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痦 1 畎倝㘗涸㕃侨䰘䎽
㕃侨䰘䎽僽䨾剣侨䰘盗椚禹絡⚥㟞Ɤ剒䘯涸♧碫կ歋✵䖎傍㽠鄄  TwitterծFacebook ㄤ  Google 瘝Ⱆ぀ꅷ欽
㕃䊺䧭⚹䔲➚ぐ遤ぐ⚌涸⟱⚌䨾⢪欽涸⚺崨䪮助կ鸑鵂⟄㕃呔䒭絆絉侨䰘㕃侨䰘䎽⯘剪✫Ⱖ➭侨䰘䎽偽岁⯘
剪涸䊭㣐ծ㢕勇涸侨䰘䮋䧶կ♸⠛絡涸Ⱒ禹㘗侨䰘䎽盗椚禹絡ㄤ鵛䎃勻倝Ⱓ涸  NoSQL 㣐侨䰘❡ㅷ湱嫱㕃剣
满僈儑⠏⸷կ

㕃侨䰘䎽僽侨䰘盗椚鲱⟝կ匬䧭銳稇僽挿ㄤ鴝⚙⚡挿⛓ꢂ涸Ⱒ翫կ爢❜Ⱒ禹㕃僽㕃涸♧⚡皍⽀爙⢾կⰨ⡤ 
罜鎊Ⱒ禹㘗侨䰘䎽⛲㾩✵侨䰘盗椚鲱⟝Ⱖ匬䧭銳稇僽邍կ㸐⟌鿪꨽銳㼜侨䰘⸈鲿ⵌ鲱⟝⚥䎇⢪欽叅霧露鎊䧴 
API 䩞腊霄꡼侨䰘կ
Ⱒ禹㘗侨䰘䎽Ⱓ饰✵ 20 ⚆紬 80 䎃➿կ雽㢴㉁⚌Ⱆ぀㥵 OracleծIngresծIBM㖲佅䭯侨䰘盗椚涸Ⱒ禹垷㘗 

⟄邍⚹㛇炄կ㖈䔲傞⚺銳涸侨䰘盗椚꨽宠僽欰䧭䫣邍կ
搬罜梡㥵➚侨䰘盗椚꨽宠䊺〄欰佖」կ侨䰘ꆀ旘挽䚍㟞Ɤծ侨䰘ⴔ區馊勻馊㢕勇ծ垷䒭刿佖馊勻馊곸籖ⱄ

⸈♳㹊傞叅霧ㆇ䎾傞ꢂㄤ刿兰腊涸侨䰘䲀鷐銳宠鵯猫猫㔔稇⢪➃⟌雩霋ⵌ✫㕃垷㘗涸⠏⸷կ
㉁⚌鲱⟝Ⱆ぀㢴䎃勻♧湬佅䭯㕃垷䒭⢾㥵 TigerGraphծNeo4j ㄤ DataStax 涸 DSE Graphկ鵯고䪮助㖈雽㢴

곭㚖䌄勻✫괇銻䚍」⻊⢾㥵⣘䎾Ꝇ盗椚ծ歏㶩㉁⸉䲀鷐ծ緸絞㸝Ⰼծ妬霍唬崵⟄⿺⯓鵳侨䰘ⴔ區⚥涸雽㢴곭㚖կ
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⚺銳⠏⸷
♸Ⱒ禹㘗侨䰘䎽ㄤ NoSQL 侨䰘䎽湱嫱㹁⛐葻㥩涸㕃侨䰘䎽鿪剣满僈儑⠏⸷կ㖈⟄♴畎蒜⚥䧮⟌㼜➝絏ぐ

猫㕃侨䰘䎽⛓ꢂ涸䊵䒗կ
刿㥩ծ刿䘯鸟涸叅霧ㄤⴔ區
偽雿侨䰘㣐㼭㕃侨䰘䎽㖲〳ⴀ蒀叅霧湱Ⱒ侨䰘կ㕃垷㘗䲿⣘✫ⰻ縨涸程䒸侨䰘絕匬㸐偽꨽ꛏ㼆絛㹁叅霧罜

⸈鲿䧴䱹鍘偽Ⱒ侨䰘կ㕃垷䒭涸넞佪桧⢪Ⱖ䧭⚹ⴀ蒀涸鍒Ɀ倰呩腊㢿刿㥩刿䘯㖑鵳遤㹊傞㣐侨䰘ⴔ區叅霧կ鵯♸ 
NoSQL 侨䰘䎽㥵 MongoDBծHBase/HDFS (Hadoop) ㄤ Cassandra湱⿿NoSQL 侨䰘䎽涸卹匬ꛏ㼆侨䰘廩ծ
곡䎸䪊䲽ㄤ倝侨䰘꣡⸈♶ꥥ劼叅䪪罜匬䒊կ㖈姼碫禹絡⚥嫦妃叅霧鿪⠔嶍⿺㣐鿈ⴔ涸侨䰘俒⟝Ⱒ禹㘗侨䰘
䎽ⴭ刿⸈禁祧㢅椚Ⰼꆀ侨䰘䖎䢨䎇⚂꨽銳絛邍䒊用鵶䱹䩞腊ッ梡邍ꢂ涸Ⱒ禹կ
刿皍⻊ծ刿荈搬涸侨䰘䒊垷
⟣⡦㷖⛴鵂Ⱒ禹㘗侨䰘䎽䒊垷涸➃鿪✫鍒忘駈侨䰘䎽叻ⲥ⻊ㄤ⿬撑㸤侮䚍꨽銳黽䗄⚚呔錞ⴭկ厤❈ NoSQL 

卹匬饥ぢ✫〥♧匧畮㼜䨾剣碫㘗涸侨䰘佞㖈♧⚡㣐㘗邍⚥կ罜㖈㕃侨䰘䎽⚥䝠〳⟄㹁⛐䨾꨽涸⟣䠑挿碫㘗䎇
㹁⛐⟣䠑鴝碫㘗勻邍爙挿⛓ꢂ涸Ⱒ禹կ㕃垷㘗ⴭ僽䭽꨽㹁⛐尵剣ⱔ⡮涸叻ⲥ⻊ㄤ嵠餩կ
歋挿⿺꬗㖑䮔䱡濼霋⡤禹
濼霋㕃䔲搬⛲僽㕃կ濼霋㕃僽⟄ <⚺露 ><靘露 ><㺉露 >㥵 <Pat><剣 ><菺 >涸䕎䒭邍爙涸ぐ⚡✲㹊涸꧋ざկ

⟄ <⚺露 > ㄤ <㺉露 > ⚹挿<靘露 > ⚹挿⛓ꢂ涸鴝鵯匬䧭✫㕃կ濼霋㕃涸㹊꣢⸆腊僽叅溏侮⡤黽䗄♧禹⴩鴝ծ
ⴔ區龇㚖䧴ⴔ區侮⚡㕃կ鵯呋䝠〳⟄䲀倗䧴䲀椚ⴀ倝涸Ⱒ禹կ
꬗ぢ㼆韌涸䙼絶
㖈㕃⚥嫦⚡挿ㄤ鴝鿪僽荈⺫ゎ㼆韌㹊⢾կ㖈㛇✵垷䒭涸㕃侨䰘䎽⚥欽䨪㹁⛐挿碫㘗ㄤ鴝碫㘗㽠⫸㼆韌碫♧

呋կ姼㢪㼜挿Ⱒ翫荛Ⱖ➭挿涸鴝剣挿碫⡃✵㼆韌倰岁㔔⚹鴝霹僈挿〳⟄⨞➊⛎կ銳㢅椚㕃⚥涸侨䰘꨽銳 
麑⾎鴝㖈嚋䙁♳僽䭷➢♧⚡挿麑⾎ⵌ湱龇挿⥂䭯侨䰘涸㸤侮䚍կ嫱鳅罜鎊㖈Ⱒ禹㘗侨䰘䎽⚥銳Ⱒ翫⚙⚡雵䔶
䗳곢㼜㸐⟌湱鵶䎇⴯䒊倝涸侨䰘雵䔶碫㘗կ
刿䔂㣐涸꡼곿鍒Ɀ腊⸂
㕃侨䰘䎽腊㢿鍒Ɀ㼆✵Ⱒ禹叅霧♶ⴗ㹊꣢ㄤⴗざ㹊꣢涸꡼곿կ⢾㥵鶛➿皾岁㥵 PageRankծ唑䏞♴꣭⟄⿺

Ⱖ➭侨䰘䮔䱡ㄤ劼㐼㷖⛴皾岁կ厤❈㕃叅霧露鎊僽㕃抳㸤㢊涸鵯䠑㄂满䝠〳⟄⢪欽㸐綘ⱗ⟣⡦皾岁կ♶鵂㖈䋑㖞
⚥剣雽㢴邍鴪腊⸂剣ꣳ涸叅霧露鎊կ

鴽鸟涸㹊傞䪈㾝
㥵♳䨾鶣㕃侨䰘䎽䲿⣘刿ⴀ蒀涸䒊垷⸆腊➢罜腊刿㥩㖑⚹✽翫侨䰘䲿⣘꡼곿鍒Ɀ腊⸂կ⡎㕃侨䰘䎽♧湬⟄

勻剣♧고⸌⸷齡㽠僽〳䪈㾝䚍♶⢕⟄䖃涸㕃侨䰘䎽偽岁⸈鲿䧴㶸⪰馄㣐侨䰘꧋ծ偽岁㹊傞㢅椚叅霧䎇⚂ /䧴
罏偽岁麑⾎叅霧⚥⚙⚡⟄♳涸鵶絯Ⱒ翫⚙姿⟄♳կ
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♶鵂梡㖈剣✫倝♧➿㕃侨䰘䎽կ㛇✵⾲欰䎇遤㕃卹匬姼痦♲➿㕃侨䰘䎽䭆剣ⴀ蒀涸鸟䏞ㄤ〳䪈㾝䚍〳䲿
⣘⟄♴⠏⸷
䎇〄叅霧ㄤ㹊傞侨䰘刿倝
雽㢴⟄⵸涸㕃禹絡偽岁㹊傞蜦》倝侨䰘㔔⚹㸐⟌匬䒊㖈⟄暷暨ⱗⰆ䚍腊勻䰃》葻㥩靀》䚍腊涸 NoSQL 侨䰘

㶸⪰⛓♳կ⡎雽㢴䎾欽鿪꨽銳㹊傞刿倝⢾㥵妬霍唬崵ծ⚡䚍⻊㹊傞䲀虛⟄⿺⟣⡦❜僒䧴崨侨䰘䎾欽կ⾲欰䎇遤㕃
〳㹊傞㢅椚靀》ㄤⱗⰆկ䎇遤鸑䌢♸䎇〄䱽ⵖ湱絕ざ⟄⤑⚹靀》叅霧ㄤ㕃刿倝䲿⣘䖎넞涸嫦猲叅霧ꆀկ
帿䏞Ⱒ翫ⴔ區
⾲欰䎇遤㕃霃雦䲿⣘涸剒ꅾ銳⠏⸷⛓♧㽠僽腊㢿㖈馄㣐㕃♳㹊傞㢅椚麑⾎㢴姿10 姿⟄♳涸叅霧կ⾲欰㕃㶸⪰ 

⸈䘯嫦妃侨䰘霄꡼鸟䏞ㄤ䎇遤㢅椚ず傞㢅椚㢴⚡乼⡲湱絕ざ〳㼜雽㢴欽⢾➢♶〳腊」⚹〳腊կ
⸓䙖垷䒭刿佖
⾲ⴭ♳㕃垷㘗⯈雽䝠鸑鵂㹁⛐倝涸挿碫㘗ㄤ鴝碫㘗勻䲽鶣倝涸侨䰘碫㘗ㄤ倝涸Ⱒ禹碫㘗կ䧴罏䝠〳腊꨽銳幑

