVP’ window.

Next select the [Monitor] menu in the ‘Information’ window and select [start....].

Next select the ‘Sideflie’ box in the ‘Item’ menu in the ‘Monitoring’ window and select [OK].

**:	When a maintenance operation is needed while CC/HXRC is using, CC/HXRC should be stopped before the maintenance operation.



�3.17 HRC Asynchronous



3.17.1 Components



Asynchronous mode is one of the update copy modes of the HRC volume pairs.  The HRC asynchronous subsystem consists of the same components as HRC synchronous and HRC semi-synchronous with the following exceptions:



A set of the HRC volume pairs named consistency group is introduced.

Only 1-to-1 and n-to-1 (n(4) configuration is supported

For n-to-1 configuration, the XRC time-stamping capability is required.

A communicating facility to transfer error information from the primary system to the secondary system is not required.



Note)	In this document, the term n-to-m means that n-MCUs and m-RCUs are connected to each other to establish the HRC volume pairs.  N and m is number of control units of physical unit bases, not of control unit image bases. 
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Fig. 3.17.1-1  HRC Asynchronous Subsystem Components



�(1)	MCU and RCU



Both MCU and RCU must be RAID300 or upper model.

Maximum configuration is 4-to-1.  For n-to-1 (n >1) configuration, XRC time-stamping capability is required.

To use XRC time-stamping capability, control unit emulation must be 3990-6 basic or enhanced mode.

Maximum number of control unit image pairings (established by Add RCU or ESTPATH) is 16.





(2)	Consistency Group



HRC asynchronous ensures update-sequence-consistency across several volume pairs.  It also provides some group-based operations.  A set of volume pairs treated by such group-based functions is called a consistency group.

HRC asynchronous supports 16 consistency groups at maximum.  Every HRC asynchronous volume pair belongs to one consistency group.





(3)	PPRC Support



Although HRC asynchronous is not fully compatible to PPRC, it can be controlled and monitored with PPRC host facilities, PPRC TSO commands, ICKDSF PPRC commands and some console messages.  For this purpose, MVS/DFP 3.2.0 or higher level and ICKDSF release 16 or upper are available.

Only fundamental facilities are available.  Neither P/DAS SWAP nor CGROUP is supported.

If the primary system (and the secondary system) consists of several CPU complexes, SYSPLEX timer must be installed for the common time reference.





(4)	XRC Time-Stamping Capability



In case of N-to-1 configuration, the XRC time-stamping capability requires to be installed in the primary host system. MVS/DFP 3.2.0 or higher level is required.

In order to get benefit of time-stamping capability during copy-back process (pair establishment from the secondary to the primary subsystem), the XRC time-stamping capability recommends to be installed in the secondary system.

If the primary system (and the secondary system) consists of several CPU complexes, SYSPLEX timer must be installed for common time reference.



�3.17.2 Consistency Group



(1)	HRC Asynchronous Volume Pairs and Consistency Group



Every HRC asynchronous volume pair belongs to one consistency group.

When establishing the HRC asynchronous volume pair, an operator specifies the consistency group number that the volume pair will belong to with a new parameter of Add Pair and ESTPATH.

The consistency group must be registered prior to pair establishment.





(2)	Functions of Consistency Group Basis



(a)	Ensuring Update Sequence Consistency



The updated records are copied to the corresponding R-VOLs in the same order as the M-VOLs have been updated by the primary host systems.

The update sequence consistency is ensured within a consistency group.  The updated records of the different consistency groups may be copied in the different order from the original.



(b)	Suspending Volumes Pairs (Error Level)



When one R-VOLs is not updated correctly due to the failure, all the HRC asynchronous volume pairs will be suspended with keeping update sequence consistency.

When establishing the HRC asynchronous volume pair, an operator specifies whether other volume pairs will be suspended together or not against the failure of the volume pair.  A new parameter called Error Level is defined for this purpose.



Error Level = Group	When this volume pair is suspended due to the failure, all volume pairs in the same consistency group will be suspended together.

Error Level = Volume	Even if this volume pair is suspended due to the failure, other volume pairs in the same consistency group will not be suspended, as long as the failure prevent.



�(c)	Providing the Consistency Time



The latest time stamp value of the update that has been successfully copied to the R-VOL is called a consistency time.  The consistency time is a group basis indication.  It means that all the updates performed before or at the consistency time have been successfully copied to the R-VOLs in the consistency group.



The consistency time can be displayed with the following operations issued to the R-VOL of duplex or suspended state.



RMC (or SVP) Pair Status panel

PPRC CQUERY command



At the R-VOLs in duplex state, the consistency time is a ticking value.  Any R-VOL displays the consistency time in that instance.  It can be used for feeling how long the R-VOLs are behind the M-VOLs.



Whenever the volume pair is suspended, the consistency time of the R-VOL is frozen.



(	If the update sequence consistency between the R-VOL and other R-VOLs in the consistency group is ensured, the R-VOL indicates the latest consistency time of the consistency group.



(	Otherwise, the R-VOL indicates the latest time stamp value of the update that has been succe-ssfully copied to the R-VOL.  It may be older than other R-VOLs because the consistency time of the consistency group is still ticking.



If the R-VOL is in suspended state, the supplementary status that indicates whether the consistency time is of the consistency group (case (a) above) or the R-VOL (case (b) above) is also displayed.



�(d)	Consistency Group Basis Operations



In order to make the disaster/failure recovery procedure simple, the following consistency group basis operations are provided. 



Operations at the RCU



(	Deleting all suspended volume pairs except for inconsistent volume pairs

(	Deleting all volume pairs regardless of the consistency among them

(	Suspending all volume pairs



Operations at the MCU



(	Suspending all volume pairs

(	Deleting all volume pairs behind this unit (except for M-VOLs behind other MCU)

(	Resuming all suspended volume pairs behind this unit (except for M-VOLs behind other MCU)





(3)	Configuration of the Consistency Group



(a)	Disposition of the Volume Pairs



All R-VOLs that belong to the same consistency group must be located behind one RCU.

The M-VOLs that belong to in the same consistency group can be located behind up to 4 different MCUs.

Up to 16 consistency groups can be established within one pair of MCU and RCU.  The RCU sup-ports up to 16 consistency groups.

The R-VOLs of the different consistency groups can be located behind the different RCU.

Up to 1,024 volume pairs can belong to one consistency group.



�(b)	Primary Host Systems and Consistency Group



1)	Primary host systems and timer type



Every update I/O to the M-VOL of the same consistency group must be time-stamped by using common timer facility.  Table 3.17.2-1 shows the relationship between the primary host system and available timer resource.

When registering the consistency group, an operator must specify which timer resource should be used for the consistency group based functions.



Table 3.17.2-1  Primary host systems and timer resource

Primary Host System�Timer Resource�Notes on Configuration��MVS with the XRC time-stamping capability�System timer

(CPU TOD clock)�N-to-1 (N(4) configuration is possible.

SYSPLEX timer must be installed if the primary system consists of the several CPU complexes.��Other main frame host systems�Local timer

(MCU internal clock)�Only 1-to-1 configuration allowed.��Open host systems����

2)	Restrictions and notes on the primary host systems



The primary host systems can not access the volume pairs of the same consistency group unless they have the common timer reference.

The M-VOLs updated by the same primary host system can belong to the same or different consistency group if the M-VOLs have no requirement on update sequence consistency (i.e. they are updated independently of each other.)  However it is recommended for them to belong to the different consistency groups because, for example, they might be suspended together against the failure

Because of the same reason, the independent M-VOLs accessed by the independent primary host systems is recommended to belong to the different consistency groups, even if they can use common timer reference.



�3.17.3 HRC Asynchronous Theory of Operations



(1)	Update Copy



The updates from the primary host systems and additional control information are queued in the cache storage of the MCU, and sent to the RCU independent of host I/O processes.  The RCU stores the data and control information into the provisional spaces allocated in the cache storage.  According to the time-stamp and the sequence information, the RCU promotes the updates in the provisional spaces the formal data of the R-VOLs in the same order as they have been performed at the MCU.



(a)	Receiving Time-stamp Information



In case of the Timer Type of System specified, the MCU receives the time-stamp information as follows:

When directed to establish the HRC asynchronous volume pair, the MCU reports the state-change-interrupt (SCI) to all the attached host systems.  The host system issues a series of sense group commands to recognize what status of the device has changed.  The MCU generates the response as if the device became a member of an XRC session.  This response activates the XRC time-stamping capability if installed in the host systems.

Once activated, MVS IOS routine attaches the time-stamp information (contents of time-of-day clock) to each I/O operation to read and write the device.  The time-stamp information indicates when the corresponding update has been issued at the primary host system.  It is transferred to the MCU at the beginning of each I/O operation.



