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SORTING SYSTEM AND METHOD EXECUTED BY 
PLURAL COMPUTERS FOR SORTING AND 

DISTRIBUTING DATA TO SELECTED OUTPUT 
NODES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a sorting process to 
be executed by a computer system, and more particularly to 
a sorting process to be executed by a plurality of computers. 

[0003] 2. Description of the Related Art 

[0004] A sorting process is one of fundamental types of 
information processing to be executed by a computer sys 
tem. A most common sorting process is to rearrange a 
plurality of records each including one or a plurality of keys, 
in a certain order (e.g., ascending or descending order) in 
accordance With the keys. 

[0005] In a sorting process for a relatively small amount of 
input data (collection of records), a computer Writes given 
input data in a buffer of a computer memory, refers to and 
compares keys of respective records to rearrange the records 
and obtain a sorted result. Such a sorting process Which uses 
only the buffer of a computer memory as data storage region 
is called internal sorting. 

[0006] In another sorting process for a relatively large 
amount of input data as compared to the capacity of a buffer, 
since all the input data cannot be Written in the buffer, the 
computer divides the input data and Writes each division 
data into the buffer to perform internal sorting and obtain the 
sorted result (hereinafter called a sorted string) Which is 
stored in an external storage. Such input data Write, internal 
sorting and sorted string storage are repeated as many times 
as the number of input data divisions. As a result, sorted 
strings corresponding in number to the number of data 
divisions are stored in the external storage. 

[0007] Next, the computer reads each portion of all the 
sorted strings from the external storage and Writes the 
portions in the buffer. The computer compares the keys of 
the records stored in the buffer to obtain a sorted result of 
each portion of all the sorted strings. Such a process for each 
portion of all the sorted strings is executed from the start to 
end of each sorted string to thereby obtain a ?nal sorted 
result of all the input data. Such a process of obtaining the 
?nal sorted result from each sorted result is called merging. 
Such a sorting process using the computer buffer and exter 
nal storage as data storage region is called external sorting. 
The external storage may be a magnetic disk, a magnetic 
tape or the like. 

[0008] Parallel processing is one type of high speed infor 
mation processing to be executed by a computer system. 
Parallel processing shortens a process time by preparing a 
plurality of resources necessary for information processing 
and performing a plurality of tasks at the same time, thereby 
attempting to reduce the processing time. As an example of 
a paralleliZed external sorting process, JP-A-8-272545 dis 
closes techniques of improving parallel processing by using 
a disk array constituted of a plurality of magnetic disks as an 
external storage and devising the storage locations of data in 
the disk array. 
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[0009] In another type of a paralleliZed external sorting 
process, a plurality of computers may be interconnected by 
a netWork to constitute one computer system and a large 
amount of input data may be sorted in parallel by a plurality 
of computers. More speci?cally, input data is distributed and 
assigned to some or all computers (hereinafter called input 
nodes) among a plurality of computers, and each input node 
externally sorts the assigned input data. The externally 
sorted result at each input node is transferred via the netWork 
to one computer (hereinafter called an output node) among 
a plurality of computers. The output node merges the sorted 
results transferred from the input nodes in a manner similar 
to dealing With externally sorted strings, to thereby obtain 
the ?nal sorted result of all the input data. 

[0010] HoWever, While the sorting process is executed in 
parallel by a computer system constituted of a plurality of 
computers, the merging process is required to be executed 
both at the input nodes and output node. Therefore, a time 
required for the merging process at an input node is added 
to a time required for the sorting process at the input node. 
The merging process at an input node may delay or hinder 
another task at the input node. 

[0011] If a netWork interconnecting computers cannot 
operate at high speed, a time to transfer, via such a netWork, 
the externally sorted result at an input node to the output 
node may pose some problem. For example, if a netWork is 
a LAN having a transfer speed of 100 M bits/sec such as 100 
Base-T, the data transfer speed is about 12.5 M bytes/sec or 
loWer. It takes therefore about a threefold transfer time, as 
compared to about 40 M bytes/sec or loWer of an ultra Wide 
SCSI Which is commonly used I/O speci?cations. If a 
plurality of computers are interconnected by a netWork 
operating at not so high a speed, a ratio of the data transfer 
time to the sorting process time may become large. 