⸈䧴Ⲹ㼱㾩䚍կ䝠〳⟄Ⱒ翫㢴⚡侨䰘꧋〫꨽⸈鲿侨䰘꧋䎇幑⸈♧❈倝鴝⽰〳Ⱒ翫կⰨ⡤ꦼ僒玐䏞呏䰘㹊꣢䞔ⲃ剣
䨾♶ずկ⾲欰䎇遤㕃僽䕸䕸䏀䏀涸㕃㖈霃雦傞罌贊✫㕃垷䒭〄㾝㔔姼〳⸓䙖㢅椚垷䒭刿佖⽰㖈㕃㢅✵⢪欽朐
䙖傞鵳遤㢅椚կ
皍⽀涸㢴絶䏞侨䰘邍爙
⧺霃䝠䟝銳ぢ㹊⡤幑⸈㖑椚⡙縨㾩䚍䧴罏䟝銳雵䔶傞ꢂ䎸⴩侨䰘կ䝠䔲搬〳⟄⢪欽Ⱒ禹㘗侨䰘䎽勻㸤䧭կ⡎

鸑鵂㕃侨䰘䎽䝠〳⟄鷥䭊㼜⡙縨ㄤ傞ꢂ錠⚹挿碫㘗ㄤ㾩䚍կ䧴罏⢪欽䌄剣勉ꅾ涸鴝勻僈烁Ⱒ翫㖈瑟ꢂ䧴傞ꢂ♳䕹
姼䱹鵛涸㹊⡤կ〳⟄⴯䒊♧禹⴩鴝⟄邍爙㔔卓」⻊կ♸Ⱒ禹垷㘗♶ず偽꨽⴯䒊㢴絶侨䰘꧋勻邍爙㢴⚡絶䏞կ嫦⚡
倝挿碫㘗ㄤ鴝碫㘗㖲邍爙悶㖈涸倝絶䏞㹊꣢鴝邍爙㹊꣢Ⱒ禹կ雮㢴絶䏞邍梡Ⱒ禹䧭⚹偽ꣳ〳腊կ
넞紩翸ざ⿺ⴔ區
ꤑ✫⠛絡涸䭽絆ⴢⴔ翸ざ⛓㢪⾲欰䎇遤㕃侨䰘䎽鵮〳⟄䪄遤刿㢕勇涸翸ざ鵯❈翸ざ㖈Ⱒ禹㘗侨䰘䎽⚥僽♶

〳䟝韌䧴♶ⴗ㹊꣢涸կ歋✵ꅷ欽邍垷㘗Ⱒ禹㘗侨䰘䎽♳涸翸ざ叅霧「ⵌ侨䰘ⴔ絆倰䒭涸匧㣐ꣳⵖկ♸姼湱⿿㕃
涸㢴絶䏞䚍餘ㄤ倝㘗㕃侨䰘䎽涸䎇遤㢅椚⸆腊〳雮欽䨪넞佪㖑ⴔⶶծⴗⴔծ宨䚪ծ鲮䰃欨荛刿倝侨䰘罜偽꨽곫㢅
椚侨䰘䧴⢪侨䰘鵳Ⰶ䔂垷䒭կ
㟞䔂涸劼㐼㷖⛴ㄤ➃䊨兰腊
䧮⟌䊺絑霹鵂㕃〳⟄欽⨞濼霋㕃⢪➃腊鵳♧姿䲀椚ꢂ䱹✲㹊ㄤ濼霋կ姼㢪⟣⡦㕃鿪僽⠏⻊劼㐼㷖⛴涸䔂

㣐娀㐼կ껷⯓㼆✵偽港漛㷖⛴㕃垷㘗〳ⴀ蒀唬崵꧋纈ㄤ䒗䌢㔔⚹䝠〫꨽Ⱒ岤Ⱒ翫կ港漛㷖⛴㨤絊꨽銳刿㢴ծ
刿㥩涸雲絅侨䰘罜㕃腊㢿䲿⣘⯓⵸鄄䙐錠涸暵䚍僽ⴀ蒀涸䲿⣘彂կ⢾㥵㹊⡤ⴀ䏞䧴⚙㹊⡤⛓ꢂ涸剒瀊騟䖈瘝
皍⽀暵䚍〳䲿⣘緃㣟鿈ⴔ⟄䲿넞곫崵ⲥ烁䚍կ㥵卓劼㐼㷖⛴ /➃䊨兰腊䎾欽꨽銳㹊傞Ɀ瘻䧮⟌꨽銳䘯鸟涸㕃侨䰘
䎽կ㕃侨䰘䎽䧭⸆欽⡲㹊傞➃䊨兰腊侨䰘㛇炄卹匬涸Ⱒꝶ㖈✵
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 y 佅䭯㖈剒倝侨䰘崨Ⰶ傞鵳遤㹊傞刿倝
 y 邍鴪腊⸂넞⚂欽䨪⿼㥩涸㡮僈䚍叅霧露鎊⚹侨䰘猰㷖㹻䲿⣘㸤Ⰼ涸侨䰘䱽ⵖ腊⸂
 y 佅䭯㹊傞❇猲帿䏞Ⱒ翫麑⾎> 3 姿㽠⫸➃腰牟絑⯋鸑鵂牟絑緸絞〄鷐⥌䜂♧呋
 y 埇ぢ䪈㾝ㄤ紷ぢ䪈㾝⟄盗椚㣐㘗㕃

⾲欰㕃侨䰘䎽Ⱘ剣霽㢴⠏⸷㸐〳盗椚⠛絡Ⱒ禹㘗侨䰘䎽偽岁㢅椚涸㣐侨䰘կ♶鵂♸剏➿傊䪮助涸⟣⡦倝䪮
助♧呋㕃侨䰘䎽涸䎾欽➠㶸㖈ꥻ烯կ鵯⺫䭍㕃侨䰘䎽叅霧露鎊涸ꬋ叻ⲥ⻊կ剣♧❈♶䧭擿涸❡ㅷ㼋荝䚍腊ㄤ㹊欽
䚍⡛✵叻ⲥⲸ䢨✫㕃垷㘗涸䎾欽鸟䏞կ

㕃侨䰘䎽ㄤⰢ禹㘗侨䰘䎽嫱鳅
㶸⪰垷㘗
Ⱒ禹㘗侨䰘䎽盗椚禹絡㖈邍⚥㶸⪰⥌䜂遤 /⴩կ鸑䌢嫦猫㹊⡤鿪剣♧⚡邍㥵㷖欰ծ侅䋗ծ靃玐ծ㷖劍ծ

岤ⱃկ㖈㹊꣢䎾欽⚥Ⱒ禹㘗侨䰘䎽盗椚禹絡⠔剣Ⳝ⼧⚡欨荛Ⳝ涰⚡邍կ
㖈㕃侨䰘䎽⚥䨾剣⥌䜂㶸⪰⚹挿ㄤ鴝挿⛓ꢂ涸Ⱒ翫涸꧋ざ罜ꬋ㶸⪰㖈暟椚ⴔꥬ涸邍呔⚥կ⢾㥵欽䨪

〳⟄邍爙⚹挿姼挿湬䱹♸蕯䎁Ⱖ➭挿Ⱒ翫⺫䭍欽䨪涸歏霢〿瀦ծ㹻䏭⡞㖧ծ餝✈涸❡ㅷծ㥩⿼瘝կ嫦⚡挿ㄤ
嫦勵鴝㖲〳㶸⪰♧禹⴩㾩䚍կ
叅霧垷㘗
Ⱒ禹㘗侨䰘䎽盗椚禹絡涸㛇炄雦皾垷㘗㛇✵䪊䲽遤ծ鵶䱹遤ծ鵂応遤ㄤ翸ざկ
㕃侨䰘䎽涸雦皾垷㘗㛇✵涸僽➢♧禹⴩ⴲ㨤挿䒓㨤鸑鵂㢴姿勻麑⾎㕃䕎կ嫦♧姿➢䔲⵸挿꧋䒓㨤黽䗄鷥

㹁涸Ⱒ翫鴝㶩꧋ⵌ鴪湱龇挿կ叅霧霫絈⥌䜂㼜䭷㹁㖈⡦㢅䒓㨤ծ鷥䭊涸鴝ㄤ湡叻挿ծ饥㢴㼱姿⟄⿺㖈麑⾎劍ꢂ
㼆錜㻋涸侨䰘䪄遤⡦猫乼⡲կ
ⴔ區碫㘗
Ⱒ禹㘗侨䰘䎽鷓✵⠔雦嶍⿺♧⚙⚡剒㢴♲⚡邍呔涸皍⽀侨䰘叅䪪⟄⿺䲽鶣䚍絡雦կ♶鵂㸐♶㣖鷓✵刿

Ⱘ䱲程䚍䧴곫崵䚍涸ⴔ區կ⢾㥵䖎ꦼ䧴偽岁綘ⱗ SQL 叅霧勻㔐瘷⟄♴꡼곿鵯♲⚡欽䨪㥵⡦Ⱒ翫ծ剒絊剣
㢴㼱꛸➢䋣䨪 A 崨ⰆⰦ➭ 3 ⚡䋣䨪ծ挿 A ㄤ挿 B ⛓ꢂ涸剒瀊 /剒䐢⟟騟絁僽➊⛎䧴㥵卓緸絞⚥涸絆⟝ 
C 佦ꥻ⠔䌄勻➊⛎♴康た卓կ罜㖈㕃侨䰘䎽禹絡⚥䨾剣♳鶣碫㘗涸ⴔ區鿪腊䖤ⵌ荈搬ծ넞佪㖑邍鴪ㄤ鍒Ɀկ
㹊傞叅霧䚍腊
㖈Ⱒ禹㘗侨䰘䎽⚥嫦⚡邍ꅷ》暟椚ⴔꥬ倰䒭鵳遤㶸⪰㔔姼䒊用⚙⚡邍⛓ꢂ涸Ⱒ翫湱㼆鳅䢨կ姼㢪㥵卓

侨䰘䎽霃雦罏尵剣⚹㢪ꝶ䒊用程䒸ⴭ䒊用Ⱒ翫㼜匧䢨կ㖈㕃侨䰘䎽⚥Ⱒ✵挿涸♧ⴗ䊺Ⱒ翫荛挿㔔姼叅霧䚍腊
〳㣐㣐䲿넞կ
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鲮䰃ⵌ㕃侨䰘䎽
⦶⸔ Tigergraph ⾲欰䎇遤㕃侨䰘䎽〳⟄匧⚹鲽匠㖑霃縨㛇劥㕃垷䒭䎇ぢⰦ⸈鲿侨䰘կ㥵卓䊺Ⱘ剣痗ざ叻ⲥ

涸Ⱒ禹垷䒭〳⟄鲽匠㖑㼜Ⱖ鲮䰃⚹〳乼⡲涸㕃垷䒭կ嫳界䝠涸㹊⡤Ⱒ禹垷㘗僽⚡㕃㼆に剒Ⱘ䮋䧶䚍涸姿낢
僽㷖满➢㕃涸錭䏞㛇✵挿⛓ꢂ涸麑⾎勻䙼罌꡼곿㥵⡦鍒Ɀ叅霧罜♶僽➢Ⱒ禹錭䏞勻䙼罌㛇✵鵶䱹邍ծ
䫏䕧ㄤⴔ絆⟄䲿⣘鳕ⴀ邍կ㼆✵雽㢴䎾欽⟄㕃涸倰䒭勻䙼罌㹊꣢♳刿⸈荈搬ㄤ湬錜䔲䨾剣⥌䜂䊺㖈㕃⚥Ⱒ翫
傞㽍Ⱖ㥵姼կ

TigerGraph 䲿⣘涸 GraphStudio UI 僽㸤侮涸畮ⵌ畮 SDK姼㢪鵮䲿⣘넞紩露鎊 GSQL⟄⤑㽴〳腊곡歧㖑㖈 
TigerGraph 䎂〵⛓♳䒓〄鍒Ɀ倰呩䎇⢪姿낢♸ SQL 禹絡稒㺙Ⱟ㺂կ䝠〳⟄黽䗄⟄♴♲姿崨玐