(b)	Creating Recordset



When accepting the updates from the primary host systems, the MCU creates a set of information called a recordset.  A recordset includes:



(	updated record

(	time-stamp information received

(	sequence number 

(	record locations (device, cylinder, track and record number) and record length



The sequence number is the number of recordsets the MCU has created for the consistency group.  That is, all recordsets in each MCU and each consistency group are independently numbered.

The recordset information other than the updated records is stored and queued into the exclusive spaces allocated in the cache storage.

The updated records are stored as the host-dirty data and do not occupy the exclusive space until the following events happen before the recordset is sent to the RCU

The same record is updated again, or

The host-dirty status is removed by the de-staging process.

When the above mentioned event happens, the MCU moves the updated records into an exclusive space, called sidefile, in the cache storage.



�(c)	Sending Recordset to the RCU



The MCU sends the recordset in a similar manner as HRC synchronous.  That is, the MCU and RCP port act as the host processor channel and issue I/O operation, called Remote I/O(RIO), to the RCU.

The RIO transfers the time-stamp information, the sequence number, the record locations and length, and the updated records in the FBA format (not in the CKD format) by one channel command, like HRC synchronous.  However the parameter length and detailed specification of this channel command is different from HRC synchronous.  Therefore the micro code of the store-and-forward type channel extender (i.e. Channelink and UltraNet of CNT corp.) should be upgraded to support the command.

Unlike the recordset offloading of the XRC Data Mover, the MCU sends the recordset with directly specifying the device address of the R-VOL.  The RIO independently activates each R-VOL.  Furthermore, the MCU may send several recordsets by one RIO even if their sequence numbers are not contiguous to each other.  Therefore the recordsets are usually sent in different order from their arrivals to the MCU.



(d)	Storing Recordset into Sidefile Space



The RCU stores the received recordsets into the spaces exclusively allocated in the cache storage.  The exclusive space is called a sidefile.  The updated records in the sidefile are not treated as the formal data. That is, the host I/O processes and the de-staging processes do not access the records in the sidefile at this time.

The records in the sidefile will be promoted the formal data later.  A term settle means to promote the records in the sidefile.

The RCU also allocates exclusive spaces in the cache storage so that the sidefiles form a queue.

The RCU makes a queue per MCU and per consistency group.

This queue is not of the FIFO fashion.  Each entry of the queue is previously assigned to each sequence number.  The arrived recordsets are queued into the corresponding entries with indexed by their sequence number.  The entries for the recordsets that do not arrive yet are left empty.  As a result, the RCU lines up the recordsets in the order of their sequence number.



�(e)	Selecting Recordset and Deciding Consistency Time



The RCU selects the recordset to be settled with the following algorithm.



(	Checks if there are the valid entries at the top of all the queues in the consistency group.  If one of them is empty, the RCU waits for the entry.

(	When all the top entries are filled with the valid sidefiles, the RCU selects one entry that has the smallest time-stamp.  It can be settled.

(	Repeats step 1 and 2.



Figure 3.17.3-1 shows an example.  All the top entries are filled with the recordsets of S11/T3, S21/T2, S31/T1 and S41/T5.  The RCU selects the recordset of S31/T1 to be settled because the T1 is the smallest time-stamp.  Then the top entry S31/T1 is removed from the MCU3’s queue. The S32 becomes the top but it is empty.  The next recordset S11/T2 will be selected when recordset S32 arrives and its time-stamp is smaller than T2.
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Figure 3.17.3-1 Example of Selecting Recordset at the RCU



�(f)	Settling Recordset



The recordset selected by the algorithm described in section(e) will be marked as host-dirty and treated as the formal data after that time.  The time-stamp value of the recordset is promoted to the consistency time.

The RCU settles the updated records in the recordset as follows:

If the corresponding track is not in cache storage (track-miss), the cache directory of the sidefile is changed to be the formal data.  No data is moved.

If the corresponding track is in cache (track-hit), the updated records in the recordset are copied to the existing cached-track and the cache space for the sidefile is released.







3.17.4 MCU-RCU Communications to Maintain Asynchronous Copies



(1)	Dummy Recordset



The RCU needs to receive the recordset continuously from all the MCUs even if the MCU does not have to create the new recordset.



The MCU creates and sends a dummy recordset when it has received no update I/O in a second.  The dummy recordset contains only the sequence number and the time-stamp information.  Contents of the time-stamp information is generated by incrementing the largest time-stamp that the RCU has (the MCU reads it from the RCU before creating the dummy recordset) by one.

The RCU receives the dummy recordset and puts it into the queue.  It can help other recordsets being selected.



Another purpose of the dummy recordset is have the RCU be aware of the disaster.  If the RCU can not receive any recordset in the predetermined duration (this time can be specified by Maximum Copy Delay Time parameter), the RCU regards such situation as the disaster and suspends all the HRC asynchronous volume pairs.



Due to these reasons, the MCU and RCU always need to communicate with each other once the HRC asynchronous volume pair established and not all the pairs have been suspended. 



(2)	Change-Status Recordset



When the volume pairs are suspended or deleted due to operations or failure, the update sequence consistency must be ensured.  In order to meet this requirement, the negotiation on changing volume pair status is made by means of recordset.  The recordset used for this purpose also has only the sequence number and the time-stamp information.



(3)	PS OFF Notification Recordset 



At the power-off sequence, the MCU creates and sends the recordset to notify of the power-off event.  The recordset used for this purpose also has only the sequence number and the time-stamp information.

�3.17.5 Failure Detected by the RCU



(1)	Pair Suspend by the RCU



Table 3.17.5-1 shows the failures detected by the RCU and the volume pairs to be suspended due to the failure.



Table 3.17.5-1  Volume Pairs to be Suspended by the RCU-detected Failure

Failures�Volume pairs to be suspended��The RCU could not settle the pending recordset or could not communicates with the MCU before the maximum copy delay time expired.�All pairs in the consistency group��The RCU could not receive the recordset successfully due to the hardware failure.�All pairs in the consistency group, or only the affected pair (depending on the failure)��The RCU detected the logical error while selecting the recordset to be settled.�All pairs in the consistency group��The RCU could not settle the recordset due to the hardware failure, the track condition, or the logical error.�All pairs in the consistency group, or only the affected pair (depending on the failure)��

(2)	Pair Suspended and Re-synchronization



For the HRC asynchronous volume pairs, both the MCU and RCU maintain the bit map for pair re-synchronization.  When/after the volume pair(s) suspended, the cylinders that contain the following records are marked in the bit map as modified(to-be-copied later):



The recordsets that have been created by the MCU but not sent the RCU yet.  After marking the cylinders as modified, the recordsets are discarded.

The recordset that have reached at the RCU but not settled yet.  After marking the cylinders as modified, the recordsets are discarded.

The records updated by the primary system after the volume pair(s) suspended



At the beginning of the pair re-synchronization, the contents of the RCU’s bit map are sent to the MCU and merged into the MCU’s bit map.  The MCU performs the initial copy for the pair re-synchronization according to its bit map.  That is, the cylinders that contain the lost recordset are re-synchronized at this time.



�3.17.6 Inflow Control for Sidefiles



As described in section 3.17.4, both the MCU and RCU create the sidefiles for storing the recordsets.  Since the sidefile is an exclusive space in the cache storage, both the MCU and RCU perform the inflow control to prevent the subsystem overload.

Both the MCU and RCU use the threshold value specified with the RMC/SVP panel.



(1)	Inflow Control by MCU



When the amount of sidefiles reaches at the threshold, the MCU responds to the update I/Os from the primary system with the state-change-pending (SCP) or channel-command-retry request.

If no recordset has been sent to the RCU after the specified time duration, the MCU will suspend all the volume pairs and reset the SCP condition in order to avoid the system being hung up.



(2)	Inflow Control by RCU



When the amount of sidefiles reached at the threshold, the RCU responds to the command that transfers the recordset from the MCU with the channel-command-retry request.  Only the recordset of the sequence number necessary to continue settling the pending recordsets is accepted.

If the recordset has not been settled after the specified time duration, the RCU will suspend all the volume pairs and reset the channel-command-retry condition in order to avoid the MCU being hung up.



�3.17.7 HRC Asynchronous Control Operations



This chapter describes the RMC (or SVP) operations for HRC asynchronous.





3.17.7.1 DKC Options



(1)	Async Option - Modifying HRC Options on Physical Unit Basis



Async Option panel provides the function to modify asynchronous options.

These options are effective to entire physical control unit (i.e. all M-VOLs and R-VOLs behind the control unit.)

These options can be modified when no asynchronous volume pair is established.

These options may be modified before/after performing Port, Add RCU, and Add Group operations.



Table 3.17.7-1  Async Options on Physical Control Unit Basis

Option Name�Description��Pending Update Data Rate�It specifies the amount of cache storage in percent that allows to be used for storing recordset (sidefile). 

