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DATA PROCESSING SYSTEM, DATA PROCESSING 
METHOD AND PROGRAM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application claims priority from Japa 
nese Patent Application No. JP 2005-98971 ?led on Mar. 30, 
2005, the content of Which is hereby incorporated by refer 
ence into this application. 

[0002] 1. Technical Field of the Invention 

[0003] The present invention relates to a data processing 
system to perform a command processing betWeen data 
processing apparatuses, especially relates to a technology 
for processing commands and relevant data betWeen a 
storage control unit such as a disk control unit (referred to 
as a DKC) in a disk array apparatus (referred to as a storage 
apparatus) and a host computer (referred to as a host). 

[0004] 2. Background of the Invention 

[0005] Conventionally, in the data processing system 
Wherein the host and the disk array apparatus is connected 
through the channel for communication, generally, the host 
issues and transmits CCW (channel command Word) to the 
DKC to make the DKC perform the command processing. 
Particularly, the host issues and transmits a CCW chain to 
the DKC in order to make the DKC continuously perform 
processing operation and jobs between the host and the 
DKC. The CCW chain has various kinds such as a CCW 
chain for controlling the data Write to the storage unit such 
as a HDD (hard disk drive). 

[0006] In a con?guration example of the conventional data 
processing system as shoW in FIG. 8, a host 901 issues a 
plurality of CCWs 801 as a CCW chain 802 and transmits 
them to a DKC 902 in a disk array apparatus 900 to make 
the DKC 902 process a CCW chain 804 and a CCW 805. For 
example, the host 901 issues the CCW chain 802 as shoWn 
in FIG. 9 to make the DKC 902 perform one processing 
operation and job. When the CCW chain 802 is processed 
betWeen the host 901 and the DKC 902, an IP 111 creates the 
CCW chain 802 in a MS 112 in the host 901. A CH 113 
transmits the CCW chain 802 as a frame 803 of the CCW 
801 to a PORT 121 of the DKC 902. The frame 803 of the 
CCW 801 is received at the PORT 121 of the DKC 902 so 
that the CCW chain 804 is obtained by the DKC 902. A CP 
123 sequentially processes each CCW 805 constituting the 
CCW chain 804. The PORT 121 transmits response status of 
the processing result of the CCW 805 to the CH 113. 

[0007] The CCW 801 and the CCW 802 issued from the 
host 901 may include, for example, a search condition. The 
search condition is information of the condition for a search 
processing performed in the DKC 902. The DKC 902 
performs the search processing to the CCW 805 according 
to the search condition. The result of the search processing 
is returned to the host 901 as a response status. The search 
processing is, for example, performed in order to check 
Whether or not the value in the memory area of the DKC 902 
is matched With the value for the search condition. The host 
901 determines the CCW 801 to be issued subsequently 
based on the state of the CCW 801 including the search 
condition in the DKC 902 and the response status from the 
DKC 902 according to the processing result. 
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[0008] Japanese Patent Application Laid-Open Publica 
tion No. 2001-125866 describes a technology for reducing 
an overhead in communication betWeen the CPU and the 
DKC, namely a technology for batch processing of a plu 
rality of CCWs and performing a recovery processing as in 
the independent processing even if the CCW is abnormally 
ended in the batch processing. 

SUMMARY OF THE INVENTION 

[0009] If a plurality of CCWs are issued as described in 
the background art, information such as headers is added to 
each CCW and its parameter. Thus the channel betWeen the 
host and the DKC is burdened With overhead and the traf?c 
on the path is increased. Additionally, the status information 
is exchanged for each CCW and the traf?c is further 
increased. 

[0010] Thus, in order to reduce the overhead of the chan 
nels and the traf?c of the paths, the method of transferring 
and processing collectively a plurality of CCWs as the CCW 
chain is disclosed in the above described Japanese Applica 
tion Laid-open Publication No. 2001-125866. HoWever, the 
above described method is of sequentially processing the 
CCWs. If a plurality of CCWs include a conditional branch 
such as a jump instruction, the executable sequence of the 
CCWs is changed in accordance With the response from the 
DKC. Therefore, the above method can not collectively 
transfer a plurality of CCWs through the path of the channel. 
Additionally, When the DKC processes the plurality of 
CCWs including the conditional branch, it is dif?cult to 
determine the position at Which the process is ended in the 
program. Therefore, the host can not knoW Whether the 
process is normally performed for each CCW of the CCW 
chain. 

[0011] The present invention has been made in consider 
ation of the above-mentioned problem. An object of the 
present invention is to provide a technology used in a data 
processing system Wherein a ?rst data processing apparatus 
such as the host to issue the command and a second data 
processing apparatus such as the DKC to process the com 
mand are communicatively connected. By collectively pro 
cessing the group of a plurality of command Words (CW) 
including the conditional branch at the ?rst data processing 
apparatus and the second data processing apparatus, the load 
on the processing including CW transfer betWeen the ?rst 
and second data processing apparatuses is reduced to 
improve the process performance. 

[0012] The folloWing is a brief description of the gist of 
the representative elements of the invention disclosed in this 
application. In order to achieve the above described object, 
the ?rst data processing apparatus such as the host to issue 
the command (CCW) and the second data processing appa 
ratus such as the storage control unit (DKC) to process the 
command are communicatively connected in the data pro 
cessing system of the present invention. The data processing 
system includes the folloWing technical means. The disk 
array apparatus comprises a storage unit and a disk control 
unit (DKC) for controlling of data storage to the storage unit. 
The disk array apparatus achieves RAID control. The DKC 
inputs/outputs data to the storage volume responsive to 
commands and requests from the host. 

[0013] (1) In the data processing system according to the 
present invention, the ?rst data processing apparatus 
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encodes a group of a plurality of command Words (CWs) to 
create a code including a description of controlling the 
conditional branch and transmits collectively the code to the 
second data processing apparatus to process them. Thus the 
plurality of CWs is batched in order to perform a sequential 
processing operation and job including the conditional 
branch according to the state and the processing result in the 
second data processing apparatus through the communica 
tion processing betWeen the ?rst data processing apparatus 
and the second data processing apparatus. The ?rst data 
processing apparatus can perform the batch processing With 
the code in the case of a process by the CW chain that the 
conditional branch is not included and a plurality of CWs are 
sequentially performed, and in the case of a process by the 
plurality of CWs including the conditional branch. When the 
batch processing is performed, the ?rst data processing 
apparatus encodes by executing an encode program and the 
second data processing apparatus decodes corresponding to 
the encoding by the executing a decode program, respec 
tively. 
[0014] In the data processing system according to the 
present invention, the ?rst data processing apparatus com 
prises an arithmetic processing unit to execute programs, 
issue the command and process the input/ output data to the 
storage volume, a storage unit to store various data or 
information relating to the process by the ?rst data process 
ing apparatus, such as programs, the command, the input/ 
output data and control information and an input/output 
channel unit to control communication With the second data 
processing apparatus including the command transferring. 

