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º·¤Ñ´ÂèÍ

º·¤ÇÒÁÇÔ̈ ÑÂ¹Õéà»ç¹¡ÒÃÈÖ¡ÉÒÇÔà¤ÃÒÐËì¤ÇÒÁà»ç¹ä»ä é́¢Í§¡ÒÃ»ÃÐÂØ¡µì¾ÕÇÕàÍçÁ (Parallel Virtual
Machine: PVM) à¾×èÍÊ¹ÑºÊ¹Ø¹ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂ ¡ÒÃà¾ÔèÁ»ÃÐÊÔ·¸ÔÀÒ¾
¢Í§¡ÒÃ»ÃÐÁÇÅ¼Å¢éÍÁÙÅ é́ÇÂ¡ÒÃãªé·ÃÑ¾ÂÒ¡Ã·ÕèÁÕÍÂÙè ¡ÒÃ¹Óà¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìµèÒ§æ ÁÒàª×èÍÁµèÍ áÅÐ
ãËé·Ó§Ò¹ÃèÇÁ¡Ñ¹ ¢éÍÁÙÅ·ÕèÁÕ¢¹Ò´ãË­èáÅÐ«Ñº«éÍ¹ÊÒÁÒÃ¶¨Ñ´áºè§ÍÍ¡à»ç¹ÊèÇ¹æ ´éÇÂ¡ÒÃãªé¾ÕÇÕàÍçÁ
à¾×èÍãËéÊÒÁÒÃ¶»ÃÐÁÇÅ¼Å¾ÃéÍÁæ ¡Ñ¹ º·¤ÇÒÁÇÔ¨ÑÂ¹Õéà¹é¹¡ÒÃ¹ÓÊÔè§·ÕèÁÕÍÂÙèáÅéÇ¡ÅÑºÁÒãªéãËÁè
(reusability) ÁÒ¡¡ÇèÒ¡ÒÃ·ÓãËÁèµÑé§áµèàÃÔèÁµé¹ (build from scratch)â´Âãªé POSTGRES «Öè§à»ç¹ÃÐºº
¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ì áÅÐ¾ÕÇÕàÍçÁà»ç¹¡ÒÃ»ÃÐÁÇÅ¼ÅàªÔ§¢¹Ò¹ (parallel processing) ãËéä´éÁÒ
«Öè§ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂ Ê¶Ò»ÑµÂ¡ÃÃÁ¢Í§ÃÐºº»ÃÐ¡Íº´éÇÂ 2 ÊèÇ¹¤×Í
ÊèÇ¹ÃÐºº Ñ́̈ ¡ÒÃ°Ò¹¢éÍÁÙÅ áÅÐÊèÇ¹» Ô̄ÊÑÁ¾Ñ¹ ì̧ÃÐËÇèÒ§¼Ùéãªé¡ÑºÃÐºº â´Âãªé POSTGRES áÅÐ¾ÕÇÕàÍçÁ
µÒÁÅÓ´Ñº

¡ÒÃÍÍ¡áººÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ ÁÕ¨Ø´à´è¹¤×Í
¡ÒÃ»ÃÐÂØ¡µì system catalog ·Õè¾Ñ²¹Òã¹ÃÐºº POSTGRES áµèÍÂèÒ§äÃ¡çµÒÁ¨Óà»ç¹µéÍ§¾Ñ²¹Ò
â»Ãá¡ÃÁ·Õèãªé̈ Ñ́ ¡ÒÃâÍ¹ÂéÒÂ¢éÍÁÙÅÃÐËÇèÒ§ÃÐºº·Ñé§ÊÍ§ â´Â¡ÒÃÃÇÁâ¤é́ ÀÒÉÒÊÍº¶ÒÁàªÔ§â¤Ã§ÊÃéÒ§
(embedded SQL) ÀÒÂãµéÊÀÒ¾áÇ´ÅéÍÁ¢Í§¾ÕÇÕàÍçÁ à¹×èÍ§¨Ò¡Ê¶Ò»ÑµÂ¡ÃÃÁ¢Í§¾ÕÇÕàÍçÁ»ÃÐ¡Íº é́ÇÂ
àÇÔÃì¡ÊàµªÑ¹·ÕèÁÕ¤ÇÒÁáµ¡µèÒ§¡Ñ¹ (heterogeneous workstations) àª×èÍÁµèÍà»ç¹à¤Ã×Í¢èÒÂâ´Âãªé
ÃÐºº»¯ÔºÑµÔ¡ÒÃÂÙ¹Ô¡«ì ´Ñ§¹Ñé¹ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ¨Ö§ãËé
¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¢éÒ¶Ö§¢éÍÁÙÅã¹àÇÔÃì¡ÊàµªÑ¹·ÕèÁÕ¤ÇÒÁáµ¡µèÒ§¡Ñ¹ä é́ ¹Í¡¨Ò¡¹Ñé¹¡ÒÃ Ñ́̈ à¡çº¢éÍÁÙÅ
ä´éãªéà·¤¹Ô¤¢Í§¡ÒÃáºè§¢éÍÁÙÅÍÍ¡à»ç¹ÊèÇ¹æ (data partitioning) áÅÐáÂ¡¨Ñ´à¡çºµÒÁàÇÔÃì¡ÊàµªÑ¹
·ÕèÁÕ¤ÇÒÁáµ¡µèÒ§¡Ñ¹
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Distributed Relational Database Management
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Abstract

The possibility of enhancing parallel virtual machine (PVM) to support the distributed
relational database management system (DRDBMS) can be realised by employing POSTGRES.
The processing power can be increased by connecting the existing computers together. Large and
complex data can be divided into portions, which are concurrently manipulated by using PVM.
The work employs the reusability of POSTGRES to support relational database management
system and PVM to support parallel processing. The utilization of these both systems brings about
distributed relational database management system. The architecture of this system is twofold: data
management and user interface. POSTGRES is employed to manage the data, whereas PVM is
employed as an interface between users and the database system.

The design of distributed relational database management system on PVM requires additional
programming to manage the data such as accessing and storing the data. Structured query language
(SQL) is embedded to PVM. PVM is composed of heterogeneous workstations, which run by
UNIX operating system; therefore, it is easier to access the distributed data from any heterogeneous
workstation. The technique of data partitioning, which divides the data into portions, is also
addressed.

Keywords : Distributed Relational Database Management System / Parallel Processing/ PVM /
POSTGRES / SQL / Data Partitioning
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º·¹Ó
à·¤â¹âÅÂÕÊÒÃÊ¹à·È à»ç¹»Ñ¨¨ÑÂÊÓ¤Ñ­ÊÔ è§Ë¹Ö è§·Õ èªèÇÂÊ¹ÑºÊ¹Ø¹¡ÒÃá¢è§¢Ñ¹·Ò§¸ØÃ¡Ô¨