When the amount of cache storage for the recordset reaches the specified threshold, the MCU and RCU invokes its own inflow control as follows:

The MCU responds to the update I/Os from the primary system with the state-change-pending (SCP) or channel-command-retry request.

The RCU responds to the command that transfers recordset from the MCU with the channel-command- retry request.  However the specific recordset that will help the RCU settle the pending recordset is still accepted.

Any percent between 30% and 70% can be specified with a unit of 10%.  The default is 50%.��Offloading Timer�It specifies how long the MCU can continue the inflow control described above.

The MCU stops the inflow control and suspends all asynchronous volume pairs after the specified time expires unless no recordset has been offloaded to the RCU.

Every minute between 1 to 20 and "None" can be specified.  "None" is the default and means that the MCU never stops the inflow control.��Notice :	If Pending Update Data Rate is modified when asynchronous volume pair is established, the host I/O timeout may occur.



�3.17.7.2 Registering/Monitoring/Deleting the Consistency Group



(1)	Add Group - Registering Consistency Groups 



The consistency group can be registered with RMC (or SVP) attached to the MCU.

The consistency group must be registered prior to the volume pair establishment.

The consistency group has its own attributes and parameters, consistency group number, timer type, and others.  They are specified when registered.

The consistency group is registered in the RCU too.  However it is not necessary to be specified.  When the volume pair is established, the MCU directs the RCU to register the consistency group.



(a)	Consistency Group Number



The consistency group number is described with one digit of hexadecimal character.

The volume pair control operations require the consistency group number as the parameter.  The pair status displayed by Pair Status operation of RMC and CQUERY command also includes the consistency group number.



�(b)	Timer Type



The timer type must be specified out of System, Local and None when the consistency group is registered.



Table 3.17.7-2  Timer Type Attributes

Timer Type�Meaning��System�The system timer (CPU TOD clock) provided by the XRC time-stamping capability is used for controlling this consistency group.��Local�The local timer (internal TOD clock of this MCU) is used to for controlling this consistency group.��None�The system timer (CPU TOD clock) provided by the XRC time-stamping capability is used for controlling this consistency group.  The R-VOLs in this consistency group can be located behind the different RCUs.  However the update sequence consistency across the RCUs is not ensured.  This timer type should be selected only when volume pairs are established from the original secondary to the original primary volumes (copy back).��

Table 3.17.7-3 shows the related configuration and timer type to be specified.



Table 3.17.7-3  Timer Types to Be Specified

Configuration�Timer type to be specified��Host system�XRC time-stamping

capability�MCU-to-RCU�For P-to-S copy

(original direction)�For S-to-P copy

(copy back)��Main frame�Installed�N-to-1 (n >1 )�System�None����1-to-1�System�System���Not installed�1-to-1�Local�Local��Open systems�(unavailable)�1-to-1�Local�Local��

�(c)	Timeout Parameters



The following parameters can be specified to modify the expiration time for the timeout event of the consistency group basis.



(	Maximum copy delay time



Table 3.17.7-4  Maximum copy delay time to Be Specified

Name in the RMC panel�Time Out: Write Pending [min]��Available range�3 min. to 15 min or "None"(no time out event occurs)��Default�"None"��Description�It specifies the maximum delay allowed for asynchronous copy.  Based on this parameter, the RCU will suspend all R-VOLs if following time out event occurs:

The RCU has received the updated data but it can not be settled in the specified time.

The RCU has had no communication from the MCU until the specified time expires��Note.)	The RCU stores the updated data received into a provisional space of cache storage, and will make it available for use later.  The term settle means to making it available for use.



(	Maximum RCU-ready-wait time



Table 3.17.7-5  Maximum RCU-ready-wait time to Be Specified

Name in the RMC panel�Time Out: RCU Ready [min]��Available range�1 min. to 10 min or "None"(no wait)��Default�5 min.��Description�During the power-on-reset procedure, the MCU intends to communicate with the RCU and will suspend all the volume pairs if it can not communicate until the specified time expires.��

�(2)	Delete Group - Deleting Consistency Group Registration



If no volume pair belongs to the consistency group, the group can be deleted.

This operation is available only at the MCU.  The registration to the RCU is automatically deleted, when the last volume pair in this group is deleted.

In N-to-1 (N >1) configuration, deleting the consistency group does not affect the consistency group that has been registered in another MCU.



(3)	Group Option - Modifying HRC Options on Group Basis



This operation allows MCU to delete the consistency group currently registered.

The Group Option can be operated only when no volume pair belongs to this group.



(4)	Group Status - Displaying Consistency Group Status



The options and the working status can be displayed on this panel.



Table 3.17.7-6  Consistency Group Status

Item�Contents�Displayed by:����MCU�RCU��Consistency group number�Consistency group number in one digit of hexadecimal character.�Yes�Yes��RCU serial number/SSID�Serial number and SSID of the RCU that belongs to this group.�Yes�No��Volume list�List of volumes that belong to this group and are behind this control unit.�Yes

(*1)�Yes��Consistency time�Current consistency time of this group.�Yes

(*2)�Yes��Timer type�Specified timer type of this group.�Yes�Yes��SEQCHK (*3)�At least one volume pair of this group has the SEQCHK status.�Yes

(*2)�Yes��Maximum copy delay time�Specified maximum copy delay time.�Yes�Yes��Maximum RCU-ready-wait time�Specified maximum RCU-ready-wait time.�Yes�No��(*1)	In N-to-1 (N >1) configuration, it does not include the M-VOLs behind other MCU.

(*2)	The consistency time and SEQCHK status are decided by the RCU.  The MCU displays these items after reading them from the RCU.  If the MCU can not communicate due to communication failure, the latest contents are not displayed.  Therefore these items should not be used for disaster recovery.

(*3)	SEQCHK is one of the R-VOL statuses.



�3.17.7.3 Pair Status



Suspending and Deleting state are newly defined to indicate the status in transition.

Suspended by MCU powered-off is added as the caused of suspension.

To indicate whether the update sequence consistency is kept or not, the subsidiary pair status (Group or Volume) and SEQCHK indicator are newly defined.



(1)	Status in Transition - Suspending and Deleting 



When suspending or deleting the HRC asynchronous volume pairs, the MCU and RCU intend to process all pending recordset before changing pair status.  It takes longer time for the asynchronous volume pairs to change to suspended or simplex state than the synchronous volume pairs.  Therefore adding to the conventional pair statuses (simplex, pending, duplex, suspended), two new statuses are introduced.





(a)	Definitions and conditions of transition



Suspending	This volume pair is in transition from duplex or pending to suspended state.  When cause of suspension (failure or operation) is detected, all affected volume pairs change to suspending state.  After completing suspension, they will automatically change to suspended state.

Deleting	This volume pair is in transition from duplex, pending or suspended to simplex state.  When accepting delete pair operation, all affected volume pairs change to deleting state.  After completing delete pair operation, they will automatically change to simplex state.



(b)	Indication of pair status



Suspending and deleting statuses can be indicated only on RMC (or SVP) main control and pair status panels.

For main frame host systems, these states are not indicated.  Status in transition is treated as follows:

In case of operations (suspend pair or delete pair), status is not changed until transition completes.  After completing status transition, affected volume pairs are changed to suspended or simplex state.

In case of failure, affected volume pairs are changed to suspended state when cause of suspension is detected.

In any cases, the MCU or RCU report the state change interrupt (SCI) after completing status transition.  IEA491E or IEA494I console messages appear on the system console at this time.



�(2)	Suspended by MCU Powered-Off



When the MCU is being powered off, the MCU suspends all volume pairs behind it. The suspended volume pairs will automatically return to their original state (duplex or pending) when the MCU is powered-on again.  During this suspension, the suspended R-VOLs indicate by MCU powered-off as the cause of suspension.



(a)	Conditions of transition



During power-off sequence, the MCU notifies the RCU of the power-off event.  The RCU changes all related R-VOLs to suspended states and sets by MCU powered-off as the cause of suspension.

Only R-VOLs which are in duplex or pending state are affected.  The cause of suspension of the R-VOL that is already suspended is not changed.

Only R-VOLs of which corresponding M-VOLs are behind the MCU are affected.  The volume pairs between other MCU are not affected.



During power-on sequence, the MCU notifies the RCU of the power-on event.  The RCU changes all R-VOLs in suspended by MCU powered-off state to original (duplex or pending) state.



(b)	Indication of pair status



Only the RCU can indicate this cause of suspension.

This cause of suspension is displayed as follows:

RMC (or SVP) Main Control panel:	OFF in the Sub column

RMC (or SVP) Pair Status panel:	Suspended (MCU PS OFF)

PPRC CQUERY command:	SUSPENDED(5) with the specific indicator in the 	serial number field



�(3)	Consistency Status - Group or Volume



(a)	Definition of the status



Group	Update sequence consistency between this R-VOL and other R-VOLs in this consistency group is ensured.  This R-VOL can be used for disaster recovery at the secondary system after deleting the HRC volume pair.�This status is indicated when:

All volume pairs in this consistency group have been suspended due to the failure that affected the consistency group (not the specific volume pair.)

