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1.	Outline of RAID Architecture


The purposes of the RAID technology are to reduce the cost of disk subsystem, improve the reliability, and increase the I/O performance.   The DF400 supports RAID 0, RAID 1, RAID 5 (4D+1P, 3D+1P, and 2D+1P), RAID 0+1 (hereinafter referred to as RAID A), striping RAID 0 (hereinafter referred to as RAID B), and RAID 0+1 full mapping (hereinafter referred to as RAID C).


Notice :	RAID B is supported by versions 0404, 4404, 0454, 4454, and later respectively of MICRO_Disk.�RAID C is supported by versions 0405, 4405, 0455, 4455, and later respectively of MICRO_Disk.





1.1	Outline of the Disk Array


The concept on the disk array was announced by the research group of the University of California, Berkeley in 1987.   The group called the disk array a RAID (Redundant Array of Inexpensive Disks : a disk subsystem consisting of multiple inexpensive compact disks to provide redundancy) and classified its family into 5 levels ; RAID 1 to RAID 5.   RAID 1 to RAID 5 are generally used as classification terms of the disk array systems at present.








�
1.2	Outline of RAID Systems


The DF400 can use the RAID levels, 0, 1, 5, A, B, and C.�The merits and demerits of each level are shown in Table 1.2.1.


Table 1.2.1  Outline of RAID System (1/2)


Level�
Configuration�
�
Characteristics�
�
�RAID 0





�






�
Outline�
Each data block is written on one data disk.�
�






�






�
Advantages�
Redundant disks are unnecessary.


Parity processing is unnecessary.�
�






�






�
Disadvantage�
Since there is no data redundancy, the usability is low.�
�
�RAID 1





�






�
Outline�
Mirror disks are used (double writing is performed).�The same data is written on both master and slave disks.�
�






�






�
Advantages�
Since data is duplicated, the usability and reliability are high.�
�






�






�
Disadvantage�
A disk capacity which is double the user data capacity is necessary.�
�
�RAID 5�






�
Outline�
Data is written on multiple disks one by one in units of a block (or blocks).   Parity data is generated from data in multiple of blocks and written on an optional disk.�
�
�
�
Advantages�
Since each disk can receive input and output instructions independently, this level is suited to transaction processings consisting of mainly small-capacity random accessed.


Parity data provides high reliability and high usability at a comparatively lower cost.�
�
�
�
Disadvantage�
Since parity data is updated when data is updated, an internal reading operation of the data before updating and the parity data before updating is necessary so that another input and output operations are adversely affected.�
�
�RAID A


*1�






�
Outline�
The same data is written on the two disks (master disk and slave disk).�Disks are controlled in the manner treating four of them as one set.�
�
�












�
Advantages�
Since data is duplicated, the usability and reliability are high.


It is fitter than the RAID 1 for transaction processings mainly consist of small sized random accesses since each disk in it can accept I/Os independently by virtue of the data decentralization.�
�
�






�
Disadvantage�
A disk capacity which is double the user data capacity is necessary.�The Port 4 cannot be used.�
�
*1 : RAI D 0+1.


�
Table 1.2.1  Outline of RAID System (2/2)


Level�
Configuration�
�
Characteristics�
�
�RAID B


*2�



�
Outline�
Data is written on multiple disks (row widths are five disks only) one by one in units of a block (or blocks).�
�
‡1�



�
Advantages�
Redundant disks are unnecessary.


Parity processing is unnecessary.


It is fitter than the RAID 0 for transaction processings mainly consist of small sized random accesses since each disk in it can accept I/Os independently by virtue of the data decentralization.�
�



�
�
Disadvantage�
Since there is no data redundancy, the usability is low.�
�
�RAID C


*3


‡2�






�
Outline�
The same data is written on the two disks (master disk and slave disk).


Disks are controlled in the manner treating four of them as one set.


The disk is also installed in Port 4.�
�
�



�
Advantages�
In addition to the advantages of RAID A, more disks can be used by using the Port 4 which has not been used with �RAID A.


�
�
�
�
Disadvantage�
A disk capacity which is double the user data capacity is necessary.


Some unusable slots are produced depending on the configuration. *4�
�
*2 : Striped RAID 0.


*3 : RAID 0+1 Full Mapping.


*4 : Because the disks are controlled in units of a set consisting of four of them, some free slots are produced in the case of a subsystem the maximum number of disks installable in it is not a multiple of four.