ãËé»ÃÐÊº¤ÇÒÁÊÓàÃç¨â´Âà©¾ÒÐã¹ÀÒÇÐàÈÃÉ°¡Ô¨½×´à¤×Í§ ¡ÒÃä´éÁÒ«Öè§ÊÒÃÊ¹à·È·Õè¶Ù¡µéÍ§ »Ñ¨¨ØºÑ¹
·Ñ¹ÊÁÑÂ áÅÐÃÇ´àÃçÇ¨Ð·ÓãËéä´éà»ÃÕÂº·Ò§¸ØÃ¡Ô¨ ¨Óà»ç¹µéÍ§»ÃÐÂØ¡µìÃÐºº°Ò¹¢éÍÁÙÅà¾×èÍªèÇÂ
¡ÒÃºÃÔËÒÃ§Ò¹ à¾ÃÒÐÊÒÁÒÃ¶ªèÇÂãËéà¡Ố ¤ÇÒÁÊÐ´Ç¡ÃÇ´àÃçÇµèÍ¡ÒÃ¤é¹ËÒ¢éÍÁÙÅ áÅÐ¡ÒÃãªé«Í¿µìáÇÃì
ÃÐºº»¯ÔºÑµÔ¡ÒÃà»ç¹µÑÇ»ÃÐÊÒ¹¡ÒÃ·Ó§Ò¹ÃÐËÇèÒ§ÎÒÃì´áÇÃìµèÒ§æ ¡Ñº«Í¿µìáÇÃìÃÐºº¨Ñ´¡ÒÃ
°Ò¹¢éÍÁÙÅ ¡ÒÃ»ÃÐÁÇÅ¼Å¢éÍÁÙÅ´éÇÂà¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃì·ÕèµéÍ§¡ÒÃ¤ÇÒÁÃÇ´àÃçÇáÅÐ¶Ù¡µéÍ§ â´Âãªé
à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃì·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÊÙ§ ÃÇÁ¶Ö§¤ÇÒÁµéÍ§¡ÒÃ«Í¿µìáÇÃìÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅ
·ÕèÊ¹ÑºÊ¹Ø¹¡ÒÃ·Ó§Ò¹º¹à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃì·ÕèÁÕá¾Åµ¿ÍÃìÁËÅÒ¡ËÅÒÂä´é »Ñ­ËÒ´éÒ¹§º»ÃÐÁÒ³
¡ÒÃ Ñ́̈ ËÒà¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃì·ÕèÁÕ»ÃÐÊÔ· Ô̧ÀÒ¾ÊÙ§ Ñ́§¡ÅèÒÇÊÒÁÒÃ¶¡ÃÐ·Óâ´Âãªé¾ÕÇÕàÍçÁ (Parallel Virtual
Machine: PVM) «Öè§à»ç¹«Í¿µìáÇÃìÃÐºº·ÕèãËé¡ÒÃÊ¹ÑºÊ¹Ø¹¡ÒÃ»ÃÐÁÇÅ¼ÅàªÔ§¢¹Ò¹ â´Â¹Óà¤Ã×èÍ§
¤ÍÁ¾ÔÇàµÍÃì·ÕèµèÒ§á¾Åµ¿ÍÃìÁÁÒàª×èÍÁµèÍ¡Ñ¹à»ç¹à¤Ã×Í¢èÒÂÀÒÂãµéÃÐºº»¯ÔºÑµÔ¡ÒÃÂÙ¹Ô¡«ì (UNIX)
àÊÁ×Í¹¡Ñºà»ç¹à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìà¤Ã×èÍ§à´ÕÂÇ·ÕèÃÇÁ¤ÇÒÁÊÒÁÒÃ¶¢Í§·Ø¡à¤Ã×èÍ§à¢éÒ´éÇÂ¡Ñ¹ ¾ÕÇÕàÍçÁ
ä´é¾Ñ²¹Ò¢Öé¹ÁÒâ´Â¡ÅØèÁ¹Ñ¡ÇÔ¨ÑÂ¢Í§ Oak Ridge National Laboratory áËè§ÁËÒÇÔ·ÂÒÅÑÂ Tennessee
áÅÐÁÕ¡ÒÃãªé§Ò¹á¾ÃèËÅÒÂ à»ç¹«Í¿µìáÇÃì·ÕèÁÕ¤ÇÒÁ¹èÒàª×èÍ¶×Íä é́ÊÙ§áÅÐ Ñ́̈ ËÒä é́â´ÂäÁèàÊÕÂ¤èÒãªé̈ èÒÂ [1]
ÊèÇ¹»Ñ­ËÒ¢Í§ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅãËéÊÒÁÒÃ¶Ê¹ÑºÊ¹Ø¹¡ÒÃ·Ó§Ò¹º¹à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃì·ÕèÁÕ
á¾Åµ¿ÍÃìÁáµ¡µèÒ§¡Ñ¹¡ÃÐ·Óâ´Â»ÃÐÂØ¡µì POSTGRES  «Öè§à»ç¹ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ì
·Õè·Ó§Ò¹ÀÒÂãµéÊ¶Ò»ÑµÂ¡ÃÃÁáººä¤ÅàÍç¹·ì/à«ÔÃì¿àÇÍÃì ãËéÊÒÁÒÃ¶·Ó§Ò¹ÃèÇÁ¡Ñº¾ÕÇÕàÍçÁ«Öè§ÁÕÅÑ¡É³Ð
Ê¶Ò»ÑµÂ¡ÃÃÁà»ç¹áºº Shared-Nothing ä é́ [2] [3] POSTGRES à»ç¹ÃÐºº Ñ́̈ ¡ÒÃ°Ò¹¢éÍÁÙÅ·Õè¾Ñ²¹Ò
¢Öé¹â´Â·ÕÁ¹Ñ¡ÇÔ¨ÑÂ¢Í§ University of California at Berkeley áÅÐÁÕ¡ÒÃ¾Ñ²¹Ò»ÃÑº»ÃØ§ÁÒà»ç¹àÇÅÒ
ËÅÒÂ»Õ  §Ò¹ÇÔ¨ÑÂ¹Õéà¹é¹¡ÒÃ¹ÓÊÍ§ÃÐºº·ÕèÁÕ¤ÇÒÁàª×èÍ¶×Íä´é áÅÐ·ÕèÊÓ¤Ñ­à»ç¹«Í¿µìáÇÃì¿ÃÕ (open
source) äÁèàÊÕÂ¤èÒÅÔ¢ÊÔ·¸Ôì ÁÒ»ÃÐÂØ¡µìãªéÃèÇÁ¡Ñ¹µÒÁá¹Ç¢Í§ reusability à¾×èÍãËéä´éá¹Ç·Ò§ãËÁè
¢Í§¡ÒÃ¾Ñ²¹ÒÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ â´Â¾Ñ²¹ÒÊèÇ¹»¯ÔÊÑÁ¾Ñ¹¸ì
(interface) ÃÐËÇèÒ§ÃÐºº·Ñé§ÊÍ§

ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅ POSTGRES áÅÐ¾ÕÇÕàÍçÁ
POSTGRES à»ç¹ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ì (Relational Database Management

System: RDBMS) ·ÕèÊ¹ÑºÊ¹Ø¹¡ÒÃ·Ó§Ò¹áººä¤ÅàÍç¹·ì/à«ÔÃì¿àÇÍÃì (client/server) [4] [5] áµèÁÕ
ÅÑ¡É³Ðà©¾ÒÐ¤×Í ¡ÒÃµÔ´µèÍ¡Ñ¹ÃÐËÇèÒ§ä¤ÅàÍç¹·ì¡Ñºà«ÔÃì¿àÇÍÃìà»ç¹áººË¹Öè§µèÍË¹Öè§ (one-to-one)
à·èÒ¹Ñé¹ ³ àÇÅÒË¹Öè§æ ¢éÍ¨Ó¡Ñ´¹ÕéÊÒÁÒÃ¶á¡éä¢ãËéä¤ÅàÍç¹·ìËÅÒÂµÑÇµÔ´µèÍáÅÐà¢éÒ¶Ö§à«ÔÃì¿àÇÍÃì
ËÅÒÂµÑÇä é́ã¹àÇÅÒà ṌÂÇ¡Ñ¹ (many-to-many) â´Â¡ÒÃãªé¾ÕÇÕàÍçÁªèÇÂã¹¡ÒÃ Ñ́̈ ¡ÒÃ à¹×èÍ§¨Ò¡ÃÐºº¾ÕÇÕàÍçÁ
ÁÕ¡ÒÃ·Ó§Ò¹áºº¢¹Ò¹áÅÐÊ¹ÑºÊ¹Ø¹§Ò¹¡ÒÃà¢éÒ¶Ö§¢éÍÁÙÅ¾ÃéÍÁæ ¡Ñ¹ä´é
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1. POSTGRES
POSTGRES ÁÕ¡ÒÃ¨Ñ´à¡çº¢éÍÁÙÅã¹ÃÙ»¢Í§¤ÇÒÁÊÑÁ¾Ñ¹¸ì (relation) áÅÐÂÑ§ÁÕ¤ÇÒÁÊÒÁÒÃ¶

