3. Internal Operation

3.1 Hardware Block Diagram

The controller of this unit consists of channel adapters for channel processing, disk adapters for disk unit processing, and a cache card having a non-volatile memory. The controller can control and transfer data to the cache and a shared memory from each adapter via a high-speed I/O bus and multi-I/O bus. Furthermore, the controller connects to small disk drives to form disk arrays.
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Fig. 3.1 Internal Hardware Configuration







�3.2 Software Organization
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Fig. 3.2 Software Organization



Real Time OS:

	A basic OS for controlling the RISC processor.  Its primary tasks are to control and switch between the main tasks and SVP communication tasks.



Main tasks:

	Made up of DKC control tasks (CHA Prog, DMP, DSP) and the SC kernel tasks that supervise the DKC control tasks.  They switch the control tasks by making use of the SC kernel's task switching facility.



SVP communication task:

	Controls the communication with the SVP.



LCP (Link Control Program):

	Controls the optical channel links.  LCP is identical to that which is used in the DKC90.  LCP is located in the LCM.



CHA (Prog):

	Is a channel command control layer that processes channel commands and controls cache and data transfer operations.  It is located in the CHA.  CHA Prog is recognized by the logical volume number and logical block number.



�DMP (Disk Master Program):

	Is a RAID control layer and provides cache control, logical-to-physical address translation, and RAID control functions.  DMP is located in the DKA.  DMP is recognized by the logical volume number and logical block number.



DSP (Disk Slave Program):

	Is a SCSI drive control layer and provides SCSI control, drive data transfer control, and parity control functions.  It is located in the DKA.  DSP is recognized by the physical volume number and LBA number.



- On Interprocessor (interprogram) communication

Interprocessor communications are initiated from the MBUS via the shared memory.  They are performed by MBUS (L) and MBUS (H).  If one MBUS is blocked, interprocessor communications are carried out via the other MBUS.  Programs running on the same processor (DMP and DSP) perform interprogram communications through program interrupts.







�3.3 Data Formats

(1) 	Data Conversion Overview�Since the disk subsystem uses SCSI drives, data in the CKD format are converted to the FBA format on an interface before being written on the drives.  The data format is shown in Fig. 3.3.1.



CKD-to-FBA conversion is carried out by the CHA.  Data is stored in cache (in the DKC) in the FBA format.  Consequently, the drive need not be aware of the data format when transferring to and receiving data from cache.



Each field of the CKD-format record is left-justified and the data is controlled in units of 528-byte subblocks (because data is transferred in 16-byte units).  Each field is provided with data integrity code (LRC).  An address integrity code (LA: logical address) is appended to the end of each subblock.  A count area (C area) is always placed at the beginning of the subblock.



Four subblocks make up a single block.  The first subblock of a block is provided with T information (record position information).



If a record proves not to fit in a subblock during CKD-to-FBA conversion, a field is split into the next subblock when it is recorded.  If a record does not fill a subblock, the subblock is padded with 00s, from the end of the last field to the LA.



On a physical drive, data is recorded data fields in 520-byte units (physical data format).  The format of the LA in the subblock in cache is shown in Fig. 3.3.1.  The last 8 bytes of the LA area are padding data which is insignificant (the reason for this is because data is transferred to cache in 16 byte units).  When data is transferred to a drive from cache, the last 8 bytes of each LA area are discarded and 520 bytes are transferred.





�
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Fig. 3.3.1 Data Format







�(2) 	Block format
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Fig. 3.3.2 Block Format





The RAID system records T information for each block of 4 subblocks as positional information that is used during record search.  This unit of data is called a block.

			1 block = 4 subblocks = 2 KB



The T information is 16 bytes long.  However, only two bytes have meaning and the remaining 14 byte positions are padded with 0s.  The reason for this is the same as that for the LA area.  Unlike the LA, the insignificant bytes are also stored on the drive as are.



As seen from Fig. 3.3.2, the T information points to the closest count area in its block in the form of an SN (segment number).  The drive computes the block number from the sector number with the SET SECT and searches the T information for the target block.  From the T information, the drive computes the location of the closest count area and starts processing the block at the count area.  This means that the information plays the role of the AM of the conventional disk storage.





�(3) 	Data integrity provided
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Fig. 3.3.3 Outline of Data Integrity





In the DKC310 and DKU305 system, a data integrity code is appended to the data being transferred at each component as shown in Fig. 3.3.3.  Since data is striped onto two or more disk devices and the address integrity code is also appended.  The data integrity codes are appended by hardware and the address integrity codes by software.





�3.4 Cache Management

Since the DKC requires no through operation, its cache system is implemented by two memory areas called cache A and cache B so that write data can be duplexed.  To prevent data loss due to power failures, cache is made non-volatile by being fully battery-backed (48 hours).  This dispenses with the need for the conventional NVS.



The minimum unit of cache is the 16 KB segment.  Cache is destaged in segment units.  Emulation Disk type at three or four segments make up one slot.  The read and write slots are always controlled in pair.  Cache data is enqueued and dequeued usually in slot units.  In real practice, the segments of the same slot are not always stored in a contiguous area in cache, but are stored in discreet areas.  These segments are controlled suing CACHE-SLCB and CACHE-SGCB so that the segments belonging to the same slot are seemingly stored in a contiguous area in cache.
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Fig. 3.4 Cache Data Structure

For increased directory search efficiency, a single virtual device (VDEV) is divided into 16-slot groups which are controlled using VDEV-GRPP and CACHE-GRPT.



		1 cache segment = 8 blocks = 32 subblocks = 16 KB

		1 slot = 1 stripe = 4 segments = 64 KB



The directories VDEV-GRPP, CACHE-GRPT, CACHE-SLCB, and CACHE-SGCB are used to identify the cache hit and miss conditions.  These control tables are stored in the shared memory.



In addition to cache hit and miss control, the shared memory is used to classify and control the data in cache according to its attributes.  Queues are something like boxes that are used to classify data according to its attributes.