Example :	In the case of the rackmount type subsystem, seven sets of four disks can be configured in it because the maximum number of disks installable in it is 30, but two slots are left unused.


‡1 : RAID B is supported by versions 0404, 4404, 0454, 4454, and later respectively of MICRO_Disk.


‡2 : RAID C is supported by versions 0405, 4405, 0455, 4455, and later respectively of MICRO_Disk.








�
1.3	Application of RAID Technology


When one I/O processing spans multiple HDD (when the stripe size is too small) during transaction processing in RAID 5, the performance cannot be fulfilled sufficiently.�Therefore, thorough examination is required on the stripe size.�In the DF400, three stripe sizes of 16 k bytes, 32 k bytes, and 64 k bytes can be selected and the default value is set at 64 k bytes by making good use of the experience obtained through uses of the subsystems up to the DF350s.�Lump writing of data to the HDD and prereading of old data are performed by using the cache memory so as prevent occurrence of write penalty as far as possible.


(	Write penalty


In the DF400 (RAID 5), 3 to 5 HDDs constitute one parity group (4D+1P, 3D+1P, 2D+1P). Since parity data is generated from 4 (or 3, 2) data disks in the group, when partial writing of one stripe in the group occurs in the transaction processing, it is necessary to generate the corresponding parity data in the group once again.   Since parity data is calculated by the following calculation formula, to create “data before updating”, “parity before updating” and “data after updating” are necessary the parity.   Extra processing of reading “data before updating” at this time is called write penalty.


[New parity] = ([Data before updating] EOR [Data after updating]) EOR [Parity before updating]





�
2.	Differences between DF400 and DF350 (DF350F) 


Differences from the conventional DF350 (DF350F) which are characteristics of the DF400 are explained below.


(	Use of high-speed RISC processor


The DF400 employs the Power PC 603e (with a speed of 200 MHz) microprocessor that is faster and has higher performance than the i960CF RISC processor (with a speed of 33 MHz) used by the DF350 (DF350F).


(	Increase in cache memory capacity


The maximum cache memory capacity was increased from 1 G byte/CTL (for the DF350) to 2 G byte/CTL (for the DF400-RK/RKY) so as to realize high-speed R/W processing.


(	Inside bus performance is improved drastically


Performance of the bus (the bus between the D-CTL and the cache on the CTL ASSY of the DF400) is increased up to 300 M bytes while that of the DF350 (DF350F) is 106 M bytes.


(	Using the Ultra-2 SCSI as the host interface


The DF400 uses the Ultra-2 SCSI as the host interface while the DF350 uses the SCSI-3 (Ultra SCSI).


(	Conforms to the Fibre Channel interface by only replacing the interface board


The DF350 and DF350F have functions of SCSI and the Fibre Channel interface respectively.�Whereas, the DF400 realizes a capability to switch the interface to be used between SCSI and the Fibre Channel interface by a replacement of an I/F board and a microprogram.


(	Duplicated power supply system


In the DF350 and DF350F series, the RKWH type subsystem has the duplicated power supply.�In the DF400 series, the RK/RKY type subsystem is also provided with the duplicated power supply as a standard feature.   Concerning the RKL type subsystem, the power supply is duplicated when the optional power supply is added.   In the case of the CK/RK/RKY type subsystem, the AC/DC power supplies for two systems, that is, CTL PS for the controller and DRV PS for disk drives, are provided so that each of them has redundancy.


(	Duplicated battery system


The DF400 has the duplicated BATTERY ASSY for redundancy to prevent data from being lost by an exhaust or failure of the battery while the DF350 (DF350F) has a single BATTERY ASSY with no redundancy.


(	Support for two spare HDU


Each of the DF350 and DF350F installs only one spare HDU.   The DF400 (RK/RKY) can install two spare HDUs, which enhance ability of the subsystem to prevent data loss caused by a failure.





�
3.	Overview


The DF400 series disk array subsystem connects small hard disk drives to provide a large storage capacity.�It uses Ultra-2 SCSI and Fibre Channel as the host interface and developed aiming large capacity, high-speed data transfer, and high reliability.�This series provides four types of subsystem, the rackmount type and the cabinet type (CK) and the rackmount type (RKL/RK/RKY).�Each rackmount type subsystem (RKL/RK/RKY) can be mounted on the special rack frame.�UP to four rackmount type (RKY) subsystems can be mounted on the special U3 rack frame respectively.�UP to two rackmount type (RK) subsystems can be mounted on the special U4/U5 rack frame respectively.   UP to five rackmount type (RKL) subsystems can be mounted on the special U4 rack frame respectively.