1.⴯䒊㕃垷㘗♸ SQL 涸⴯䒊邍ꬋ䌢碫⡃
2.㼜ⴲ㨤侨䰘⸈鲿ⵌ㕃⚥㥵卓⚹邍侨䰘ⴭ⢪欽皍⽀涸㡮僈露〣
3.⢪欽 GSQL 綘ⱗ㕃鍒Ɀ倰呩կGSQL 涸露岁ㄤ SQL 湱⟬䎇鸑鵂넞紩玐䎸露鎊ㄤ MapReduce 涸嚋䙁㟞䔂կ
Ⱒ禹㘗侨䰘䎽盗椚禹絡곭㚖涸濼霋ㄤ䪮腊〳⟄䎾欽ⵌ TigerGraph 禹絡㖈⵸⚙姿㽍Ⱖ㥵姼կTigerGraph 䭆剣

⚪㺢涸俒咓ㄤ㛆雲勞俱Ⱖ⚥䲿⣘ぐ⚡㘌湬遤⚌ㄤ欽⢾涸㣐ꆀ爙⢾勻霹僈鵯♲⚡姿낢鷓欽呩⢾⺫䭍⼸⡲鵂応䲀虛ծ
㛇✵ⰻ㺂涸䲀虛ծ㕃皾岁㥵 PageRankㄤ妬霍靈叅瘝կ䝠⠔〄梡➢Ⱒ禹垷䒭湬䱹鲮䰃ⵌ㕃垷䒭♶䚪僽剒⢕ 
鷥䭊կ
姼㢪㖈 TigerGraph 禹絡⚥㕃鵮僽ⴔ䋒䒭雦皾垷㘗 〳 ⟄㼜雦皾ⴅ侨♸挿ㄤ鴝Ⱒ翫կ㖈鹤鳓♳挿ㄤ鴝♶

ⱄ〫僽꫽䙖侨䰘㗌㸐⟌」⚹崞⸓雦皾⯋稇♸䧮⟌㣐腰⚥涸牟絑⯋碫⡃կ挿〳鸑鵂鴝ぢⰦ➭挿〄鷐嶊䜂կ㷖⠔⫸
㕃♧呋䙼罌た䝠㼜䒓゗♧⚡⯎忘偽ꣳ〳腊涸倝⚆歲կ
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痦 2 畎㕃侨䰘䎽涸䋑㖞呔㽷
㕃侨䰘䎽涸䋑㖞呔㽷
ꥥ满㕃侨䰘䎽涸兜⿺雽㢴倝Ⱆ぀♶倗ⴀ梡䕎䧭✫⺫ゎぐ猫䊨Ⱘㄤ䪮助涸䋑㖞呔㽷կ䧮⟌➢碫ⵆㄤ곭⯓鍒Ɀ
倰呩ⴗⰆ帿Ⰶ✫鍒♧♴㕃侨䰘䎽涸䋑㖞呔㽷կ
ㅐ霧Ⱆ぀ DBˌEngines.com 涸靈叅邍僈㕃侨䰘䎽僽䨾剣侨䰘盗椚禹絡⚥㟞Ɤ剒䘯涸♧碫կForrester 剒鵛涸

♧고靈叅邍僈Ⰼ椕侨䰘ㄤⴔ區䪮助Ɀ瘻罏⚥剣 51% ꅷ欽㕃侨䰘䎽կ
䨾剣Ⱖ➭侨䰘䎽碫㘗Ⱒ禹㘗侨䰘䎽盗椚禹絡ծ侨䰘➩䎽ծ俒咓侨䰘䎽ㄤꝶ⧩侨䰘䎽⚺銳䒓㨤✵劥㖑㖈䒊

用侨䰘⽰剪⸉⛓⵸곮「妅鵓կ梡㖈㣐㘗✻剪⸉䲿⣘㉁鿪㖈鲮ぢ㕃䪮助㕃侨䰘䎽涸ꅷ欽鸟䏞⠔♶倗⸈䘯կ
梡㖈剣雽㢴♶ず碫㘗涸㕃侨䰘䎽❡ㅷ〳⣘鷥䭊䎇⚂嫦猫❡ㅷ鿪剣Ⱖ杝暵涸暵挿ㄤ⸆腊㔔姼✫鍒Ⱖ⚥䊵䒗

ꬋ䌢ꅾ銳կ

乼⡲㘗㕃侨䰘䎽
Gartner 㼜乼⡲㘗侨䰘䎽♶ꣳ✵㕃侨䰘䎽㹁⛐⚹鷓欽✵䎛岌⟱⚌紩✲⸉䎾欽玐䎸涸侨䰘䎽盗椚禹絡❡ㅷ

⟄⿺佅䭯⡲⚹Ⱖ➭✲⸉碫㘗涸❜✽ㄤ錜㻋涸侨䰘䎽盗椚禹絡❡ㅷGartner Inc.շ乼⡲㘗侨䰘䎽盗椚禹絡눥⸂韌ꣳո
Magic Quadrant for Operational Database Management Systems2016 䎃 10 剢〄䋒IDG00293203կ

Bloor Research 獦鵯❈鍒Ɀ倰呩䖃䖃僽劥㖑㕃㶸⪰䧴罏䒊用㖈 NoSQL 䎂〵⛓♳կ㸐⟌⚁岤✵✲⸉ (ACID) ㄤ乼
⡲ⴔ區㼆程䒸尵剣絟㼆銳宠կBloor Researchշ㕃侨䰘䎽ㄤ RDF 侨䰘䎽 2015ոGraph and RDF databases 
2015痦 2 劍2015 䎃 9 剢〄䋒կ

乼⡲㘗㕃侨䰘䎽⺫䭍 TitanծJanusGraphծOrientDB ㄤ Neo4jկ
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濼霋㕃 /RDF

餴彂䲽鶣呥卹 (RDF) 僽♰絶緸翫湅錞薴⡤禹剒ⴲ僽⡲⚹⯋侨䰘垷㘗霃雦涸կ㸐⢪欽ぐ猫露岁雵〿ㄤ侨䰘䎸⴩
⻊呔䒭䊺欽⡲嚋䙁䲽鶣䧴㖈 Web 餴彂⚥㹊倶涸⥌䜂䒊垷涸♧菚倰岁կ嫦♧고✲㹊鿪僽♲⯋涸⚺露ծ靘露ծ㺉露
㔔姼 RDF 侨䰘䎽剣傞⛲獦⚹♲ꅾ㶸⪰կ

Bloor Research 靈叅䖤ⴀ鵯❈㕃䖃䖃露⛐꧋⚥㛇✵㛇炄⺫䭍Ⱒ禹㘗侨䰘䎽կ㸐⟌ꬋ䌢鷓ざ㖈乼⡲梠㞯
⚥⢪欽⡎Ⱘ剣䲀椚⸆腊⽰⢪㖈✲⸉梠㞯⚥⛲꨽銳程䒸կBloor Researchշ㕃侨䰘䎽ㄤ RDF 侨䰘䎽 2015ոGraph 
and RDF databases 2015痦 2 劍2015 䎃 9 剢〄䋒կ

雽㢴㕃侨䰘䎽⣘䎾㉁涸濼霋㕃䪮助㛇✵ RDF⺫䭍 AllegroGraphծVirtuosoծBlazegraphծStardog ㄤ 
GraphDBկ

㢴垷䙖㕃
霪碫ⵆ⺫䭍佅䭯㢴⚡垷䙖碫㘗涸侨䰘䎽կ⢾㥵䌢錛涸〳腊䚍僽俒⟝㶸⪰ծꝶ⧩㶸⪰䧴 RDF/㕃㶸⪰涸♲騟鷥

고կBloor Researchշ㕃侨䰘䎽ㄤ RDF 侨䰘䎽 2016ոGraph and RDF databases 20162017 䎃 1 剢〄䋒կ
㢴垷䙖倰岁涸⠏挿僽〳⟄ꛏ㼆湱ず侨䰘鵘遤♶ず碫㘗涸叅霧⢾㥵㕃叅霧ㄤꝶ⧩叅霧կ⚺銳緃挿僽䚍腊♳♶腊⼐ꂁ
⚁欽ㄤ⠏⻊涸侨䰘䎽盗椚禹絡կ

㢴垷䙖㕃爙⢾⺫䭍 Microsoft Azure Cosmos DBծArangoDB ㄤ DataStaxկ
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ⴔ區㕃
Bloor Research 獦ⴔ區㕃⣩ꅾ✵鍒Ɀ䊺濼涸䊺濼꡼곿㣐㢴侨⽰㹊⡤ㄤⰢ禹䊺濼涸䞔ⲃ䧴罏䊺

濼涸劢濼欨荛劢濼涸劢濼꡼곿կ霪靈叅Ⱆ぀獦㢴猫倰岁⢪霪곭㚖⺫ゎ♶ず涸⡤禹絕匬⺫䭍劥㖑ㄤꬋ
劥㖑㶸⪰䎇遤⻊涸♶ず倰岁⟄⿺넞紩➿侨涸⢪欽Bloor Researchշ㕃侨䰘䎽ㄤ RDF 侨䰘䎽 2015ոGraph 
and RDF databases 2015痦 2 劍2015 䎃 9 剢〄䋒կ
ⴔ區㕃涸爙⢾⺫䭍 Apache GiraphծSpark GraphX ㄤ Turi⟄⵸⚹ GraphLab梡㖈歋 Apple 䨾剣կ

㹊傞㣐㕃

㹊傞㣐㕃僽♧猫倝涸㕃侨䰘䎽碫ⵆ欽✵㢅椚嵳ꆀ侨䰘ㄤ侨䰘蜦》桧䎇䲿⣘㹊傞ⴔ區կ⚹✫㢅椚㣐㘗⚂♶倗
㟞Ɤ涸侨䰘꧋㹊傞㣐㕃侨䰘䎽霃雦⚹〳埇ぢ䪈㾝ㄤ紷ぢ䪈㾝կ
偽雿㖈㕃⚥麑⾎涸姿侨剣㢴㼱㹊傞㣐㕃㖲〳㹊梡馄鵂 1 ➉妃挿䧴鴝麑⾎ /猲 /剪⸉㐼ㄤ馄鵂 10 ♰妃刿倝 /

猲 /剪⸉㐼涸㹊傞㣐㕃ⴔ區կ㹊傞㣐㕃鵮䲿⣘㹊傞㕃ⴔ區腊⸂⟄⤑䱲瑕ծ〄梡ㄤ곫崵ꬋ䌢㢕勇涸Ⱒ禹կ鵯➿邍满
㹊傞帿䏞Ⱒ翫ⴔ區〳㹊梡 10 姿⟄♳涸㣐㕃麑⾎⟄⿺䘯鸟涸㕃麑⾎♸侨䰘刿倝կ
㹊傞㣐㕃爙⢾⺫䭍 TigerGraphկ

✫鍒ぐ고❡ㅷ
䚪罜鎊⛓梡㖈剣雽㢴♶ず碫㘗涸㕃侨䰘䎽❡ㅷ〳⣘鷥䭊䎇⚂嫦猫❡ㅷ鿪剣Ⱖ杝暵涸⠏⸷㔔姼ꥥ满㕃侨

䰘䎽㖈ぐ⚡㘌湬遤⚌涸⟱⚌ㄤ欽⢾⚥♶倗䖤ⵌꅷ欽✫鍒Ⱖ⚥䊵䒗ꬋ䌢ꅾ銳կForrester Research 剒鵛涸♧고靈叅
獦Ⰼ椕侨䰘ㄤⴔ區䪮助Ɀ瘻罏⚥剣 51% 姻㖈㹊倶ծ䊺絑㹊倶䧴姻㖈⼮紩➭⟌涸㕃侨䰘䎽Forrester Research
շForrester ⣘䎾㉁䋑㖞呔㽷㕃侨䰘䎽ոForrester Vendor Landscape: Graph DatabasesYuhanna2017 䎃 