Basically, queues are controlled in slot units (some queues are controlled in segment units).  Like SLCB-SGCB, queues are controlled using a queue control table so that queue data of the seemingly same attribute can be controlled as a single data group.  These control tables are briefly described below.



�(1) 	Cache control tables (directories)



� EMBED Word.Picture.6  ���

Fig. 3.4.1 Cache Control Tables

LDEV-DIR (Logical DEV-directory):

	Contains the shared memory addresses of VDEV-GRPPs for an LDEV.  LDEV-DIR is located in the local memory in the CHA.

VDEV-GRPP (Virtual DEV-group Pointer):

	Contains the shared memory addresses of the GRPTs associated with the group numbers in the VDEV.

GRPT (Group Table):

	A table that contains the shared memory address of the SLCBs for 16 slots in the group.  Slots are grouped to facilitate slot search and to reduce the space for the directory area.

SLCB (Slot Control Block):

	Contains the shared memory addresses of the starting and ending SGCBs in the slot.  One or more SGCBs are chained.  The SLCB also stores slot status and points to the queue that is connected to the slot.  The state transitions of clean and dirty queues occur in slot units.  The processing tasks reserve and release cache areas in this unit.

SGCB (Segment Control Block):

	Contains the control information about a cache segment.  It contains the cache address of the segment.  It is used to control the staged subblock bit map, dirty subblock bitmap, and other information.  The state transitions of only free queues occur in segment units.



�(2) 	Cache control table access method (hit/miss identification procedure)
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Fig. 3.4.2 Outline of Cache Control Table Access

1. The current VDEV-GRPP is referenced through the LDEV-DIR to determine the hit/miss condition of the VDEV-groups.

2. If a VDEV-group hits, CACHE-GRPT is referenced to determine the hit/miss condition of the slots.

3. If a slot hits, CACHE-SLCB is referenced to determine the hit/miss condition of the segments.

4. If a segment hits, CACHE-SGCB is referenced to access the data in cache.



If a search miss occurs during the searches from 1. through 4., the target data causes a cache miss.





Definition of VDEV number

Since the host processor recognizes addresses only by LDEV, it is unaware of the device address of the parity device.  Accordingly, the RAID system is provided with a VDEV address which identifies the parity device associated with an LDEV.  Since VDEVs are used to control data devices and parity devices systematically, their address can be computed using the following formulas:

Data VDEV number = LDEV number

Parity VDEV number = 1024 + LDEV number



From the above formulas, the VDEV number ranges from 0 to 2047.





�(3) 	Queue structures�The DKC310 and DKU305 uses 10 types of queues to control data in cache segments according to its attributes.  These queues are explained below.

- CACHE-GRPT free queue

This queue is used to control segments that are currently not used by CACHE-GRPT (free segments) on an FIFO (First In First Out) basis.  When a new table is added to CACHE-GRPT, the segment that is located by the head pointer of the queue is used.

- CACHE-SLCB free queue

This queue is used to control segments that are currently not used by CACHE-SLCB (free segments) on an FIFO basis.  When a new slot is added to CACHE-SLCB, the segment that is located by the head pointer of the queue is used.

- CACHE-SGCB free queue

This queue is used to control segments that are currently not used by CACHE-SGCB (free segments) on an FIFO basis.  When a new segment is added to CACHE-SGCB, the segment that is located by the head pointer of the queue is used.

- Clean queue

This queue is used to control the segments that are reflected on the drive on an LRU basis.

- Bind queue

This queue is defined when the bind mode is specified and used to control the segments of the bind attribute on an LRU basis.

- Error queue

This queue controls the segments that are no longer reflected on the drive due to some error (pinned data) on an LRU basis.

- Parity in-creation queue

This queue controls the slots (segments) that are creating parity on an LRU basis.

- DFW queue (host dirty queue)

This queue controls the segments that are not reflected on the drive in the DFW mode on an LRU basis.

- CFW queue (host dirty queue)

This queue controls the segments that are not reflected on the drive in the CFW mode on an LRU basis.

- PDEV queue (physical dirty queue)

This queue controls the data (segments) that are not reflected on the drive and that occur after parity is generated.  Data is destaged from this queue onto the physical DEV.  There are 32 PDEV queues per physical DEV.



The control table for these queues is located in the shared memory and points to the head and tail segments of the queues.





�(4) 	Queue state transitions�Figure 3.4.4 shows the state transitions of the queues used in.  A brief description of the queue state transitions follows.

- State transition from a free queue

When a read miss occurs, the pertinent segment is staged and enqueued to a clean queue.  When a write miss occurs, the pertinent segment is temporarily staged and enqueued to a host dirty queue.

- State transition from a clean queue

When a write hit occurs, the segment is enqueued to a host  dirty queue.  Transition from clean to free queues is performed on an LRU basis.

- State transition from a host dirty queue

The host dirty queue contains data that reflects no parity.  When parity generation is started, a state transition occurs to the parity in-creation queue.

- State transition from the parity in-creation queue

The parity in-creation queue contains parity in-creation data.  When parity generation is completed, a transition to a physical dirty queue occurs.

- State transition from a physical dirty queue

When a write hit occurs in the data segment that is enqueued in a physical dirty queue, the segment is enqueued into the host dirty queue again.  When destaging of the data segment is completed, the segment is enqueued into a queue (destaging of data segments occur asynchronously on an LRU basis).
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Fig. 3.4.4 Queue Segment State Transition Diagram





�(5) 	Cache usage in the read mode
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The cache area to be used for destaging read data is determined depending on whether the result of evaluating the following expression is odd or even:

		(CYL# x 15 + HD#) / 16



The read data is destaged into area A if the result is even and into area B if the result is odd.



Fig. 3.4.5 Cache Usage in the Read Mode



Read data is not duplexed and its destaging cache area is determined by the formula shown in Fig. 3.4.5.  Staging is performed not only on the segments containing the pertinent block but also on the subsequent segments up to the end of track (for increased hit ratio).  Consequently, one track equivalence of data is prefetched starting at the target block.  This formula is introduced so that the cache activity ratios for areas A and B are even.  The staged cache area is called the cache area and the other area NVS area.





