5.	Software Configuration

5.1	Software Configuration List

The software configuration of the DF400 is shown in Figure 5.1.1.�For the shaded portions in the figure, detailed explanations are given on the succeeding pages.
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*1:	The SNMP information must be set when installing a system with MICRO_Disk_Ver.44((/(.



Figure 5.1.1  Software Configuration



�(1)	Micro programs

• These are programs that control the DF400.

• Their version numbers are controlled in the format of ((((/(.

• There are four types of micro programs shown below corresponding to as many uses.

No.�Type of use�Version�Supplying media��1�SCSI : without SNMP�040(/( ((:Optional)�Five FDs��2�SCSI : with SNMP�440(/(�Five FDs��3�Fibre Channel : without SNMP�045(/(�Six FDs

Versions 0454	: five FDs

Versions 0456	: five FDs

Versions 0457	: five FDs��4�Fibre Channel : with SNMP�445(/(�Six FDs

Versions 4451/C or earlier

: five FDs��• The version number is displayed on the panel after the subsystem becomes ready.

• “(” in the version number may not be added or may be controller in the other method.



(2)	Flash programs

• These are programs to start up the subsystem after powering on.



(2-1) Fixed part program

No.�Name�Type��1�Fixed part program�A((	(((:Optional)��• The revision number of the fixed part program is indicated on the revision label of the CTL ASSY.



(2-2) Flash program

No.�Name�Type��1�Flash program�B((	(((:Optional)��• The revision number of the flash program is indicated on the revision label of the CTL ASSY.





�(3) SFC firm (for Fibre Channel I/F ADAPTER ASSY only)

• Concerning the Fibre Channel I/F ADAPTER ASSY, version number of the control chips own firmware can also referred to (by means of the SVP function).

No.�Name�Type��1�BIU�((((((((	(Hexadecimal number)��2�Sequence Manager���3�Sequence Manager Operational Firmware���4�Sequence Manager POST Firmware���5�ENDEC + revision���6�FC-PH protocol�xx/yy��

(4) Disk firmware

• Disk drives own firmware can be referred to.  (It can be collected by an online trace.)





�(5)	Parameter Information

The parameters are classified into the following three types for operating the subsystem.

(5-1) System parameter

•	These are parameters necessary for the subsystem start-up process from the powering on to the subsystem ready.   For details of each parameter, refer to Chapter 8, “PANEL” on page PNL-0070.

•	The system parameters are store in the flash memory.   They can be backed up onto the backup FD.



(5-2) Configuration information

•	This is a piece of information on the configuration, such as the RAID configuration and LU capacity, for the subsystem to record user data.

•	The configuration information exists on the HDD when the subsystem power is turned off, and is spread onto the RAM at the time when the subsystem power is turned on.   When they are changed, those on the HDD are also changed.



(5-3) SNMP information

The means parameters necessary for start-up process of the subsystem with the SNMP from the powering on to the subsystem ready.  (However, they are discriminated from the system parameters.)

•	The SNMP information modifies the template on the SNMP EVA FD, copies it onto the backup FD, and loads it onto the flash memory when the SNMP system is installed (only at the initial installation).   To update the information, update the SNMP information on the backup FD, and then loads it on the flash memory.   For details, refer to the “SNMP Support Function Operation Manual”.





�5.2	Storage’s for Software

Software and parameters on the CTL ASSY are stored in the following.

Software/parameter�Storage�Description��• Fixed part program

• Flash program

• System parameter

• SNMP information�Flash changeable part

(and backup FD)�• These software and parameters are stored in the flash memory.   For these software and parameters no provision of storage against a power failure is required because the flash memory can retain information even if a power failure occurs.

• These software and parameters can be backed up onto the backup FD to provide against an emergency.�(See *1)

Fixed part program	Cannot be backed up.

Flash program	Automatically backed up. (*1)

System parameters	Manually backed up.

SNMP information	Master information is stored in the backup FD.��• Micro program

• Configuration information�System area�• Generally, information in a RAM is erased when supplied power is turned off.   Therefore, the DF400 also stores software and parameters used on the RAM. in the HDU ASSY.  (An area is reserved in the HDU ASSY to store them.   The area is called a system area.)