The volume pair having Error Level = Group has been suspended due to the failure.

This volume pair has been suspended by suspend pair operation with Group parameter.

Volume	Probably this volume pair has been suspended alone.  Update sequence consistency between this R-VOL and other R-VOLs in this consistency group is not ensured.  This R-VOL can not be used for disaster recovery at the secondary system.  This status is indicated when:

This volume pair has Error Level = Volume and has been suspended due to the failure that did not affect entire group.

This volume pair has been suspended by suspend pair operation with Volume parameter.



(b)	Indication of the status



Only the RCU can display this cause of suspension.

This status has the meaning described above only when the R-VOL is in suspended state.

This status is displayed as follows:

RMC (or SVP) Main Control panel:	GRP or VOL in the Sub column

RMC (or SVP) Pair Status panel:	GRP or VOL as “Suspended by:” item 

PPRC CQUERY command:	SUSPENDED(x) with the specific indicator in the 	serial number field



�(4)	Alert for Non-Time-stamped Updates - SEQCHK



SEQCHK indicates that the volume pair has accepted some updates without time-stamp attached while the consistency group is specified to use system timer.





(a)	Set/reset conditions



When the RCU is settling the updated data, the RCU turns this indicator on if the updated data is not time-stamped, otherwise turns this indicator off.



(b)	Indication of this indicator



Only the RCU can display this indicator.

This status can be indicated unless the volume is in simplex status.

This status is displayed as follows:

RMC (or SVP) Main Control panel:	SEQ (on) or blank (off) in the SEQ column

RMC (or SVP) Pair Status panel:	SEQCHK (on) or blank (off)

PPRC CQUERY command:	The specific indicator in the serial number field



�3.17.7.4 Controlling Volume Pairs



Basic operations to control/monitor the HRC asynchronous volume pairs are same as the HRC synchronous pairs.  That is, at first the volume pairs to be operated must be selected on the main control panel, and then the operation and its parameters/options should be specified.

For the HRC asynchronous volume pairs, some group basis operations are supported.  Several volume pairs within the consistency group to which the selected volume belongs can be deleted, suspended, resumed by the group basis operations.  For these operations, any volume pair within the consistency group may be selected.



(1)	Add Pair - Establishing HRC Volume Pairs



This operation has the MCU establish the HRC volume pair(s).  Selected volumes will be the M-VOLs and the R-VOLs should be specified by the parameters. 

For asynchronous volume pairs, the MCU-RCU logical connection must be established and the consistency group must be registered prior to this operation.



(a)	Basic parameters and pair options



The basic parameters and the pair options of Add Pair are described in and respectively.  "Changed" column of these tables indicates the difference between HRC asynchronous and conventional HRC.



Table 3.17.7-7  Add Pair - Basic Parameters

Item�Parameters�Changed�Description��Pair configuration�- R-VOL

- RCU�No�Specifies the serial number and SSID of the RCU and the logical device number of the R-VOL��Initial copy control�- Initial Copy

- Priority�No�Specifies whether the initial copy for this volume pair is necessary ("Entire Volume") or not ("None") and its priority��Update copy mode�- Copy Mode�Yes�Specifies the update copy mote for this volume pair out of Synchronous, Semi-Synchronous and Asynchronous.

For the asynchronous volume pair, specifies the consistency group number to which this volume pair will belong.��

�Table 3.17.7-8  Add Pair/Resume Pair - Option Parameters

Option Name�Changed�For:�Description��Initial copy pace�No�Any�Specifies the initial copy pace.��Fence Level�No�Synch.

Semi-synch.�Specifies the fence level out of "Data", "Status" and "Never" for synchronous and semi-synchronous volume pairs.

This option is valid for the HRC synchronous and semi-synchronous volume pairs.��CFW data�No�Any�Specifies whether the CFW updates should be copied to the R-VOL or not.��DFW to R-VOL�No�HODM�Specifies the volume pair should be suspended when DFW is disabled/failed at the RCU.

This option is valid only for HODM volume pairs.��Error Level�Yes

(new)�Asynch.�Specifies whether all the volume pairs in the same consistency group should be suspended together or not when this volume pair is suspended.

Group	All the volume pairs group should be suspended together.

Volume	Only this volume pair may be suspended.

This option is valid only for the HRC asynchronous volume pairs and the default is Group.��Pair Resume�Yes

(new)�Asynch.�Specifies whether all the suspended volume pairs, which belong to the same consistency group and whose M-VOLs are behind this MCU, should be resumed together.

Group	All the volume pairs should be resumed together.

Volume	Only this volume pair may be resumed.

This option is valid only for Resume Pair operation of the HRC asynchronous volume pairs and the default is Group (currently Volume).��

�(b)	End conditions



The Resume Pair operation with the Group option gets the normal end condition before the initial copy for each volume pair begins.  If some unusual conditions (pinned tracks, correction-access status of the parity group, etc.) prevents the volume pair from being re-established, the volume pair would be still in suspended status.  Therefor the result of this operation should be confirmed by referring to the actual pair status or the console messages that indicate pair status change.



(2)	Delete Pair - Deleting HRC Volume Pairs



In order to make the disaster recovery operations at the secondary subsystem simple, a new option that specifies the volume pairs to be deleted is supported (Delete option).

The pair status of the asynchronous volume pairs will be Deleting when the operation completes, and then Simplex after the internal process completes.



(a)	Volume pairs to be deleted



Table 3.17.7-9  Delete Pair - Delete Option

Option Name�Operable at:�Description���MCU�RCU���Consistent Volumes�No�Yes�Specifies that the volume pairs that meet the following conditions should be deleted.

Belongs to the same consistency group as the selected volume pair and;

Is in Suspended status and;

Has the consistency status of Group.

Other volume pairs than described above are not deleted.  This is the default when operated at the RCU.��Group�Yes�Yes�Specifies that the all volume pairs (but volume pairs behind other MCU when operated at the MCU) in the same consistency group should be deleted.��Volume�Yes�Yes�Specifies that only selected volume pairs should be deleted.  This is the default when operated at the MCU.��

This option is valid only when the asynchronous volume pair is selected.

"Consistent Volumes" and "Group" can be specified when only one volume pair is selected.



�(b)	Force option for asynchronous volume pairs



The Force option specifies that the volume pair should be deleted even if the MCU and RCU can not communicate with each other.  For the asynchronous volume pairs, this option is still effective but can be specified with the Delete option of Group.



(c)	End conditions



The Delete Pair operation for the asynchronous volume pairs gets the normal end condition when the operation is accepted by the MCU/RCU.  The pair status of the volume pairs to be deleted are Deleting at this time.  And then the pair status will be Simplex after the internal process (negotiation between the MCU and RCU) completes.  Therefor the result of this operation should be confirmed by referring to the actual pair status or the console messages that indicate pair status change.



(d)	Consistency time/status after deleted



Once the volume pair deleted, the consistency time/status of the volume pair will be reset.  Therefor the consistency time/status should be memorized prior to this operation



�(3)	Suspend Pair - Suspending HRC Volume Pairs



A new option that specifies the volume pairs to be suspended is supported (Suspend option).

The pair status of asynchronous volume pairs will be Suspending when the operation completes, and then Suspended after the internal process completes.



(a)	Parameters and options



Table 3.17.7-10  Suspend Pair - Parameters and Options

Item Name�Operable at:�Description���MCU�RCU���SSB (F/M=FB)�Yes�Yes�Specifies that IEA494E console message should be generated.��Suspend Kind�-�-�Only "R-VOL" can be selected for the asynchronous volume pairs.��Suspend���Specifies the volume pairs to be suspended.���Group�Yes�Yes�Specifies that all volume pairs in the same consistency group as the selected volume pair should be suspended together.���Volume�Yes�Yes�Specifies that only the selected volume pair should be suspended.��Pending Update���Specifies how the pending recordset should be treated.���Drain�Yes�Yes�Specifies that the volume pair(s) should be suspended after all pending recordset are settled.

Refer to (3) in this section for notes on this option.���Purge�Yes�Yes�Specified that that volume pair(s) should be suspended even if pending recordset remain.  The pending recordset may be purged.  If the MCU/RCU discard the pending recordset, the MCU/RCU marks the cylinders that contain discarded recordset as modified in its shared memory.  The marked cylinders will be copied when the Resume Pair operated.��

(b)	Update sequence consistency



Regardless of the Pending Update parameter, the update sequence consistency across the volume pairs to be suspended is ensured.  However, if some volume pairs have been suspended with the Volume option and other related volume pairs are updated after that, the update sequence consistency is not ensured.



�(c)	Notes on Drain option



If the Purge option specified, the volume pairs are suspend when the RCU accepts this operation.  On the other hand, if the Drain option is specified, the volume pairs will be suspended when the RCU completes the steps described bellow.