SUMMARY OF THE INVENTION 

[0012] It is an object of the present invention to provide a 
sorting system and method capable of executing parallel 
sorting processes at a plurality of computers in high speed by 
shortening the sorting process time. 

[0013] A ?rst sorting system of this invention comprises: 
a plurality of input nodes; one output node; and a shared 
external storage unit connected betWeen each of the input 
units and the output unit. Each of the input units comprises: 
a ?rst buffer; means for storing sorting target data in the ?rst 
buffer; means for internally sorting data in the ?rst buffer in 
accordance With a predetermined sorting rule; and means for 
storing as a sorted string an internally sorted result in the 
shared external storage unit. The output node comprises: a 
second buffer; means for storing, in the second buffer, the 
sorted string stored in the shared external storage unit; 
means for merging a plurality of sorted strings stored in the 
second buffer in accordance With the predetermined sorting 
rule; and means for outputting a merged result as a sorted 
result. 

[0014] A second sorting system of the invention com 
prises: a plurality of input nodes; a plurality of output nodes; 
and a shared external storage unit connected betWeen each 
of the input units and each of the output units. Each of the 
input units comprises: a ?rst buffer; means for storing 
sorting target data in the ?rst buffer; means for internally 
sorting data in the ?rst buffer in accordance With a prede 
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termined sorting rule; means for classifying data in the ?rst 
buffer in accordance With a predetermined classi?cation 
rule; and means for storing as a sorted string an internally 
sorted result in the shared external storage unit in accor 
dance With the predetermined classi?cation rule. The output 
node comprises: a second buffer; means for storing, in the 
second buffer, the sorted string stored in the shared external 
storage unit; means for merging a plurality of sorted strings 
stored in the second buffer in accordance With the predeter 
mined sorting rule; and means for outputting a merged result 
as a sorted result. 

[0015] In the ?rst and second sorting systems, the input 
node may further comprise means for notifying a merge 
instruction to the output node, and the output node may 
further comprise means for receiving the merge instruction. 

[0016] A third sorting system of the invention comprises: 
a plurality of nodes; a dedicated external storage unit 
provided for each of the plurality of nodes; and a shared 
external storage unit provided betWeen each pair of nodes of 
the plurality of nodes. At least one node among the plurality 
of nodes comprises: a ?rst buffer; means for storing sorting 
target data in the ?rst buffer; means for internally sorting 
data in the ?rst buffer in accordance With a predetermined 
sorting rule; means for sorting as a sorted string an internally 
sorted result in the dedicated external storage unit; a second 
buffer; means for storing, in the second buffer, the sorted 
string stored in the shared external storage unit and the 
dedicated external storage unit; means for merging a plu 
rality of sorted strings stored in the second buffer in accor 
dance With the predetermined sorting rule; and means for 
outputting a merged result as a sorted result. 

[0017] Afourth sorting system of the invention comprises: 
a plurality of nodes; a dedicated external storage unit 
provided for each of the plurality of nodes; and a shared 
external storage unit provided betWeen each pair of nodes of 
the plurality of nodes. At least one node among the plurality 
of nodes comprises: a ?rst buffer; means for storing sorting 
target data in the ?rst buffer; means for internally sorting 
data in the ?rst buffer in accordance With a predetermined 
sorting rule; means for classifying data in the ?rst buffer in 
accordance With a predetermined classi?cation rule; means 
for sorting as a sorted string an internally sorted result in the 
dedicated external storage unit in accordance With the pre 
determined classi?cation rule; a second buffer, means for 
storing, in the second buffer, the sorted string stored in the 
shared external storage unit and the dedicated external 
storage unit; means for merging a plurality of sorted strings 
stored in the second buffer in accordance With the predeter 
mined sorting rule; and means for outputting a merged result 
as a sorted result. 

[0018] In the third and fourth sorting systems, the ?rst and 
second buffers may be the same buffer. At least one of the 
plurality of nodes may further comprise means for notifying 
another output node of a merge instruction and means for 
receiving the merge instruction from the other node. 