¾ÔàÈÉã¹¡ÒÃÊ¹ÑºÊ¹Ø¹á¹Ç¤Ô´¢Í§ ¤ÅÒÊ (class) áÅÐ¡ÒÃÊ×º·Í´ (inheritance) «Öè§¤Ø³ÊÁºÑµÔ
´Ñ§¡ÅèÒÇ·ÓãËé POSTGRES à»ç¹ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÍÍºà¨ê¡µì-ÃÕàÅªÑè¹ (Object-Relational
Database System) ÍÕ¡¹ÑÂË¹Öè§«Ö è§à»ç¹á¹Çâ¹éÁ¢Í§ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅã¹Í¹Ò¤µ ·ÓãËé
POSTGRES ÊÒÁÒÃ¶ÃÍ§ÃÑºª¹Ô´¢éÍÁÙÅ·Õè«Ñº«éÍ¹µÒÁ¤ÇÒÁµéÍ§¡ÒÃ¢Í§¼Ùéãªéä´é ÍÒ·Ô ¢éÍÁÙÅ´éÒ¹
ÃÐººÊÒÃÊ¹à·È·Ò§ÀÙÁÔÈÒÊµÃì áÅÐ¢éÍÁÙÅ´éÒ¹ÁÑÅµÔÁÕà´ÕÂ [4]-[8]

¡ÒÃ·Ó§Ò¹¢Í§ POSTGRES ÁÕÅÑ¡É³Ðà»ç¹áººË¹Öè§â»Ãà«ÊµèÍË¹Öè§¼Ùéãªé§Ò¹ (one process
per user) º¹¡ÒÃ·Ó§Ò¹áººä¤ÅàÍç¹·ì/à«ÔÃì¿àÇÍÃì ´Ñ§¹Ñé¹à¾×èÍãËé¡ÒÃ·Ó§Ò¹à»ç¹áººËÅÒÂ¼Ùéãªéº¹
ËÅÒÂà«ÔÃì¿àÇÍÃì¾ÃéÍÁæ ¡Ñ¹º¹ÃÐºº»¯ÔºÑµÔ¡ÒÃÂÙ¹Ô¡«ì ¨Ð»ÃÐ¡Íº´éÇÂâ»Ãà«Ê  3 »ÃÐàÀ· ¤×Í

· postmaster (a supervisory daemon process) : à»ç¹â»Ãà«Ê·Õè·ÓË¹éÒ·Õè́ ÙáÅ Ñ́̈ ¡ÒÃà¡ÕèÂÇ
¡Ñº°Ò¹¢éÍÁÙÅº¹ÃÐººà¤Ã×Í¢èÒÂáÅÐ§Ò¹·Õèà¡ÕèÂÇ¢éÍ§¡Ñº¡ÒÃµÔ´µèÍÊ×èÍÊÒÃµèÒ§æ

· psql (user�s frontend application ËÃ×Í client application) : à»ç¹â»Ãà«Ê·Õè·ÓË¹éÒ·Õè
´ÙáÅ¨Ñ´¡ÒÃ¤ÇÒÁµéÍ§¡ÒÃ¢Í§¼Ùéãªéã¹¡ÒÃà¢éÒ¶Ö§°Ò¹¢éÍÁÙÅ

· Postgres Process (one or more backend database server) : à»ç¹â»Ãà«Ê·Õè·ÓË¹éÒ·Õè
´ÙáÅ¨Ñ´¡ÒÃà¡ÕèÂÇ¡Ñº¢éÍÁÙÅ·Õè¨Ñ´à¡çºÍÂÙèã¹à«ÔÃì¿àÇÍÃì

2. ¾ÕÇÕàÍçÁËÃ×Íà¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìàÊÁ×Í¹¡ÒÃ·Ó§Ò¹áºº¢¹Ò¹
¾ÕÇÕàÍçÁà»ç¹«Í¿µìáÇÃìÃÐºº·Õ è¹Óà¤Ã× èÍ§¤ÍÁ¾ÔÇàµÍÃì·Õ èÁ ÕÊ¶Ò»ÑµÂ¡ÃÃÁáµ¡µèÒ§¡Ñ¹

(heterogeneous workstations) ÁÒ·Ó§Ò¹ÃèÇÁ¡Ñ¹â´ÂµèÍà»ç¹à¤Ã×Í¢èÒÂº¹ÂÙ¹Ô¡«ì áÅÐà»ÃÕÂºàÊÁ×Í¹
à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃì·Ñé§ËÁ´à»ç¹à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìà¤Ã×èÍ§à´ÕÂÇ·ÕèÁÕ¡ÒÃ·Ó§Ò¹áºº¢¹Ò¹

¾ÕÇÕàÍçÁ»ÃÐ¡Íº´éÇÂ¡ÒÃ·Ó§Ò¹ 2 ÊèÇ¹¤×Í à´ÁÍ¹ (daemon) áÅÐäÅºÃÒÃÕ (library) à´ÁÍ¹
·Ó§Ò¹ÍÂÙèº¹·Ø¡à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃì·Õè¹ÓÁÒàª×èÍÁµèÍ¡Ñ¹à»ç¹à¤Ã×èÍ§àÊÁ×Í¹ ÊèÇ¹äÅºÃÒÃÕà»ç¹·Õè¨Ñ´à¡çº
â»Ãá¡ÃÁÂèÍÂ·Õèãªéã¹¡ÒÃµÔ´µèÍâ´Â¡ÒÃÃÑº-Êè§¼èÒ¹¢éÍ¤ÇÒÁ (message passing)  [1] [9]

é́Ò¹¢éÍ¨Ó¡Ñ́ ¢Í§ POSTGRES ã¹¡ÒÃµỐ µèÍÃÐËÇèÒ§ä¤ÅàÍç¹·ì¡Ñºà«ÔÃì¿àÇÍÃì à¾×èÍãËéä¤ÅàÍç¹·ì
ã´æ ÊÒÁÒÃ¶à¢éÒ¶Ö§à«ÔÃì¿àÇÍÃìã´æ ¾ÃéÍÁ¡Ñ¹ä´é à»ç¹¨Ø´»ÃÐÊ§¤ì¢Í§§Ò¹ÇÔ¨ÑÂ¹Õéà¾×èÍ¾Ñ²¹Ò à¾ÔèÁ¢ÂÒÂ
»ÃÐÊÔ·¸ÔÀÒ¾¢Í§ POSTGRES ãËéÊÒÁÒÃ¶ÃÍ§ÃÑº°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂä´é
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¡ÒÃ»ÃÐÂØ¡µìÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ì¡Ñº¾ÕÇÕàÍçÁ
¡ÒÃ»ÃÐÂØ¡µìÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ì¡Ñº¾ÕÇÕàÍçÁ à»ç¹¡ÒÃ¹ÓÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅ

àªÔ§ÊÑÁ¾Ñ¹ ì̧ POSTGRES ãËéÊÒÁÒÃ¶Ê¹ÑºÊ¹Ø¹á¹Ç¤ÇÒÁ¤Ố ¢Í§¡ÒÃ¡ÃÐ¨ÒÂ (distribution) à»ç¹¡ÒÃ¹Ó
POSTGRES ÁÒ·Ó§Ò¹ÃèÇÁ¡Ñº¾ÕÇÕàÍçÁà¾×èÍãËéä´éÁÒ«Öè§ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº
¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ â´Âãªé POSTGRES à¾×èÍ¡ÒÃ¨Ñ´à¡çº ¤é¹¤×¹áÅÐ»ÃÑº»ÃØ§¢éÍÁÙÅ áÅÐ¾ÕÇÕàÍçÁã¹¡ÒÃ
¨Ñ´¡ÒÃ´éÒ¹¡ÒÃµÔ´µèÍ¢éÍÁÙÅáÅÐ¡ÒÃ¡ÃÐ¨ÒÂ§Ò¹ä»ÂÑ§à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìµèÒ§á¾Åµ¿ÍÃìÁµèÒ§æ
(heterogeneous workstations) ãËé·Ó§Ò¹ÃèÇÁ¡Ñ¹ä´éâ´Âàª×èÍÁµèÍ¼èÒ¹à¤Ã×Í¢èÒÂ·ÕèãªéÃÐºº»¯ÔºÑµÔ¡ÒÃ
ÂÙ¹Ô¡«ì