(	Accepts this operation and;

(	Has finished settling all the pending recordsets and;

(	Completes the negotiation with all MCUs (reports ready-for-suspension to all the MCUs and receives their acknowledgements) without further recordset generated.



Therefore, the procedures to get the R-VOLs whose contents are frozen at specific point in time relative to the application, are as follows

(	Quiesce the application (Quiesce all update activity to the volume pairs) and;

(	Perform the Suspend Pair operation with Drain option and;

(	Confirm that all volume pairs complete to be suspended and;

(	Restart the application.



Time to disrupt the application (between 1 and 4 above) mainly depends on time for the RCU to follow steps (a) to (c) described above.  That is, it depends on how many recordsets are pending and how much I/O workload the MCUs/RCU have.  Since the RCU will break off above steps and forcibly suspend the volume pairs if time specified by the maximum copy delay time parameter expires, this parameter can help decide the expected disruption time.



(d)	End conditions



The Suspend Pair operation for the asynchronous volume pairs gets the normal end condition when the operation is accepted by the MCU/RCU.  The pair status of the volume pairs to be suspended are Suspending at this time.  And then the pair status will be Suspended after the internal process (negotiation between the MCU and RCU) completes.  Therefore the result of this operation should be confirmed by referring to the actual pair status or the console messages that indicate pair status change.



�(4)	Resume Pair - Resuming HRC Volume Pairs



The Pair Resume option is newly supported.  It specifies whether all suspended volume pairs, which belong to the same consistency group and whose M-VOLs are behind this MCU, should be resumed together or not.  Refer to Table 3.17.7-8 for this option.



(5)	Pair Option - Modifying HRC Options on Volume Pair Basis



Refer to Table 3.17.7-8 for the options on volume pair basis.  The Error Level option can be changed regardless of the pair status (even if the volume pair is in Suspended state), but become effective at the next time of suspension.



(a)	Modified items on Pair Status panel



Table 3.17.7-11  Pair Status - Modified Items on Pair Status Panel

Items�Indicated at:�Description���MCU�RCU���M-VOL and R-VOL�Yes�Yes�Indicates control unit image number and device number in form of "c:dd".��Pair Synchronized�Yes�Yes�Indicates the amount (%) of cylinders that are marked as modified in the bitmap for pair re-synchronization. Refer to (2) below for more detailed information.��Pair Status���Adding to the contents for the synchronous HRC volume pairs, the following are added for the asynchronous HRC volume pairs.���Suspending�Yes�Yes�Indicates that the volume pair is in transition state to Suspended.���Deleting�Yes�Yes�Indicates that the volume pair is in transition state to Simplex.���Suspended[MCU PS OFF]�No�Yes�Indicates that the volume pair has been suspended due to the power-off event of the MCU.��

�(b)	The Pair Synchronized indicator



For the asynchronous volume pairs, both MCU and RCU maintain the bitmap for pair re-synchronization.  The indicated percentage is calculated as follows.



The M-VOL of Pending state indicates the remaining cylinders to be copied for pair re-synchronization.

The R-VOL of Suspended state indicates the cylinders that contain the recordsets lost at the RCU (reached at the RCU but can not be settled before suspension).

The M-VOL of Suspended state indicates the cylinders that contain;



(	The tracks that have not copied yet by the initial copy and;

(	The records updated by the primary system after suspension and;

(	The recordsets lost at the MCU (created in the MCU but can not be sent to the RCU before suspension) and;

(	The recordsets lost at the RCU.



The last item (d) is included as long as the MCU can get the information from the RCU.  Otherwise, only items (a)-(c) are included.  In this case, the item (d) will be included at the beginning of the pair resynchronization.



This percentage is always calculated based on the total cylinders of the M-VOL (even if the R-VOL is larger than M-VOL).



�(c)	Added items on Pair Status panel



Table 3.17.7-12  Pair Status - Added Items on Pair Status Panel

Items�Indicated at:�Description���MCU�RCU���C/T Group�Yes�Yes�Indicates the consistency group number to which this volume pair belongs. ��C/T Type�Yes�Yes�Indicates the timer type that has been specified to control the consistency group.  The displayed content is out of System, Local and None.��C/T�Yes

(Note)�Yes�Indicates the consistency time of this volume pair in form of "mm/dd/yyyy hh:mm:ss.uuuuuu".

(uuuuu: micro seconds)��SEQCHK�Yes

(Note)�Yes�Indicates SEQCHK if the volume pair is in SEQCHK status. Otherwise it blanks.��Suspended by�No�Yes�Indicates the consistency status of the R-VOL when this volume pair is in Suspended status.

Group	The consistency between this R-VOL and other R-VOLs in the consistency group is ensured.

Volume	The consistency between this R-VOL and other R-VOLs in the consistency group is not ensured.  The contents of this R-VOL may be behind other R-VOLs.��(Note)	Only the RCU maintains the latest result and can display it.  The result at the MCU may be behind the actual result because the MCU get the result from the RCU before displaying.  Therefore the result at the MCU can be used for monitoring the normal activities, but can not for the disaster recovery at the RCU.



�(d)	Added items



Table 3.17.7-13  Pair Status - Added Items on Pair Status Panel

Items�Indicated at:�Description���MCU�RCU���Grp (Lv)�Yes�Yes�Grp	Indicates the consistency group number to which this volume pair belongs.

(Lv)	Indicates the Error Level of this volume pair, "Grp" for group or "Vol" for volume.��Sub�No�Yes�Indicates the consistency status or the others when the volume pair is in "suspended" state.

GRP	This R-VOL has the consistency status of Group.

VOL	This R-VOL has the consistency status of Volume.

OFF	This volume pair has been suspended due to the power-off event of the MCU.��Seq�No�Yes�Indicates SEQCHK if the volume pair is in SEQCHK status. Otherwise it blanks.��

�3.17.7.5 Monitoring subsystem Statistics



(1)	Usage - Displaying Remote I/O Statistics Information



Table 3.17.7-14  Usage - RIO Statistics in Async Copy Category

Item name�Unit�Description��Async IO count�—�Indicates the total number of RIO (Remote I/O) activities completed in a specified interval.��Total number of recordset�—�Indicates the total number of recordset sent to the RCU in a specified interval.��RCU command retries�—�Indicates the total number of RIO command retries requested by the RCU in a specified interval.��MCU command retries�—�Indicates the total number of channel command retries performed by the MCU in order to avoid cache slot conflict between the host I/O and RIO processes.��Average transfer rate�KB/sec.�Indicates the average data transfer rate of the recordset sent to the RCU in a specified interval.��Average RIO response�msec.�Indicates the average RIO response time in a specified interval.��

(2)	Information/Monitor - Displaying Subsystem Resource Usage



The item named "Async Write Pending Data" is newly supported.  It is displayed on the Information/Monitor panel of the SVP and recorded into monitor.dat file.

"Async Write Pending Data" indicates the total amount of cache space in percent that store the pending recordset (sidefile).

The conventional item "Sidefile" indicates the total usage of the sidefile for HXRC, Concurrent Copy and HRC asynchronous.



�3.17.8 Management/Recovery Procedures



3.17.8.1 Managing HRC Asynchronous Subsystems



(1)	Checking on SEQCHK Status



SEQCHK status would be indicated when the asynchronous volume pair in the consistency group with the timer type of System specified accepts the non-time-stamped updates from the primary system.

SEQCHK status does not affect copy activities of HRC asynchronous and will be removed when the next time-stamped update is successfully copied to the R-VOL.  However if the disaster happens before the next time-stamped update, the update sequence consistency between the R-VOL and other R-VOLs in the consistency group is not ensured.  Therefor to make the disaster recovery more certain, the source of SEQCHK status should be detected and removed.

Source of SEQCHK status to be suspected is as follows:

An application may issue the update I/Os with bypassing MVS standard I/O procedure.

An XRC time-stamping capability may not active at the primary system.

An Operating system of the primary system may not support the time-stamping capability.



(2)	Checking on the Consistency Time



The consistency time is indicated as a part of pair status of the HRC asynchronous volume pairs.  While the primary system continues to update the M-VOLs, the difference between the current time and the consistency time indicates how long the R-VOLs are behind the M-VOLs.  The updates to the M-VOLs during this duration may be lost when the disaster happens



If the disaster recovery design can not accept this delay, performance improvement by adding the remote copy resources (paths, cache amount, etc.) and/or reducing unnecessary I/O workload should be considered to get shorter delay.

If this delay is close to the time specified by the Maximum Copy Delay Time parameter, the timeout failure may occur and the affected volume pair may be suspended due to the I/O workload fluctuations.  The performance improvement described above and/or increasing this parameter setting should be considered.