[0019] A ?rst sorting method of the invention for a sorting 
system having a plurality of input nodes, one output node, 
and a shared external storage unit connected betWeen each 
of the input units and the output unit, comprises the steps of: 
storing sorting target data in the input node and internally 
sorting the sorting target data in accordance With a prede 
termined sorting rule; storing as a sorted string an internally 
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sorted result in the shared external storage unit; and reading 
the sorted string from the shared external storage unit, 
storing the sorted string in the output node, and merging the 
sorted string in accordance With the predetermined sorting 
rule. 

[0020] A second sorting method of the invention for a 
sorting system having a plurality of input nodes, a plurality 
of output nodes, and a shared external storage unit connected 
betWeen each of the input units and each of the output units, 
comprises the steps of: storing sorting target data in each of 
the input nodes; classifying and internally sorting the read 
sorting target data in accordance With a predetermined 
classi?cation rule and a predetermined sorting rule; distrib 
uting and storing a classi?ed and sorted result in the shared 
external storage units shared With the output nodes in 
accordance With the predetermined classi?cation rule; per 
forming a process from the storing step to the distributing 
and storing step for all sorting target data; and thereafter 
reading the sorted string from the shared external storage 
units shared With the input nodes and storing the sorted 
string in each output node, and merging the sorted string in 
accordance With the predetermined sorting rule. 

[0021] A third sorting method of the invention for a 
sorting system having a plurality of nodes, a dedicated 
external storage unit provided for each of the plurality of 
nodes, and a shared external storage unit provided betWeen 
each pair of nodes of the plurality of nodes, comprises the 
steps of: storing sorting target data in each of the input nodes 
and internally sorting the sorting target data in accordance 
With a predetermined sorting rule; storing, as a sorted string, 
an internally sorted result in the dedicated or shared external 
storage unit; performing the internal sorting step and the 
sorted string storing step for all sorting target data; and 
thereafter reading each sorted string from the dedicated and 
shared external storage units at one of the plurality of nodes 
and merging each sorted string in accordance With the 
predetermined sorting rule. 
[0022] A fourth sorting method of the invention for a 
sorting system having a plurality of nodes, a dedicated 
external storage unit provided for each of the plurality of 
nodes, and a shared external storage unit provided betWeen 
each pair of nodes of the plurality of nodes, comprises the 
steps of: storing sorting target data in at least one of the 
plurality of nodes; classifying and internally sorting the read 
sorting target data in accordance With a predetermined 
classi?cation rule and a predetermined sorting rule; distrib 
uting and storing as a sorted string a classi?ed and internally 
stored result in the dedicated or shared external storage unit 
in accordance With the classi?cation rule; performing a 
process from the storing step to the distributing and storing 
step for all sorting target data; and thereafter reading each 
sorted string from the dedicated and shared external storage 
units at one of the plurality of nodes and merging each sorted 
string in accordance With the predetermined sorting rule. 

[0023] In the third and fourth sorting methods, at least one 
node may have the same buffer to be used for storing the 
sorting storage data and storing the sorted string. 

[0024] The input node, output node, and other nodes 
correspond, for example, to general computers. The dedi 
cated and shared external storage units correspond, for 
example, to a magnetic disk drive. The ?rst and second 
buffers and other buffers may use, for example, a portion of 
a main storage of each computer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a block diagram of a ?rst sorting system 
of the invention. 

[0026] FIG. 2 is a How chart illustrating the main sorting 
processes to be executed by the ?rst sorting system. 

[0027] FIG. 3 shoWs an example of a system con?gura 
tion information table of the ?rst sorting system. 

[0028] FIG. 4 shoWs an example of a record information 
table. 

[0029] FIG. 5 is a How chart illustrating a process of 
reading sorting target data. 

[0030] FIG. 6 is a How chart illustrating a process of 
storing a sorted string in a shared disk 500 to be executed by 
the ?rst sorting system. 

[0031] 
header. 

FIG. 7 shoWs an example of a sorted string storing 

[0032] FIG. 8 shoWs an example of sorted string storing 
information. 

[0033] FIG. 9 is a How chart illustrating a process of 
reading a sorted result to be executed by the ?rst sorting 
system. 

[0034] FIG. 10 is a How chart illustrating a process of 
merging and outputting a sorted result to be executed by the 
?rst sorting system. 