10 剢 6 傈կ
ꥥ满絆絉䒓㨤䱹「㕃涸䔂㣐⸆腊䗳곢銳✫鍒〳⣘鷥䭊涸ぐ猫❡ㅷ⿺Ⱖ⠏⸷㼆✵暵㹁涸欽⢾㖞兞鷥䭊剣

ꛏ㼆䚍涸❡ㅷ暵ⵆꅾ銳կ㹊傞㣐㕃䎾欽霆僈㕃䪮助姻㖈ぢ倝♧➿怵」կ鵯❈鍒Ɀ倰呩絑鵂⚁꡶霃雦〳⚹䭆剣嵳
ꆀ侨䰘涸絆絉䲿⣘㹊傞ⴔ區կ
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痦 3 畎㹊傞帿䏞Ⱒ翫ⴔ區
㕃侨䰘䎽僽ⴔ區ㄤ鍒Ɀ㣐侨䰘꧋ꢂⰢ禹ㄤⰢ翫涸㢕勇꡼곿涸椚䟝垷㘗կ♶鵂㸐⟌腊や剣佪䲿⣘㹊傞峯㻋》Ɀ
✵♧고Ⱒꝶ暵䚍齡㽠僽〳㖈㣐㕃⚥㹊傞麑⾎涸姿侨⽰ⴔ猌䏞կ
㕃⢪欽⺫䭍挿ծ鴝ㄤ㾩䚍涸䕎䒭㶸⪰侨䰘⯘剪✫邍鴪嵳ꆀծ㢕勇⚂✽翫涸侨䰘涸䮋䧶կ♸⠛絡涸Ⱒ禹㘗侨䰘

䎽盗椚禹絡ㄤ鵛䎃勻倝Ⱓ涸Ⱖ➭㣐侨䰘❡ㅷ湱嫱㕃刿鷓✵Ⱒ禹ⴔ區կ♶鵂㣐㕃ⴔ區♶➑꨽銳鷓䔲㶸⪰鵮꨽銳
腊䘯鸟霄꡼ㄤ㢅椚嵳ꆀ㕃侨䰘կ
⠛絡涸㕃䪮助⨞♶ⵌ㹊傞ⴔ區㔔⚹㸐⟌偽岁佅䭯㣐㕃⚥ 3 姿⟄♳涸麑⾎կ⠛絡㕃䪮助〳⟄㢅椚㼭㕃Ⱘ剣Ⳝ

涰♰挿ㄤ鴝♳涸㢴姿麑⾎⡎ꥥ满㕃涸㣐㼭㟞⸈㸐⟌㢅椚鵶絯㢴姿涸腊⸂㣐䌴♴꣭կ姼㢪鵮剣Ⱖ➭ꣳⵖ⺫䭍
ꦼ⟄⸈鲿嵳ꆀ侨䰘⟄⿺㹊傞蜦》侨䰘涸䚍腊♶⢕կ
ꥥ满䔲➚⟱⚌欰䙖禹絡⚥涸㹊傞侨䰘兜麑傈渤㟞Ɤ梡㖈姻僽㕃侨䰘䎽䎾⸷〄㾝涸傞劼կ
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㹊傞帿䏞Ⱒ翫ⴔ區皍➝
䔲➚⟱⚌꨽銳㹊傞㕃ⴔ區腊⸂⟄⤑䱲瑕ծ〄梡ㄤ곫崵㢕勇Ⱒ禹կ鵯꨽銳㹊傞帿䏞Ⱒ翫ⴔ區㸐鸑鵂ⵄ欽 3 ⵌ 

10 姿⟄♳涸㣐㕃麑⾎⟄⿺䘯鸟㕃麑⾎ㄤ䘯鸟侨䰘刿倝勻㹊梡կ
䙼罌♧⚡ꬋ䌢皍⽀涸⚡䚍⻊䲀虛꡼곿齡❈♸⡹㋐㥩湱ず涸곥㹐鵮餝✈✫ㆭ❈㉁ㅷկ껷⯓➢♧⚡➃䒓㨤

霪叅霧껷⯓烁㹁䝠崹錢 /挿饎 /餝✈鵂涸㉁ㅷկ
痦✳姿㼊䪪Ⱖ➭叅溏 /㋐妅 /餝✈鵂鵯❈㉁ㅷ涸➃կ
痦♲姿䪪ⴀ鵯❈➃餝✈鵂涸Ⱖ➭㉁ㅷկ
➃ → ❡ㅷ → Ⱖ➭➃ → Ⱖ➭❡ㅷ
霪叅霧銳宠㖈㕃♳㹊傞饥 3 姿㔔姼㸐馄ⴀ✫⵸Ⳝ➿㕃䪮助㼆✵嵳ꆀ侨䰘꧋涸 2 姿叅霧ꣳⵖկ㥵卓ⱄ㟞⸈♧

㽻Ⱒ禹㥵❡ㅷ⸆腊ծ❡ㅷ㖈㈒䞔ⲃ䖎㺂僒㼜叅霧䪈㾝ⵌ 4 姿䧴刿㢴姿կ

㹊傞帿䏞Ⱒ翫ⴔ區爙⢾
歋✵嫦㟞⸈♧姿㽠腊㖈嵳ꆀ侨䰘⚥䳶爙刿㢴倝涸Ⱒ翫ㄤꥧ诡涸Ⱒ禹㔔姼㹊傞帿䏞Ⱒ翫ⴔ區➿邍✫㕃ⴔ區涸

倝ꅽ玐烵ㄤ〄㾝կ暵ⵆ㖑㹊傞帿䏞Ⱒ翫ⴔ區㖈雽㢴欽⢾⚥䲿⣘䊭㣐⠏⸷⺫䭍⿿妬霍ծ⚡䚍⻊䲀虛ծ⣘䎾Ꝇ⠏⻊
⟄⿺䔲➚剒ꅾ銳涸⟱⚌䎾欽䨾꨽涸Ⱖ➭ⴔ區⸆腊կ䧮⟌勻Ⱘ⡤霹僈♧♴
굥ꤗㄤ妬霍䱽ⵖ
㹊傞帿䏞Ⱒ翫ⴔ區鸑鵂鳹霋넞굥ꤗ❜僒勻䩧ⴁꆄ輑月縡կ⢾㥵➢♧⚡倝涸⥌欽⽓❜僒䒓㨤霪❜僒♸Ⱖ➭㹊

⡤〄欰Ⱒ翫涸倰䒭〳⟄鳹霋㥵♴
倝❜僒 → ⥌欽⽓ → 䭯⽓➃ → Ⱖ➭⥌欽⽓ → Ⱖ➭♶葻❜僒
霪叅霧⢪欽 4 姿勻㼊䪪♸鲮Ⰶ❜僒〫剣♧⽓⛓ꥬ涸Ⱒ翫կ梡➚涸妬霍罏霚㕃㼜荈䊹♸䊺濼♶葻遤⚹䧴♶葻遤⚹

罏⛓ꢂ䒊用鴵㔐Ⱒ翫诓⟄䲁渷荈䊹涸崞⸓կ騟䖈⚥涸⟣⡦⚡➃鿪〳腊溏♳⿡幡涯偽鳡⡎㥵卓腊㢿㖈 A ⵌ B ⛓
ꢂ〄梡㢴勵騟䖈ⴭ㶸㖈妬霍涸〳腊䚍㽠⠔㟞⸈կ㔔姼♶➑꨽銳麑⾎帿䏞4 姿鵮꨽銳麑⾎㺈䏞䪪ⵌ㢴勵
騟䖈կ
剣ꊹ✵姼䧭⸆涸굥ꤗㄤ妬霍䱽ⵖ꨽銳Ⱘ㢊㢴姿麑⾎涸腊⸂կ鵯猫麑⾎垷䒭鷓欽✵雽㢴Ⱖ➭⢪欽䞔䕎〫꨽㼜

❜僒剏䰃⚹緸곜挿ⴁ✲⟝ծ歏霢雵䔶䧴宨妴⽰〳կ⦶⸔㹊傞帿䏞Ⱒ翫ⴔ區〳⟄䳶爙㢴⚡ꥧ诡涸翫禹➢罜剒㣐ꣳ
䏞Ⲹ㼱妬霍կTige
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rap

h.c
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㢴絶䏞⚡䚍⻊䲀虛
⚹⢪叅霧䪪ⵌ碫⡃涸곥㹐䧴罏䲿⣘⚡䚍⻊❡ㅷ䲀虛꨽銳鵳遤㹊傞帿䏞Ⱒ翫ⴔ區կ霼罌贊⟄♴䲀虛騟䖈爙⢾

Ⱖ⚥䨾剣騟䖈㖲馄鵂 3 姿
i
Person→ Purchases→ Products→ (other)Purchases→ (other)Persons→ (other)Products

Person → Purchases→ Products→ Categories→ (other)Products

Person→ Clicks→ Products→ Categories→ (other)Products

⟄♳⟣⡦騟䖈㖲〳⽀杝䧴䕹姼絆ざ勻欽✵⢾㥵ꨪ㈒緸畀♳涸⚡䚍⻊䲀虛կ痦♧勵騟䖈鷥䭊♸䝠餝✈✫湱ず❡ㅷ
涸Ⱖ➭欽䨪䨾餝✈涸❡ㅷկ痦✳勵騟䖈烁㹁♸䝠餝✈涸❡ㅷ湱⡃涸❡ㅷ痦♲勵騟䖈烁㹁♸䝠崹錢 /䠭Ⱓ馰涸❡ㅷ
湱⡃涸❡ㅷկ䲀虛皾岁〳㖈鵘遤傞㼜♶ず勉ꅾⴔꂁ荛嫦猫碫㘗涸騟䖈䨾䪪ⵌ涸❡ㅷ➢罜⚹欽䨪䲿⣘♧絆幊ざ涸䲀
虛❡ㅷկ
♶鵂歋✵䔲⵸禹絡涸㽷ꣳ䚍䔲⵸㣐鿈ⴔ䲀虛⸆腊鿪僽⢪欽猌絁雦皾կ鵯❈䲀虛僽㖈た〵䲿⵸雦皾㥩涸♶

腊ⵄ欽剒倝侨䰘䪄遤㹊傞涸䭽꨽ⴔ區➢罜⚜㣟䖎㢴䲀虛劼⠔䧴鸣䧭鵂傞涸䲀虛կ倝涸㕃侨䰘䎽䪮助梡㖈腊㢿鍒Ɀ
鵯♧꡼곿կ
歏⸂靈䏞ծ⣘䎾Ꝇ暟崨ծ麤騟❜鸑⠏⻊
鵯❈䎾欽靈侮ぐ⚡㹊⡤ㄤ /䧴ぐ⚡Ⱒ翫湬ⵌ䒊用♧⚡⸓䙖䎂邂䧴剒⠏涸朐䙖կ⢾㥵㖈㕂㹻䧴⼓㚖歏緸⚥

嫦〵〄歏劼涸歏⸂鳕ⴀ䭽㥵♴䨾爙靈侮
䨾剣㹊⡤
  → ♸ワ鴝⼓㚖涸Ⱒ禹ㄤ湱䎾䕧ㆇ
  → 刿倝䨾剣㹊⡤
<ꅾ㢕湬ⵌ鴪ⵌ珘㹁朐䙖 >կ
⚹✫䖤ⵌ鷓䔲涸⧩꨽銳㖈㕃侨䰘♳鵳遤鶛➿雦皾碫⡃✵ PageRank湬ⵌⰦ⚥♧❈䏞ꆀ⧩佐侈⚹姺կ㖈鵯ꅽ