[0015] The second data processing apparatus comprises a 
control processor unit to control the storage regarding the 
input/output data and perform the command processing 
corresponding to the command, a memory unit to store 
various data or information relating to the process by the 
second data processing apparatus, such as programs, the 
command, the input/output data and control information and 
an input/output port unit to control communication With the 
?rst data processing apparatus including the command trans 
ferring. 
[0016] In the ?rst data processing apparatus, the arithmetic 
processing creates a plurality of channel command Words, 
the input/output channel unit encodes the plurality of chan 
nel command Words to create a code having a command, its 
parameter and the input/output data and including the 
description of controlling the conditional branch according 
to the state and the processing result in the second data 
processing apparatus. The code portion created by the 
encoding is connected to behind the existing code portion. 
Thus the code in the form of one data stream is created. 

[0017] The input/output channel transmits the created 
code as a ?ame to the input/output port. The input/output 
channel unit sets the code as the parameter of the ?ame of 
the command for batch processing to perform transfer 
processing. The input/output port unit receives the frame 
including the code and takes out the code. 

[0018] In the second data processing apparatus, the input/ 
output port unit decodes the code and passes it to the control 
processor unit. The control processor unit sequentially pro 
cesses each command and its parameter obtained by the 
decoding according to the description of controlling the 
conditional branch. And the control processor unit returns 
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status information representing the processing result. The 
input/output port unit transmits the status information as a 
response to the input/output channel unit. The input/output 
port unit receives the status information of the response and 
reports it to the arithmetic processing unit. 

[0019] In the encode processing by the ?rst data process 
ing apparatus, the CW such as the jump instruction corre 
sponding to the original conditional branch is encoded to the 
code portion that includes the CW for the conditional branch 
corresponding to the status of the processing result of the 
other CW and includes an address to be jumping destination 
and a label. The CW for the conditional branch correspond 
ing to the status of the processing result of the other CW in 
the code is a jump instruction corresponding to the status of 
the processing result of the CW for the last preceding 
conditional determination processing. In the second data 
processing apparatus, the CW for the conditional branch 
such as the jump instruction is performed to jump the 
process according to the status of the result of processing the 
other CW. Alternatively, the CW for the conditional branch 
is skipped to shift to perform the next CW. 

[0020] (2) The data processing system described in the 
above (1) according to the present invention is characterized 
in that: In the ?rst data processing apparatus, the description 
of a return code corresponding to the end state and position 
of the process according to the conditional branch is 
included in the code by the encoding. Thereby the second 
data processing apparatus transmits the status information 
including the return code corresponding to the end state and 
position of the process according to the conditional branch 
to the ?rst data processing apparatus as the result of the code 
processing. The ?rst data processing apparatus recogniZes 
the end state and position of the process by the return code 
included the status information. 

[0021] Additionally, the ?rst data processing apparatus 
determines the process to be performed subsequently based 
on the receipt of the return code. If the return code indicates 
that the process is normally ended, the ?rst data processing 
apparatus determines the command Word to be issued sub 
sequently. Alternatively, if the return code indicates that the 
process is abnormally ended, the ?rst data processing appa 
ratus performs a recovery processing to the command Word 
corresponding to the position at Which the process is ended. 

[0022] (3) The data processing method corresponding to 
the data processing system and the program to perform the 
process thereof is characterized in that: The ?rst data pro 
cessing apparatus encodes a plurality of CWs to create one 
code including the description of controlling the conditional 
branch and transmits the created code to the second data 
processing apparatus. The second data processing apparatus 
receives the code from the ?rst data processing apparatus, 
decodes the code to process each CW obtained by the 
decoding according to the description of controlling the 
conditional branch. The second data processing apparatus 
transmits the status information corresponding to the end 
state and position of the process as a response to the ?rst data 
processing apparatus. The ?rst data processing apparatus 
receives from the second data processing apparatus the 
status information representing the processing result of the 
code as a response and recogniZes the end state and position 
of the process. 

[0023] The folloWing is a brief description of the effects 
obtained from the representative elements of the invention 
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disclosed in this application. According to the present inven 
tion, in the data processing system in Which the ?rst data 
processing apparatus such as the host to issue the command 
and the second data processing apparatus such as the DKC 
to process commands are communicatively connected, the 
?rst and second data processing apparatuses performs batch 
processing for a group of a plurality of command Words 
(CWs) including the conditional branch. Thus the load on 
the process including transferring of the CW betWeen the 
?rst data processing apparatus and the second data process 
ing apparatus can be reduced and the process performance 
can be improved. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

[0024] FIG. 1 is a block diagram representing the entire 
con?guration of the data processing system and a data 
processing method of an embodiment according to the 
present invention; 

[0025] FIG. 2 is a perspective vieW representing the 
external appearance of the entire hardWare of the disk array 
apparatus of an embodiment according to the present inven 
tion; 
[0026] FIG. 3 is a table representing an example of 
creation of codes in the data processing system of an 
embodiment according to the present invention; 

[0027] FIG. 4 is an explanatory vieW representing the 
frame format of a neW command prepared for batch pro 
cessing of CCWs in the data processing system of an 
embodiment according to the present invention; 

[0028] FIG. 5 is a sequence diagram of the data process 
ing When the batch processing of CCWs betWeen the host 
and the DKC in the data processing system of an embodi 
ment according to the present invention; 

[0029] FIG. 6 is a ?owchart of encoding by the CH of the 
host in the data processing system of an embodiment accord 
ing to the present invention; 

[0030] FIG. 7 is a ?owchart of decoding by the PORT of 
the DKC in the data processing system of an embodiment 
according to the present invention; 

[0031] FIG. 8 is a block diagram representing a con?gu 
ration example of the conventional data processing system 
and data processing method to compare With the present 
embodiment; 
[0032] FIG. 9 is a table representing an example of a 
CCW chain in a con?guration example of the conventional 
data processing system; 

[0033] FIG. 10A is a sequence diagram representing pro 
cessing of the CCW chain betWeen the host and the DKC in 
a con?guration example of the conventional data processing 
system; and 

[0034] FIG. 10B is a diagram representing processing of 
the CCW chain betWeen the host and the DKC in a con 
?guration example of the conventional data processing 
system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] An embodiment of the present invention Will be 
described in detail With reference to the draWings. Inciden 
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tally, the same reference numerals Will be used to designate 
the same or similar components in all draWings, and the 
repeating description Will be omitted or simpli?ed. 