�(6) 	Cache usage in the write mode
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Fig. 3.4.6 Cache Usage in the Write Mode



This system handles write data (new data) and read data (old data) in separate segments as shown in Fig. 3.4.6 (not overwritten as in the conventional systems), whereby compensating for the write penalty.



(1) If the write data in question causes a cache miss, the data from the block containing the target record up to the end of the track is staged into a read data slot.

(2) In parallel with step (1), the write data is transferred when the block in question is established in the read data slot.

(3) The parity data for the block in question is checked for a hit or miss condition and, if a cache miss condition is detected, the old parity is staged into a read parity slot.

(4) When all data necessary for generating new parity is established, it is transferred to the DRR circuit in the DKA.

(5) When the new parity is completed, the DRR transfers it into the write parity slots for cache A and cache B (the new parity is handled in the same manner as the write data).



The reason for writing the write data into both cache areas is that data will be lost if a cache error occurs when it is not yet written on the disk.



Although two cache areas are used as explained above, the read data (including parity) is staged into either cache A or cache B simply by duplexing only the write data (including parity) (in the same manner as in the read mode).





�(7) 	Pseudo Through�The DKC80/90 systems write data directly onto disk storage in the form of cache through, without performing a DFW, when a cache error occurs.  In this system, cache must always be passed, which fact disables the through operation.  Consequently, the write data is duplexed, and a pseudo through operation is performed; that is, when one cache subsystem goes down, the end of processing status is not reported until the data write in the other cache subsystem is completed.  This process is called pseudo through.



The control information necessary for controlling cache is stored in the shared memory.





(8) 	Shared memory
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Fig. 3.4.7 Outline of Shared Memory





This system has two areas of cache memory, shown in Fig. 3.4.7, as it has two areas of cache memory.  One part of its internal data is fully duplexed (this serves as the role of the conventional ECM).  The other part of the shared memory area contains the control information about the corresponding cache area (shared memory area A for cache A and shared memory area B for cache B).  If an error occurs on one side of shared memory (A or B), the corresponding cache area becomes inoperative (equivalent to a cache error).



Like cache, shared memory is made non-volatile (approximately 96 hours) to prevent data loss in case of power failures.





�3.5 Destaging Operations

(1) 	Cache management in the destage mode (RAID5)�Destaging onto a drive is deferred until parity generation is completed.  Data and parity slot transitions in the destage mode occur as shown in Fig. 3.5.1
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(�The write data is copied from the NVS area into the read area.�(�Parity generation correction read (old parity) occurs.��(�The write segment in the cache area is released.�(�New parity is generated. ��(�Simultaneously, the segment in the NVS area is switched from write to read segment.�(�The old parity in the read segment is released.��(�Destaging.�(�The segments in the cache and NVS areas are switched from write to read segment.��(�The read segment in the NVS area is released.�(�Destaging.����(�The read segment in the NVS area is released.��Fig. 3.5.1 Cache Operation in the Destage Mode



Write data is stored in write segments before parity is generated but stored in read segments after parity is generated.  When drive data is stored, therefore, the data from the read segment is transferred.



�(2) 	Cache management in the destage mode (RAID1)�Data slot read segment is copied to parity slot then destage to primary/secondary drive synchronously.
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Fig. 3.5.2 RAID1 synchronous destage



( Copy the data slot read segment to the parity slot.

( Destage.

( The data read segment in the NVS area of the data slot and the parity slot are released.



�Data slot is destage to primary/secondary drive.
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Fig. 3.5.3 RAID1 asynchronous destage



( Destage to secondary drive.

( Destage to primary drive.

( The data read segment in the NVS area is released.





�(3) 	Blocked data write�The purpose of blocked data write is to reduce the number of accesses to the drive during destaging, whereby increasing the subsystem performance.  There are three modes of blocked data write: single-stripe blocking, multiple-stripe blocking, and drive blocking.  These modes are briefly explained below.



- Single-stripe blocking

Two or more dirty segments in a stripe are combined into a single dirty data block.  Contiguous dirty blocks are placed in a single area.  If an unloaded block exists between dirty blocks, the system destages the dirty blocks separately at the unloaded block.  If a clean block exists between dirty blocks, the system destages the blocks including the clean block.



- Multiple-stripe blocking

The sequence of stripes in a parity group are blocked to reduce the number of write penalties.  This mode is useful for sequential data transfer.



- Drive blocking 

In the drive blocking mode, blocks to be destaged are written in a block with a single drive command if they are contiguous when viewed from a physical drive to shorten the drive's latency time.



The single- and multiple-stripe blocking modes are also called in-cache blocking modes.  The DMP determines which mode to use.  The drive blocking mode is identified by the DSP.





�3.6 Operations Performed when Drive Errors Occur

(1) 	I/O operations performed when drive errors occur�This system can recover target data using parity data and data stored on normal disk storage even when it cannot read data due to errors occurring on physical drives.  This feature ensures non-disruptive processing of applications in case of drive errors.  This system can also continue processing for the same reason in case errors occur on physical drives while processing write requests.



Figure 3.6.1 shows the outline of data read processing in case a drive error occurs.



Request for reading data B

(i) Normal time
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(ii) When a disk error occurs
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		A,B,C • • • ; Data (A=A’, B=B’, C=C’)

		P ; Parity data



Fig. 3.6.1 Outline of Data Read Processing



�(2) 	Data integrity feature and drive errors�This system uses spare disk drives and reconfigures any drives that are blocked due to errors or drives whose error count exceeds a specified limit value using spare disks.



Since this processing is executed on the host in the background, this system can continue to accept I/O requests.  The data saved on spare disks are copied into the original location after the error drives are replaced with new ones.