嫦⚡곝挿絆⟝⢾㥵〄歏劼僽㢴⚡➢㾩鿈⟝涸緸絞卛紿➢罜㼋荝㢴㽻Ⱒ翫կ㖈歏⸂ⴔꂁ緸絞Ⱒ翫玐䏞鸑䌢꨽
銳 6 姿կ

Power generator→ Transformers→ Control units→ Lower—level transformers→ Lower—

level control units→ Meters→ Power—consuming devices

㼆✵姼碫呩⢾㕃侨䰘䎽禹絡꨽銳㹊傞帿䏞Ⱒ翫ⴔ區䩞腊㢅椚鵯♧紩ⵆ涸雦皾կ
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㹊傞Ɀ瘻佅䭯ㄤ⟱⚌➃䊨兰腊涸」ꬠ䚍䪮助
♸㹊傞帿䏞Ⱒ翫ⴔ區湱嫱⟱⚌鸑鵂剣ꣳ涸㕃ⴔ區䨾蜦䖤涸⥌䜂〫僽ⱺ㿋♧錭կ㹊傞帿䏞Ⱒ翫ⴔ區佅䭯侨䰘㹊

⡤⛓ꢂ涸䨾剣Ⱒ翫䲿⣘溫姻」ꬠ䚍涸䪮助㽍Ⱖ鷓✵Ⱘ剣嵳ꆀ侨䰘涸絆絉կ
㹊傞帿䏞ⴔ區涸ⴀ梡➿邍满㕃ⴔ區䪮助涸倝紬⯋կ⡲⚹㕃侨䰘䎽」ꬠ涸♴♧ꅽ玐烵㹊傞帿䏞Ⱒ翫ⴔ區⢪欽䨪

腊㢿嫱⟄䖃刿ⲥ烁ծ刿䘯鸟ㄤ刿帿Ⰶ㖑䱲瑕ծ〄梡ㄤ곫崵Ⱒ禹կ㸐剒絊〳⟄㹊傞佅䭯⟱⚌➃䊨兰腊䎾欽鵯僽䔲➚
䘯鸟〄㾝涸畊✰䋑㖞⚥涸溫姻」ꬠ㔔稇կ
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痦 4 畎㕃侨䰘䎽⛓ꢂ涸䊵䒗
㕃侨䰘䎽㔔Ⱖ湱鳅✵Ⱒ禹垷㘗涸僈儑⠏⸷罜㢊「Ⱒ岤կ雽㢴⣘䎾㉁紹紹鵳Ⰶ霪곭㚖㔔姼霉⠮䨾剣❡ㅷ곮剣
ꦼ䏞կ♴꬗⴩ⴀ✫㖈霉⠮㕃侨䰘䎽傞䎾罌贊涸㔔稇կ

 y 㾩䚍㕃䧴 RDF 㶸⪰կRDF 㶸⪰僽⚁欽㕃侨䰘䎽㾩䚍㕃僽鸑欽㕃侨䰘䎽կ㥵卓䝠涸侨䰘⚹紱 RDF䝠涸
叅霧➑ꣳ✵垷䒭⼐ꂁ䧴鹤鳓䲀椚齡⛎ RDF 侨䰘䎽腊㢿忘駈䝠涸銳宠կⰦ➭欽䨪䎾霪Ⱒ岤㾩䚍㕃կ⽰⤑
㥵姼歋✵〳欽 RDF 侨䰘䎽涸䚍腊鵮♶㢿䔂㣐♧❈Ⱘ剣 RDF 濼霋㕃䎾欽涸⟱⚌➠鲮罜⢪欽㾩䚍㕃侨 
䰘䎽կ

 y 鄳鲿腊⸂կ㥵卓侨䰘鴪ⵌ⼪⯐⡙䧴刿㣐鄳鲿腊⸂僽Ⱒꝶ涸䊵䒗㔔稇կ㥵卓䝠雦ⴢ㹁劍㼜♶ず侨䰘➢侨䰘
廩㼋Ⰶ㕃侨䰘䎽齡⛎鄳鲿腊⸂ꬋ䌢ꅾ銳կ⸈鲿鸟䏞ㄤ〳欽䚍鿪䖎ꅾ銳կ㥵卓䝠尵剣崵霚侨䰘〳⟄罌贊
ⰖⰟ侨䰘꧋㥵 15 ➉勵鴝涸 Twitter 磋⚏緸絞 (http://an.kaist.ac.kr/traces/WWW2010.html) 䧴 18 ➉勵鴝涸 
Friendster 緸絞 (http://snap.stanford.edu/data/comˌFriendster.html)կ껷⯓㕃侨䰘䎽僽や꨽銳䝠곫⯓㹁⛐
垷䒭㥵卓僽鵯僽や湬錜㸐僽や佅䭯䝠꨽銳涸侨䰘碫㘗⺫䭍㢕ざ碫㘗侨䰘䎽腊や湬䱹➢侨䰘俒
⟝䲿》ծ鲮䰃ㄤ⸈鲿 (ETL) 侨䰘䧴罏䝠僽や꨽銳곫㢅椚侨䰘㸐腊や㢅椚㢴猫䌢錛鳕Ⰶ俒⟝呔䒭⸈鲿 
1000 ♰勵鴝꨽銳㢴⛉ 2000 ♰勵鴝ャ侨䰘䎽腊やꥥ㕃涸㣐㼭㟞⸈罜⥂䭯葻㥩涸⸈鲿鸟䏞㸐僽や佅
䭯䎇遤⸈鲿⟄鴪ⵌ刿넞涸ふちꆀ㸐僽や佅䭯馄㣐⸈鲿⡲⚌䨾꨽涸雦ⴢㄤꅾ倝䒓㨤鵯❈꡼곿㼜⤛⢪䝠鵳
遤霉⠮կ

 y ⾲欰㕃㶸⪰կ雽㢴㕃侨䰘䎽⚹ꬋ⾲欰侨䰘䎽鵯䠑㄂满㸐⟌㖈Ⱒ禹邍ծRDF ♲⯋絆䧴煂渹♳涸ꝶ⧩㼆⚥
㶸⪰㕃侨䰘կ㼜侨䰘蜦》ⵌⰻ㶸た㸐⟌㼜䲿⣘⚥ꢂ㽻 API ⟄垷䬾㕃錠㕃ㄤ㕃麑⾎կ♸⛓湱⿿⾲欰㕃侨
䰘䎽湬䱹⟄㕃垷㘗呔䒭挿ㄤ鴝㶸⪰侨䰘կ剒剣ぜ涸⾲欰㕃⺫䭍 TigerGraph ㄤ Neo4jկꬋ⾲欰㕃僽䫔
⚥鍒Ɀ倰呩կ㸐⟌赡搬腊刿鲽匠㖑佅䭯㢴垷䙖侨䰘䎽♸♧⚡侨䰘㶸⪰湱嫱䲿⣘刿㢴侨䰘垷㘗⡎暷暨
✫㕃䚍腊կ罜⾲欰㕃涸鴝ㄤ挿㶸⪰垷㘗䲿⣘ⰻ縨程䒸〳 㹊梡刿䘯鸟ծ刿넞佪涸㕃麑⾎կ㥵卓侨䰘꧋䖎㣐
ꬋ⾲欰㕃鸑䌢ꦼ⟄㢅椚 3 姿⟄♳涸叅霧կ

 y 剣垷䒭䧴偽垷䒭կ厤❈㕃侨䰘䎽獦㸐⟌♶꨽銳곫㹁⛐垷䒭կ厤❈㕃侨䰘䎽ⴭ黽䗄⠛絡Ⱒ禹侨䰘䎽垷㘗
꨽銳곫㹁⛐垷䒭կ偽垷䒭⡃⛖刿㥩Ⲹ㼱卹匬䋗涸䊨⡲⡎鵯⠔䕧ㆇ䚍腊կ곫㹁⛐垷䒭〳㹊梡刿넞佪涸㶸⪰ծ
叅霧㢅椚ㄤ㕃麑⾎㔔姼㹁⛐垷䒭涸㼱雽ⴲ㨤䊨⡲〳䌄勻Ⳝ⦔涸⟟⧩կ♶鵂㥵卓꨽銳곫㹁⛐垷䒭霼
烁⥂侨䰘䎽佅䭯垷䒭刿佖䔲侨䰘䎽㖈⢪欽⚥傞剒㥩佅䭯㖈絁刿佖կ〳⟄烁⥂䝠霃雦涸ⴲ㨤垷䒭♶僽
剒絊垷䒭կ

 y OLTPծOLAP 䧴 HTAPկ䝠䋞劅㕃侨䰘䎽䪄遤ㆭ碫乼⡲厤❈㕃䎂〵紱礨鷓ざ㣐錞垷㢅椚 (OLAP)⢾㥵 
PageRank 䧴爢⼓唬崵կ⠏猖涸 OLAP 㕃侨䰘䎽䎾霪Ⱘ㢊넞䏞䎇遤涸㢅椚霃雦ㄤ葻㥩涸〳䪈㾝䚍կ厤❈㕃
侨䰘䎽⚁⚹挿叅霧罜霃雦➢♧⚡䧴Ⳝ⚡挿䒓㨤蕯䎁姿麑⾎կ⡎僽銳䧭⚹溫姻涸✲⸉侨䰘䎽欽✵ 
OLTP㸐䎾霪佅䭯 ACID ✲⸉ծ䎇〄䚍ㄤ䖎넞涸嫦猲叅霧ꆀ (QPS)կ㥵卓✲⸉⺫䭍侨䰘䎽刿倝ⴭ䗳곢
⨞ⵌ㹊傞刿倝⿬錛♴俒կ匧㼱剣㕃侨䰘䎽腊ず傞忘駈♳鶣銳宠㔔姼〳罌贊幊ざ✲⸉ /ⴔ區㢅椚 (HTAP) 
侨䰘䎽կ
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 y 㹊傞刿倝կ㹊傞刿倝䠑㄂满侨䰘䎽刿倝幑⸈ծⴵꤑ䧴⥝佖〳⟄♸侨䰘䎽♳涸Ⱖ➭叅霧ず傞鵳遤罜⚂
刿倝〳⟄䖎䘯㸤䧭䲿❜ㄤ〳欽կ䌢錛涸㕃刿倝乼⡲⺫䭍䳃Ⰶ /ⴵꤑ倝挿 /鴝⟄⿺刿倝梡剣挿 /鴝涸㾩䚍կ
椚䟝䞔ⲃ♴㹊傞刿倝䎾♸䎇〄䱽ⵖ湱絕ざ⟄⤑㢴⚡叅霧ㄤ刿倝✲⸉〳⟄ず傞鵘遤⡎剒絊絕卓♸
✲⸉䭽곡䎸鵘遤傞湱ずկ㣐㢴侨ꬋ⾲欰㕃䎂〵⢾㥵GraphXծDataStax DSE Graph♶佅䭯㹊傞刿倝
㔔⚹Ⱖ侨䰘㶸⪰禹絡HDFSծCassandra♶〳」կ

 y 㹊傞帿䏞Ⱒ翫ⴔ區կ㖈㥵➚涸㣐㢴侨㕃侨䰘䎽♳叅霧ㆇ䎾鸟䏞➢♲姿䒓㨤儑衼꣭⡛կ搬罜㕃侨䰘䎽涸
溫姻⟟⧩㖈✵䪪ⵌ齡❈帿诡㖈Ⳝ姿⛓た涸ꬋ邍꬗Ⱒ翫կ銳唬낉♧⚡㕃侨䰘䎽涸帿䏞Ⱒ翫䚍腊♧猫皍⽀涸
倰岁僽㖈㣐㘗紨 10 ➉勵鴝㕃♳鵘遤 k ⧩鷻㟞涸♧禹⴩ k 姿龇㚖㣐㼭叅霧կ⛲㽠僽霹䪪ⵌ騄猌饰㨤
挿♧姿ծ⚙姿ծ♲姿⟄荛刿㢴姿涸䨾剣挿կ⚹꧋⚥✵㕃麑⾎罜ꬋ IO 傞ꢂ➑鵥㔐 k 姿龇挿涸侨ꆀկ

 y 〳䪈㾝䚍ㄤ䚍腊կ〳䪈㾝䚍僽㣐侨䰘傞➿涸♧⚡ꅾ銳暵䖄կ侨䰘䚪僽㽻ⴀ♶瑗䝠䭆剣涸侨䰘馊㢴 /馊⚪
㺢 /馊倝됮ⴔ區ㄤ峯㻋腊⸂㽠⠔馊䔂կ欽䨪꨽銳烁⥂➭⟌涸侨䰘䎽腊㢿㟞Ɤկ侨䰘䎽〳䪈㾝䚍〳ⴢⴔ⚹
♲⚡⚺銳倰꬗