�(3)	Planned Outage of HRC Asynchronous Components



The MCU requires communication with the RCU even if it receives no update I/Os from the primary system.  Suspending all the duplex pairs is necessary prior to the planned outage of the RCU.



(a)	Planned outage of the MCU



No special procedure is required for the asynchronous volume pairs.  The MCU automatically suspends all volume pairs in Duplex/Pending state during the power-off sequence, and will remove the Suspended state at the power-on-reset sequence.

Note that the volume pairs whose M-VOLs are behind the MCU will not be suspended.  In N-to-1 configuration, the volume pairs behind other MCU(s) continue to be copied.  If the full-consistent volume set requires to be kept during the planned outage, the procedures are as follows:



(	Quiesce the applications.

(	Perform Suspend Pair operation with Group and Purge (or Drain) option at the RCU.

(	Perform planned outage operation of the MCU(s).

(	After getting all MCUs ready to resume, perform Resume Pair operation at all MCUs.



(b)	Planned outage of the RCU



Suspending all volume pairs is required prior to the planned outage according to the followings:



(	Suspend all volume pairs;

1) Perform Suspended Pair operation at each MCU and;

2) Confirm volume status with Pair Status operation.

(	Perform planned outage operation of the RCU.

(	Get the RCU ready to resume.

(	Remove Suspended status from all volume pairs;

1) Perform Resume Pair operation at each MCU and;

2) Confirm volume status with Pair Status operation.



(Note)	If step 1 above is not performed, the MCU detects the communication failure and suspend all affected volume pairs with generating SIM(s) and console message(s) that indicates the failure.



�(c)	Planned outage of the components on the remote copy connection



The same restriction should be considered and the same procedures should be performed as the RCU for the components (channel extender, ESCON director, etc.) on the remote copy connection.



Suspending all volume pairs is required prior to the planned outage according to the followings:



(	Suspend all volume pairs;

1) Perform Suspended Pair operation at each MCU and;

2) Confirm volume pair status with Pair Status operation.

(	Perform planned outage operation of the component.

(	Get the component ready to resume.

(	Remove Suspended status from all volume pairs;

1) Perform Resume Pair operation at each MCU and;

2) Confirm volume status with Pair Status operation.



(Note)	If step 1 above is not performed, the MCU detects the communication failure and suspend all affected volume pairs with generating SIM(s) and console message(s) that indicates the failure.



(d)	Planned outage of both MCU and RCU



The MCU(s) must become not-ready first, and the RCU must be back before the MCU(s).



(	Perform planned outage operation of the MCU(s).

(	Perform planned outage of operation of the RCU.

(	Get the RCU ready to resume.

(	Get the MCU(s) ready to resume.



Note that the MCU make all volume pairs suspended if it can not communicate with the RCU during the power-on-reset sequence.  Therefor step 4 above should be started after completing step 3.  If it is difficult to control due to some installation requirements (ex. Power-Control-Interface setting), consider using the Maximum RCU-ready-wait Time parameter.

(4)	ICKDSF on the Asynchronous Volume Pairs



ICKDSF activities involve write I/Os with device support authorization or diagnostic authorization instead of normal authorization.  Since the MCU does not duplicate write I/Os with device support or diagnostic authorization, the HRC volume pairs must be suspended before running ICKDSF.  The procedures to do are as follows:



(	Perform Suspend Pair operation with Volume option at the MCU to suspend volume pair(s) for which ICKDSF will be performed.

(	Perform ICKDSF.

(	Perform Resume Pair operation at the MCU.



�(5)	Micro-program Exchange



No special procedure is required for the asynchronous volume pairs for the on-line micro-program exchange and the MCU’s off-line micro-program exchange.

In the case of HRC Asynchronous components, Suspending all volume pairs is required prior to the RCU’s off-line micro-program exchange.



(	Suspend all volume pairs;

1) Perform Suspended Pair operation at each MCU and;

2) Confirm volume status with Pair Status operation.

(	Perform micro-program exchange operation of the RCU.

(	Remove Suspended status from all volume pairs;

1) Perform Resume Pair operation at each MCU and;

2) Confirm volume status with Pair Status operation.



(Note)	If step 1 above is not performed, the MCU detects the communication failure and suspend all affected volume pairs with generating SIM(s) and console message(s) that indicates the failure.



�3.17.8.2 Recovering from Pair Suspended



(1)	Recovering from Pair Suspended - Suspended by the MCU



The cause of suspension and the recovery procedures are basically the same as HRC synchronous with exceptions that:



(	The cache storage/shared memory of the one side (not both sides) may cause the HRC asynchronous volume pairs to be suspended.

(	The MCU requires communicating with the RCU in power-on-reset sequence and suspends all the HRC asynchronous volume pairs if it can not do so.

(	The MCU suspends all the HRC asynchronous volume pairs if no recordset can be sent in the specified time period.



(2)	Recovering from Pair Suspended - Suspended by the RCU



Adding to directed by the MCU, the RCU of HRC synchronous may detect the cause of suspension and suspended the failed volume pair(s) on its own initiative.







3.17.8.3 Disaster Recovery - Switching to the Secondary Subsystem



(1)	Switching Procedures to the Secondary Subsystem



Basic procedures to switch to the secondary subsystem are as follows:



(	Check pair status and memorize the consistency time of the R-VOLs.

(	Make the R-VOLs simplex by performing Delete Pair operation.

(	Confirm that the R-VOLs have successfully been changed to simplex. 

(	Perform IPL of the secondary system.

(	Perform the application restart procedure at the secondary system



(2)	Suspending Volume Pairs due to the Disaster



If the RCU receives no communication with the MCU after the time specified by Maximum Copy Delay Time expires, the RCU regards this timeout event as a disaster and suspends all the HRC asynchronous volume pairs.



Pair status of the R-VOLs normally become Suspended - Group.

The latest time-stamp of the recordset that has been successfully settled is frozen and indicated as the consistency time of the R-VOLs.



�(3)	Checking Volume Pair Status



The R-VOLs of Suspended - Volume should not be used for the disaster recovery.  Therefore Error Level of Group should be selected if the volume is essential to the disaster recovery.

Delete Pair operation with Group option can make only the R-VOLs of Suspended - Group status.  Therefore an operator seems to be able to skip this checking.  However the volumes of Simplex status can not be distinguished form others after the R-VOLs in Suspended - Group status become Simplex by Delete Pair operation.  Therefore at least the volumes in Simplex must be checked at this time.



Table 3.17.8-1  Checking R-VOL Status When Switching to the Secondary System

Pair status�Usable for�recovery?�Description��Suspended�Group�Yes

(*1)�Since the update sequence consistency across these R-VOLs is ensured at point in time indicated by the consistency time, these R-VOLs can be used for the disaster recovery at the secondary system.

Note that some updates performed after the consistency time at the primary system may be lost.��Suspended�Volume�No�Since contents of this R-VOL may be behind other R-VOLs in the consistency group, this R-VOL should not be used for the disaster recovery if this volume requires the update sequence consistency with other volumes.

Suspected reason for this status are as follows:

This R-VOL has been suspended due to the failure or Suspend Pair operation prior to the disaster.

This R-VOL was in pending status when the disaster happened.

The Error Level of Volume has been specified for this R-VOL and this R-VOL was suspended by the first symptom of the disaster.��Duplex

Pending

Simplex�No

No

No�This status does not usually take place in the disaster recovery procedure.  This R-VOLs should not be used for the disaster recovery.

It should be especially noted that the volumes in simplex status can not be distinguished from others after deleted by Delete Pair operation.��(*1)	If SEQCHK status should be decided by the RCU using the XRC time-stamping capability, this R-VOL shall not be used for disaster recovery.



�(4)	Memorizing the Consistency Time



The consistency time of the R-VOLs should be memorized.  It could help the disaster recovery retrieve the lost updates.



All the R-VOLs of Suspended - Group status indicate the same consistency time.  Therefor any R-VOL of this status can represent the consistency time of the consistency group.

Once Delete Pair operation performed, the R-VOL never indicates the consistency time again.  Therefore the consistency time should be memorized before Delete Pair operation.



(5)	Deleting Volume Pairs



By Delete Pair operation, the R-VOLs that are used for the disaster recovery should be changed to Simplex status.



Group option of Delete Pair operation can make all the R-VOLs of Suspended - Group status Simplex.  It would be helpful in reducing number of operations.

Group option of Delete Pair operation does not change the pair status of the R-VOLs if they are other than Suspended - Group.  It can prevent the inconsistent volumes from being used for the disaster recovery.



(6)	Recovering the Lost Updates



HRC asynchronous provides no factory standard procedure to retrieve the lost updates.



In order to detect and recreate lost updates, it is necessary for customers to check other current information, for example, data base log file that had been active at the primary system when disaster occurred.  Note that the log file entries of most DBMS may be related to time-of-day clock information and the source of the consistency time is time-of-day clock of the primary system (when the timer type of System specified.).