• The DF400 has the system areas in all the HDU ASSYs in the first row.   So the system areas have redundancy corresponding to the number of the HDU ASSYs in the first row.��*1:	It is recommended to always insert a backup FD into the FDD for the subsystem operation in order to make a backup when necessary.







�6.	Power On/Off Sequence

6.1	IMPL Sequence

An IMPL processing procedure when power is turned on is explained below.   The IMPL sequence is broadly divided into four processed and they are executed sequentially.

(1)	Boot loader

After the flash memory is booted, minimum hardware initialization is executed.   Thereafter, the local memory loader is expanded to the local memory from the flash memory and control is transferred to it.

(2)	Local memory loader

The HDD in the first row are spin-up.

The OS load module is loaded onto the local memory.   Thereafter, control is transferred OS.

(3)	OS

The table in the local memory for communication between the tasks is initialized by the root task of OS and the hardware resource (LAN, RS232C) is tested.

(4)	DF task

After the DF table and hardware are initialized, a DF task is generated.   CUDG taking-over information is loaded by the DF task and when disks are installed in the second and subsequent rows, they are spin-up.
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Figure 6.1.1  IMPL Sequence

�6.2	HDD Power On Sequence

If multiple HDD motors are rotated at the same time an over correct is caused.   To avoid it, the sequence is changed as shown below according to the number of installed power supplies.
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Figure 6.2.1  Starting the Disks Sequence (1/2)

�
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Figure 6.2.1  Starting the Disks Sequence (2/2)

�6.3	Planned Stop

When the PS is turned off because of the host computer power off or PS off is instructed by a service person, the subsystem monitors the ending status of the processings being executed or not executed for all the logical devices and when everything ends, the destaging is executed.�When a track (PIN data) fails to be destaged occurs in this case, the PIN information is stored in the system area of the system disk.�Thereafter, the taking-over information is stored in the system area of the system disk, and the power of the HDD is turned off, and the power of the cache battery is turned off, and then permission of power off is notified to the hardware.�The hardware turns the power off after receiving the permission.
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Figure 6.3.1  Planned Stop Flow Chart





�7.	Explanation on Operations

7.1	Data Format

Figure 7.1.1 shows the data format.�In the sub-block, the address assurance code (LA) and data assurance code (LRC) are added.�The physical format of the physical disk is recorded in the data field in units of 516 bytes.
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Figure 7.1.1  Data Format



�7.2	R/W processing

7.2.1	Command processing

In this subsystem, all R/W commands are processed via the cache memory.

• When reading data in the case where it is in cache memory, the data on the cache memory is transferred to the host.  (Read hit processing)

• Only when reading data in the case where it is not in the cache memory, the data is transferred to the host from the HDD.  (Read miss processing)   The data is left in the cache memory then, the read hit processing can be performed at the time of the next reading.

• To improve the responding performance of write processing’s, the write-after processing, in which a processing completion is reported to the host when a data writing into the cache memory is completed, is performed.   After that, the controller generates the parity and writes the data onto the HDD asynchronously.

• Data in the cache memory is backed up by batteries.   By this backup, data loss owing to an instantaneous power failure is prevented.

Data flows are shown in Figure 7.2.1.



Process�Flow of data��Read hit�� EMBED Word.Picture.6  �����Read error�� EMBED Word.Picture.6  �����Write�� EMBED Word.Picture.6  ������: Flow of data



Figure 7.2.1  Flow of Data



�7.2.2	Dual system configuration

(1)	Feature of dual system

(a)	Data is duplicated and written into the caches memory in the two controllers.   By this, user data is assured even when a controller failure occurs.

(b)	The system configuration can be flexible by use of the two controllers.   This allows the system configuration fits for the host operation to be offered.  For details, refer to Item 2, “Dual system configuration”.



(2)	Dual system configuration

(a)	Hot standby mode

This is a system configuration in which the controller is divided into the two, a main controller and a standby controller.

� EMBED Word.Picture.6  ���

7.2.2  System Configuration



(b)	SCSI ID taking over (for SCSI subsystem) and PORT ID taking over*1 (for Fibre Channel interface interface subsystem.)

This is an extended hot standby function.   When the controller is switched, the standby controller takes over the SCSI ID (in the SCSI subsystem) or the PORT ID (in the Fibre Channel interface subsystem), so that the host need not be conscious of the switching of the controller.