1. Ê¶Ò»ÑµÂ¡ÃÃÁ¢Í§ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ
¾ÕÇÕàÍçÁÁÕ¡ÒÃ¨Ñ´¡ÒÃ¢éÍÁÙÅã¹ÅÑ¡É³Ð¢Í§á¿éÁ¢éÍÁÙÅ (file) ´Ñ§¹Ñé¹¡ÒÃ¹Ó¾ÕÇÕàÍçÁÁÒ»ÃÐÂØ¡µì

¡Ñº§Ò¹·ÕèÁÕ¡ÒÃ¨Ñ´à¡çº¢éÍÁÙÅáºº°Ò¹¢éÍÁÙÅ ¹Ñºà»ç¹ÊÔè§¨Ù§ã¨ ÃÇÁ·Ñé§ÂÑ§à»ç¹¡ÒÃà¾ÔèÁ»ÃÐÊÔ·¸ÔÀÒ¾¢Í§
¾ÕÇÕàÍçÁ á¹Ç¤ÇÒÁ¤Ô´¹ÕéäÁèãªèàÃ×èÍ§ãËÁèà¾ÃÒÐÁÕ¡ÒÃÇÔ¨ÑÂ¾Ñ²¹ÒÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅº¹¾ÕÇÕàÍçÁ áµè
à»ç¹¡ÒÃ¾Ñ²¹Ò¤ÇÒÁµéÍ§¡ÒÃµÑé§áµèàÃÔèÁµé¹ (build from scratch) [10] [11] ·ÓãËé¡ÒÃ¾Ñ²¹ÒµéÍ§ãªéàÇÅÒ
áÅÐ§º»ÃÐÁÒ³ÊÓËÃÑº§Ò¹·ÕèÁÕÍÂÙèà´ÔÁ áÅÐâÍ¡ÒÊ¡ÒÃà¡Ô´¢éÍ¼Ô´¾ÅÒ´ÊÙ§ §Ò¹ÇÔ¨ÑÂ¹Õéà¹é¹á¹Ç¤Ô´¢Í§
reusability â´ÂÈÖ¡ÉÒ¤ÇÒÁà»ç¹ä»ä´éã¹¡ÒÃ¹Ó POSTGRES áÅÐ¾ÕÇÕàÍçÁÁÒ¾Ñ²¹Òà¾ÔèÁã¹ÊèÇ¹¢Í§
» Ô̄ÊÑÁ¾Ñ¹ ì̧ (interface) à¾×èÍãËéä é́ÃÐºº Ñ́̈ ¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹ ì̧áºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ ·ÕèÊÒÁÒÃ¶
Ê¹ÑºÊ¹Ø¹¡ÒÃ·Ó§Ò¹áººËÅÒÂä¤ÅàÍç¹·ì¡ÑºËÅÒÂà«ÔÃì¿àÇÍÃìä´é

ÃÙ»áºº·Ò§Ê¶Ò»ÑµÂ¡ÃÃÁ¢Í§ÃÐºº Ñ́̈ ¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹ ì̧áºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁà»ç¹áºº
Shared-Nothing â´Âà¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìáµèÅÐà¤Ã×èÍ§äÁèÁÕ¡ÒÃãªéË¹èÇÂ¤ÇÒÁ¨ÓáÅÐ´ÔÊ¡ìÃèÇÁ¡Ñ¹ áµèÅÐ
à¤Ã×èÍ§¨Ñ´à¡çº¢éÍÁÙÅáÂ¡¨Ò¡¡Ñ¹ à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìáµèÅÐà¤Ã×èÍ§ÊÒÁÒÃ¶·ÓË¹éÒ·Õèà»ç¹ä´é·Ñé§ä¤ÅàÍç¹·ì
áÅÐà«ÔÃì¿àÇÍÃì ¡ÅèÒÇ¤×ÍÊÒÁÒÃ¶à»ç¹à¤Ã×èÍ§ãËéºÃÔ¡ÒÃ¢éÍÁÙÅáÅÐÊÒÁÒÃ¶àÃÕÂ¡´Ù¢éÍÁÙÅ¨Ò¡à¤Ã×èÍ§Í×è¹ä´é
ÃÙ»áºº·Ò§Ê¶Ò»ÑµÂ¡ÃÃÁ¢Í§ÃÐºº Ñ́̈ ¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹ ì̧áºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁÊÒÁÒÃ¶áÊ´§ä é́
´Ñ§ÃÙ»·Õè 1

¨Ò¡ÃÙ»¡ÒÃ·Ó§Ò¹¢Í§ÃÐºº Ñ́̈ ¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹ ì̧áºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ»ÃÐ¡Íº é́ÇÂ
ä¤ÅàÍç¹·ì/à«ÔÃì¿àÇÍÃì ÍÔ¹àµÍÃìà¿Ê (interface) âÅ¤ÍÅÍÔ¹àµÍÃìà¿Ê (local interface) ã¹¡ÒÃÃéÍ§¢Í
(request) ̈ Ò¡ä¤ÅàÍç¹·ì àªè¹ ¡ÒÃÊÍº¶ÒÁ (query) ¡ÒÃ»ÃÑº»ÃØ§¢éÍÁÙÅ (update) ¡ÒÃÅº¢éÍÁÙÅ (delete)
ÊÒÁÒÃ¶¡ÃÐ·Ó ³ ä¤ÅàÍç¹·ìã´æ ¨Ò¡¹Ñé¹¤ÓÃéÍ§¢Í¨Ð¶Ù¡Êè§ä»ÂÑ§à«ÔÃì¿àÇÍÃìà¾× èÍ»ÃÐÁÇÅ¼Å
µÒÁ¤ÇÒÁµéÍ§¡ÒÃ¢Í§áµèÅÐ¤ÓÃéÍ§¢Í â´Â·Õè·Ø¡à«ÔÃì¿àÇÍÃìÊÒÁÒÃ¶»ÃÐÁÇÅ¼ÅµÒÁ¤ÓÃéÍ§¢Íä´é
¾ÃéÍÁæ ¡Ñ¹ àÁ×èÍ»ÃÐÁÇÅ¼ÅàÊÃç¨à«ÔÃì¿àÇÍÃì¡ç¨ÐÊè§¼ÅÅÑ¾¸ì¡ÅÑºä»ÂÑ§ä¤ÅàÍç¹·ì·Õèä´éÊè§¤ÓÃéÍ§¢ÍÁÒ
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ÊèÇ¹ÍÔ¹àµÍÃìà¿Êãªéã¹¡ÒÃµỐ µèÍÃÐËÇèÒ§¾ÕÇÕàÍçÁ¡ÑºÃÐºº Ñ́̈ ¡ÒÃ°Ò¹¢éÍÁÙÅ POSTGRES à¾×èÍãËéÊÒÁÒÃ¶
¡ÃÐ¨ÒÂ¡ÒÃ·Ó§Ò¹ä»ÂÑ§à«ÔÃì¿àÇÍÃìµèÒ§æ ä´é §Ò¹ÇÔ¨ÑÂ¾Ô¨ÒÃ³ÒÍ§¤ì»ÃÐ¡Íº 2 ÊèÇ¹¤×Í ÊèÇ¹¾ÕÇÕàÍçÁ
¡ÑºÊèÇ¹ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅ POSTGRES â´Â·ÕèÊèÇ¹¾ÕÇÕàÍçÁ¨Ðà»ç¹µÑÇ¤Çº¤ØÁ¡ÒÃÊè§¤ÓÃéÍ§¢Í
¨Ò¡ä¤ÅàÍç¹·ìáµèÅÐµÑÇ¼èÒ¹·Ò§ÍÔ¹àµÍÃìà¿Ê ¨Ò¡¹Ñé¹¨ÐÊè§¼èÒ¹¡ÒÃÃéÍ§¢ÍµèÍä»ÂÑ§ÊèÇ¹ÃÐºº¨Ñ´¡ÒÃ
°Ò¹¢éÍÁÙÅ POSTGRES «Öè§·ÓË¹éÒ·ÕèÃÑº¤ÓÃéÍ§¢ÍáÅÐ¨Ñ´¡ÒÃà¡ÕèÂÇ¡Ñº¤ÓÃéÍ§¢Íâ´Â¡ÒÃ¾Ô¨ÒÃ³ÒÇèÒ
¤ÓÃéÍ§¢Í¹Ñé¹æ µéÍ§ãªéà«ÔÃì¿àÇÍÃìã´ ·Ñé§¹Õé¡ÃÐ·Ó¼èÒ¹·Ò§âÅ¤ÍÅÍÔ¹àµÍÃìà¿Ê