1. Dynamic sparing

This system keeps track of the number of errors that occurred, for each drive, when it executes normal read or write processing.  If the number of errors occurring on a certain drive exceeds a predetermined value, this system considers that the drive is likely to cause unrecoverable errors and automatically copies data from that drive to a spare disk.  This function is called dynamic sparing.In RAID1 method, this system is same as RAID5 dynamic sparing.
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Fig. 3.6.2 Outline of the Dynamic Sparing Function



2. Correction copy

When this system cannot read or write data from or to a drive due to an error occurring on that drive, it regenerates the original data for that drive using data from the other drives and the parity data, and copies it onto a spare disk.  In RAID1 method, this system copies data from the another drive to a spare disk.
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Fig. 3.6.3 Outline of the Correction Copy Function



�3.7 Inter Mix of Drives and Emulation types 



3.7.1 Drives to be Connected



The models of disk units which are connectable with the RAID300 disk subsystem and the specifications of each disk unit are shown in Table 3.7.1.



Table 3.7.1  Disk Drive Specifications

�Disk drive model���DK308/309-90�DK309-180 *1

DK30A-180 *2�DK30A-360�DK3F1-60�DK3F2-90�DK3F2-150�DKR1B-J47��Formatted capacity

(User Area)�9.23 GB�17.93 GB�36.92 GB�6.15 GB�9.23 GB�14.94 GB�47.19 GB��Sector length�520 bytes�520 bytes�520 bytes�520 bytes�520 bytes�520 bytes�520 bytes��Maximum transfer rate�16.0 MB/s�16.0 MB/s�20.0 MB/s�16.0 MB/s�20.0 MB/s�20.0 MB/s�20.0 MB/s��Data transfer rate 

(drive transfer rate)�7.6 to 10.7 MB/s�10.0 to 15.3 MB/s�12.8 to 22.1 MB/s�13.8 to 16.2 MB/s�18.6 to 27.5 MB/s�18.6 to 27.5 MB/s�30.2 to 45.6 MB/s��Seek time (ms)�MIN.�2.0/2.0�2.0/2.0 *1

0.6/0.8 *2�0.6/0.8�0.6/0.8�0.6/0.8�0.6/0.8�0.5/0.7��(Read/Write)�AVE.�11.5/12.5�11.5/12.5�11.5/12.5�6.0/7.0�5.5/6.5�5.5/6.5�5.7/6.5���MAX�24.0/26.0�24.0/26.0�24.0/26.0�14.0/16.0�12.0/13.0�12.0/13.0�12.0/13.0��Revolution speed�6300 rpm�6300 rpm�6300 rpm�12030 rpm�12030 rpm�12030 rpm�10025 rpm��Mean latency time�4.8 ms�4.8 ms�4.8 ms�2.5 ms�2.5 ms�2.5 ms�3.0 ms��



The RAID300 disk subsystem can connect up to 240 disk drives mentioned above, though the number of connectable disk drives varies with the emulation types and the RAID configuration.  These will be explained in detail in Section 3.7.2.















SVP displays each drive model as the following table.

Disk drive model�SVP screen��DK309-180�DK309-18��DK30A-180�DK30A-18��DK3F1-60�DK3F1-06��DK30A-360�DK30A-36��DK3F2-150�DK3F2-15��DK3F2-90�DK3F2-09��



�3.7.2 Emulation Device Type



The emulation types of disk controller and disk units of the RAID300 are shown in Tables 3.7.2.1 to 3.7.2.4.



Table 3.7.2.1  List of RAID300 Emulation Types (for RAID5)

Item�Emulation contents��Emulation�DKC�3990-3��Type�DKU�3390-9�3390-3/3R�3390-2�3390-1�3380-K�3380-E�3380-J��Storage capacity (GB/volume)�8.51�2.84�1.89�0.95�1.89�1.26�0.63��Parity group�(unit of�DK308-90�DK309-90�6D + 1P�(6 Vol)�6D + 1P�(16 Vol)�6D + 1P�(24 Vol)�6D + 1P�(24 Vol)�6D + 1P�(24 Vol)�6D + 1P�(24 Vol)�6D + 1P�(32 Vol)��addition)�DK309-180�DK30A-180�3D + 1P�(6 Vol)�3D + 1P�(16/18 Vol)�—�—�3D + 1P�(16/18/24/�27Vol)�—�—���DK3F1-60��—�3D + 1P�(6 Vol)�3D + 1P�(8 Vol)�3D + 1P�(16 Vol)�3D + 1P�(8 Vol)�—�—���DK3F2-90��—�3D + 1P�(9 Vol)�3D + 1P�(12 Vol)�3D + 1P�(18 Vol)�3D + 1P�(12/14 Vol)�—�—���DK3F2-150��3D + 1P�(5 Vol)�3D + 1P�(15 Vol)�3D + 1P�(22 Vol)�3D + 1P�(32 Vol)�3D + 1P�(22 Vol)�3D + 1P�(32 Vol)�3D + 1P�(32 Vol)���DK30A-360��3D + 1P�(12 Vol)�3D + 1P�(32/36 Vol)�—�—�3D + 1P�(32/36/48/�56 Vol)�—�—���DKR1B-J47�3D + 1P�(15 Vol)�3D + 1P�(32/47 Vol)�3D + 1P�(64 Vol)�—�3D + 1P�(64 Vol)�—�—��Maximum number of�DK308-90�DK309-90�32�32�32�32�32�32�32��parity groups�DK309-180�DK30A-180�57�57�—�—�57�—�—���DK3F1-60�—�58�58�58�58�—�—���DK3F2-90�—�58�58�56�58�—�—���DK3F2-150�58�58�46�32�46�32�32���DK30A-360�58�32�—�—�32�—�—���DKR1B-J47�58�21�16�—�16�—�—��Maximum number of�DK308-90�DK309-90�192�512�768�768�768�1024�1024��volumes�DK309-180�DK30A-180�384�1024�—�—�1024�—�—���DK3F1-60�—�348�464�928�464�—�—���DK3F2-90�—�522�696�1008�812�—�—���DK3F2-150�290�870�1012�1024�1012�1024�1024���DK30A-360�696�1024�—�—�1024�—�—���DKR1B-J47�870�987�1024�—�1024�—�—��Subsystem capacity�DK308-90�DK309-90�51 GB to 1634 GB�45 GB to 1454 GB�45 GB to 1452 GB�23 GB to 729 GB�45 GB to 1452 GB�30 GB to 967 GB�20 GB to 645 GB��(user area)�DK309-180�DK30A-180�51 GB to 2961 GB�45 GB to 2908 GB�—�—�30 GB to 1935 GB�—�—���DK3F1-60�—�17 GB to 988 GB�15 GB to 876 GB�15 GB to 881 GB�15 GB to 876 GB�—�—���DK3F2-90�—�25 GB to 1482 GB�22 GB to 1315 GB�17 GB to 957 GB�22 GB to 1534 GB�—�—���DK3F2-150�42 GB to 2468 GB�42 GB to 2470 GB�42 GB to 1912 GB�30 GB to 972 GB�42 GB to 1912 GB�40 GB to 1290 GB�20 GB to 645 GB���DK30A-360�102 GB to 5923 GB�90 GB to 2908 GB�—�—�60 GB to 1935 GB�—�—���DKR1B-J47�125 GB to 7266 GB�131 GB to 2742 GB�119 GB to 1898 GB�—�117 GB to 1873 GB�—�—��Note : The emulation type 3390-3 and 3390-3R cannot be intermixed in the subsystem.