<Summary> 

[0036] In an embodiment according to the present inven 
tion, the data processing system in Which the mainframe host 
and the disk array apparatus are communicatively connected 
has a function to collectively process a plurality of CCWs 
including the conditional branch by the code. The host 
encodes the plurality of CCWs to the code of the type of 
describing in CWs the controlling of the conditional branch 
responsive to the conditions. Due to this, the plurality of 
command according to the response from the DKC is 
controlled to progress by the DKC using the description of 
code in place of the host that had been controlling the 
progress. When a plurality of CCWs and CCW chain are 
processed by the DKC, the host encodes the plurality of 
CCWs to create a code in a predetermined format and 
transmits the created code as one ?ame to the DKC. The 
DKC decodes the code included in the received ?ame to 
sequentially perform CCW processing. Particularly in the 
encoding process, the host creates the code describing the 
control of the conditional branch in CCW When the process 
including the conditional branch according to the state and 
the processing result in the DKC is performed. In the 
decoding, the DKC performs a conditional determination 
processing in accordance With the description of controlling 
the conditional branch in the decoded CCW and branches 
the process in accordance With the state and the processing 
result in the DKC to perform each CCW processing. Then 
the DKC returns to the host status information correspond 
ing to the end state and position of the process according to 
the conditional branch. 

[0037] In order to clearly represent the feature of the 
present embodiment, the conventional data processing sys 
tem and the data processing method to be compared With the 
present embodiment Will be described With reference to 
FIGS. 8-10. 

<Conventional Con?guration> 

[0038] FIG. 8 represents a con?guration example of the 
conventional data processing system and data processing 
method. FIG. 9 is a table representing a example of a CCW 
chain in a con?guration example of the conventional data 
processing system. FIG. 10 is a sequence diagram repre 
senting processing of the CCW chain betWeen the host and 
the DKC in a con?guration example of the conventional data 
processing system. As an example, a mainframe data pro 
cessing system in Which a mainframe host 901 and a disk 
array apparatus 900 are communicatively connected is rep 
resented. 

[0039] The data processing system according to FIG. 8 
comprises the host 901 and the disk array apparatus 900. The 
host 901 is connected to the DKC 902 through a path-104. 
The DKC 902 and a DKU (disk unit) 103 are connected 
through a path 105 in the disk array apparatus 900. The DKU 
103 includes a plurality of disk drives (DKs) 131 such as 
HDDs. 

[0040] The host 901 issues a plurality of CCWs 801 and 
makes the disk array apparatus 900 perform processing 
operation and job using a CCW chain 802 as a group of the 
CCWs in this system. The host 901 transmits the CCW chain 
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802 to be sequentially performed in the DKC 902 to the 
DKC 902 through the path 104 of the channel betWeen the 
host 901 and the DKC 902 to make the DKC 902 sequen 
tially process each CCW 805. 

[0041] The host 901 includes an arithmetic processing unit 
(IP) 111, a main storage unit (MS) 112, an input/output 
channel unit (CH) 113 and a system controller (SC) 114. The 
host 901 issues and transmits the CCW 801 to the DKC 902 
to perform various data processing such as data input/ output 
to the storage volume of the disk array apparatus 900 and the 
control thereto. The host 901 accesses to DKC 902 by 
Read/Write command through the path 104 of the channel 
betWeen the DKC 902 and the host 901 to read/Write data to 
the storage volume. The host 901 especially has a function 
to control the CCW chain 802 comprised of a plurality of 
CCWs 801 to control to progress the processing of each 
CCW 801. The host 901 controls the data processing by 
executing programs and hardWare logic, issues a plurality of 
CCWs 801, transmits the CCWs 801 and the CCW chain 
802 to the DKC 901, receives a response status and control 
to progress the CCW chain 802. 

[0042] The DKC 902 includes an input/output port unit 
(PORT) 121, a cache memory unit (CM) 122, a control 
processor unit (CP) 123, a data transfer control unit (DTC) 
124 and a shared memory unit (SM) 125. The DKC 902 has 
a function for storage control such as data input/output to the 
storage volume and particularly, a function to process the 
command corresponding to each CCW. The DKC 902 
reads/Writes data to the storage volume of the DKU 103 
responsive to the command from the host 901. 

[0043] Generally, the CCW chain 802 has been processed 
as folloWs. In the host 901, the IP 111 creates the CCW chain 
802 as shoWn in FIG. 9 in an region of the MS 112. The CH 
113 sequentially transfers the CCW chain 802 in the form of 
the frame 803 for each CCW 801 through the path 104 of the 
channel to the PORT 121 of the DKC 902. The DKC 902 
obtains a CCW chain 804 (equivalent to the CCW chain 
802) from the frame 803 of the CCW 801 received at the 
PORT 121. The CP 123 sequentially processes each CCW 
805 (equivalent to the CCW 801) of the CCW chain 804. 
According to these procedures, the processing operation and 
job corresponding to the CCW chain 802 can be achieved. 

[0044] Incidentally, data and information of the CCW 
chain 804 received at the PORT 121 in the DKC 902 is 
stored once in the region such as the CM 122 and the SM 
125 and the stored data and information may be retrieved to 
process by the PORT 121 and the CP 123. 

[0045] When the CCW chain 802 is processed, the CCW 
801 issued by the host 901 may include the search condition 
of the DKC 902. The CCW 801 including the search 
condition is issued and then a search process according to 
the search condition is performed in the DKC 902. The 
search result is returned from the DKC 902 to the host 901 
as a response status. The search process is performed to 
check Whether or not the value of the memory area in the 
DKC 902 is matched With the conditional value. The host 
901 determines the CCW 801 to be issued subsequently 
based on the response status from the DKC 902 including 
the search condition of the CCW 801 and issues the next 
CCW 801 according to the determination. The host 901 
branches the process to be performed by the DKC 902 
according to the response status of the CCW 801. 
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<Conventional CCW Chain> 

[0046] The CCW chain 802 is an group consisting of a 
plurality of associated CCWs for executing the sequential 
command process, in Which the execution sequence of each 
CCW 801 has oWn meaning. In order to perform one 
processing operation or job in the disk array apparatus 900, 
the host 901 usually issues a series of CCWs 801 as a CCW 
chain 802 and makes the DKC 902 sequentially process each 
CCW 805. The CCW 801 is received by the channel 
betWeen the host 901 and the DKC 902. Especially, the 
CCW 801 is a CW issued from the host 901 to the DKC 902. 
As the CCW chain 804, for example, there is a CCW chain 
for Write control to the disk drive 131 as a control command 
for input/output data. An example of CCW chain is 
described in the above-described Japanese Patent Applica 
tion Laid-Open Publication No. 2001-125866. 