DB

Local Interface

DB

Local Interface

DB

Local Interface

Client

Interface

Client

Client

PVM POSTGRES

ÃÙ»·Õè 1 Ê¶Ò»ÑµÂ¡ÃÃÁ¢Í§ÃÐºº°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ

2. System Catalogs
system catalogs à»ç¹ÊèÇ¹ÊÓ¤Ñ­«Öè§·ÓË¹éÒ·Õèã¹¡ÒÃ¨Ñ´à¡çº¢éÍÁÙÅµèÒ§æ ·Õèãªéã¹ÃÐºº ÍÒ·Ô

µÒÃÒ§ ¤ÍÅÑÁ¹ì áÅÐ¿ÔÅ´ì ÊÓËÃÑº system catalogs ¢Í§ÃÐºº°Ò¹¢éÍÁÙÅ POSTGRES ÊÒÁÒÃ¶¨Ñ´à¡çº
¢éÍÁÙÅà¾ÔèÁàµÔÁ àªè¹ ª¹Ô´¢éÍÁÙÅ ¿Ñ§¡ìªÑ¹ áÅÐÇÔ¸Õ¡ÒÃà¢éÒ¶Ö§¢éÍÁÙÅ µÑÇÍÂèÒ§ catalog ·ÕèÊÓ¤Ñ­ä´éá¡è

·  pg_am ·ÓË¹éÒ·Õèà¡ÕèÂÇ¡Ñº¡ÒÃà¢éÒ¶Ö§¢éÍÁÙÅÀÒÂã¹ÃÐºº°Ò¹¢éÍÁÙÅ

·  pg_class ·ÓË¹éÒ·Õèà¡ÕèÂÇ¡ÑºàÃ×èÍ§¢Í§¤ÅÒÊã¹ÃÐºº°Ò¹¢éÍÁÙÅ

·  pg_user ·ÓË¹éÒ·Õèà¡ÕèÂÇ¡Ñº¡ÒÃ·Ó§Ò¹ÃÐËÇèÒ§¼Ùéãªé¡ÑºÃÐºº°Ò¹¢éÍÁÙÅ

·  pg_group ·ÓË¹éÒ·Õèà¡ÕèÂÇ¡Ñº¡ÅØèÁ¼Ùéãªéã¹ÃÐºº°Ò¹¢éÍÁÙÅ

ÃÒÂÅÐàÍÕÂ´ÊÒÁÒÃ¶¤é¹ËÒà¾ÔèÁàµÔÁä´é¨Ò¡¤ÙèÁ×Í¡ÒÃãªé POSTGRES [8]

â´Â¤Ø³ÊÁºÑµÔ´Ñ§¡ÅèÒÇ system catalogs ¢Í§ POSTGRES ÊÒÁÒÃ¶¹ÓÁÒ»ÃÐÂØ¡µìãªé
¡Ñº§Ò¹ÇÔ¨ÑÂ¹Õéä´éâ´ÂäÁèµéÍ§¾Ñ²¹Ò¢Öé¹ÁÒãËÁè «Öè§à»ç¹¡ÒÃ¹ÓÊÔè§·ÕèÁÕÍÂÙèáÅéÇÁÒãªéãËÁè (reused software)
áÅÐÁÕ¤ÇÒÁàª×èÍ¶×Íä´é (reliability)
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DB

DB

DB

Slave
Slave

Slave
Slave

Slave
Slave

User 1
User 2

User  n

Master MasterMaster

USER
INTERFACE

. . .

. . .

3. ÂÙÊà«ÍÃìÍÔ¹àµÍÃìà¿Ê (User Interface)
¡ÒÃà¢éÒ¶Ö§¢éÍÁÙÅã¹ÃÐºº Ñ́̈ ¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹ ì̧áºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ ÊÒÁÒÃ¶¡ÃÐ·Ó

¼èÒ¹â»Ãá¡ÃÁàªÔ§¢¹Ò¹ (parallel programming) ·Õè¾Ñ²¹Ò´éÇÂÀÒÉÒ«Õ ã¹ÃÙ»áººÁÒÊàµÍÃì-ÊàÅ¿
(Master-Slave Model) ÁÒÊàµÍÃìãªéÊè§¤ÓÊÑè§¢Í§ÀÒÉÒÊÍº¶ÒÁàªÔ§â¤Ã§ÊÃéÒ§ (SQL command) ä»ÂÑ§
ÊàÅ¿ä´éâ´ÂÊè§à»ç¹µÑÇá»Ã (argument) ËÅÑ§¨Ò¡·ÕèÊàÅ¿ÃÑºµÑÇá»ÃáÅéÇ¨Ð·Ó¡ÒÃ»ÃÐÁÇÅ¼ÅµÒÁ¤ÓÊÑè§
¢Í§ÁÒÊàµÍÃì ¡ÅèÒÇ¤×Í·Ø¡æ ÊàÅ¿ËÃ×ÍáµèÅÐà¤Ã×èÍ§¨ÐÃÑºµÑÇá»Ãà ṌÂÇ¡Ñ¹ áÅÐ¾Ô̈ ÒÃ³ÒÇèÒµéÍ§»ÃÐÁÇÅ¼Å
·Õèà¤Ã× èÍ§µ¹ËÃ×ÍäÁè ¶éÒÊàÅ¿·Ó§Ò¹àÊÃç¨µÒÁµÑÇá»Ã·ÕèÁÒÊàµÍÃìÊè§ÁÒ¡ç¨ÐÊè§¼ÅÅÑ¾¸ì¡ÅÑºä»ÂÑ§
ÁÒÊàµÍÃì¹Ñé¹æ µèÍä» ́ Ñ§ÃÙ»·Õè 2 ã¹ÊèÇ¹¢Í§ User 1 User 2 ¶Ö§ User n ¤×Í¼Ùéãªé ³ à¤Ã×èÍ§ã´æ ·ÕèÊè§¤ÓÊÑè§
¢Í§ÀÒÉÒÊÍº¶ÒÁàªÔ§â¤Ã§ÊÃéÒ§¼èÒ¹·Ò§ master «Öè§¨ÐÊè§µèÍä»ÂÑ§ slave ¢Í§áµèÅÐ¤ÓÊÑè§ã¹¡ÒÃà¢éÒËÒ
¢éÍÁÙÅµÒÁµéÍ§¡ÒÃ

ÃÙ»·Õè 2 ¡ÒÃµÔ´µèÍ¡ÑºÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ

¡ÒÃÃÇÁâ¤é´ÀÒÉÒÊÍº¶ÒÁàªÔ§â¤Ã§ÊÃéÒ§ (Embedded SQL) º¹¾ÕÇÕàÍçÁ
¡ÒÃãªéÀÒÉÒÊÍº¶ÒÁàªÔ§â¤Ã§ÊÃéÒ§ã¹ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂ

º¹¾ÕÇÕàÍçÁÊÒÁÒÃ¶¡ÃÐ·Ó¼èÒ¹·Ò§ÂÙÊà«ÍÃìÍÔ¹àµÍÃìà¿Ê (user interface) à¾×èÍÊè§ÀÒÉÒÊÍº¶ÒÁ
àªÔ§â¤Ã§ÊÃéÒ§ä»ÂÑ§à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìµèÒ§æ â´Â»ÃÐÂØ¡µì¾ÍÃì·ÍÅ (portal) [7] «Öè§à»ç¹¤ÓÊÑè§·ÕèãËéÀÒÉÒ
ÊÍº¶ÒÁàªÔ§â¤Ã§ÊÃéÒ§ÊÒÁÒÃ¶´Ö§¢éÍÁÙÅ¨Ò¡°Ò¹¢éÍÁÙÅ¨Ò¡µèÒ§á¾Åµ¿ÍÃìÁä´é §Ò¹ÇÔ¨ÑÂ¹Õéä´é¾Ñ²¹Ò
¡ÒÃÃÇÁâ¤é´º¹ÀÒÉÒÊÍº¶ÒÁàªÔ§â¤Ã§ÊÃéÒ§ (embedded SQL) à¢éÒä»ã¹â»Ãá¡ÃÁ¾ÕÇÕàÍçÁ