�Table 3.7.2.2  List of RAID300 Emulation Types (for RAID5)

Item�Emulation contents��Emulation�DKC�3990-6/6E��Type�DKU�3390-9�3390-3/3R�3390-2�3390-1�3380-K�3380-E�3380-J��Storage capacity (GB/volume)�8.51�2.84�1.89�0.95�1.89�1.26�0.63��Parity group�(unit of�DK308-90�DK309-90�6D + 1P�(6 Vol)�6D + 1P�(16 Vol)�6D + 1P�(24 Vol)�6D + 1P�(24 Vol)�—�—�—��addition)�DK309-180�DK30A-180�3D + 1P�(6 Vol)�3D + 1P�(16/18Vol)�—�—�—�—�—���DK3F1-60��—�3D + 1P�(6 Vol)�3D + 1P�(8 Vol)�3D + 1P�(16 Vol)�—�—�—���DK3F2-90�—�3D + 1P�(9 Vol)�3D + 1P�(12 Vol)�3D + 1P�(18 Vol)�—�—�—���DK3F2-150�3D + 1P�(5 Vol)�3D + 1P�(15 Vol)�3D + 1P�(22 Vol)�3D + 1P�(32 Vol)�—�—�—���DK30A-360�3D + 1P�(12 Vol)�3D + 1P�(32/36Vol)�—�—�—�—�—���DKR1B-J47�3D + 1P�(15 Vol)�3D + 1P�(32/47Vol)�3D + 1P�(64 Vol)�—�—�—�—��Maximum number of�DK308-90�DK309-90�32�32�32�32�—�—�—��parity groups�DK309-180�DK30A-180�57�57�—�—�—�—�—���DK3F1-60�—�58�58�58�—�—�—���DK3F2-90�—�58�58�56�—�—�—���DK3F2-150�58�58�46�32�—�—�—���DK30A-360�58�32�—�—�—�—�—���DKR1B-J47�58�21�16�—�—�—�—��Maximum number of�DK308-90�DK309-90�192�512�768�768�—�—�—��volumes�DK309-180�DK30A-180�384�1024�—�—�—�—�—���DK3F1-60�—�348�464�928�—�—�—���DK3F2-90�—�522�696�1008�—�—�—���DK3F2-150�290�870�1012�1024�—�—�—���DK30A-360�696�1024�—�—�—�—�—���DKR1B-J47�870�987�1024�—�—�—�—��Subsystem capacity�DK308-90�DK309-90�51 GB to 1634 GB�45 GB to 1454 GB�45 GB to 1452 GB�23 GB to 729 GB�—�—�—��(user area)�DK309-180�DK30A-180�51 GB to 2961 GB�45 GB to 2908 GB�—�—�—�—�—���DK3F1-60�—�17 GB to 988 GB�15 GB to 876 GB�15 GB to 881 GB�—�—�—���DK3F2-90�—�25 GB to 1482 GB�22 GB to  1315 GB�17 GB to  957 GB�—�—�—���DK3F2-150�42 GB to 2468  GB�42 GB to 2470 GB�42 GB to  1912 GB�30 GB to  972 GB�—�—�—���DK30A-360�102 GB to  5923 GB�90 GB to 2908 GB�—�—�—�—�—���DKR1B-J47�125 GB to 7266 GB�131 GB to 2742 GB�119 GB to 1898 GB�—�—�—�—��

�Table 3.7.2.3  List of RAID300 Emulation Types (for RAID1)

Item�Emulation contents��Emulation�DKC�3990-3��Type�DKU�3390-9�3390-6 *�3390-3/3R�3390-2�3390-1�3380-K�3380-E�3380-J��Storage capacity (GB/volume)�8.51�5.70�2.84�1.89�0.95�1.89�1.26�0.63��Parity group (unit of�DK308-90�DK309-90�2D + 2D�(2 Vol)�—�2D + 2D�(6 Vol)�2D + 2D�(8 Vol)�2D + 2D�(16 Vol)�2D + 2D�(8 Vol)�2D + 2D�(12 Vol)�2D + 2D�(16 Vol)��addition)�DK309-180�DK30A-180�2D + 2D�(4 Vol)�—�2D + 2D�(12 Vol)�2D + 2D�(16 Vol)�2D + 2D�(16 Vol)�2D + 2D�(16/18Vol)�2D + 2D�(16 Vol)�2D + 2D�(16 Vol)���DK3F1-60��—�2D + 2D�(2 Vol)�2D + 2D�(4 Vol)�2D + 2D�(6 Vol)�2D + 2D�(12 Vol)�2D + 2D�(6 Vol)�2D + 2D�(8 Vol)�2D + 2D�(16 Vol)���DK3F2-90�2D + 2D�(2 Vol)�—�2D + 2D�(6 Vol)�2D + 2D�(8 Vol)�2D + 2D�(16 Vol)�2D + 2D�(8 Vol)�2D + 2D�(12 Vol)�2D + 2D�(16 Vol)���DK3F2-150�2D + 2D�(2 Vol)�—�2D + 2D�(10 Vol)�2D + 2D�(14 Vol)�2D + 2D�(28 Vol)�2D + 2D�(14 Vol)�2D + 2D�(22 Vol)�2D + 2D�(44 Vol)���DK30A-360�2D + 2D�(8 Vol)�—�2D + 2D�(24 Vol)�—�—�2D + 2D�(36 Vol)�—�—���DKR1B-J47�2D + 2D