However such a detection/retrieval would take long time to do.  The customers’ disaster recovery scenario recommends to be designed to enable such a detection/retrieval after the application has been started at the secondary system.

Maximum Copy Delay Time parameter of Add Group operation can control the maximum time duration during which the updates may be lost.



�3.17.8.4 Disaster Recovery - Switching Back to the Primary Subsystem



This section describes the procedures to switch back from the secondary system to the primary system. The basic concept and procedures are the same as HRC synchronous.  After volume pairs establishment in the opposite direction, planned switching-back and volume pair establishment in the original direction are performed.



That is, the original R-VOLs are working as Simplex and the application is running on the secondary system by using the original R-VOLs.  The original HRC asynchronous configuration/status should remain in the original MCU.  In this section, the original MCU/M-VOLs and RCU/R-VOLs are called the primary subsystem and secondary subsystem respectively.



(1)	Switching Back Procedures to the Primary Subsystem



(a)	Make the primary subsystem and the communication facilities on the remote copy connection operable.  Note that all the M-VOLs in the primary subsystem may be suspended since the original R-VOLs are now in Simplex status.



(b)	Remove entire HRC asynchronous configuration remained in the primary subsystem:



(	Make all the volume pairs Simplex by Delete Pair operation.

(	Remove registration of the consistency group by Delete Group operation.

(	Remove MCU-RCU logical paths by Delete RCU operation.

(	Change the serial interface port to LCP mode.



(c)	Establish HRC asynchronous in the opposite direction:



(	Change the operating mode of the communication facilities in the opposite direction.

(	Change the serial interface port of the secondary subsystem to RCP mode.

(	Register the consistency group at the secondary subsystem by Add Group operation.

(	Establish MCU-RCU path in the opposite direction at the secondary subsystem by Add RCU operation.  The primary subsystem is now defined as the RCU.

(	Establish the HRC asynchronous volume pairs in the opposite direction.  The volumes in primary and secondary subsystem are now defined as the R-VOLs and M-VOLs respectively.

	Note that Initial Copy of Entire Volume option must be specified.



(d)	Quiesce the application at the secondary system.



(e)	Confirm all the HRC asynchronous volume pairs are in Duplex status.



�(f)	Remove entire HRC asynchronous configuration at the secondary subsystem:



(	Make all the volume pairs Simplex by Delete Pair operation.

(	Remove registration of the consistency group by Delete Group operation.

(	Remove MCU-RCU logical paths by Delete RCU operation.

(	Change the serial interface port to LCP mode.



(g)	Establish HRC asynchronous in the original direction



(	Change the operating mode of the communication facilities in opposite direction.

(	Change the serial interface port of the primary subsystem to RCP mode.

(	Register the consistency group at the primary subsystem by Add Group operation.

(	Establish MCU-RCU path in opposite direction at the secondary subsystem by Add RCU operation.  The secondary subsystem is now defined as the RCU.

(	Establish the HRC asynchronous volume pairs in the original direction.  The volumes in primary and secondary subsystem are now defined as the M-VOLs and R-VOLs respectively.

	Note that Initial Copy of No Copy option may be specified.



(h)	Make the primary subsystem online from the primary system and restart the application at the primary system.



(Note)	Since the CNT channel extenders have the operating mode, they must be re-configured to change copy direction.  The boxes (or nodes) to which the current MCU and RCU are connected must be set as channel-mode and device-mode respectively.





(2)	Setting the Consistency Group for Switching Back



For N-to-1 (N(2) configuration, timer type of “None” muse be specified.

None enables the consistency group across up to 4 RCUs to be established.

However the update sequence consistency across the RCUs is not ensured.

In 1-to-1 configuration, the update sequence consistency across all R-VOLs is ensured regardless of the timer type.  However System is recommended if the secondary system can use the XRC time-stamping capability in order for the consistency time to be indicated.



Table 3.17.8-2  Timer Type for Switching Back

Original Configuration�Timer Time for Switching Back��Number of MCU-RCU�Timer Type�XRC time-stamping capability�at the secondary system?����Yes�No��N-to-1 (N(2)�System�None�None��1-to-1�System�System�None���Local�Local�Local��

�3.17.9 Specification Table



Table 3.17.9-1 shown below describes the specifications and support stage of these items.



Table 3.17.9-1  Specification Table

No.�Items�Specification�Support Stage�����1�2�3�4��Operating systems��1-1�MVS of XRC support level�( Yes�Yes�Yes�Yes�Yes��1-2�Other M/F systems�( Yes�No�No�No�Yes��1-3�Open systems�( Yes�No�No�No�No��Support devices��2-1�Disk subsystems (MCU/RCU)�( RAID300 only�Yes�Yes�Yes�Yes��2-2�DKC emulation type�( 3990-6 or -6E�Yes�Yes�Yes�Yes����( 3990-3�No�No�Yes�Yes��2-3�Kind of physical drives�( No limitation�Yes�Yes�Yes�Yes��2-4�RAID levels�( RAID5�Yes�Yes�Yes�Yes����( RAID1�No�No�Yes�Yes��2-5�Logical volume emulation�( 3390-1, -2, -3, -3R, -9�Yes�Yes�Yes�Yes����( 3380�  (for non-MVS systems)�No�No�Yes�Yes��2-6�CVS’ed logical volumes�(Yes�Yes�Yes�Yes�Yes��(To be continued)



�(Continued from preceding sheet)

Remote copy configuration��3-1�Remote copy connections�( ESCON up to 43km�Yes�Yes�Yes�Yes����( ESCD, MuxMaster available�Yes�Yes�Yes�Yes����( CNT channel extenders�Yes�Yes�Yes�Yes��3-2�ESCON port setting�( MCU requires RCP setting�Yes�Yes�Yes�Yes��3-3�MCU-to-RCU connection�( 1-to-1�Yes�Yes�Yes�Yes����( N-to-1 (N(4)�No�No�No�No��3-4�Number of logical CU pairs�( Up to 16�Yes�Yes�Yes�Yes��3-5�Number of logical paths�( Up to 4 per a logical CU pair�Yes�Yes�Yes�Yes��3-6�Number of volume pairs�( Up to 1,024�Yes�Yes�Yes�Yes��3-7�Number of consistency groups�( 1�Yes�Yes�Yes�Yes����( Up to 16 groups�No�No�Yes�Yes��3-8�Remote Copy volume pairs�( HRC(Synch./Semi-Synch.)�No�No�Yes�Yes���in a same unit stc.�( XRC�No�No�Yes�Yes����( Multiplatform�No�No�No�Yes�����( HORC�No�No�No�Yes��Concurrent use of other functions for the HRC asynchronous volume pairs��4-1�Concurrent copy�( Yes�Yes�Yes�Yes�Yes��4-2�Archival function�( Yes�Yes�Yes�Yes�Yes��4-3�DCR�( Yes�Yes�Yes�Yes�Yes��4-4�HMRCF�( R-VOL = HMRCF S-VOL�No�No�Yes�Yes����( M-VOL = HMRCF S-VOL�No�No�Yes�Yes����( M-VOL = HMRCF T-VOL�   (One side pair status is �   suspend)�No�No�Yes�Yes��4-5�HXRC �( XRC(R-VOL) = M-VOL�Yes�Yes�Yes�Yes����( another pattern�No�No�No�No��4-6�HRC Synch./Semi-Synch.�( No�No�No�No�No��4-7�HODM�( No�No�No�No�No��(To be continued)



�(Continued from preceding sheet)

Detailed functions��5-1�Timestamp information�( system TOD clock�Yes�Yes�Yes�Yes���(Timer Type)�( Internal TOD clock�No�No�No�No��5-2�Volumes to be suspended�( All volumes�Yes�Yes�Yes�Yes���against copy failure

(Error Level)�( Only affected volume�Yes�Yes�Yes�Yes��5-3�Message when pair suspended�( SIM with unique REFCODE�Yes�Yes�Yes�Yes���(for M/F systems)�( PPRC console messages �   (IEA494I, IEA491E)�Yes�Yes�Yes�Yes��5-4�Information for monitoring�( Volume pair status�Yes�Yes�Yes�Yes���HRC status�( consistency time�Yes�Yes�Yes�Yes����( consistency status �   (Volume or Group)�Yes�Yes�Yes�Yes�����( Alert to non-time-stamped �   writes (SEQCHK)�Yes�Yes�Yes�Yes��5-5�RESYNC copy �( in addition to different �   cylinder maintained by an �   MCU and an RCU�Yes�Yes�Yes�Yes����( in acceding order of cylinder �   number�Yes�Yes�Yes�Yes����( including “in flight” data�Yes�Yes�Yes�Yes����( under-condition of correction �   copy�No�No�Yes�Yes��5-6�Copy back to original volumes�( 1-to-1�Yes�Yes�Yes�Yes����( 1-to-N�No�No�No�No��5-7�R-VOL R/W�( Yes�No�No�No�Yes��(To be continued)