1. ¡ÒÃà¢éÒ¶Ö§¢éÍÁÙÅ¢Í§ÃÐºº Ñ́̈ ¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹ ì̧áºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ
¡ÒÃà¢éÒ¶Ö§¢éÍÁÙÅËÁÒÂ¶Ö§¡ÒÃÊÍº¶ÒÁ¢éÍÁÙÅ (query) ¡ÒÃà¾ÔèÁ¢éÍÁÙÅ (add) áÅÐ¡ÒÃ»ÃÑº»ÃØ§

¢éÍÁÙÅ (update or delete) ÀÒÂã¹°Ò¹¢éÍÁÙÅ«Öè§¡ÃÐ·Ó¼èÒ¹·Ò§ÂÙÊà«ÍÃìÍÔ¹àµÍÃìà¿Êâ´Â¡ÒÃà¢ÕÂ¹
â»Ãá¡ÃÁàªÔ§¢¹Ò¹ (parallel programming) ã¹áººÁÒÊàµÍÃì-ÊàÅ¿ ´éÇÂâ»Ãá¡ÃÁÀÒÉÒ«Õ (C)
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¡ÒÃà¢éÒ¶Ö§¢éÍÁÙÅ ã¹ÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ ¡ÃÐ·Óä´éâ´Â
¡ÒÃ¾Ñ²¹Òâ»Ãá¡ÃÁ 2 ÊèÇ¹¤×ÍÁÒÊàµÍÃì¡ÑºÊàÅ¿ãËé·Ó§Ò¹ÃèÇÁ¡Ñ¹ â´Â¡ÒÃ·Ó§Ò¹¢Í§ÁÒÊàµÍÃì
áÅÐÊàÅ¿ÁÕ¢Ñé¹µÍ¹¡ÒÃà¢éÒ¶Ö§¢éÍÁÙÅâ´ÂáÊ´§ä´é´Ñ§ÃÙ»·Õè 3

ÃÙ»·Õè 3 ¢Ñé¹µÍ¹¡ÒÃ·Ó§Ò¹¢Í§â»Ãá¡ÃÁÁÒÊàµÍÃìáÅÐÊàÅ¿ÊÓËÃÑº¡ÒÃà¢éÒ¶Ö§¢éÍÁÙÅ

¢Ñé¹µÍ¹¡ÒÃ·Ó§Ò¹¢Í§ÁÒÊàµÍÃìàÃÔèÁ¨Ò¡¡ÓË¹´¤èÒ¢Í§µÑÇá»ÃµèÒ§æ áÅÐ·Ó¡ÒÃÊè§µÑÇá»Ã
(argument) «Öè§à»ç¹¤ÓÃéÍ§¢Í·Õèà»ç¹ÀÒÉÒÊÍº¶ÒÁàªÔ§â¤Ã§ÊÃéÒ§Êè§¼èÒ¹ä»ÂÑ§â»Ãá¡ÃÁÊàÅ¿·ÕèÃÑº
¤ÓÃéÍ§¢Í¨Ò¡ÁÒÊàµÍÃì áÅÐµÔ´µèÍ¢éÍÁÙÅã¹°Ò¹¢éÍÁÙÅµÒÁ¤ÇÒÁµéÍ§¡ÒÃ ¨Ò¡¹Ñé¹â»Ãá¡ÃÁÊàÅ¿
·Ó¡ÒÃ»ÃÐÁÇÅ¼Å¡Ñº¢éÍÁÙÅ·Õèà¡ÕèÂÇ¢éÍ§¡Ñº¡ÒÃÃéÍ§¢Í àÁ×èÍ»ÃÐÁÇÅ¼ÅàÊÃç¨¨ÐÊè§¼ÅÅÑ¾¸ì¡ÅÑºä»ÂÑ§
â»Ãá¡ÃÁÁÒÊàµÍÃìáÅÐ¨º¡ÒÃ·Ó§Ò¹ã¹ÊèÇ¹¹Õé ¨Ò¡¹Ñé¹ã¹ÊèÇ¹â»Ãá¡ÃÁÁÒÊàµÍÃì¨ÐÃÑº¼ÅÅÑ¾¸ì
¨Ò¡â»Ãá¡ÃÁÊàÅ¿ áÅÐáÊ´§¼ÅÅÑ¾¸ìãËéá¡è¼ÙéãªéµÒÁ·ÕèµéÍ§¡ÒÃ¡èÍ¹¨º¡ÒÃÊÍº¶ÒÁ

¡ÒÃ·Ó§Ò¹¢éÒ§µé¹à»ç¹¡ÒÃ·Ó§Ò¹ÃÐËÇèÒ§ÁÒÊàµÍÃì 1 µÑÇ¡ÑºÊàÅ¿ 1 µÑÇ áµèã¹ÃÐºº¨Ñ´¡ÒÃ
°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹ ì̧áºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ ÁÒÊàµÍÃìÊÒÁÒÃ¶¡ÃÐ¨ÒÂ¤ÓÃéÍ§¢ÍãËé¡ÑºÊàÅ¿ä é́ÁÒ¡¡ÇèÒ
1 µÑÇ ¡ÅèÒÇ¤×Íã¹ªèÇ§àÇÅÒË¹Öè§ æ ¡ÒÃ·Ó§Ò¹¢Í§ÊàÅ¿ã¹áµèÅÐà«ÔÃì¿àÇÍÃìÊÒÁÒÃ¶·Ó§Ò¹¾ÃéÍÁæ ¡Ñ¹ä é́

2. µÑÇÍÂèÒ§¡ÒÃÊÍº¶ÒÁ¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂ
µÑÇÍÂèÒ§áÃ¡à»ç¹¡ÒÃÊÍº¶ÒÁ¢éÍÁÙÅ¨Ò¡ÃÐºº°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ

ÊÒÁÒÃ¶¡ÃÐ·Óâ´Â¡ÒÃÊè§à»ç¹ÀÒÉÒÊÍº¶ÒÁàªÔ§â¤Ã§ÊÃéÒ§ãËéÍÂÙèã¹ÃÙ»¢Í§µÑÇá»ÃÊÁÁØµÔãËéµÒÃÒ§
employee »ÃÐ¡Íº´éÇÂáÍ··ÃÔºÔÇ·ì (attribute) ¢Í§ Empnum, Empname, Salary áÅÐ Dept_no
â´Â¢éÍÁÙÅáºè§áÂ¡ÍÍ¡à»ç¹ 4 ÊèÇ¹ (partition) ¨Ñ´à¡çºã¹ machine 1-4 ·Õèà»ç¹à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃì
µèÒ§á¾Åµ¿ÍÃìÁ¡Ñ¹ ¤ÓÊÑè§µèÍä»¹Õé

Master Program Slave Program

Send Back the result

Execute Data

End

Receive Result

Display Result

End

Connect to Database

Receive Argument

Send Argument

Database

Time
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à»ç¹¤ÓÊÑè§à¾×èÍàÃÕÂ¡´Ù¢éÍÁÙÅ·Ñé§ËÁ´«Öè§¨Ñ´à¡çºÍÂÙèã¹áµèÅÐà¤Ã×èÍ§â´ÂáÊ´§¼ÅàÃÕÂ§ÅÓ´ÑºµÒÁ
Empnum â´Â¼ÅÅÑ¾¸ì·Õèä´é¨Ò¡¡ÒÃÊÍº¶ÒÁ¢éÍÁÙÅáÊ´§ä´é´Ñ§ÃÙ»·Õè 4

ÃÙ»·Õè 4 ¼ÅÅÑ¾¸ì¨Ò¡¡ÒÃÊÍº¶ÒÁ¢éÍÁÙÅº¹à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìµèÒ§á¾Åµ¿ÍÃìÁ