(10 Vol)�—�2D + 2D�(30 Vol)�2D + 2D�(46 Vol)�—�2D + 2D�(48 Vol)�—�—��Maximum number of�DK308-90�DK309-90��116�—����116�����parity groups�DK309-180�DK30A-180��—���������DK3F1-60�—�116���������DK3F2-90��—���������DK3F2-150�116�—���72��92�46���DK30A-360��—�84�—�—�56�—�—���DKR1B-J47��—�68�44�—�42�—�—��Maximum number of�DK308-90�DK309-90�116�—�348�464�928�464�696�928��volumes�DK309-180�DK30A-180�232�—�696�928�928�928�928�928���DK3F1-60�—�116�232�348�696�348�464�928���DK3F2-90�116�—�348�464�928�464�696�928���DK3F2-150�116�—�580�812�1008�812�1012�1012���DK30A-360�464�—�1008�—�—�1008�—�—���DKR1B-J47�580�—�1020�1012�—�1008�—�—��Subsystem capacity�DK308-90�DK309-90�17 GB to 987 GB�—�17 GB to 988 GB�15 GB to 878 GB�15 GB to 878 GB�15 GB to 877 GB�15 GB to 877 GB�10 GB to 585 GB���DK309-180�DK30A-180�34GB to 1974 GB�—�34 GB to 1976 GB�30 GB to 1753 GB�30 GB to 881 GB�30 GB to 1753 GB�30 GB to 1169 GB�20 GB to 584 GB���DK3F1-60�—�11 GB to 661 GB�11 GB to 658 GB�11 GB to 658 GB�11 GB to 658 GB�11 GB to 658 GB�10 GB to 585 GB�10 GB to 585 GB���DK3F2-90�17 GB to 987 GB�—�17 GB to 988 GB�15 GB to 878 GB�15 GB to 878 GB�15 GB to 877 GB�15 GB to 877 GB�10 GB to 585 GB���DK3F2-150�17 GB to 987 GB�—�28 GB to 1647 GB�26 GB to 1534 GB�26 GB to 958 GB�26 GB to 1534 GB�28 GB to 1275 GB�28 GB to 637 GB���DK30A-360�68 GB to 3948 GB�—�68 GB to 2862 GB�—�—�68 GB to 1905 GB�—�—���DKR1B-J47�84 GB to 4844 GB�—�83 GB to 2833 GB�85 GB to 1876 GB�—�88 GB to 1844 GB�—�—��(note *)	The 3390-6 emulation type is available for the specific customer (RPQ).�Therefore, do not define this emulation type, even though SVP shows this emulation on the volume (LDEV) installation menu.



�Table 3.7.2.4  List of RAID300 Emulation Types (for RAID1)

Item�Emulation contents��Emulation�DKC�3990-6/6E��Type�DKU�3390-9�3390-6 *�3390-3/3R�3390-2�3390-1�3380-K�3380-E�3380-J��Storage capacity (GB/volume)�8.51�5.70�2.84�1.89�0.95�1.89�1.26�0.63��Parity group (unit of�DK308-90�DK309-90�2D + 2D�(2 Vol)�—�2D + 2D�(6 Vol)�2D + 2D�(8 Vol)�2D + 2D�(16 Vol)�—�—�—��addition)�DK309-180�DK30A-180�2D + 2D�(4 Vol)�—�2D + 2D�(12 Vol)�2D + 2D�(16 Vol)�2D + 2D�(16 Vol)�—�—�—���DK3F1-60��—�2D + 2D�(2 Vol)�2D + 2D�(4 Vol)�2D + 2D�(6 Vol)�2D + 2D�(12 Vol)�—�—�—���DK3F2-90�2D + 2D�(2 Vol)�—�2D + 2D�(6 Vol)�2D + 2D�(8 Vol)�2D + 2D�(16 Vol)�—�—�—���DK3F2-150�2D + 2D�(2 Vol)�—�2D + 2D�(10 Vol)�2D + 2D�(14 Vol)�2D + 2D�(28 Vol)�—�—�—���DK30A-360�2D + 2D�(8 Vol)�—�2D + 2D�(24 Vol)�—�—�—�—�—���DKR1B-J47�2D + 2D�(10 Vol)�—�2D + 2D�(30 Vol)�2D + 2D�(46 Vol)�—�—�—�—��Maximum number of�DK308-90�DK309-90��116�—���116����—���parity groups�DK309-180�DK30A-180��—���������DK3F1-60�—�116���������DK3F2-90�116�—���������DK3F2-150��—���68������DK30A-360��—�84�—�—������DKR1B-J47��—�68�44�—�����Maximum number of�DK308-90�DK309-90�116�—�348�464�928�—�—�—��volumes�DK309-180�DK30A-180�232�—�696�928�928�—�—�—���DK3F1-60�—�116�232�348�696�—�—�—���DK3F2-90�116�—�348�464�928�—�—�—���DK3F2-150�116�—�580�812�1008�—�—�—���DK30A-360�464�—�1008�—�—�—�—�—���DKR1B-J47�580�—�1020�1012�—�—�—�—��Subsystem capacity�DK308-90�DK309-90�17 GB to 987 GB�—�17 GB to 988 GB�15 GB to 878 GB�15 GB to 878 GB�—�—�—���DK309-180�DK30A-180�34 GB to 1974 GB�—�34 GB to 1976 GB�30 GB to 1753 GB�30 GB to 881 GB�—�—�—���DK3F1-60�—�11 GB to 661 GB�11 GB to 658 GB�11 GB to 658 GB�11 GB to 658 GB�—�—�—���DK3F2-90�17 GB to 987 GB�—�17 GB to 988 GB�15 GB to 878 GB�15 GB to 878 GB�—�—�—���DK3F2-150�17 GB to 987 GB�—�28 GB to 1647 GB�26 GB to 1534 GB�26 GB to 958 GB�—�—�—���DK30A-360�68 GB to 3948 GB�—�68 GB to 2862 GB�—�—�—�—�—���DKR1B-J47�84 GB to 4844 GB�—�83 GB to 2833 GB�85 GB to 1876 GB�—�—�—�—��(note *)	The 3390-6 emulation type is available for the specific customer (RPQ).�Therefore, do not define this emulation type, even though SVP shows this emulation on the volume (LDEV) installation menu.