• 鲱⟝佅䭯 ˌ 鲱⟝㼆〳盗椚涸㹊⡤侨ꆀ䧴侨䰘㣐㼭僽や剣ꣳⵖ
• 炽⟝ꂁ縨 ˌ 侨䰘䎽僽や腊ⵄ欽⽀〵雦皾劼♳㟞⸈涸炽⟝㺂ꆀ紷ぢ䪈㾝侨䰘䎽僽や腊ⴔ䋒㖈♶
倗㟞Ɤ涸雦皾劼꧋纈⚥埇ぢ䪈㾝

• 紷ぢ䪈㾝䚍腊 ˌ 㖈♧⚡㸤繠涸禹絡⚥㥵卓侨䰘ծⰻ㶸ㄤ煂渹瑟ꢂⰌ鿈㟞⸈ S ⦔齡⛎Ⰼ㕃⸈鲿
傞ꢂ䎾霪㟞⸈ S ⦔挿叅霧 QPS 䎾霪㛇劥⥂䭯♶」ⴔ區Ⰼ㕃叅霧傞ꢂ䎾呏䰘皾岁涸雦皾㢕勇
䏞罜㟞⸈կ⛲㽠僽霹䧮⟌俱䟝ⵌ鵘遤鸟䏞Ⲹ䢨⡎➑ꣳ✵㢅椚涸侨䰘㟞⸈涸䞔ⲃ♴կ

• 埇ぢ䪈㾝䚍腊 ˌ 㖈♧⚡㸤繠涸禹絡⚥㥵卓侨䰘ㄤ雦皾劼侨ꆀⰌ鿈㟞⸈ S ⦔齡⛎Ⰼ㕃⸈鲿傞ꢂ䎾
霪⥂䭯♶」侨䰘涸㟞ꆀ♸雦皾劼涸㟞ꆀ湱✽䫻嶊挿叅霧 QPS 䎾霪剒㢴㟞⸈ S ⦔佖鵳ⴔ區Ⰼ
㕃叅霧傞ꢂ䎾呏䰘皾岁涸雦皾㢕勇䏞ꤑ⟄ S 罜㟞⸈կ⢾㥵♧⚡㕃㖈 2 ⦔侨ꆀ涸雦皾劼♳㟞⸈ⵌ 
2 ⦔涸鴝侨PageRank 㖈椚䟝䞔ⲃ♴꨽銳涸傞ꢂ♶」㔔⚹ PageRank 涸雦皾⸂ꥥ满鴝侨罜瘝嫱⢾
䪈㣐կ歋✵雦皾劼ꢂ涸侨䰘⠛鳕鸟䏞嫱雦皾劼ⰻ鿈⠛鳕鸟䏞䢨䨾⟄尵剣禹絡腊鴪ⵌ㥵姼㸤繠涸玐䏞
⡎䝠〳⟄嫱鳅禹絡罌㻋㸐⟌♸椚䟝叻ⲥ涸䱹鵛玐䏞կ岤䠑厤❈䎇遤霃雦ⴀ蒀涸侨䰘䎽〳⟄ꥥ满 
CPU 呍侨涸㟞⸈罜䪈㾝կ⚚呔勻雷鵯僽紷ぢ䪈㾝⡎Ⱖ遤⚹刿碫⡃✵埇ぢ䪈㾝կ

 y ⟱⚌꨽宠կꤑ✫㕃侨䰘䎽荈魧涸㛇劥暵䖄⟱⚌鵮꨽銳㼆㸝Ⰼ䚍ծ〳ꬑ䚍ծ絶䫡ㄤ盗椚涸佅䭯կⰦ⚥雽㢴
銳宠♸㼆⠛絡侨䰘䎽涸銳宠僽湱ず涸㛇✵錭蒀涸霄꡼䱽ⵖծ⸈㺙ծ㢴獆䨪ծ넞〳欽䚍ծ㢊⟧ㄤ鵮⾲瘝կ
⡎僽歋✵㕃侨䰘䎽䋑㖞♶㣖䧭擿䎇ꬋ䨾剣⣘䎾㉁鿪䭆剣♧禹⴩Ⰼ꬗涸⟱⚌暵䖄կ㹐䨪〳腊䡦䠑㖈♳鶣
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AmazonծIBM ㄤ Microsoft 㖈鵂⿡⚙䎃鿪㟞⸈✫㕃侨䰘䎽霆僈⚌歲㼆✵㕃䪮助皍⽀荈搬涸侨䰘䒊垷ծ鸑鵂僒ⱗ
涸叅霧鍒Ɀ㢕勇꡼곿⟄⿺➢✽翫侨䰘䘯鸟䕎䧭錛鍒涸鵯❈⠏⸷馊勻馊䠭Ⱓ馰կ
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♳僽㖈鳅♧菚⻊涸 NoSQL 侨䰘㶸⪰♳䩧⺫罜勻կ鵯猫贞䬾㕃䧶殜㖈䚍腊♳「ⵌ⿽ꅾ䩧ⴁկ껷⯓➢贞䬾㕃乼⡲鲮
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㣐㢴侨 GSQL 叅霧涸呍䗱僽 SELECT 露〣♸ SQL ⚥涸 SELECT 露〣ꬋ䌢湱鵛կSELECTծFROM ㄤ WHERE 
㶩〣欽✵鷥䭊ㄤ癃鷥♧絆Ⱒ翫䧴挿կ㖈姼鷥䭊⛓た〳⢪欽〳鷥涸 ACCUM 㶩〣㹁⛐歋嫦⚡Ⱒ翫䧴⚰鵛挿䪄遤涸♧
絆乼⡲կ䧮⛓䨾⟄霹歋㸐⟌䪄遤罜ꬋ㖈㸐⟌♳䪄遤僽㔔⚹㖈嚋䙁♳嫦⚡㕃㼆韌鿪僽杝用涸雦皾⽀⡙կ
㕃絕匬㽠⫸僽♧䓎䊭㣐涸䎇遤雦皾緸կ㕃♶➑僽侨䰘㶸⪰鵮僽叅霧䧴ⴔ區䒸乾կ
♧⚡ ACCUM 㶩〣〳腊⺫ゎ雽㢴♶ず涸乼⡲䧴露〣կ鵯❈露〣〳⟄➢㕃䕎㼆韌⚥靀》⧩ծ䪄遤劥㖑雦皾ծ䎾欽

勵⟝露〣䎇雦ⴢ㕃刿倝կ⚹佅䭯鵯❈ⴔ䋒䒭叅霧ⰻ雦皾GSQL 露鎊䲿⣘✫稡⸈㐼」ꆀկ稡⸈㐼涸猫碫剣䖎㢴⡎
鿪僽⚰傞➑㶸㖈✵叅霧䪄遤劍ꢂծⰟ❧〳欽✵⟣⡦䪄遤絁玐ㄤ✽倉♧妃〫腊剣♧⚡絁玐刿倝㸐涸կ⢾㥵
皍⽀涸ㄤ侨稡⸈㐼㼜欽✵䪄遤♳鶣䨾剣龇挿涸龇挿涸雦侨կ꧋稡⸈㐼㼜欽✵雵䔶䨾剣鵯❈龇挿涸龇挿涸 IDկ稡⸈
㐼〳㖈⚙⚡薴㔵⚥⢪欽Ⰼ㽷ㄤ嫦挿կ㖈⵸꬗涸叅霧爙⢾⚥䧮⟌䲿ⵌ꨽銳㼜嫦⚡挿叻雵⚹䊺霄꡼䧴劢霄꡼կ姼㢅
㼜⢪欽嫦挿稡⸈㐼կ
MPP 雦皾垷㘗
ꅾ歍♧♴♳鶣絕雿TigerGraph 㕃傁僽㶸⪰垷㘗⿶僽雦皾垷㘗կ嫦⚡挿ㄤⰢ翫鿪〳⟄Ⱒ翫♧⚡雦皾ⴅ侨կ㔔 

姼嫦⚡挿䧴Ⱒ翫ず傞⡲⚹䎇遤涸㶸⪰ㄤ雦皾⽀⯋կ㥵卓⢪欽♧菚涸 NoSQL 侨䰘㶸⪰䧴罏♶⢪欽稡⸈㐼鿪偽
岁鴪ⵌ鵯猫佪卓կ
荈⸓ⴢⴔ
㖈䔲➚涸㣐侨䰘⚆歲⚥⟱⚌꨽銳腊㢿㼜➭⟌涸侨䰘䎽鍒Ɀ倰呩埇ぢ䪈㾝ⵌ㢴〵雦皾劼㔔⚹➭⟌涸侨䰘〳腊

㟞Ɤ䖤鵂㣐偽岁絑崸㖑㶸⪰㖈⽀⚡剪⸉㐼♳կTigerGraph 腊㢿㼜㕃侨䰘荈⸓ⴢⴔⵌ♧⚡剪⸉㐼꧋纈⚥䎇⚂➠
搬鵘遤鴽鸟կㆁ䋞程䒸♶➑欽✵烁㹁剪⸉㐼ⰻ涸侨䰘⡙縨鵮欽✵烁㹁ㆭ⚡剪⸉㐼կ➢絛㹁挿鵶ⴀ涸䨾剣Ⱒ翫鿪㶸
⪰㖈ず♧剪⸉㐼♳կ
ⴔ䋒䒭雦皾垷䒭

TigerGraph 剣♧猫ⴔ䋒䒭雦皾垷䒭〳儑衼䲿⼮麑⾎㣐鿈ⴔ㕃涸ⴔ區叅霧䚍腊կ㖈ⴔ䋒䒭叅霧垷䒭♴銳宠
䨾剣剪⸉㐼鿪⿬♸叅霧嫦⚡剪⸉㐼涸㹊꣢⿬♸呏䰘꨽宠罜㹁կ䔲麑⾎騟䖈➢剪⸉㐼 A 騗Ⰶ剪⸉㐼 B 傞㼜ぢ剪
⸉㐼 B ⠛鷻㸐꨽銳濼麤涸剒㼱ꆀ⥌䜂կ㖈剪⸉㐼 B 䊺絑䖤濼侮⚡叅霧霼宠た⤑〳⟄鲽匠㖑⿬♸ⴔ䊨կ
䧮⟌㖈㛇ⲥ崵霚灇瑕⚥崵霚✫鸑欽涸 PageRank 皾岁կ姼皾岁僽㼆㕃涸雦皾ㄤ鸑⥌鸟䏞涸⚚呔崵霚㔔⚹㸐麑