[0035] FIG. 11 is a block diagram of a second sorting 
system of the invention. 

[0036] FIG. 12 shoWs an example of a system con?gu 
ration information table of the second sorting system. 

[0037] FIG. 13 is a How chart illustrating an internal 
sorting process to be executed by the second sorting system. 

[0038] FIG. 14 is a How chart illustrating a process of 
storing a sorted string to be executed by the second sorting 
system. 

[0039] FIG. 15 is a block diagram of a third sorting 
system of the invention. 

[0040] FIG. 16 is a How chart illustrating the main sorting 
processes to be executed by the third sorting system. 

[0041] FIG. 17 shoWs an example of a system con?gu 
ration information table of the third sorting system. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0042] Embodiments of the invention Will be described in 
detail With reference to the accompanying draWings. 

[0043] (1st Embodiment) 
[0044] FIG. 1 is a block diagram of a ?rst sorting system 
of the invention. As shoWn in FIG. 1, this system includes 
input node 100, input local disks 200, an output node 300, 
an output local disk 400, and shared disks 500. The input 
nodes 100 and output node 300 are general computers such 
as PC and Work stations. The input local disks 200, output 
local disk 400 and shared disks 500 are general external 
storage devices such as a magnetic disk device. 
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[0045] This system has a plurality of input nodes 100 and 
a single output node 300. The shared disk 500 is provided 
betWeen the output node 300 and each input node 100. 
Namely, there are shared disks same in number as the 
number of input nodes 100. 

[0046] The input node 100 has an input node CPU 101, an 
input information negotiation unit 102, a data reading unit 
103, an internal sorting unit 104, a shared disk Writing unit 
105, a merge instructing unit 106, an internal sorting buffer 
110, an IO bus interface (I/F) 600 and a netWork interface 
(I/F) 700. The input local disk 200 is connected via an IO 
bus 610 to the IO bus I/F 600 of the input node 100. 

[0047] The input information negotiation unit 102, data 
reading unit 103, internal sorting unit 104, shared disk 
Writing unit 105 and merge instructing unit 106 are realiZed, 
for example, by execution of softWare stored in an unrep 
resented memory by the input node CPU 101. The internal 
sorting buffer 110 is realiZed, for example, by using part of 
a memory Which the input CPU 101 uses for the execution 
of softWare, or by preparing a dedicated memory. 

[0048] The output node 300 has an output node CPU 301, 
an output information negotiation unit 302, a merge instruc 
tion receiving unit 303, a shared disk reading unit 304, a 
merge unit 305, a sorted result output unit 306, a merge 
buffer 310, an IO bus I/F 600 and a netWork I/F 700. The 
output local disk 400 is connected via an IO bus 610 to the 
IO bus I/F 600 of the output node 300. 

[0049] The output information negotiation unit 302, merge 
instruction receiving unit 303, shared disk reading unit 304, 
merge unit 305 and sorted result output unit 306 are realiZed, 
for example, by execution of softWare stored in an unrep 
resented memory by the output node CPU 301. The merge 
buffer 310 is realiZed, for example, by using part of a 
memory Which the output CPU 301 uses for the execution of 
softWare, or by preparing a dedicated memory. 

[0050] Each of the plurality of input nodes 100 and target 
data stored in the input local disk 200 and stores the division 
data in the internal sorting buffer 110 (S1020). The stored 
data is internally sorted to generate a sorted result (sorted 
string) (S1030), and the sorted string is stored in the shared 
disk 500 (S1040). The input node 100 checks Whether all the 
sorting target data assigned to the input node 100 has been 
processed and stored (S1050). If there is still sorting target 
data not processed, the input node 100 repeats the above 
described Steps S1020 to S1040. If all the sorting target data 
assigned to the input node 100 has been completely pro 
cessed, the input node 100 instructs the output node 300 to 
execute a merging process (S1060). 