[0047] The table of FIG. 9 includes each item of a number 
(#) 201, an address 202, a command code 203, a chain (?ag) 
204, a parameter 205, and a command 206. The right hand 
of the table indicates the branch and end of processes. The 
number 201 of the far left column is a number assigned for 
descriptive purposes to identify each CCW 801 and control 
step and it is not required in actually transfer processing. 
One CCW chain 802 including the conditional branch is 
comprised of each CCW 801 indicated by the number 
#l-#ll in the present embodiment. The address 202 stores a 
command (CCW). The command code 203 identi?es the 
command. The chain 204 is a ?ag to indicate a presence or 
absence of a chain connecting the current command to the 
next command. The parameter 205 is a command parameter. 
The command 206 is a corresponding command name. 

[0048] In the CCW chain 802 in the host 901 of this 
example, “TEST MEM” command of a command code “8B” 
is stored in an address X00 of #l. The parameter is “1001 
0000 0002 0000 01” (hexadecimal notation) and a chain 
exists. “Tic” command of a command code “08” is stored in 
an address X08 of #2. The parameter is “0000 0040” and a 
chain exists. “ALW CRS” command of a command code 
“83” is stored in an address X40 of #9. The parameter is 
“52” and a chain does not exist. 

[0049] The CCW chain 802 is processed by the folloWing 
procedure in this example. When performing the CCW chain 
802 betWeen the DKC 902 and the host 901, the host 901 
issues the CCW 801 in numerical order fundamentally. The 
CCW chain is ended by performing “Program end” com 
mand of #8. When the CCW chain 802 does not include the 
conditional branch, it can be performed in numerical order. 
Therefore, the host 901 can sequentially transfer the CCW 
chain 802 as the frame for each CCW 803 to the DKC 902 
through the path 104. HoWever, When the CCW chain 802 
includes the conditional branch as shoWn in FIG. 9, the host 
901 determines the next CCW to be branched by a part of 
commands according to the response status from the DKC 
902. 

[0050] In this example, “TEST MEM” command of #l is 
a command Whose parameter includes the description of the 
condition to make the DKC 902 determine the condition and 
return the status of the result as a response. “Tic” command 
of #2 in this example is a jump instruction of a program 
address and the command is not transmitted to the DKC 902. 
The host 901 updates the program counter such that the 
control is sifted to the address of the jumping destination 
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designated by the parameter of the “Tic” command in 
accordance With the response status representing the deter 
mination result of the last “TEST MEM” command in the 
DKC 902. Alternatively, the host 901 ignores the command 
(skip) and shifts to the CCW in the next step. 

[0051] Thus, the host 901 controls by the IP 111 and CH 
113 the proceeding of issuing, transferring, performing and 
so on of a plurality of CCWs 801 constituting the CCW 
chain 802. The DKC 902 processes the command of each 
CCW by the CP 123 or so. 

[0052] FIGS. 10A and 10B are a sequence diagrams 
representing the process betWeen the host 901 and the DKC 
902. FIG. 10A represents an example When a jump by “Tic” 
command does not occur in the process of the CCW chain 
802. FIG. 10B represents an example When a jump by “Tic” 
command occurs in the process of the CCW chain 802. 

[0053] The host 901 issues the CCW(“TEST MEM” com 
mand) of #1 and transmits it to the DKC 902 in a step S1 of 
FIG. 10A. The frame 803 of the CCW transmitted in the #1 
includes a command code “8B” and a parameter “1001 0000 
0002 0000 01”. The DKC 902 receives the CCW of the #1 
and determines the condition such as a search processing 
according to the condition set in its parameter. Then the 
DKC 902 transmits the status of the determination result as 
a response to the host 901. The S2 represents that it is 
determined that the search condition is mismatched and a 
condition mismatching status as the response status is trans 
mitted to the host 901. 

[0054] After transmitting the CCW of the #1, the host 901 
proceeds the program address for tWo steps from the #1 . And 
the CCW (“Tic” command) of the next #2 is ignored i.e. 
skipped to proceed to the next step (#3). Then, the host 901 
issues the CCW of #3 in Which the conditional value is 
changed from #1 and transmits the CCW of #3 to the DKC 
902 in a step S3. Alternatively, the S2 also represents that it 
is determined that the search condition is mismatched and 
that a condition mismatching status is returned to the host 
901. Thus the CCW of the next #4 is ignored in a step S4 and 
a CCW of #5 in Which the conditional value is changed is 
issued and transmitted in a step S5. While, a step S6 
represents that the DKC 902 determines that the search 
condition is mismatched and that a condition mismatching 
status is returned to the host 901. The host 901 ignores the 
CCW (“Tic” command) of the next #6 responsive to the 
receipt of the condition matching status, and issues and 
transmits the CCW (“T&S” command) of #7 in a step S7. 
When the CCW is normally processed in the DKC 902 and 
then the normal status is returned to the host 901, the host 
901 ends a sequence of processes of the CCW chain 802 by 
the CCW “Program end” of the next #8 Without chaining to 
the next. 

[0055] Steps S1, S2 and S3 of FIG. 10B are same as those 
of FIG. 10A. S4 represents that determining the condition 
according to the condition set to the parameter of the CCW 
of #3, and then the DKC 902 transmits a condition matching 
status to the host 901. 

[0056] After transmitting the CCW of #3, the host 901 
progresses the program address for one step from #3 upon 
receipt of the condition matching status so as to make 
available the next CCW (“Tic” command) of #4 and perform 
it. The jumping destination designated by the parameter of 
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the “Tic” command of #4 is the address of the CCW (“ALW 
CRS” command) of #10. Accordingly, the host 902 jumps to 
the address of #10 to be jumping destination of the process 
and sifts the control. Then the host 902 issues and transmits 
the CCW (“ALW CRS” command) of #10 to the DKC 902 
in a step S5. And the CCW process of #10 is executed in the 
DKC 902 to end the process of the CCW chain 802. 

[0057] In this example, When the system intends to per 
form the CCW chain 802 and a plurality of CCWs 801 
including branches of processes according to the state and 
processing result in the DKC 902 as in the case including 
“Tic” command, the sequence of progress of CCWs of the 
CCW chain 802 in the host 901 is changed according to the 
response status from the DKC 902. Therefore, the host 901 
can not collectively transfer the CCW chain 802 to the DKC 
902 through the path 104. That is, a time for Waiting to 
receive the response status from the DKC 902 is required 
and a temporal synchronous processing betWeen the host 
901 and the DKC 902 by interlocking is required. Therefore 
the process performance can not be improved in this system. 