⾎嫦⚡Ⱒ翫ծ雦皾嫦⚡挿涸ⴔ侨䎇ꅾ㢕鶛➿Ⳝ妃麑⾎♸雦皾鵂玐կ䔲㕃ⴔ䋒ⵌⰓ〵剪⸉㐼傞♸⽀〵剪⸉㐼湱嫱
PageRank 叅霧涸㸤䧭鸟䏞䱹鵛䘯♫⦔կ

鸑鵂⾲欰䎇遤㕃鵳遤넞䚍腊㕃ⴔ區
TigerGraph ➿邍满㕃䪮助涸倝紬⯋⚹欽䨪䌄勻溫姻涸㹊傞ⴔ區կ㸐涸䪮助⠏⸷佅䭯刿㢕勇ծ刿⚡䚍⻊䎇⚂

刿ⲥ烁涸ⴔ區鵮雮絆絉腊㢿♸䘯鸟」⻊ㄤ䪈䓎涸侨䰘⥂䭯ず姿կ
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Ⰼ椕껷⚡⚂㈔♧涸溫姻⾲欰䎇遤㕃 (NPG) 禹絡 TigerGraph 僽♧⚡㸤侮涸ⴔ䋒䒭㕃侨䰘ⴔ區䎂〵佅䭯Web-
Scale涸㹊傞侨䰘ⴔ區կTigerGraph NPG 䒊用㖈劥㖑㶸⪰ㄤ雦皾涸㛇炄♳佅䭯㹊傞㕃刿倝䎇⯎䔲䎇遤雦皾䒸乾կ
TigerGraph ACID ✲⸉⥂霆侨䰘♧荝䚍ㄤ姻烁涸絕卓կⴔ䋒䒭涸⾲欰䎇遤㕃卹匬雮 TigerGraph 腊㢿鴪ⵌ偽〳⼐佯涸
䚍腊宐䎂

 y 嫦〵雦皾劼嫦㼭傞⸈鲿 100 ⵌ 200 GB 侨䰘կ
 y 嫦〵雦皾劼嫦猲麑⾎侨➉⚡挿 /鴝կ
 y 㖈❇猲傞ꢂꅽ䪄遤 10 㢴姿叅霧կ
 y 嫦猲刿倝侨⼪⚡挿ㄤ鴝嫦㣔刿倝侨➉⚡կ
 y 埇ぢ䪈㾝⟄㢅椚偽ꣳ侨䰘ず傞⥂䭯㹊傞鸟䏞䎇䲿넞⸈鲿ㄤ叅霧ふちꆀկ

⾲欰䎇遤㕃涸ⴀ梡僽㕃侨䰘䎽⾎〷♳涸♧䏠ꅽ玐烵կ鸑鵂鵯고䪮助껷⚡㹊傞帿䏞Ⱒ翫ⴔ區侨䰘䎽䧭⚹梡㹊կ
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痦 6 畎㖈ꝶ⧩㶸⪰♳䒊用㕃侨䰘䎽
湬ⵌ剒鵛㕃侨䰘䎽霃雦⛲〫僽忘駈✫⟱⚌涸鿈ⴔ罜ꬋⰌ鿈㕃ⴔ區꨽宠կ痦♧➿㕃侨䰘䎽⢾㥵  Neo4j♶僽
⚹㣐侨䰘罜霃雦涸կ㸐⟌♶腊埇ぢ䪈㾝ⵌⴔ䋒䒭侨䰘䎽♶腊䎇遤䪄遤罜⚂㖈㣐㘗侨䰘꧋ㄤ /䧴㢴姿叅霧⚥
涸侨䰘⸈鲿ㄤ叅霧鸟䏞鿪䖎綕䢨կ
痦✳➿㕃侨䰘䎽⢾㥵 DataStax Enterprise Graph僽㖈 Apache Cassandra 瘝 NoSQL 㶸⪰禹絡♳匬䒊罜䧭涸կ

鵯鍒Ɀ✫埇ぢ䪈㾝涸꡼곿⡎歋✵緃⛘⾲欰㕃㶸⪰霃雦㖈㣐㘗侨䰘꧋♳䪄遤㕃刿倝䧴㢴姿叅霧傞➠搬鸟䏞綕䢨կ
꬗㼆僈儑緃⛘넞䚍腊㕃侨䰘䎽鍒Ɀ倰呩涸䞔ⲃ厤❈絆絉罌贊匬䒊荈䊹涸ⰻ鿈㕃鍒Ɀ倰呩կ銳匬䒊㹁ⵖ㕃鍒Ɀ倰呩
偽꨽➢ꨪ䒓㨤梡➿涸䘯鸟ꝶ⧩㶸⪰⡃⛖僽♧⚡♶ꝡ涸㛇炄կ

ꝶ⧩㶸⪰涸霶䞨
歋✵Ⱒ禹㘗侨䰘䎽㣖䢨㣖⬿⻊䩞䰺饰✫ NoSQL ꬠㄐկ㣐侨䰘欽䨪꨽銳㣐㺂ꆀծ넞鸟䏞㖑エ佐ぐ猫♶ず絕匬

⻊涸侨䰘䎇⟄剒㼱涸띿掓埇ぢ䪈㾝暟椚㛇炄霃倶կꝶ⧩㶸⪰⡲⚹剒皍⽀㔔罜⛲僽剒䘯鸟涸 NoSQL 卹匬䎾鵘罜欰կ
ꝶ⧩侨䰘䎽㛇劥♳僽♧⚡⚙⴩ㆁ䋞邍嫦遤剣♧⚡㈔♧ꝶ (ID) ㄤ♧⚡♸霪ꝶⰢ翫涸⧩կ䵂程ꝶ㚖〳⟄ꬋ䌢䘯鸟㖑鵥
㔐⽀侨䰘⧩嫱Ⱒ禹㘗侨䰘䎽䘯䖤㢴կꝶ⧩㶸⪰⛲腊䖎㥩㖑䪈㾝ⵌꬋ䌢㣐㘗涸侨䰘꧋կꝶ⧩㶸⪰僒✵椚鍒罜⚂剣
䖎㢴⯝餩涸䒓彂霃雦〳⣘⢪欽կ⢪欽䘯鸟ꝶ⧩㶸⪰㶸佞㕃涸挿㹊⡤ㄤ鴝㹊⡤ծ㹊梡刿㢴鹤鳓䎇獦⛓⚹㕃侨䰘䎽⡃
⛖ꬋ䌢皍⽀湬䱹կ

匬䒊荈剣㕃侨䰘䎽涸溫㹊䧭劥
㖈ꝶ⧩㶸⪰涸㛇炄♳匬䒊荈剣㕃侨䰘䎽鵴嫱溏饰勻㔮ꦼ䖤㢴刿♶銳霹㹊梡넞䚍腊✫կ儑衼涸ꦼ挿剣⚙⚡

1.䝠㖈黽䗄痦✳➿㕃侨䰘䎽涸卹匬⾲ⴭ⽲⿶㽂霚㖈姼㛇炄♳佖鵳կDataStax Enterprise Graph 瘝❡ㅷ㖈ꬋ⾲
欰㕃㶸⪰霃雦涸㔿剣ꣳⵖ♴䊺絑㽴剒㣐⸖⸂⠏⻊䚍腊կ

2.䝠溫姻꨽銳涸僽♧⚡㸤侮涸侨䰘䎽盗椚禹絡 (DBMS)罜♶➑僽♧⚡㕃侨䰘䎽կ侨䰘䎽〫僽䭽暵㹁倰䒭絆絉
涸侨䰘꧋ざ⟄⤑佅䭯侨䰘涸㶸⪰ㄤ唬程կ〥♧倰꬗DBMS 僽鸑鵂侨䰘䎽⢪欽ㄤ盗椚侨䰘涸㸤侮䎾欽玐䎸կ
DBMS 鸑䌢⺫䭍佅䭯㹁⛐侨䰘䎽垷㘗䳃Ⰶծ靀》ծ刿倝ㄤⴵꤑ侨䰘䪄遤雦皾叅霧♶➑僽靀》⾲㨤侨䰘
䎾欽侨䰘㸤侮䚍唬叅佅䭯✲⸉⥂霆ㄤ䎇〄♸Ⱖ➭䎾欽❜✽⟄⿺䪄遤盗椚⸆腊⢾㥵盗椚欽䨪勉ꣳㄤ㸝Ⰼ
䚍կ荈䊹⸓䩛霃雦꨽銳㹊梡䎇낉霆䨾剣鵯❈괄㢪涸銳宠կ
䧮⟌勻溏㖈ꝶ⧩㶸⪰涸㛇炄♳匬䒊넞䚍腊㕃涸♧❈䌢錛꡼곿կ

1.侨䰘♶♧荝ㄤꝡ霴涸叅霧絕卓
2.卹匬♶⼐ꂁ䚍腊⡛
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3.㹊梡➿⟟넞劼ⵖ⬿⻊
4.緃⛘⟱⚌佅䭯

1.侨䰘♶♧荝ㄤꝡ霴涸叅霧絕卓
ꝶ⧩㶸⪰鸑䌢絑鵂넞䏞⠏⻊⟄鷅宠넞ふちꆀㄤ⽀雵䔶  靀 /ⱗ涸⡛䒁鵷կ㔔姼㣐㢴侨ꝶ⧩㶸⪰〫腊⥂霆⽀

雵䔶紩ⵆ涸 ACID⾲㶩䚍ծ♧荝䚍ծꥬ猌䚍ծ䭯⛉䚍暵䚍կ鵯䠑㄂满嶍⿺㢴雵䔶ⱗⰆ⢾㥵㹐䨪ꅷ餝ծ鲮餖ծ
䭨鲨霼宠涸⟣⡦梡㹊✲⸉䚍✲⟝꬗⚰侨䰘♧荝䚍涸굥ꤗկ侨䰘♧荝䚍♶駈䠑㄂满翸ざ⚙⚡䧴刿㢴鵯碫䌢錛㢴雵䔶
✲⸉涸叅霧〳❡欰♶姻烁涸絕卓կ

㥵卓䒓〄➃プ䋞劅匬䒊⟱⚌〳⟄溫姻⥌⟣涸禹絡㽠䎾霪雩霋ⵌ侨䰘♧荝䚍ㄤ⥂霆絕卓姻烁僽♧고ꬋ䧭⽰餕
涸䊨⡲կ㹊梡 ACID 暵䚍尵剣䰦䖈〳饥կ㖈㕃侨䰘禹絡⚥♧⚡✲⸉鸑䌢꨽銳⴯䒊㢴⚡挿䎇㖈倝挿䧴梡剣挿⛓ꢂ幑
⸈倝涸Ⱒ翫 /鴝䨾剣鵯♧ⴗ鿪〄欰㖈♧⚡ꬋ䧭⽰餕涸✲⸉⚥կ⥂霆 ACID 涸皍⽀倰岁僽♧妃➑䪄遤♧⚡乼⡲ꝉ
㹁䨾剣Ⱖ➭乼⡲կ⡎鵯⠔㼋荝ꬋ䌢⡛涸ふちꆀկ
㖈넞䚍腊霃雦⚥✲⸉䗳곢宕鵴♶腊䎁䪓ծⲸ䢨䧴꣖姺⟣⡦Ⱖ➭梡剣䧴鲮Ⰶ涸〫靀叅霧⽰⢪叅霧㖈麑⾎㕃涸

湱龇鿈ⴔ傞⛲僽㥵姼կ㥵卓⚌⸉銳宠䎇〄乼⡲齡⛎䒓〄➃プ꨽銳霃雦ⴀꬋ꣖㝱䚍涸㕃✲⸉卹匬㖈ⴔ䋒䒭ꝶ⧩禹
絡ⰻ幑⸈㢴고ꝶ⧩✲⸉佅䭯կ剣雽㢴䒓〄㔙ꢭ㽂霚饥䰦䖈⡎♶〳鼙⯝㖑㼋荝✫♴康侨䰘ㄤ叅霧涸姻烁䚍꡼곿կ
2.卹匬♶⼐ꂁ䚍腊⡛
嶍⿺⽀雵䔶涸叅霧欽ꝶ⧩㶸⪰〳⟄䖎䘯㸤䧭կ⡎ꥥ满叅霧涸㢕勇䏞♳⼮ꝶ⧩㶸⪰叅霧鸟䏞⠔䚉ⶢ♴꣭կ㕃麑