[0051] If the output node 300 receives the merge instruc 
tion from all input nodes 100 (S1070), the output node 300 
reads a portion of each of a plurality of sorted strings from 
the shared disk 500 and Writes the read portions in the merge 
buffer 310 (S1080). The output node 300 compares the keys 
of records stored in the merge buffer 310 to obtain a Whole 
sorted result of the records (S1090), and stores the sorted 
result in the output local disk 400 (S1100). The output node 
300 checks Whether all the sorted strings stored in the shared 
disk 500 have been completely processed (S1110). If there 
is still sorted strings not processed, the output node 300 
repeats the above-described Steps S1080 to S1100. With the 
above-described processes executed by the input and output 
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nodes 100 and 300, the ?nal sorted result of all the sorting 
target data divisionally stored in the plurality of input local 
disks 200 can be obtained. 

[0052] The details of each process Will be given in the 
following. 

[0053] First, the management information negotiation pro 
cess Will be described. This process generates and negotiates 
management information necessary for the sorting process, 
prior to executing the actual sorting process. 

[0054] The input information negotiation unit 102 of each 
input node 100 and the output information negotiation unit 
302 of the output node 300 generate, negotiate and store 
management information necessary for the sorting process, 
by using information preset by a user or the like and 
information exchanged betWeen the input and output infor 
mation negotiation units 102 and 302 via the netWork 710. 
The management information necessary for the sorting 
process includes information stored in a system con?gura 
tion information table Which stores data of the system 
con?guration of the sorting system, information stores in a 
record information table Which stores data of the sorting 
target records, and other information. 

[0055] FIG. 3 shoWs an example of the system con?gu 
ration table. Referring to FIG. 3, a“node name” is a name 
assigned to each node. An “item” and “contents” at each 
node indicate the con?guration information at each node to 
be used for the sorting process. For example, a the single 
output node 300 is connected via the netWork I/F 700 to the 
netWork 710. Each of the shared disks 500 is connected via 
the IO bus 610 to the IO bus I/F 600 of each of the input 
nodes 100 and output node 300. 

[0056] In this system, data to be sorted (sorting target data) 
is divisionally assigned to the plurality of input nodes 100 
and stored in the input local node disk 200 of each input 
node 100. The amount of sorting target data stored in each 
local disk 200 is herein assumed to be larger than the 
capacity of the internal sorting buffer 110 of each input mode 
100. The sorting target data is a collection of records each 
including one or a plurality of keys to be used for a sorting 
process. In this system, the ?nal sorted result is stored in the 
output local disk 400 of the output disk 300. 

[0057] Next, the sorting process to be executed by the 
sorting system Will be described. 

[0058] First, the main sorting processes to be executed by 
the sorting system Will be described, and the details of each 
process Will be later given. FIG. 2 is a How chart illustrating 
the main sorting processes to be executed by the sorting 
system. First, When a user or the like instructs the sorting 
system to start the sorting process, the input nodes 100 and 
output node 300 generate and negotiate management infor 
mation necessary for the sorting process, prior to executing 
the actual sorting process (S1010). 

[0059] Next, each input node 100 divides the sorting 
“netWork number” in an “input node #1” is an identi?cation 
number of the input node #1 in the netWork 710 (in the 
example shoWn in FIG. 3, N1). A “shared disk number for 
connection to output node” is an identi?cation number of a 
shared disk connected to the output node, among the disks 
of the input node #1 (in the example shoWn in FIG. 3, D1). 
A “input local disk number” is an identi?cation number of 
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the disk for storing the sorting target data, among the disks 
of the input node #1 (in the example shoWn in FIG. 3, D4). 
A “sorting target data ?le name” is the name of a ?le of the 
sorting target data stored in the input local disk (in the 
example shoWn in FIG. 3, A “record name” is the 
name assigned to the record type of the sorting target data (in 
the example shoWn in FIG. 3, A“shared disk number 
for connection to input node #1” is an identi?cation number 
of the disk for the connection to the input node #1, among 
the disks connected to the input nodes (in the example 
shoWn in FIG. 3, D1). An “output local disk number” of the 
output node is an identi?cation number of the disk for 
storing the sorted result, among the disks of the output node 
(in the example shoWn in FIG. 3, D7). 

[0060] FIG. 4 shoWs an example of the record information 
table. In FIG. 4, a“record name” is a name assigned to a 
record type. This record name (type) is stored in the item 
“record name” of the system con?guration table shoWn in 
FIG. 3. 