(1)	High performance


(	The rackmount type (RK/RKY) subsystem uses a non-volatile and large storage cache memory that ranges from 32 M bytes to 2 G bytes/CTL to perform high-speed command processing when hitting the R/W data.


(2)	Large capacity


(	The rackmount type (RK/RKY) subsystem realizes a disk capacity of up to 2,149.0 G bytes (in the case of RAID 0/B) by installing up to 32 HDDs.


(	The rackmount type (RKY) subsystem using a dedicated chassis supports up to 8.59 T bytes of disk capacity using RAID 0/B technology.


(3)	Reduction of data loss due to a HDD failure


(	HDD data where a failure has occurred is recoverable with parity data.


(	Data of failed HDD can be restored on the optional spare HDU, and the spare HDU can be used as the original data HDD.


(4)	Multi-RAID configuration


(	The subsystem supports the RAID 0/1/5 (4D+1P, 3D+1P, 2D+1P) /A/B/C configuration according to the usage.


(5)	Reliability


(	Non-volatile caching prevents data from being lost if the power is turned off or interrupted momentarily.


(6)	Maintainability


(	Maintenance is possible without turning off the subsystem.





�
4.	Subsystem Configuration


4.1	Configuration of Rackmount Type (RKL)


The DF400-RKL disk array subsystem of the rackmount type consists of up to two rows (the basic row, plus additional row).   One row contains five HDDs (four data HDDs plus one parity data HDD) and one optional spare HDU.   Up to 11 HDDs can be installed including a controller that controls these HDDs. (See Figure 4.1.1)   In the figure, unshared portions show components required in the minimum configuration and shared portions show optional components.


�EMBED Word.Picture.6���





*1 :	CACHE ASSY�DF-F400-C32S/DF-F400-C128S/DF-F400-C256L


*2 :	I/F ADAPTER ASSY�DF-F400-DLUDL/DF-F400-DLU2L/DF-F400-DLFM5


*3 :	I/F ADAPTER ASSY�DF-F400-DLUDS/DF-F400-DLU2S


*4 :	A redundant AC/DC power supply, a spare HDU, an additional HDU, a redundant CTL ASSY, an additional I/F ADAPTER ASSY and an additional CACHE ASSY are optional.





Figure 4.1.1  Configuration of Rackmount Type (RKL)





�
4.2	Configuration of Cabinet Type (CK)


The DF400-CK disk array subsystem of the cabinet type consists of up to four rows (the basic row, plus additional three rows).   One row contains five HDDs (four data HDDs plus one parity data HDD) and one optional spare HDU.   Up to 21 HDDs can be installed including a controller that controls these HDDs. (See Figure 4.2.1)   In the figure, unshared portions show components required in the minimum configuration and shared portions show optional components.
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*1 :	CACHE ASSY�DF-F400-C32S/DF-F400-C128S


*2 :	I/F ADAPTER ASSY�DF-F400-DCUDS/DF-F400-DCUSS/DF-F400-DCU2S/DF-F400-DCFM5


*3 :	A redundant CTL PS, DRV PS, an additional HDU, a spare HDU, a redundant CTL ASSY, an additional CACHE ASSY and an additional I/F ADAPTER ASSY are optional.





Figure 4.2.1  Configuration of Cabinet Type (CK)


�
4.3	Configuration of Rackmount Type (RK/RKY)


The DF400-RK/RKY consists of up to 32 HDDs, that is, up to six rows (one basic row and five additional rows) of disk drives each of which has five HDDs (four data HDDs plus one parity HDD), two optional spare HDUs, and a controlling section which controls those HDDs. (See Figure 4.3.1)�In the figure, unsharded portions show components required in the minimum configuration and shared portions show optional components.
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*1 :	I CACHE ASSY�DF-F400-C32S/DF-F400-C128S


*2 :	I/F ADAPTER ASSY�DF-F400-DCUDS/DF-F400-DCUSS/DF-F400-DCU2S/DF-F400-DCFM5


*3 :	A redundant CTL PS, DRV PS, an additional HDU, a spare HDU, a redundant CTL ASSY, an additional CACHE ASSY and an additional I/F ADAPTER ASSY are optional.