�(Continued from preceding sheet)

Controlling/managing means��6-1�Basic means�( Remote console P/P (RMC)�Yes�Yes�Yes�Yes����( SVP (only for CE use)�Yes�Yes�Yes�Yes����( PPRC TSO commands�No�Yes�Yes�Yes����( PPRC console messages

   - IEA494I,IEA491E�Yes�Yes�Yes�Yes����   - DEVSERV PATH �Yes�Yes�Yes�Yes��6-2�RMC scripting means�( Yes�No�No�No�No��6-3�RMC operation log-out�( Yes�Yes�Yes�Yes�Yes��Control operations ((: by either PPRC TSO commands or RMC, (: by RMC only)��7-1�Volume basis operations,�( Add Pair�(�(�(�(���operable at MCU�( Delete Pair�(�(�(�(����( Suspend Pair�(�(�(�(����( Resume Pair�(�(�(�(����( Pair Status�(�(�(�(��7-2�Group basis operations,�( Add Group�(�(�(�(���operable at MCU�( Delete Group�(�(�(�(����( Delete Pair with Group�No�No�(�(����( Suspend Pair with Group�No�No�(�(����( Group Status�(�(�(�(��7-3�Volume basis operations,�( Delete Pair�(�(�(�(���operable at RCU�( Suspend Pair�(�(�(�(����( Pair Status�(�(�(�(��7-4�Group basis operations,�( Delete pairs�(�(�(�(���operable at RCU�( Suspend Pair�(�(�(�(��7-5�Tuning parameters,�( Cache usage for recordset�(�(�(�(���operable at MCU�( Timeout for pending writes�(�(�(�(����( Timeout for RCU ready�(�(�(�(��7-6�Statistics monitor, accumulated by MCU�( Amount of cache usage for recordset�(�(�(�(����( Number of write per volume�(�(�(�(����( Average data length�(�(�(�(��



	K6601527-



REV.3�Jun.1998�Mar.1999�Aug.1999�Jan.2000����Copyright ©1998,2000, Hitachi, Ltd.

THEORY03-�page �85�0



REV.0�Jan.2000�������Copyright ©2000, Hitachi, Ltd.

THEORY03-�page �852�



REV.0�Jan.2000�������Copyright ©2000, Hitachi, Ltd.

THEORY03-�page �854�



REV.0�Jan.2000�������Copyright ©2000, Hitachi, Ltd.

THEORY03-�page �856�



REV.2�Jun.1998�Mar.1999�Jan.2000�����Copyright ©1998,2000, Hitachi, Ltd.

THEORY03-�page �86�0



REV.0�Jan.2000�������Copyright ©2000, Hitachi, Ltd.

THEORY03-�page �862�



REV.0�Jan.2000�������Copyright ©2000, Hitachi, Ltd.

THEORY03-�page �864�



REV.0�Jan.2000�������Copyright ©2000, Hitachi, Ltd.

THEORY03-�page �866�



REV.3�Jun.1998�Mar.1999�Aug.1999�Jan.2000����Copyright ©1998,2000, Hitachi, Ltd.

THEORY03-�page �87�0



REV.0�Jan.2000�������Copyright ©2000, Hitachi, Ltd.

THEORY03-�page �872�



REV.0�Jan.2000�������Copyright ©2000, Hitachi, Ltd.

THEORY03-�page �874�



REV.2�Jun.1998�Mar.1999�Jan.2000�����Copyright ©1998,2000, Hitachi, Ltd.

THEORY03-�page �88�0



REV.0�Jan.2000�������Copyright ©2000, Hitachi, Ltd.

THEORY03-�page �882�



REV.0�Jan.2000�������Copyright ©2000, Hitachi, Ltd.

THEORY03-�page �884�



REV.0�Jan.2000�������Copyright ©2000, Hitachi, Ltd.

THEORY03-�page �886�



REV.0�Jan.2000�������Copyright ©2000, Hitachi, Ltd.

THEORY03-�page �888�



REV.2�Jun.1998�Mar.1999�Jan.2000�����Copyright ©1998,2000, Hitachi, Ltd.

THEORY03-�page �89�0



REV.1�Aug.1999�Jan.2000������Copyright ©1999,2000, Hitachi, Ltd.

THEORY03-�page �898�



REV.0�Jun.1998�������Copyright ©1998, Hitachi, Ltd.

THEORY03-�page �92�0



REV.1�Jun.1998�Aug.1999������Copyright ©1998,1999, Hitachi, Ltd.

THEORY03-�page �93�0



REV.0�Jun.1998�������Copyright ©1998, Hitachi, Ltd.

THEORY03-�page �98�0



REV.0�Aug.1999�������Copyright ©1999, Hitachi, Ltd.

THEORY03-�page �985�



REV.0�Mar.1999�������Copyright ©1999, Hitachi, Ltd.

THEORY03-�page �99�0



REV.1�Mar.1999�Jan.2000������Copyright ©1999,2000, Hitachi, Ltd.

THEORY03-�page �100�0



REV.1�Mar.1999�Jan.2000������Copyright ©1999,2000, Hitachi, Ltd.

THEORY03-�page �101�0



REV.0�Mar.1999�������Copyright ©1999, Hitachi, Ltd.

THEORY03-�page �102�0



REV.1�Mar.1999�Jan.2000������Copyright ©1999,2000, Hitachi, Ltd.

THEORY03-�page �103�0



REV.1�Mar.1999�Jan.2000������Copyright ©1999,2000, Hitachi, Ltd.

THEORY03-�page �104�0



REV.0�Aug.1999�������Copyright ©1999, Hitachi, Ltd.

THEORY03-�page �116�0



REV.0�Aug.1999�������Copyright ©1999, Hitachi, Ltd.

THEORY03-�page �117�0



REV.0�Aug.1999�������Copyright ©1999, Hitachi, Ltd.

THEORY03-�page �129�0



REV.0�Aug.1999�������Copyright ©1999, Hitachi, Ltd.

THEORY03-�page �130�0



REV.0�Aug.1999�������Copyright ©1999, Hitachi, Ltd.

THEORY03-�page �132�0



REV.0�Aug.1999�������Copyright ©1999, Hitachi, Ltd.

THEORY03-�page �133�0



REV.0�Aug.1999�������Copyright ©1999, Hitachi, Ltd.

THEORY03-�page �136�0



REV.0�Aug.1999�������Copyright ©1999, Hitachi, Ltd.

THEORY03-�page �1395�



REV.0�Aug.1999�������Copyright ©1999, Hitachi, Ltd.

THEORY03-�page �145�0



REV.1�Aug.1999�Jan.2000������Copyright ©1999,2000, Hitachi, Ltd.

THEORY03-�page �146�0



REV.1�Aug.1999�Jan.2000������Copyright ©1999,2000, Hitachi, Ltd.

THEORY03-�page �147�0



REV.1�Aug.1999�Jan.2000������Copyright ©1999,2000, Hitachi, Ltd.

THEORY03-�page �148�0







�EMBED Word.Picture.6���

Copy process is done asynchronously with HOST i/o according to differential bit map.

Differential bit map is recorded on shared memory.  So if shared memory is lost by offline micro exchange or volatile PSon etc., DKC lost differential bit map.

In these cases DKC treat as whole volume area has differential data, so copy process will take longer time than usual.  And if the pair is SPLIT-PEND status, the pair become SUSPEND status because lost of differential bit map.
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Copy process is done asynchronously with HOST i/o according to differential bit map.

Differential bit map is recorded on shared memory.  So if shared memory is lost by offline micro exchange or volatile PSon etc., DKC lost differential bit map.

In these cases DKC treat as whole volume area has differential data, so copy process will take longer time than usual.  And if the pair is COPY(SP) status, the pair become PSUE status because lost of differential bit map.
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(	Reserve/Read&Write Access by CPU-A (Successful).

(	CPU-B’s trial is rejected by Device-busy (Failed).

(	Terminate its process and release the volume.

(	Free(Device-end) will be sent.

	CPU-B can use this volume.
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Logical Volume



(



(



(



(



Dataset



(	Set Lock/Read&Write process(*1) by CPU-A (Successful).

(	CPU-B’s trial is rejected by Not-granted (failed).

(	Terminate with Unlock, by CPU-A.

(	Free(Attention) will be sent.(*2).

	CPU-B can use this Dataset.

(*1)Typical CCW chain:

	- Set lock State(x27/order(x30));

	- Read Subsystem Data(x3E);

	- Tic;

	- (ordinary CCW chain)

(*2)This report’s path/Address is usually different from above(.



Fig. 3.15.4-1 Environments of DASD-TPF and DASD-MVS
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Fig. 3.15.4-2  Logical structure in DASDs
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Fig. 3.15.4-3  Prime/Dupe MODs pairs
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