[0061] In this record information table, a “record siZe” is 
a siZe (number of bytes) of a unit record. A “record item 
number” is the number of items constituting a record unit. 
An “item siZe” in each of “item #1” to “item #5” is a siZe 
(number of bytes) of each item. An “item type” is a type of 
data in the item. A “use as key” indicates Whether the item 
is used as the key for rearranging record units in the sorting 
process, i.e., Whether rearrangement is performed in accor 
dance With the contents in the item. A “key priority order” 
is a priority order of items among a plurality of items to be 
used for rearrangement Which is performed in the higher 
priority order. The record used in the record information 
table shoWn in FIG. 4 is a ?xed length record. One record 
unit has 60 bytes including 16-byte “item #1”, 32-byte “item 
#2”, and 4-byte “item #3”, “item #4” and “item #5”. 

[0062] After the management information necessary for 
the sorting process is prepared by the above-described 
management information negotiation process, a sorting tar 
get data reading process is executed. FIG. 5 is a How chart 
illustrating the sorting target data reading process. Before 
the sorting target data reading process starts, the data reading 
unit 103 of each input node 100 checks Whether the ?le 
name of the sorting target data is already acquired (S1130). 
If not, the ?le name of the sorting target data is acquired 
from the system con?guration information table (S1140). 

[0063] Next, the amount of unprocessed sorting target data 
stored in the input local disk 200 is checked (S1150) and it 
is checked Whether the amount of unprocessed data is larger 
than the capacity of the internal sorting buffer 110 (S1160). 
If larger, the unprocessed sorting target data corresponding 
in amount to the capacity of the internal sorting buffer 110 
is read from the input local disk 200 and Written in the 
internal sorting buffer 110 (S1170). If the amount of unproc 
essed data is equal to or smaller than the capacity of the 
internal sorting buffer 110, all the unprocessed sorting target 
data is read from the input local disk 200 and Written in the 
internal sorting buffer 110 (S1180). 

[0064] After the unprocessed sorting target data is Written 
in the internal sorting buffer 110 in the above manner, the 
internal sorting process is performed for the data stored in 
the internal sorting buffer 110. The internal sorting means at 
each input node 100 internally sorts the sorting target data 
stored in the internal sorting buffer 110 to rearrange records 
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in accordance With one or a plurality of keys contained in the 
records. The sorted result of the data stored in the internal 
sorting buffer 110 is therefore obtained. This rearrangement 
is performed in accordance With a predetermined sorting 
rule to rearrange the records in a key order such as an 
ascending or descending order. 

[0065] After the internal sorting process for the data 
Written in the internal sorting buffer 110 is completed in the 
above manner, a sorted string storing process is performed 
to store the internally sorted result of the data in the internal 
sorting buffer 110, in the shared disk 500 as a sorted string. 

[0066] FIG. 6 is a How chart illustrating a process of 
storing a sorted string in the shared disk. The shared disk 
Writing unit 105 of each input node 100 generates a sorted 
string storing header (S1200), and Writes as a sorted string 
the header and the internally sorted result of the data in the 
internal sorting buffer 110 into the shared disk 500 (S1210) 
to then update the sorted string storing information in the 
shared disk 500 (S1220). 

[0067] FIG. 7 is a diagram shoWing an example of the 
sorted string storing header. As shoWn in FIG. 7, the sorted 
string storing header has ?elds of “output destination node 
name”, “sorted string storing number”, “generation date/ 
time” and “record number”. The “output destination node 
name” is the name of the output node 300 connected to the 
shared disk 500. The “sorted string storing number” is a 
serial number sequentially assigned to each sorted string 
When the sorted string is generated and Written. The “gen 
eration data/time” is the date and time When each sorted 
string is generated. The “record number” is the number of 
records contained in each sorted string. 

[0068] FIG. 8 is a diagram shoWing an example of sorted 
string storing information. This sorted string storing infor 
mation is information on the sorted strings Written in the 
shared disk 500, and is provided for each shared disk 500. 
As shoWn in FIG. 8, the sorted string storing information 
includes an “output destination node name”, an “update 
date/time” and a “sorted string storing number”. The “output 
destination node name” is the name of the output node 300 
connected to the shared disk 500 Which stores the sorted 
string storing information. The “update date/time” is the date 
and time When the sorted string storing information is 
updated When a sorted string is Written. The “sorted string 
storing number” is the number of sorted strings stored in the 
shared disk 500 for the output destination node. 