<Data Processing System> 

[0058] FIG. 1 is a block diagram represents the con?gu 
ration of the data processing system of an embodiment 
according to the present invention. The hardWare con?gu 
ration is the same as that of FIG. 8. The present system is 
a mainframe data processing system in Which a mainframe 
host 101 and a disk array apparatus 100 are communica 
tively connected. The system comprises the host 101 and the 
disk array apparatus 100. The host 101 is connected to a 
DKC 102 through a path 104. The DKC 102 and a DKU 
(disk unit) 103 are connected through a path 105 in the disk 
array apparatus 100. The DKU 103 includes a plurality of 
disk drives (DKs) 131. The DKC 102 can control a group of 
DKs 131 in RAID format. 

[0059] Programs such as an OS are operated on the host 
101. The host 101 issues and transmits the command as 
CCW to the DKC 102 to make the DKC 102 process the 
command, and performs various data processing such as 
data input/output and the other controls to the storage 
volume of the disk array apparatus 100. The host 101 can 
access the DKC 102 by Read/Write command through the 
path 104 of the channel to the DKC 102 to read/Write data 
to the storage volume. A storage volume or a device to store 
data is located on the DK 131 in the DKU 103 and managed 
With the ID (identi?er). 

[0060] The host 101 especially has a function to manage 
a CCW chain 402 comprised of a plurality of CCWs 401 to 
control the progress of the process of each CCW 401. The 
host 101 controls a data processing by executing programs 
and hardWare logic, issues a plurality of CCWs 401, trans 
mits the CCWs 401 and the CCW chain 402 to the DKC 101, 
receives a response status and control the progress of the 
CCW chain 402. In this embodiment, the controlling of the 
progress of the CCW 401 and the CCW chain 402 is 
achieved by encoding a code 403. The host 101 performs an 
encoding by executing an encode program 115 and corre 
spondingly, the DKC 102 performs a decoding by executing 
a decode program 126. 

[0061] Communication is performed through the path 104 
betWeen the host 101 and the DKC 102 according to a 
predetermined UP. The UP is a mainframe protocol such as 
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FICON (Fibre Communication)(registered trademark) and 
ESCON (Enterprise System Connection) (registered trade 
mark). The path 104 of the channel is constructed by the 
Wiring such as a communication cable and the necessary 
electric parts such as a connector. The port of the commu 
nication l/F in the host 101 is referred to as a channel. The 
PORT 121 of the DKC 102 has an input/output processing 
function corresponding to the channel of the host 101. A 
channel as the path to transfer data and control information 
is located betWeen the host 101 and the DKC 102 in the form 
of direct connection or netWork connection. 

<Host Computer> 

[0062] The host 101 comprises an arithmetic processing 
unit (IP) 111, a main storage unit (MS) 112, an input/output 
channel unit (CH) 113 and a system controller (SC) 114 as 
shoWn in FIG. 1. 

[0063] The IP 111 executes programs of the host 101 such 
as an OS and an application, issues the CCW 401 and the 
CCW chain 402 and stores them in a memory area such as 
the MS 112. 

[0064] The MS 112 stores various data and information 
such as programs, input/output data, the command such as 
the CCW 401 and the created code 403. Those of data and 
information may be stored in the memory in the CH 113. 

[0065] The CH 113 performs communication processing 
With the external disk array apparatus 100 through the 
input/output channel (referred to as a port). The CH 113 is 
referred to as a host bus adapter (HBA). The CH 113 
transmits the CCWs in the form of a frame through the path 
104 to the PORT 121 of the DKC 102 and receives the 
response frame. The CH 113 especially transmits the code 
403 including a plurality of CCWs 405 as a frame 404 for 
batch-processing of the CCW and receives the response 
frame from the PORT 121. The CH 113 performs an 
encoding as a characteristic process by executing the encode 
program 115. The CH 113 encodes a plurality of CCWs 401 
stored in the MS 112 by executing the encode program 115 
to create the code 403. 

[0066] The SC 114 controls the system and transfers data 
betWeen each unit of the host 101. 

<Disk Control Unit> 

[0067] The DKC 102 comprises an input/output port unit 
(PORT) 121, a cache memory unit (CM) 122, a control 
processor unit (CP) 123, a data transfer control unit (DTC) 
124, a shared memory unit (SM) 125 and a decode program 
126 as shoWn in FIG. 1. The DKC 102 includes a function 
of storage control for data input/ output to the storage volume 
of the DKU 103 and RAID control. The DKC 102 and 
especially includes a function to process the command 
corresponding to each CCW. The DKC 102 executes data 
reads/Writes to the storage volume of the DKU 103 accord 
ing to the command from the host 101. The command 
processing function includes the process corresponding to 
the CCW 405 added by encoding in the host 101. 

[0068] The PORT 121 performs communication process 
ing With the external host 101 at the input/output port. The 
PORT 121 receives CCWs in the form of a frame through the 
path 104 to the CH 113 and transmits the response frame. 
The PORT 121 especially receives the frame 404 for batch 
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processing of CCWs, transmits the response frame and 
decodes the code 403 by executing the decode program 126. 

[0069] The CM 122 is a memory to cache data in the DKC 
102. The SM 125 is a memory to store control information 
and management information in the DKC 102. The DKC 
102 performs data processing While the PORT 121 and the 
CP 123 appropriately store data and information on the CM 
122 and the SM 125 through the DTC 124 to process data 
in. 

[0070] The CP 123 performs data processing and data 
controlling including CCW processing in the DKC 102. The 
process and control by the CP 123 is equivalent to storage 
control function. The CP 123 includes at least a micropro 
cessor and processes the command corresponding to each 
CCW 405 obtained by decoding. 

[0071] The DTC 124 controls data transfer betWeen each 
unit in the DKC 102. For example, the DKC 124 is con?g 
ured by a connection netWork such as sWitch for sWitching 
and controlling data transfer; and a DMA control circuit that 
performs DMA data transfer processing. 

[0072] The PORT 121 may be a channel control unit 
(CHA) to perform channel l/F processing to the external 
device. The CP 123 may be con?gured by interconnecting 
each functional unit, such as the CHA and a disk control unit 
(DKA) to perform disk l/F processing. The CHA controls 
communication With one or more external devices through a 
plurality of ports. The DKA controls data input/output to the 
DK 131 in the DKU 103 through the path 105. 