*1:	In the PORT ID taking over mode, connect the host and the subsystem via a HUB.
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7.2.3  System Configuration

�(c)	Dual active mode

This is a mode in which the two controllers operate in parallel.   In this system configuration, each controller is allocated the controller LUs to which the controller accesses.�If an LU is accessed by a control which does not control it, the controlled LU is re-allocated, and then the access to it is started.   This switching usually takes time, the access to an LU from the controller not controlling the LU causes a lowering of the performance.
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7.2.4  System Configuration



(d)	Data sharing mode

This is a mode in which the two controllers operate in parallel like the dual active mode.   In this system configuration, however, the controlled LU is not re-allocated when the LU is accessed by a controller which does not control it.   Therefore, the remarkable lowering of the performance such as that occurs in the dual active mode is not caused.   In the case of the data sharing mode, like the dual active mode, each controller is allocated the LUs to be controlled by it.   Accesses to the LU by a controller which does not control it is internally entrusted to the controller which controls it.   When the LU is accessed by the controller which controls it, the performance of the access is maintained.
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7.2.5  System Configuration



�7.3	Cache Memory Control

7.3.1	Cache memory basic configuration

(1)	Cache memory structure

The cache memory consists of a directory section for controlling data and a data section for storing user data.

(2)	Data

Data stored in the cache memry is controlled in the state that it is devided into segments with fixed length (16 k bytes).   The minimum unit of data is a sub-block (Logical blocks) and one segment is equal to 32 sub-blocks (Logical blocks).   Data in the cache consists of staging data from the disk and dirty data which is not reflected to the drive.   There are two types of dirty data ; data without parity generated and data with parity generated.   Data has surface attributes of the Read and Write surfaces so that the write penalty occurs at the time of the parity updating which is peculiar to the RAID can be reduced.   To prevent data loss occurs when the power fails, it is made non-volatile by means of the battery.
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Figure 7.3.1  Data Structure in Cache Memory





�(3)	Directory

The directory consists of a hash table for deciding hit or mishit and SGCBs (segment control blocks) for controlling the segments mentioned above.   The SGCB has a one-to-one correspondence with the segment and has a pointer to the segment concerned and information regarding the status of the segment concerned.
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7.3.2  Manage Structure in Cache Memory



(4)	Hit/miss determination

A hash table is used to increase the speed of data retrieval in the cache memory.    SGCB is entered in the hash table and hit or miss is determined by using LUN and LBA (Logical block address) as entry positions.

(5)	Queue control

Data in the cache memry is controlled by queues classified according to attributes.   An SGCB is queued for each queue.   The queues are controlled so as to perform processings according to the attributes such as segment assignment and sweeping out of dirty data.

(6)	Dual system configuration

When the subsystem operates in the dual system configuration, write data in the directory is double-written into the caches memory in both CTL ASSY, so that even if one CTL ASSY is blocked, no user data will be lost.



�7.3.2	Option function

(1)	Turbo LU residence function

The subsystem provides the Turbo LU residence function as an option function. (See *1)�The Turbo LU residence function makes data of specific LUs resident in a cache and makes all accesses to the LUs from the host cache hits without making any disk accesses occur.�When the function is applied to an LU frequently accessed for the purpose of reference, etc., it is expected that the throughput is to be increased because all data R/W can be performed as cache hits.  (For details, refer to the manual supplied with the DF-F400-WLU.)

*1:	To use the Turbo LU residence function, the DF-F400-WLU is required separately.



(2)	LUN security function

The subsystem provides the LUN security function as an optional function. (See *2.)�The LUN security function prevents data from being destroyed by illegal accesses by specifying hosts to be permitted to access an LUN optionally specified.�(For details, refer to the manual supplied with the DF-F400-WSEC.)

*2: To use the LUN security function, the DF-F400-WSEC is required separately.



(3)	Dual active ID take-over function

The subsystem provides the dual active ID take-over function as an optional function. (See *3.)�The dual active ID take-over function takes over the SCSI ID and Port ID in the Dual Active mode of the dual controller configuration.�Even when one of the two controllers becomes inoperable owing to a failure, the path is automatically switched to the other controller and the operation can be continued.�(For details, refer to the manual supplied with the DF-F400-WD.)

*3: To use the dual active ID take-over function, the DF-F400-WD is required separately.