�Specifications for coexistence of elements�Table 3.7.2.5 shows permitted coexistence of RAID levels, HDD types, and emulation types respectively.



Table 3.7.2.5  Specifications for Coexistence of Elements in Raid 300

Item�Specification�Remarks��Coexistence of RAID levels�RAID1/5 can exist in DKC.���Coexistence of numbers of PDEVs composing ECC group

(coexistence of configurations 6D+1P, 3D+1P and 1D+1D)�The numbers of PDEVs inside an ECC group are 7 PDEVs (6D+1P) and 4 PDEVs (3D+1P) and they are applicable only to RAID5.

The numbers of PDEVs inside an ECC group are 2 PDEVs (1D+1D) and they are applicable only to RAID1.

DK308/9-90 support a configuration of 6D+1P (RAID5)/1D+1D (RAID1).

DK309-180, DK30A-360 supports a configuration of 3D+1P (RAID5)/1D+1D (RAID1).

DK3F1-60, DK3F2-150, DK3F2-90 supports a configuration of 3D+1P (RAID5)/1D+1D (RAID1).

Configurations 6D+1P, 3D+1P and 1D+1D can not coexist within units of same DKA pair.���Coexistence of HDD types�HDD types can coexist in each ECC group.

The specification for selecting the spare HDD can be common in the subsystem if there exists a spare HDD having the same capacity as that of the data HDD, though the HDD types coexist.���Coexistence of emulation types�Emulation types can coexist in each ECC group.

LDEV ID addressing must be of the same emulation type (3380-K/E/J, 3390-9/3/2/1, or 3390-3R) for every 32-address boundary.�An emulation of the same system should be set for every 32 addressings due to generation restriction by the host.��

�3.8  1024 logical addresses



The host connection interface specification are outlined in Tables 3.8.1 and 3.8.2.



Table 3.8.1  List of Allowable Maximum Values of Host Connection Interface Items on the DKC Side

�Metal channel�ESCON channel��Maximum number of CUs�1�4��Maximum number of SSIDs�4�16��Maximum number of LDEVs�256�1024��



Table 3.8.2  Allowable Range of Host Connection Interface Items on DKC Side

�Metal channel�ESCON channel��CU address�0�0 to 3��SSID�3990-3

3990-6

3990-6E�

0004 to FFFD��Number of logical volumes �1 to 256�1 to 1024��
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Fig. 3.8.1  Configuration Example of 1024 LDEVs Using 4 CUs



�
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Fig. 3.8.2  Connection Example of CPUs and DKCs in Configuration with 1024 LDEVs Using 4 CUs
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Fig. 3.8.3  System Generation Example in Configuration with 1024 LDEVs in MVS



�3.9  32 concurrent data transfers / 512 logical path



The number of logical paths per physical path in the RAID300 is up to 16 in the case of LCP and 1 in the case of MCP.  As a result, the maximum number of logical paths is 512. �The specifications for number of logical paths are summarized in Table 3.9.1.



Table 3.9.1  Specifications for Number of Logical Paths

ESCON channel�Per port�16 paths���Per channel processor�32 paths���Per channel adapter�64 paths��Metal channel�Per port�1 path���Per channel processor�4 paths���Per channel adapter�4 paths��Number of logical paths per DKC�Number of mounted LCPs × *16 + Number of mounted MCPs × 1��

With respect to the logical path number of each logical path, �		“LCP (MCP) number × 16” �is set as the first LPN (logical path number) of each LCP (MCP) and the logical path numbers are controlled in units of 16 paths.  When the MCPs are connected, only one LPN can be established per MCP.  Tables 3.9.2 and 3.9.3 show the logical path number in each LCP and MCP and the connectable CHP number.



Table 3.9.2  Logical Path Control Number Corresponding to LCP/MCP and Connectable CHP Number (Cluster 1)

�LCP/MCP ID���1A�1B�1C�1D�1E�1F�1G�1H�1J�1K�1L�1M�1N�1P�1Q�1R��LCP/MCP number�00�01�02�03�04�05�06�07�08�09�0A�0B�0C�0D�0E�0F��LPN number (LCP)�00

|

0F�10

|

1F�20

|

2F�30

|

3F�40

|

4F�50

|

5F�60

|

6F�70

|

7F�80

|

8F�90

|

9F�A0

|

AF�B0

|

BF�C0

|

CF�D0

|

DF�E0

|

EF�F0

|

FF��LPN number (MCP)�00�10�20�30�40�50�60�70�Not Installable��CHP number (LCP)�0/1�10/11�2/3�12/13�4/5�14/15�6/7�16/17��CHP number (MCP)�0/1�2/3�Not Installable��Package number�0�1�2�3��



�Table 3.9.3  Logical Path Control Number Corresponding to LCP/MCP and Connectable CHP Number (Cluster 2)

�LCP/MCP ID���2A�2B�2C�2D�2E�2F�2G�2H�2J�2K�2L�2M�2N�2P�2Q�2R��LCP/MCP number�10�11�12�13�14�15�16�17�18�19�1A�1B�1C�1D�1E�1F��LPN number (LCP)�100

|

10F�110

|

11F�120

|

12F�130

|

13F�140

|

14F�150

|

15F�160

|

16F�170

|

17F�180

|

18F�190

|

19F�1A0

|

1AF�1B0

|

1BF�1C0

|

1CF�1D0

|

1DF�1E0

|

1EF�1F0

|

1FF��LPN number (MCP)�100�110�120�130�140�150�160�170�Not Installable��CHP number (LCP)�20/21�30/31�22/23�32/33�24/25�34/35�26/27�36/37��CHP number (MCP)�20/30�22/32�Not Installable��Package number�4�5�6�7��

A sequence has been provided for the data transfer between the channels and the DKC so as to recognize the physical port number on the DKC side by the channel interface ID, and it makes LCP1A to LCP1H of the cluster 1 of the LCP port correspond to 08 to 0F (00 to 07 in commands), and LCP2A to LCP2H of the cluster 2 correspond to 18 to 1H (17 to 1F in commands).