[0073] The DKC 102 may be con?gured by interconnect 
ing a plurality of control packages corresponding to the 
functional unit such as the CHA. Further, a SVP (supervisor 
unit) 196 including a processor for maintenance processing 
is connected to the DKC 102 in the disk array apparatus 100. 
An operator can operate the SVP 196 to perform various 
processes involving maintenance of the disk array apparatus 
100 by the SVP 196. The SVP 196 maintains con?guration 
information and fault information regarding the disk array 
apparatus 100. Additionally, the SVP 196 may install pro 
grams to be executed on each unit in the DKC 102 and set 
the con?guration of the storage volume. 

<HardWare of Disk Array Apparatus> 

[0074] FIG. 2 is a perspective vieW representing the 
external appearance of the entire hardWare of the disk array 
apparatus 100. The disk array apparatus 100 is constructed 
by a base chassis and an expansion chassis. The front of the 
base chassis is transparently vieWed from upper right direc 
tion in FIG. 2, Which represents the placement of each unit 
in the base chassis. The base chassis is the minimum 
constitutional unit and includes storage control function 
taken on the DKC 102 and storage function taken on the DK 
131. The expansion chassis is the option unit and includes 
storage function. Each chassis is communicatively con 
nected to each other through the communication cable. 

[0075] Aplurality ofbatteries 191, a plurality ofAC boxes 
192, a plurality of AC-DC poWer sources 193, a DKC box 
194, a plurality of fans 195, a SVP 196, a panel 197, a DKU 
box 198 and a plurality of fans 199 are provided from the 
bottom in the base chassis. 

[0076] The batteries 191 are connected to the AC-DC 
poWer sources 193 to serve as a backup poWer at the poWer 
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failure. The AC boxes 192 are junctions to connect an input 
AC power source and connected to the AC-DC poWer 
sources 193. The AC-DC poWer sources 193 perform 
AC/DC conversion of the input AC poWer to supply the DC 
poWer to each unit in the DKC 102. 

[0077] The DKC box 194 has structures such as a plurality 
of slots being capable of mounting control packages con 
stituting the DKC 102. The control packages are releasably 
connected through each slot and can be replaced per units of 
a control package. The control package mainly includes a 
board on Which each functional unit such as the host UP is 
packaged and is integrally modulariZed to additionally have 
electrical/mechanical mechanism such as a canister. 

[0078] The SVP 196 is formed of a laptop computer. The 
SVP 196 is usually received into the chassis and taken out 
to the front in use. In the panel 197, a sWitch for the basic 
operation of the disk array apparatus 100 and an indicator to 
indicate various information are provided. The plurality of 
fans 195 and 199 provided in the chassis transmit air to each 
unit in the chassis and each unit is air-cooled. A plurality of 
storage units such as DKs 131 constituting the DKU 300 are 
removably connected to the DKU box 198, respectively. 

<Data Processing Method> 

[0079] As the data processing method of the data process 
ing system according to the present embodiment, a process 
ing of the CCW chain 402 is summariZed beloW. Data ?oW 
betWeen each unit is represented in FIG. 1. The host 101 
issues a plurality of CCWs 401 and makes the disk array 
apparatus 100 perform processing operation and job accord 
ing to the CCW chain 402 composed of a group of CCWs 
401. The host 101 can collectively transfer the CCW chain 
402 Which are sequentially performed in the DKC 102 to the 
DKC 102 through the channel betWeen the host 101 and the 
DKC 102 and each CCW 401 is sequentially processed in 
the DKC 102. At this time, in order to make the DKC 102 
sequentially process the command, the host 101 encodes a 
plurality of CCW 401 to the code 403 in the form of one data 
stream to collectively transfer a frame 404 of the code 403 
through the channel. Then the code 403 is decoded and 
executed in the DKC 102 so that the plurality of CCW 401 
can be collectively processed. 

[0080] The host 101 creates the CCW chain 402 on a 
region of MS 112. As the CCW chain 402, for example, a 
CCW chain 802 as shoWn in FIG. 9 including the condi 
tional branch according to the state and the processing result 
of the DKC 101 is created. A part of CCW 801 of the CCW 
chain 802 includes the description of the search condition 
for the DKC 102. When the CCW chain 802 including the 
conditional branch Will be performed, the host 101 encodes 
the CCWs in the form of the code 403. 

[0081] When the CCW 402 chain does not include the 
conditional branch, the CH 113 can sequentially transfer the 
CCW chain in the form of each CCW frame 803 through the 
path 104 of the channel betWeen the DKC 102 and the PORT 
121 as in the conventional process. 

[0082] When performing the CCW chain 802 including 
the conditional branch according to the state and the pro 
cessing result in the DKC 102, the host 101 encodes a 
plurality of CCWs 401 to create one code 403 including the 
description of processing the conditional branch in the form 
of a CCW 405. 
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[0083] Then the host 101 transmits the created code 403 as 
the frame 404 of the command for batch processing to the 
DKC 102 through the path 104 of the channel. 

[0084] The DKC 102 takes out the code 403 from the 
frame 404 that is received from the host 101. Then the DKC 
102 sequentially decodes the code 403 from the beginning 
and CCW-processes each CCW 405 Which is obtained by the 
decoding. In order to control from the host 101 side the 
progress of CCW-processing in the DKC 102, the host 101 
uses the CCW 405, Which is different from the original CCW 
401, in the code 403 created by the encoding. Thereby the 
CCW chain included in the code 403 is different from the 
original CCW chain 402. 

[0085] When the controlling description of the conditional 
branch is particularly included during the processing of the 
code 403, the DKC 102 branches the CCW processing 
according to the description. For example, the DKC 102 
determines the condition according to the description of the 
condition in the parameter of the decoded command and 
performs the command to be the jumping destination based 
on the processing result. Then the DKC 102 ends the process 
by a predetermined CCW 405 according to the description. 
The DKC 102 returns status information corresponding to 
the end state and position of the process to the host 101 as 
a response according to the description. For example, the 
status information is described in the parameter of the CCW 
included in the code 403. The host 101 receives status 
information of the response from the DKC 102. Due to this, 
the host 101 recogniZes the end of the processing of a 
plurality of CCW 401 corresponding to one code 403. 

[0086] The host 101 determines the CCW that Will be 
issued subsequently based on the recognition of the end of 
process. When receiving an abnormal (error) status from the 
DKC 102 indicating that the process can not normally ended 
in batch processing of a plurality of CCW 401, the host 101 
performs an error processing corresponding to the end state 
and position of the process indicated by the return code (RC) 
of the response status and performs an recovery processing 
for the CCW at end position. 