(4)	Password security protection function

The subsystem provides the password security protection function as an optional function. (See *4.)�The password security protection function prevents any DF400 from being concurrently accessed by users by limiting users of Disk Array Management Program to be permitted to access the DF400. �(For details, refer to the manual supplied with the DF-F400-WSPS.)

*4: To use the password security protection function, the DF-F400-WSPS is required separately.



�7.4	Destaging Processing

Write data from the host is stored in the cache once and swept out to the disk ansynchronously.�There are two types of destaging methods available such as destaging of random data and destaging of sequential data.

(1)	Destaging of random data

Data is processed in units of LBA.   The old data and old parity of data to be destaged are staged from the disk. New parity is generated from the new data, old data and old parity and the new data and new parity are destaged in units of LBAs.
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Figure 7.4.1  Destaging of Random Data



(2)	Destaging of sequential data

Data is processed in units of stripe.   New parity is generated from the write data and the new data and new parity are destaged in units of stripes.
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Figure 7.4.2  Destaging of Sequential Data





�7.5	Operation when a Disk Failure Occurs

(1)	I/O operation against disk failures

Even if the physical disk of this subsystem (RAID 1, RAID 5, RAID A, and RAID C) fails and data cannot be read, the target data can be recovered by using data on normal disks.   In RAID 1, RAID A, and RAI C another disk is used and in RAID 5, data on the other disks on the same stripe is used.   By doing this, even when a failure occurs in the disk, the work can be continued as it is. Even in the case of write request, the processing can be continued in the same way.�Figure 7.5.1 shows the outline of the data reading operation when a failure occurs in the disk.

Data B reading request

(a)	The normal case
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(b)	In the case of disk failure
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Figure 7.5.1  Operation when a Disk Failure Occurs

�(2)	Data assurance when a disk failure occurs

This subsystem has an optional spare HDU and data of a disk which fails and is blocked or whose failure occurrence count exceeds a specified value is automatically reconstructed on the spare HDU.�This processing is performed on the background of the host side, so that an I/O request can be received continuously.   Data saved on the spare HDU is copied into the original position again after the faulty disk is replaced.

(a)	Dynamic sparing

Errors which occur during normal R/W processings are controlled for each disk.   When the error count of a disk exceeds a specified value, it is judged that there exists a risk that a failure (an unrecoverable error) occurs in the disk and the data is automatically copied onto the spare HDU.   This function is called a dynamic sparing function.
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Figure 7.5.2  Outline of Dynamic Sparing



(b)	Collection copy

If an failure occurs in a disk and data cannot be R/W when RAID 5 is used, the data of the faulty disk is reconstructed by using data of the other disks and parity data, then copied onto the spare HDU.�If a failure occurs in a disk and data cannot be read nor written when RAID 1, RAID A, nor RAID C is used, copy the data on another disk onto the spare HDU.�When RAID 0 or RAID B is used, the collection copy is not executed.
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Figure 7.5.3  Outline of Collection Copy

�8.	Maintenance

8.1	Maintenance Tools

There are four maintenance tools available ; Disk Array Utility, Failure notification program, SNMP, and Disk Array Utility for Web : Web Utility (hereafter called “Web Utility”).�Table 8.1.1 lists functions of the maintenance tools.

Table 8.1.1  Maintenance Tool Function List

�Failure Alert�Configuration�Statistical information���Disk�Fan�Battery�Power

supply�Cache�Controller�reference and setting�reference��Disk Array Utility�(�(�(�(�(�(�(	Definition of RAID

(	Definition of LU

(	Setting of system option�(	Operating state of controller

(	Number of host command receptions

(	Operating state of commands

(	State of cache load��Failure notification program�(�(�(�(�(�(�None�None��SNMP�� EMBED Word.Picture.6  ����� EMBED Word.Picture.6  ����� EMBED Word.Picture.6  ����� EMBED Word.Picture.6  ����� EMBED Word.Picture.6  ����(�None�None��Web Utility�(�(�(�(�(�(�None�None��(	:	Supported

 (	:	Not supported

� EMBED Word.Picture.6  ���	:	Supported without disk position display



Figure 8.1.1 shows the connecting configuration of maintenance tools.
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Figure 8.1.1  Maintenance Tools Connecting Configuration
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