µÑÇÍÂèÒ§·Õè 2 à»ç¹¡ÒÃ»ÃÑº»ÃØ§¢éÍÁÙÅã¹ÃÐºº°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìáºº¡ÃÐ¨ÒÂº¹¾ÕÇÕàÍçÁ
¡ÃÐ·Óâ´ÂÊè§à»ç¹¤ÓÊÑè§¢Í§ÀÒÉÒÊÍº¶ÒÁàªÔ§â¤Ã§ÊÃéÒ§â´ÂÊè§à»ç¹µÑÇá»Ã´Ñ§¹Õé

SELECT *
FROM Employee
ORDER BY Empnum

Data From Machine 1

Empnum Empname Salary Dept_no

1 Suthep  Chankham 65000 11

2 Manop  Rattichote 10000 11

3 Sumate  Pommana 96327 55

4 Werachart  Juntaratemee 20000 22

Data From Machine 2

Empnum Empname Salary Dept_no

5 Wichai  Anuttarayanyong 69000 44

6 Mark  Overmarh 70000 44

7 Tommy  Oragan 50000 77

8 Uraiwan  Bumrongkit 80000 44

Data From Machine 3

Empnum Empname Salary Dept_no

9 Wanchai  Rutjirote 87524 77

10 Eric  Tomswage 10000 11

11 Michel  Laodrop 9658 22

12 Keton  Blackmore 15000 11

Data From Machine 4

Empnum Empname Salary Dept_no

13 Thongchai  Kongsunti 25000 33

14 Wandee  Juntachote 7890 22

15 Tanate  Sukwilai 27800 22

16 Sakchai  Sandee 95603 88

UPDATE Employee
SET Dept_no = 55
WHERE Salary > 51000
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¨Ò¡¤ÓÊÑè§´éÒ¹º¹à»ç¹¡ÒÃ»ÃÑº»ÃØ§¢éÍÁÙÅ¢Í§¾¹Ñ¡§Ò¹·ÕèÁÕà§Ô¹à´×Í¹ÁÒ¡¡ÇèÒ 51,000 ºÒ·
â´Âà»ÅÕèÂ¹ÃËÑÊ½èÒÂ§Ò¹·ÕèÊÑ§¡Ñ´ (dept_no) à»ç¹ 55 à¾×èÍãªéµÃÇ¨ÊÍº§Ò¹µèÍä» â´Â¼ÅÅÑ¾¸ì·Õèä´é
¨Ò¡¡ÒÃ»ÃÑº»ÃØ§¢éÍÁÙÅÊÒÁÒÃ¶áÊ´§ä´é´Ñ§ÃÙ»·Õè 5

¡èÍ¹»ÃÑº»ÃØ§                                                                             ËÅÑ§»ÃÑº»ÃØ§

ÃÙ»·Õè 5 ¼ÅÅÑ¾¸ì¢Í§¡ÒÃà»ÃÕÂºà·ÕÂº¢éÍÁÙÅ¡èÍ¹áÅÐËÅÑ§¡ÒÃ»ÃÑº»ÃØ§º¹¾ÕÇÕàÍçÁ

ÊÃØ»¼Å
¡ÒÃ»ÃÐÁÇÅ¼Å¢éÍÁÙÅ·ÕèÁÕ¢¹Ò´ãË­èáÅÐÁÕ¤ÇÒÁ«Ñº«éÍ¹ ¨Óà»ç¹µéÍ§ãªéà¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃì

·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÊÙ§áÅÐÁÕÃÒ¤Òá¾§ §Ò¹ÇÔ¨ÑÂ¹Õéà¹é¹¡ÒÃ¾Ñ²¹Òà¤Ã×èÍ§ãËéÁÕÊÁÃÃ¶ÀÒ¾ÊÙ§ â´Â»ÃÐÂØ¡µì
¾ÕÇÕàÍçÁ«Öè§à»ç¹«Í¿µìáÇÃìÃÐººªèÇÂãËéà¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃì·ÕèÁÕÍÂÙèà´ÔÁáÅÐËÅÒ¡ËÅÒÂá¾Åµ¿ÍÃìÁ
ÊÒÁÒÃ¶àª×èÍÁµèÍ¡Ñ¹à»ç¹à¤Ã×èÍ¢èÒÂâ´ÂãªéÃÐºº»¯ÔºÑµÔ¡ÒÃÂÙ¹Ô¡«ì àÊÁ×Í¹à»ç¹à¤Ã×èÍ§à´ÕÂÇáµèÃÇÁ
¤ÇÒÁÊÒÁÒÃ¶¢Í§·Ø¡à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìà¢éÒ´éÇÂ¡Ñ¹ãËé·Ó§Ò¹àªÔ§¢¹Ò¹ä´é (parallelism) ¾ÕÇÕàÍçÁ
ÁÕÊ¶Ò»ÑµÂ¡ÃÃÁáºº shared nothing áÅÐÊ¹ÑºÊ¹Ø¹¡ÒÃà¡çºáÅÐ»ÃÐÁÇÅ¼Å¢éÍÁÙÅáººá¿éÁ¢éÍÁÙÅ
(file processing) «Öè§·ÓãËéà¡Ô´¤ÇÒÁäÁèÊÐ´Ç¡ã¹¡ÒÃãªé ¡ÒÃ¾Ñ²¹Ò¾ÕÇÕàÍçÁà¾ÔèÁàµÔÁãËéÊÒÁÒÃ¶ÃÍ§ÃÑº
°Ò¹¢éÍÁÙÅ¹Ñºà»ç¹¨Ø´à´è¹¢Í§§Ò¹ÇÔ¨ÑÂ¹Õé áµèÍÂèÒ§äÃ¡çµÒÁ¡ÒÃ¾Ñ²¹ÒÃÐºº°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ì
º¹¾ÕÇÕàÍçÁ¹Õéà»ç¹¡ÒÃ¡ÃÐ·Óâ´Â»ÃÐÂØ¡µìÃÐºº Ñ́̈ ¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹ ì̧·ÕèÁÕÍÂÙèà ỐÁ ¤×Í POSTGRES
ãËéÊÒÁÒÃ¶·Ó§Ò¹ÃèÇÁ¡Ñº¾ÕÇÕàÍçÁä´é á·¹¡ÒÃ¾Ñ²¹ÒµÑé§áµèàÃÔ èÁµé¹ «Öè§à»ç¹¡ÒÃÊ¹ÑºÊ¹Ø¹á¹Ç¤Ô´