In the RAID300, to realize 32 concurrent data transfers, the number of connectable physical paths is set to 32, however, there are only 16 patterns of channel interface IDs as shown above (because the IBM systems have only 16 physical interfaces connectable to channels).

Therefore, it is necessary to make the channel interface IDs of 16 patterns correspond to the 32 physical paths.

In the RAID300, one channel interface ID is made correspond to two physical paths; for examples, LCP1A and 1B is made correspond to the channel interface ID 08 (0), and LCP1C and 1D to 09 (10).  The correspondences above are made using *8 packages in total by treating 2 IDs by one package.  Tables 3.9.4 and 3.9.5 show correspondence between the physical paths of the LCP and MCP and the channel interface IDs.



Table 3.9.4  Correspondence between Physical Paths of LCP/MCP and Channel Interface IDs (Cluster 1)

Channel interface ID (used in commands)�08

(00)�09

(01)�0A

(02)�0B

(03)�0C

(04)�0D

(05)�0E

(06)�0F

(07)��LCP/MCP ID�1A • 1B�1C • 1D�1E • 1F�1G • 1H�1J • 1K�1L • 1M�1N • 1P�1Q • 1R��

Table 3.9.5  Correspondence between Physical Paths of LCP/MCP and Channel Interface IDs (Cluster 2)

Channel interface ID (used in commands)�18

(10)�19

(11)�1A

(12)�1B

(13)�1C

(14)�1D

(15)�1E

(16)�1F

(17)��LCP/MCP ID�2A • 2B�2C • 2D�2E • 2F�2G • 2H�2J • 2K�2L • 2M�2N • 2P�2Q • 2R��

�3.11 High-Speed LDEV Formatting 



3.11.1 Outlines



In RAID300, the LDEV formatting time is automatically shortened by providing the PDEV with the LDEV formatting function and by making the PDEVs perform the formatting concurrently.



Item No.�Item�RAID300��1�SVP operation�The operation is performed by selecting functions from the Maintenance menu.��2�Display of execution status�Display of the execution progress in the SVP message box (%)��3�Execution result�Normal/abnormal LDEV: Same indications as the conventional ones are displayed. 

Normal/abnormal PDEV: STATUS is displayed.��4�Recovery action when a failure occurs�Same as the conventional one.  However, a retry is to be executed in units of ECC.  (Because the LDEV-FMT is terminated abnormally in units of ECC when a failure occurs in the HDD.)��5�Operation of the SVP which is a high-speed LDEV-FMT object�When an LDEV-FMT of more than one ECC is instructed, the high-speed processing is performed.��6�HDD which is an object of the high-speed LDEV-FMT�HDD-DK309 and DK3F1 supporting the high-speed LDEV formatting��7�PS/OFF or powering off�The LDEV formatting is suspended.  No automatic restart is executed.��8�SVP PC powering off during execution of an LDEV-FMT�After the SVP is rebooted, the indication before the PC powering off is displayed in succession.��



3.11.2 Estimation of LDEV Formatting Time



Number of LDEVs�Conventional method

(using measured value)�New method��1�11 minutes and 29 seconds�11 minutes and 29 seconds  (Since the formatting is executed using the conventional method, the time is not changed.) ��8�32 minutes and 16 seconds�14 minutes and 31 seconds��32�1 hour and 45 minutes�58 minutes and 04 seconds��1024�8 hours or longer.�1 hour and 12 minutes and 57 seconds��

�3.12 High-Speed Online Replacement of Microprogram



The microprograms are stored in the shared memory and transferred in a batch.  Thus the number of times of the transfer from the SVP to the DKC via the LAN is reduced and the online microprogram replacement is speeded up by recovering two or more processors at the same time.



3.12.1 Outline



A microprogram storage area is reserved in the shared memory.  The microprogram by which each processor operates is stored in it, and data is written into the flash memory from the shared memory by rebooting the processor.  The reason for executing the writing during reboot processing is that it is intended to unify the microprogram writing processings executed in the PCB replacement and cold replacement (not supported at present).  In addition, when the microprograms are stored in the shared memory, processors can execute the microprogram writing processings at the same time and the processing time can be shorted substantially.













�

















Two or more processors execute the processings at the same time.



[Processing sequence]

( The SVP transfers the microprograms (DKCMAIN, RAMBOOT, LCP/LCDG, and MCP) to the shared memory.  

( The SVP executes a reboot instruction for each processor of the first group. 

( In the reboot processing, the microprograms are transferred from the shared memory to the flash memory and the writing processing is executed.  

( The SVP monitors the status of the processors executing the reboot processing and writing processing to the flash memory and waits until the status changes to normal finally.

( The SVP executes the processings of steps ( to ( repeatedly for each group.



�3.12.2 Processing Time



The estimated time of microprogram replacement is shown below.  The time below is required for the process for the programs DKCMAIN, RAMBOOT, LCP, and MCP.  The SVP and DKU are processed in the conventional processing sequences and the time required for the sequences are not included in the processing time.



Processing time required for microprogram replacement��RAID300 method

(Estimated time for 4 groups)�RAID200 method

(sequential)��24 min. / 48 processors�240 min./ 48 processors��
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