[0087] The process of the CCW chain 402 according to the 
present embodiment Will be described in detail beloW. In the 
host 101, an IP 111 executing the programs issues the CCW 
401 and the CCW chains 402 and stores them in the region 
of the MS 112. For example, the CCW chain 802 as shoWn 
in FIG. 9 is issued. The CH 113 encodes the CCW chain 802 
by executing the encode program 115 to create one code 
403. The CH 113 transmits the created code 403 in the form 
of the frame 404 as the batch processing command to the 
PORT 121 through the path 104 of the channel to the PORT 
121 of the DKC 102 by executing a channel program. The 
PORT 121 of the DKC 102 takes out the code 403 from the 
received frame 404 and transfers the code 403 to the CP 123 
through the DTC 124. The CP 123 in the DKC 102 decodes 
the code 403 by executing the decode program 126 and 
performs the process corresponding to each CCW 405 
obtained by the decoding in accordance With the controlling 
description of the conditional branch. Ending the process of 
the code 403 corresponding to the CCW chain 802, the DKC 
102 transmits the response status including a RC represent 
ing the processing result from the PORT 121 to the CH 113. 
The host 101 refers to the RC included in the response status 
received by the CH 113 and recogniZes the processing result 



US 2006/0224795 A1 

of the CCW chain 802. The host 101 recognizes the end state 
of the process based on the response status and reports to the 
IP 111. The host 101 can specify the spot at Which the error 
occurs based on the RC and determine the next process. 

[0088] As thus discussed above, the host 101 creates the 
code 403 including the controlling description of the con 
ditional branch and transfers the code 403 to the DKC 102 
for batch process While the IP 111 and the CH 113 control 
to issue, transfer and perform a plurality of CCWs 401 
constituting the CCW chain 402. 

<Code and CCW Format> 

[0089] FIG. 3 represents an example of forming the code 
403 in the present data processing system. The table is 
comprised of items including number 301, byte (address) 
302, code 303, label 304, and command (CCW) 305 from 
the left column. The data stream created by encoding in the 
host 101 is referred to as the code 403 in the present 
embodiment. The arroWs on the right side in the table 
indicate the execution sequence of each command process 
ing, each jump and the end state. Incidentally, a CCW is 
synonymous With a command. 

[0090] The number 301 ofthe leftmost column is assigned 
for descriptive purposes for identifying the CCW in each 
column. The number 301 corresponds to one CCW and one 
step of processing/controlling but it is not necessary in the 
code 403 during being transferred. In the present embodi 
ment, data is organized by a plurality of CCWs 401 as the 
base of the code 403. The data is to be one batch processing 
unit Which is comprised of each CCW indicated by the 
numbers #1-#14. The address 302 represents an address of 
the memory area in Which the CCW is stored. The letter “x” 
in the parenthesis is hexadecimal notation of the address. 
The code 303 is a data stream including command codes and 
parameters, and is created by encoding the original CCW 
401. One code 403 is formed by connecting the items of the 
code 303. The label 304 is a name for identifying a jumping 
destination. The command 305 is a command (CCW) name 
corresponding to the CCW and the code 303 in the roW. 
Incidentally, the code 303 includes spaces in an easy-to 
understand format but the spaces are not necessary in the 
actual code 403. 

[0091] In the present embodiment, #1, #5 and #9 corre 
spond to “TEST MEM” command. #11 corresponds to 
“T&S” command. #2, #6 and #10 correspond to “Go Next” 
command. #3, #7 and #13 correspond to “ALW CRS” 
command. #4, #8, #12 and #14 correspond to “Return” 
command. The label of #5 is “Nextl” that Will be the 
jumping destination of the “Go Next” command of #2. 
“Next2” of #9 is the jumping destination of #6, and “Next3” 
of #13 is the jumping destination of #10 in the same Way. 

[0092] The content of the CCW 401 and the 405 used as 
an example in the present embodiment and the correspond 
ing process Will be described. Firstly, “TEST MEM” (test 
memory) command has the command code “8B” and the 
subsequent sub-code is “10” as shoWn in FIG. 3. The “TEST 
MEM” command has a function to compare the memory 
area in the DKC 102 With the parameter of the command to 
check Whether it is matched With the condition. The param 
eter is a conditional value for the determination. The DKC 
102 determines the code portion and CCW to be performed 
subsequently based on the check result (matching With the 
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condition or not) and according to the controlling descrip 
tion of the conditional branch. 

[0093] According to the “TEST MEM” command, the 
DKC 102 compares the parameter value of the command 
“0100 0000 0200 0001” With the value of a predetermined 
memory area in the DKC 102 (search processing). When the 
parameter value and the value of the memory area are 
matched, the DKC 102 returns a search condition matching 
status, alternatively those are not matched, the DKC 102 
returns a search condition mismatching status. 

[0094] “T&S” (test and set) command has the command 
code “8B” and the subsequent sub-code is “11”. The “T&S” 
command as Well as the “TEST MEM” command has a 
function to compare the memory area in the DKC 102 With 
the parameter of the command to check Whether it is 
matched With the condition. If the condition is matched, the 
parameter value is Written to the memory area of the DKC 
102. 

[0095] “Return” command has the command code “83” 
and the subsequent sub-code is “02”. The “Return” com 
mand has a function to normally end When the parameter 
value is “00” and add the parameter value to the RC 
representing the end state of the process and report as a 
response status to the host 101 When the parameter value is 
other than “00”. 

[0096] “Go Next” command has the command code “83” 
and the subsequent sub-code is “08”. The “Go Next” com 
mand has a function to branch the process based on the 
processing result of immediately preceding TEST com 
mands (the “TEST MEM” command and the “T&S” com 
mand), i.e. jump instruction. The conditional branch is 
controlled as folloWs. The process is sifted to the address of 
the next step When the condition is matched in the imme 
diately preceding command, i.e. at the condition matching 
status. Alternatively the process is jumped to the address 
designated by the parameter of the command When the 
condition is not matched, i.e. at the condition mismatching 
status. The encode program 115 encodes “Tic” command to 
convert into “Go Next” command that is a code portion 
described With the control of the conditional branch accord 
ing to the state and the processing result in the DKC 102. 

[0097] “ALW CRS” command has the command code 
“83” and the subsequent sub-code is “52”. The “ALW CRS” 
command has a function to change the internal state of the 
DKC 102. 

[0098] The content of the code 403 according to the 
present embodiment is described With reference to FIG. 3. 
In the CCW of #1, the code portion (303) of “TEST MEM” 
command With the command code “8B” and the sub-code 
“10” is stored in the memory area at the address “4”. The 
code 303 is “8B10 0100 0000 0200 0001” (hexadecimal 
notation). Where, “8B” is 1 byte and the entire code 303 is 
10 bytes. The parameter “0100 0000 0200 0001” of the 
command Will be a conditional value for the test. 