Data From Machine 1 Data From Machine 1

Empnum Empname Salary Dept_no Empnum Empname Salary Dept_no

1 Suthep  Chankham 65000 11 1 Suthep  Chankham 65000 55

2 Manop  Rattichote 10000 11 2 Manop  Rattichote 10000 11

3 Sumate  Pommana 96327 55 3 Sumate  Pommana 96327 55

4 Werachart  Juntaratemee 20000 22 4 Werachart  Juntaratemee 20000 22

Data From Machine 2 Data From Machine 2

Empnum Empname Salary Dept_no Empnum Empname Salary Dept_no

5 Wichai  Anuttarayanyong 69000 44 5 Wichai  Anuttarayanyong 69000 55

6 Mark  Overmarh 70000 44 6 Mark  Overmarh 70000 55

7 Tommy  Oragan 50000 77 7 Tommy  Oragan 50000 77

8 Uraiwan  Bumrongkit 80000 44 8 Uraiwan  Bumrongkit 80000 55

Data From Machine 3 Data From Machine 3

Empnum Empname Salary Dept_no Empnum Empname Salary Dept_no

9 Wanchai  Rutjirote 87524 77 9 Wanchai  Rutjirote 87524 55

10 Eric  Tomswage 10000 11 10 Eric  Tomswage 10000 11

11 Michel  Laodrop 9658 22 11 Michel  Laodrop 9658 22

12 Keton  Blackmore 15000 11 12 Keton  Blackmore 15000 11

Data From Machine 4 Data From Machine 4

Empnum Empname Salary Dept_no Empnum Empname Salary Dept_no

13 Thongchai  Kongsunti 25000 33 13 Thongchai  Kongsunti 25000 33

14 Wandee  Juntachote 7890 22 14 Wandee  Juntachote 7890 22

15 Tanate  Sukwilai 27800 22 15 Tanate  Sukwilai 27800 22

16 Sakchai  Sandee 95603 88 16 Sakchai  Sandee 95603 55
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¢Í§¡ÒÃ¹ÓÊÔè§·ÕèÁÕÍÂÙèáÅéÇ¡ÅÑºÁÒãªéãËÁè ·ÓãËé»ÃÐËÂÑ´àÇÅÒã¹¡ÒÃ¾Ñ²¹Òâ´Â«Í¿µìáÇÃì·Ñé§ÊÍ§
ÁÕ¤ÇÒÁàª×èÍ¶×Íä´é à¾ÃÒÐÁÕ¡ÒÃãªéáÅÐ·´ÊÍº«Í¿µìáÇÃìáÅéÇ »ÃÐ¡ÒÃÊÓ¤Ñ­¤×Í·Ñé§ POSTGRES
áÅÐ¾ÕÇÕàÍçÁà»ç¹«Í¿µìáÇÃì·ÕèÊÒÁÒÃ¶ËÒä´éâ´ÂäÁèàÊÕÂ¤èÒÅÔ¢ÊÔ·¸Ôì

§Ò¹ÇÔ¨ÑÂ¹Õé à»ç¹¡ÒÃÈÖ¡ÉÒ¤ÇÒÁà»ç¹ä»ä´éã¹¡ÒÃ¾Ñ²¹ÒÃÐºº¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ì
áºº¡ÃÐ¨ÒÂ (Distributed Relational Database Management System) º¹¾ÕÇÕàÍçÁ â´Âãªé
POSTGRES ã¹¡ÒÃ¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅ áÅÐ¾ÕÇÕàÍçÁã¹¡ÒÃ¨Ñ´¡ÒÃ¡ÒÃ¡ÃÐ¨ÒÂ¢Í§§Ò¹ ´éÇÂá¹Ç¤Ô´¢Í§
reusability ÃÐººÊÒÁÒÃ¶ãªé system catalogs ·Õèä´é¨Ò¡ POSTGRES áÅÐ¡ÒÃ¤Çº¤ØÁà¢éÒ¶Ö§¢éÍÁÙÅ
¾ÃéÍÁ¡Ñ¹ (concurrency) ¨Ò¡¡ÒÃÊè§¼èÒ¹¢éÍÁÙÅã¹ÃÐºº â´Âãªé¾ÕÇÕàÍçÁ §Ò¹¹Õéä´é¾Ñ²¹Òã¹ÊèÇ¹¢Í§
»¯ÔÊÑÁ¾Ñ¹¸ì¢Í§ÃÐºº·Ñé§ÊÍ§ â´Â¡ÒÃ»ÃÐÂØ¡µì¡ÒÃÃÇÁâ¤é´¡ÒÃÊÍº¶ÒÁ¢éÍÁÙÅàªÔ§â¤Ã§ÊÃéÒ§º¹
â»Ãá¡ÃÁ¾ÕÇÕàÍçÁ·Õ èà¢ ÕÂ¹´éÇÂÀÒÉÒ«Õ ·ÓãËéÊÒÁÒÃ¶¨Ñ´¡ÒÃ°Ò¹¢éÍÁÙÅàªÔ§ÊÑÁ¾Ñ¹¸ìã¹ÃÐºº
àªÔ§¡ÃÐ¨ÒÂº¹à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìËÅÒ¡ËÅÒÂá¾Åµ¿ÍÃìÁ·Õèàª× èÍÁµèÍ¡Ñ¹ä´é â´Â¢éÍÁÙÅä´éÁÕ¡ÒÃ
¨Ñ´áºè§áÅÐáÂ¡¨Ñ´à¡çºµÒÁà¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìµèÒ§æ ´Ñ§¡ÅèÒÇ

1. §Ò¹·Õè¤ÇÃ¾Ñ²¹ÒµèÍ
§Ò¹·Õè¤ÇÃ¾Ñ²¹ÒµèÍà¾×èÍãËéÃÐººÁÕ¤ÇÒÁÊÁºÙÃ³ìÁÒ¡¢Öé¹ ¤ÇÃ¾Ô¨ÒÃ³Òã¹ËÑÇ¢éÍµèÍä»¹Õé

· ¡ÒÃµÔ´µèÍ¡Ñº°Ò¹¢éÍÁÙÅ¢Í§¼Ùéãªé (user interface) ¤ÇÃà»ç¹¢Ñé¹µÍ¹·Õè§èÒÂ ÊÐ´Ç¡
áÅÐÃÇ´àÃçÇ â´Âà©¾ÒÐ¡ÒÃ¾Ñ²¹Ò» Ô̄ÊÑÁ¾Ñ¹ ì̧́ Ñ§¡ÅèÒÇã¹ÃÙ»¢Í§¡ÃÒ¿Ô¡ (Graphical User
Interface: GUI)

· ¡ÒÃ¾Ñ²¹ÒÃÐºº·Õèà¡çº¢éÍÁÙÅ«éÓ¡Ñ¹ (data replication) â´ÂÁÕ¡ÒÃ Ñ́̈ à¡çº¢éÍÁÙÅ·ÕèàËÁ×Í¹¡Ñ¹
³ à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìµèÒ§æ à¾×èÍÊÒÁÒÃ¶ãªé§Ò¹ä´é·Ñ¹·Õ (data availability) áÅÐà¾×èÍ
¤ÇÒÁàª×èÍÁÑè¹¢Í§¡ÒÃãªé§Ò¹ã¹ÃÐºº¡Ã³Õà¤Ã×èÍ§ã´à¤Ã×èÍ§Ë¹Öè§ãªé§Ò¹äÁèä´é ¹Í¡àË¹×Í
¨Ò¡¡ÒÃ¨Ñ´à¡çº¢éÍÁÙÅà»ç¹ÊèÇ¹æ (data partitioning) áÂ¡µÒÁà¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃì

· ¡ÒÃÇÔà¤ÃÒÐËì¢Ñé¹µÍ¹ÇÔ¸Õã¹¡ÒÃáºè§§Ò¹ãËéà·èÒ¡Ñ¹ (load balancing) à¾×èÍÊÒÁÒÃ¶
¡ÃÐ¨ÒÂ§Ò¹ä»ÂÑ§·Ø¡à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃìÍÂèÒ§à·èÒà·ÕÂÁ¡Ñ¹ à¾×èÍãËé¡ÒÃ·Ó§Ò¹àÃçÇ¢Öé¹

· ¡ÒÃ¾Ñ²¹Òá¤çµµÒÅçÍ¡ÃÇÁ¢Í§ÃÐºº (global system catalog) à¾× èÍ¼Ù éãªé·Ø¡¤¹
ÊÒÁÒÃ¶à¢éÒ¶Ö§à«ÔÃì¿àÇÍÃì¢Í§°Ò¹¢éÍÁÙÅáÅÐµÒÃÒ§·Õèà¡ÕèÂÇ¢éÍ§ä´é·Ø¡à¤Ã×èÍ§

· ÃÐºº»Ñ¨¨ØºÑ¹áµèÅÐà«ÔÃì¿àÇÍÃìÊÒÁÒÃ¶·Ó¡ÒÃ commit ä´éÍÔÊÃÐµèÍ¡Ñ¹ ¡Ã³Õà«ÔÃì¿àÇÍÃì
ã´à¡Ố ·Ó§Ò¹¼Ố ¾ÅÒ´¨ÐäÁèÊÒÁÒÃ¶¤§äÇé«Öè§¤ÇÒÁ¶Ù¡µéÍ§¢Í§¢éÍÁÙÅä é́ ́ Ñ§¹Ñé¹¤ÇÃ¾Ñ²¹Ò
¢Ñé¹µÍ¹¢Í§ 2-phase commit à¾×èÍãËéÊÒÁÒÃ¶·Ó global roll back ä´é
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