Figure 4.3.1  Configuration of Rackmount Type (RK/RKY)


�
4.4	Configuration of Rack Frame


4.4.1	U3 rack frame


The DF-F400-U3 is a rack frame on which up to the six DF400 rackmount type (RKY type) subsystem can be installed.   The rack frame consists of two power distribution boxes (PDBs) that supply AC power to the RKY type subsystems (the two PDBs are necessary for duplicating the power supplying system) and a panel that controls the indications and powering start/stop operation of the RKY type subsystem in a centralized manner.  (See Figure 4.4.1)
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Figure 4.4.1  System Configuration of U3 Rack Frame








�
4.4.2	U4 rack frame


The DF-F400-U4 is a rack frame in which up to the five DF400 rackmount type (RKL or ) two DF400 rackmount type (RK) subsystems subsystems can be installed.   It consists of the two PDUs (Power Distribution Units) which supply power to the RKL/RK(s).   Two PDUs are provided to duplicate the power system.
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Figure 4.4.2  U4 Rack Frame System Configuration








�
4.4.3	U5 rack frame


The DF-F400-U5 rack frame can mount up to two units of the DF400 rackmount (RK) type and consists of the power distribution box (PDB; two sets mounted for the dual power supply) used to supply AC power to the RK and panel that controls the RK operation indication and powering start/stop in a centralized manner.  (See Figure 4.4.3)
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Figure 4.4.3  U5 Rack Frame System Configuration











�
4.5	Structure of Internal Power Supplying System


Figure 4.5.1 to 4.5.3 shows the structure and connections of the internal power supply system of the DF400.


(1)	AC/DC PS


In the rackmount type (RKL) subsystem, power supply units are concentrated upon the AC/DC PS and all the powers are supplied from it. (There is noindependent power supply unit for the IN BOX, CTL, or DRV.)   The power supply is duplicated when the optional redundant power supply is installed.





(2)	IN BOX


The IN BOX of the DF400-RK/RKY type subsystem is duplicated so that the DF400-RK/RKY can operate without stopping even when one of the two identical IN BOXes or power cables fails.�Each of them can be replaced while the DF400 is operating.





(3)	Power supply for the controller (CTL PS)


With respect to the controller power supply of cabinet type (CK), at least one power supply is necessary for one controller and a redundant power supply can be loaded in each controller.�For the rackmount type (RK/RKY), two power supplies are necessary for one controller including a redundant power supply.   Therefore, no data trouble occurs even if one of them fails, and the failed power supply can be replaced while the subsystem is operating.





(4)	Power supply for the HDD (DRV PS)


The power supplies for the HDD (DRV PSs) as many as the HDD installed are required (up to three DRV PSs for the cabinet type (CK) subsystem and four DRV PSs for the rackmount types (RK/RKY) subsystem).   The power supply can be duplicated for redundancy so that the data failure can be prevented even when one of the two identical power supplies (DRV PSs) fails.   Each power supply can be replaced while the DF400 is operating.








�
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Figure 4.5.1  Structure of Power Supplying System (RKL)








�
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Figure 4.5.2  Structure of Power Supplying System (CK)





�
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Figure 4.5.3  Structure of Power Supplying System (RK/RKY)





�
4.6	Structure of Internal Data System


Figure 4.6.1 shows the structure of the internal data system of the DF400.


(1)	Host interface


The host interface of the DF400 uses the PCI bridge and two ports (for the rackmount type (RKL)), two ports (for the cabinet type (CK)) or four ports (for the rackmount type (RK/RKY)).�The DF400 with the dual configuration can be connected to up to eight host interface ports(the rackmont type (RKL) are four).   This enables the DF400 to be applied to the various system needs.


Notice :	For the interface type, SCSI or Fibre Channel can be selected.   However, mixed use of the both types is not allowed in the same.





(2)	Cache memory backup


The cache memory of the DF400 is backed up by batteries to protect data on cache memory from being lost by unexpected power failures or troubles.   The battery system of the DF400 is also duplicated for redundancy so that data stored in the cache memory is secured even when one of the battery systems fails.





(3)	Spare HDU


The disk array of the DF400 can have one (for the rackmount type (RKL)), up to one (for the cabinet type (CK)) or up to two (for the rackmount type (RK/RKY)) spare HDU optionally.�When the spare HDU is installed, the DF400 can operate as normally as before if one HDD fails since its data is reconstructed on the spare HDU.   When the DF400 has two spare HDU, the DF400 can operate normally even if one more spare HDU fails in succession.�This assures high data reliability.
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* :	In the case of the rackmount type (RK/RKY) subsystem with the SCSI connection, up to four ports can be connected.





Figure 4.6.1  Internal Data connection
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