[0099] In the CCW of #2, the code portion of“Go Next1” 
command With the command code “83” and the sub-code 
“08” is stored in the memory area at the address “14”. The 
code 303 is “8308 0017” and its siZe is 4 bytes. The 
parameter of the command is “0017” and indicates the 
address (hexadecimal notation) corresponding to the label 
“Nextl” to be jumping destination. In the present command 
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processing, When the response status from the immediately 
preceding command #1 is the condition matching status, the 
process is jumped to the label “Nextl” to be jumping 
destination. Alternatively, When it is the condition mis 
matching status, the process is shift to the address of the next 
#3. 

[0100] In the CCW of #3, the code portion of“ALW CRS” 
command With the command code “83” and the sub-code 
“52” is stored in the memory area at the address “18”. The 
command does not have any parameter, the code 303 is 
“8352” and its siZe is 2 bytes. 

[0101] In the CCW of #4, the code portion of“Return (8)” 
command With the command code “83” and the sub-code 
“02” is stored in the memory area at the address “20”. The 
parameter of the command is “08”, the code 303 is “8302 
08” and its siZe is 3 bytes. The parameter “08” indicates the 
value “08” (decimal notation) to be the return code (RC). 
Performing the command, the DKC 102 returns the response 
status including the RC “08” to the host 101 and ends the 
process in the DKC 102. 

[0102] Next, in the CCW of #5, the code portion of “TEST 
MEM” command is stored in the memory area at the address 
“23 (x0017)” as in the #1. The label 304 of the command is 
“Next1”. The command is used to perform a test With the 
value different from the parameter value of the command of 
#1. Hereinafter the code portion of each CCW is stored in 
the memory area of #5-#8 as Well as the #1-#4. In the CCW 
of #6, the code portion of “Go Next2” command is stored in 
the memory area at the address “33”. The parameter of the 
command is “002A”. The command indicates the address 
corresponding to the label “Next2” to be the jumping 
destination. In the CCW of #7, the code portion of “ALW 
CRS” command is stored in the memory area at the address 
“37”. In the CCW of #8, the code portion of “Retum (16)” 
command is stored in the memory area at the address “39”. 
The parameter of the command is “10” and it indicates RC 
“16”. 

[0103] Next, in the CCW of #9, the code portion of “TEST 
MEM” command is stored in the memory area at the address 
“42 (x002A)”. The label 304 of the command is “Next2”. 
The command is used to perform a test With the value 
different from the parameter value of the command of #1 and 
#5. Next, in the CCW of #10, the code portion of “Go 
Next3” command is stored in the memory area at the address 
“52”. The parameter of the command is “0043”. The com 
mand indicates the address corresponding to the label 
“Next3” to be a jumping destination. 

[0104] Next, in the CCW of #11, the code portion of 
“T&S” command With the command code “8B” and the 
sub-code “11” is stored in the memory area at the address 
“56”. The parameter of the command is “lfnn nnnn nnnn” 
and indicates the value to be set to the memory area of the 
DKC 102. The code 303 ofthe command is “8B11 lfnnnnnn 
nnnn” and its siZe is 8 bytes. 

[0105] Next, in the CCW of #12, the code portion of 
“Return (00)” command is stored in the memory area at the 
address “64”. The parameter of the command is “00” and it 
indicates RC “00”. Performing the command, the DKC 102 
returns a normal status including the RC “00” to the host 101 
and ends the process. 

[0106] Next, in the CCW of #13, the code portion of 
“ALW CRS” command is stored in the memory area at the 
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address “67 (x0043)”. The command does not have any 
parameter. The code 303 is “8352” and its siZe is 2 bytes. 

[0107] Next, in the CCW of #14, the code portion of 
“Return (24)” command is stored in the memory area at the 
address “69”. The label 304 ofthe command is “Next3”. The 
parameter of the command is “18” Which indicates RC “24”. 

<Frame of Command> 

[0108] FIG. 4 represents the format of the frame 404 of a 
neW command prepared for batch processing of CCWs. The 
command is used to transfer the data (code 403) in the form 
of one frame When a plurality of CCWs are transferred and 
batch-processed. The code 403 is the parameter of the 
command for the batch processing. The command can be 
used for both of the cases that a plurality of CCWs Without 
the conditional branch are collectively transferred, and that 
the CCWs including the conditional branch are collectively 
transferred. 

[0109] The frame 404 of the command includes each ?eld 
for a command code 501 representing the command, a chain 
502 being a ?ag representing a presence or absence of chain 
and a parameter (content data) 503 of the command. The 
command code 501 is, for example, “E7” in the frame 404. 
The chain 502 is, for example, set to “Nothing”. The code 
403 created by the above encode process is set as the 
parameter 503 (content data). 
[0110] During performing a batch processing, the CCWs 
401 to be batched are encoded by the CH 113 so that the 
code 403 is created in the host 101. In the CH 113, the 
created code 403 is used for the parameter 503 of the frame 
404 With command code “E7”. The CH adds the chain 502 
and information such as source/destination addresses to the 
parameter 503 to create the frame 404. Then CH 113 
transmits the frame 404 to the PORT 121. 

<Data Processing Sequence> 

[0111] FIG. 5 represents a sequence of the data processing 
When the CCWs 401 are batch-processed betWeen the host 
101 and the DKC 102. The CH 113 ofthe host 101 transmits 
the frame 404 of the command created for batch processing 
to the PORT 121 ofthe DKC 102 in step S1. The DKC 102 
receives the frame 404 at the PORT 121 and takes out the 
code 403. Then, the PORT 121 sequentially decodes the 
code portion of the code 403. The PORT 121 determines 
each CCW 405 obtained by the decoding and transmits them 
to the CP 123, for example, through the DTC 124. The CP 
123 executes CCW process for each CCW 405. In step S2 
or S3, the PORT 121 transmits to the CH 113 the status 
information as response status according to the result of 
CCW processing. The status information includes the infor 
mation corresponding to the normal end/ abnormal end of the 
process and the information including the RC corresponding 
to the end state of the process according to the conditional 
branch. The S2 represents the case that the normal status 
including RC “00” is returned When the process is normally 
ended. The S3 represents the case that the abnormal status 
including the RC corresponding to the end state and position 
is returned When the process is abnormally ended. Receiving 
the response status from the DKC 102, the host 101 can 
recogniZe the end state and position of the process and 
determine the next process. 

[0112] The procedure of processing the code 403 Will be 
described beloW in detail. Hereinafter the code portion in 