[0069] The above-described processes from reading sort 
ing target data to storing a sorted string in the shared disk are 
repeated by each input node 100 until all the sorting target 
data stored in the input local disk is completely processed. 
After each input node 100 completely processes all the 
sorting target data stored in the input local disk and stores 
the sorted strings in the shared disk 500, the merge instruct 
ing unit 106 of the input node 100 instructs the output node 
300 to execute the merging process. 

[0070] Next, a sorted string reading process Will be 
described, Which is executed When the output node 300 
receives the merge instruction from all the input nodes 100. 
FIG. 9 is a How chart illustrating a process of reading a 
sorted string from the shared disk 500. When the merge 
instruction receiving unit 303 of the output node 300 
receives a merge instruction from the input node 100 via the 
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netWork 710 (S1240), it checks Whether the merge instruc 
tion has been received from all the input nodes (S1250). If 
there is an input node from Which the merge instruction is 
still not received, the merge instruction receiving unit 303 
stands by until the merge instruction is received from all the 
input nodes. When the merge instruction is received from all 
the input nodes 100, the shared disk reading unit 304 reads 
the sorted string storing information in each shared disk 500 
connected to the output node 300 (S1260) to check the total 
number of sorted strings stored in all the shared disks 500. 
A quotient is calculated by dividing the capacity of the 
merge buffer 310 by the total number of sorted strings. This 
quotient is used as the capacity of the merge buffer 310 to 
be assigned to each sorted string (S1270). 

[0071] After the capacity of the merge buffer to be 
assigned to each sorted string determined, the shared disk 
reading unit 304 selects one of sorted strings to be pro 
cessed, and refers to the sorted string storing header of the 
selected sorted string to check the siZe of the sorted string. 
This siZe is set as an initial value of the unprocessed amount 
of the sorted string. It is then checked Whether the unproc 
essed amount of the sorted string is larger than the assigned 
buffer capacity (S1290). If the unprocessed amount of the 
sorted string is larger than the assigned buffer capacity, the 
unprocessed sorted string corresponding in amount to the 
assigned buffer capacity is read from the shared disk 500 and 
Written in the merge buffer 310 (S1300). If the unprocessed 
amount of the sorted string is equal to or smaller than the 
assigned buffer capacity, all the unprocessed sorted string is 
read from the shared disk 500 and Written in the merge buffer 
310 (S1310). Reading the unprocessed sorted string is 
performed starting from the top of the sorted string to the last 
in the sorted order. The read unprocessed portion of the 
sorted string is called a sorted segment Which constitutes the 
unprocessed sorted string. 

[0072] After the sorted segment of one sorted string is 
stored in the merge buffer 310, it is checked Whether the 
sorted segments of all the sorted strings to be processed have 
been read (S1320). If there is a sorted string Whose segment 
is still not read, the above-described Steps S1280 to S1310 
are repeated. In this manner, the sorted segments of the 
sorted strings stored in all the shared disks 500 are read and 
Written in the merge buffer 310. 

[0073] After the sorted segments are completely Written in 
the merge buffer 310 in the above manner, a merging process 
and a ?nal sorted result outputting process are performed for 
the data stored in the merge buffer 310. FIG. 10 is a How 
chart illustrating the merging/sorted result outputting pro 
cess. The merging unit 305 of the output node 300 ?rst sets 
a pointer to a record in the sorted segment of each sorted 
string stored in the merge buffer 310 (S1330). The initial 
value of the pointer immediately after each sorted segment 
is read is assumed to be the start record of the sorted 
segment. 

[0074] Next, the merging unit 305 compares the keys of 
records designated by pointers of all the sorted segments in 
the merge buffer 310 in accordance With a predetermined 
sorting rule, and passes the pointer to the record at the 
earliest position in accordance With the predetermined sort 
ing rule, to the sorted result outputting unit 306 (S1340). The 
sorted result outputting unit 306 Writes the record corre 
sponding to the received pointer in the output local disk 400 


