⾎嫦饥♧姿䎾欽鿪䗳곢ぢ㢪鿈ꝶ⧩㶸⪰〄鷐ꝶ⧩唬程ㄐ⟁կ姿侨馊㢴㽠⠔欰䧭馊㢴涸鸑⥌䒓Ꝉ㼋荝叅霧䚍腊
꣭⡛կ侨䰘涸雦皾⢾㥵癃鷥ծ翸ざㄤ霆䰘佐꧋♶腊㸤Ⰼぢ♴䲀絛ꝶ⧩㶸⪰կ湱⿿㸐䗳곢〄欰㖈㕃䎾欽㽻㼋
荝♸ꝶ⧩㶸⪰⛓ꢂ涸괄㢪鳕Ⰶㄤ鳕ⴀ⠛鳕ず傞鵳♧姿䬘⡛叅霧䚍腊կ姼㢪㕃䎾欽㽻罜ꬋ⾲欰䎇遤㕃䎂〵ⰻ
涸雦皾랾雩僽ꬋ䎇遤涸կ銳鴪ⵌ⫸ TigerGraph ♧呋涸⾲欰䎇遤㕃涸䎇遤䚍䒓〄➃プ꨽銳䪬「괄㢪涸餏䬐䎇遤
⻊㢅椚⽀〵雦皾劼♳涸雦皾欨荛䪬「刿⚹小ꅾ涸餓⟣㼜雦皾埇ぢ䪈㾝ⵌ㢴〵雦皾劼䎇餏餓ⴔ䋒䒭禹絡涸雦ⴢծ
嶊䜂⠛鷻ծ佦ꥻ鲮獴ㄤⰦ➭銳宠կ
䟝銳넞䚍腊㕃涸⟱⚌꨽銳♧⚡腊ⴔ區㢕勇Ⱒ禹䎇䳶爙ꥧ诡垷䒭罜⚂叅霧鸟䏞䘯涸禹絡կ銳忘駈鵯❈銳宠䒓

〄➃プ꨽銳䪄遤⟄♴䨾剣䊨⡲㖈㢅椚㛇劥㕃䒊垷♧菚䲽鶣㕃涸絕匬ㄤ遤⚹涸ꝶ⧩䎾欽♳匬䒊㕃㹊梡㛇劥㕃
侨䰘㹁⛐ㄤ侨䰘乼⡲烁⥂✲⸉⥂霆搬た㖈姼㛇炄♳䒓〄䎾欽叅霧կ⛲㽠僽霹ⰻ鿈䒓〄➃プ꨽銳㹊梡侨䰘㹁⛐
露鎊 (DDL) ㄤ㕃叅霧露鎊涸鍒ꅺ玐䎸կ䒓〄➃プ䎾霪罌贊ⵌ佅䭯㥵姼넞ꦼ䏞涸䊨⡲꨽銳㣐ꆀ涸傞ꢂㄤ餴彂罜⚂
鵮銳鍒Ɀ䖎㢴♶〳곫錛涸♴康꡼곿կ
3.㹊梡➿⟟넞劼ⵖ⬿⻊
㥵卓絆絉䩧皾㖈〥♧侨䰘䎽禹絡⛓♳⴯䒊荈䊹涸㕃侨䰘䎽禹絡齡⛎䎾霪罌贊➭⟌涸䎾欽꨽銳涸餴彂ծ〳ꬑ䚍

湡叻⟄⿺椚䟝涸鷓䎾䚍կ
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㖈ꝶ⧩禹絡♳匬䒊㕃㼜꨽銳㣐ꆀ涸傞ꢂ勻㸤䧭կ匬䒊荈㹁⛐鲱⟝涸⵸劍䧭劥僽♶〳㼭錫涸կ姼㢪〳ꬑ䚍㼆✵
䎾欽涸䧭⸆荛Ⱒꅾ銳կ㥵⵸䨾鶣䒓〄➃プ䎾霪帿Ⰶ䙼罌㥵⡦霃雦ծ崵霚ծ鿈縭ㄤ佅䭯㕃欰䙖禹絡⺫䭍㸤侮涸侨
䰘♧荝䚍ծ姻烁涸絕卓ㄤ넞䚍腊涸㢕勇叅霧կ剒た盗椚ㄤ䒓〄㔙ꢭ䎾霪罌贊ⵌ⽀♧䎾欽〳腊♶Ⱘ㢊넞䚍腊ⴔ䋒
䒭⾲欰㕃侨䰘䎽❡ㅷ涸鸑欽⸆腊ㄤ抳崞䚍կⱿ瘻罏䎾满滚✵㣐㽷䙼罌➭⟌涸㹁ⵖ霃雦고湡腊や鍒Ɀ劢勻♶〳곫錛
涸䪈䓎꡼곿կ梡㖈鷥䭊姻烁涸㕃䕎⸆腊䝠〳⟄皍⻊⟣⸉ծⲸ㼱ꝡ霴䎇雮嫦⚡➃㖈劢勻Ⳝ䎃欰崞䖤刿鲽匠կ
4.緃⛘⟱⚌紩佅䭯
剒た⡎ず呋ꅾ銳涸僽㹁ⵖ霃雦♶⺫ゎ㼆㸝Ⰼ〳ꬑ涸⟱⚌鿈縭荛Ⱒꅾ銳涸雽㢴⸆腊欽䨪䱇勉ㄤ霄꡼䱽ⵖծ傈

䘋雵䔶ծ넞〳欽䚍⟄⿺♸Ⱖ➭䎾欽涸꧋䧭կⰦ⚥♧❈⟱⚌⸆腊〳腊鷓欽✵ꝶ⧩㶸⪰⡎꨽銳㖈㕃䎾欽紩ⵆ䲿⣘կ
㼭絕
䚪⛓㖈ꝶ⧩㶸⪰⛓♳霃雦䎾欽紩㕃僽♧고➿⟟넞傱⚂㢕勇涸䊨⡲♶⠔❡欰넞䚍腊涸絕卓կ赡搬ꝶ⧩㶸⪰㖈

⽀ꝶ⧩✲⸉⚥邍梡⠏䒗⡎㸐⟌緃㼱 ACID 暵䚍⟄⿺㕃刿倝䨾꨽涸㢕勇✲⸉⸆腊կ㔔姼㖈ꝶ⧩㶸⪰⛓♳匬䒊㕃侨
䰘䎽⠔㼋荝侨䰘♶♧荝ծ叅霧絕卓ꝡ霴ծ㢴姿叅霧鸟䏞綕䢨罜⚂鿈縭䧭劥넞罜⚂劼ⵖ⬿⻊կ

爙⢾刿倝㕃
⟄♴爙⢾儑爙✫Ⱙ㘗涸㕃侨䰘䎽刿倝⚥〄欰涸乼⡲կ㸐霹僈✫⢪欽㛇✵ꝶ⧩㶸⪰涸㕃䕎禹絡傞㥵⡦㼋荝侨䰘♶

♧荝ㄤ絕卓ꝡ霴䎇雭雿✫㽂霚匬䒊⸆腊䚍」鸑倰岁傞麁ⵌ涸䒓〄ꦼ곿ㄤꣳⵖկ
霼䙼罌姼刿倝䞔兞կ♧⚡欽䨪㖈䩛劼♳⢪欽Ꜿ遤⽓絛〥♧⚡欽䨪鲮餖傞⤑〄欰✫㹊傞✲⟝կ姼碫✲⸉〳欽皍

⽀涸㕃垷䒭勻䒊垷㥵♴䨾爙կ
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劥⢾鷓欽✵雽㢴Ⱖ➭欽⢾կ⢾㥵䝠〳⟄㼜鲮餖✲⟝剏䰃⚹❡ㅷꅷ餝✲⟝䧴剪⸉ざ紨✲⟝⢾㥵䬸翴䧴䭨鲨剪⸉կ
鲮餖✲⟝ e1 〳䲽鶣⚹㔋⚡Ⱏ梡㹊⡤u1ծu2ծc1ծp1Ⱖ⚥

 y  u1 僽鲮꛸涸欽䨪կ
 y  u2 僽佐꛸涸欽䨪կ
 y  c1 僽⢪欽涸佅➰⽓կ
 y  p1 僽⢪欽涸䩛劼կ

⚹皍⤑饰錛䧮⟌䙐殜姼碫✲⟝⚥㶸㖈涸䨾剣Ⱖ➭㾩䚍⢾㥵繠⯋ꆄ괄ծ⡙縨ծ傞ꢂ䨣կ
⢪欽ꝶ⧩㕃禹絡〳⟄鸑鵂㢴猫倰岁䒊用㕃侨䰘䎽垷㘗կ♧猫倰岁僽㖈ꝶ⧩㕃禹絡⚥霃⚙⚡邍♧⚡挿邍 V ㄤ

♧⚡鴝邍 Eկ〥♧猫倰岁僽〫剣⽀♧涸挿邍偽鴝邍Ⱖ⚥嫦⚡挿䭆剣♧遤勻㶸⪰挿㾩䚍ㄤ鴝⥌䜂鴝㾩䚍ㄤⰢ
翫涸挿կ⟣⡦♧猫倰岁䨾꬗⚰涸✲⸉䮋䧶鿪僽湱⡃涸⢪欽⿽邍倰岁〳⟄剒㥩㖑㾝梡ⴀ勻կ

銳幑⸈倝✲⟝ e1 ⟄刿倝㕃䧮⟌䪄遤⟄♴乼⡲
1.㼆✵嫦⚡㹊⡤ u1ծu2ծc1 ㄤ p1唬叅僽や䊺㶸㖈կ⚹㼿♶㶸㖈涸嫦⚡㹊⡤⴯䒊倝挿ㄐぜ⚹ V_u1ծV_u2ծ

V_c1ծV_p1կ㖈ꝶ⧩㕃禹絡倰岁⚥湱䔲✵꨽銳㖈挿邍 V ⚥䳃Ⰶꨪⵌ㔋遤կ
2.⚹✲⟝ e1 ⴯䒊倝挿㖈♴俒⚥獦⡲ V_e1կ㖈ꝶ⧩㕃禹絡倰岁⚥湱䔲✵꨽銳㖈挿邍 V ⚥䳃Ⰶ♧遤կ
3.幑⸈㔋勵鴝➢ V_e1 ⴔⵆ鵶ⵌ V_u1ծV_u2ծV_c1 ㄤ V_p1կ⚹䲿넞叅霧䚍腊〳腊꨽銳㖈 V_u2 ㄤ V_c1 
⛓ꢂ幑⸈♧勵鴝㖈 V_u2 ㄤ V_p1 ⛓ꢂ幑⸈〥♧勵鴝կ鵯⠔湬䱹Ⱒ翫♧⡙欽䨪⢪欽涸䨾剣⽓ㄤ䩛劼⡎⠔雮
ꝶ⧩㕃禹絡㹊梡饰勻刿㢕勇罜⚂刿㺂僒ⴀꝡկ
䧮⟌鵮䋞劅腊㢿䪪ⵌ♸♧鿈䩛劼ծ♧⚡欽䨪䧴♧䓎⽓Ⱒ翫涸䨾剣✲⟝կ鵯꨽銳幑⸈倰ぢ湱⿿涸〥㢪㔋勵

鴝 ⴔⵆ➢ V_u1ծV_u2ծV_c1 ㄤ V_p1 鵶ⵌ V_e1կ呏䰘㹊梡絈蒜鵯䠑㄂满幑⸈㔋⚡遤䧴刿倝梡剣㔋遤涸 
⧩կ㖈ꝶ⧩㕃禹絡倰岁⚥湱䔲✵꨽銳㖈鴝邍 E ⚥䳃ⰆⰓ遤կ
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⿬錛♴⢾⚥涸㕃㹊⢾

㖈㢅椚✲⟝ e1 䎇刿倝㕃た㕃㹊⢾碫⡃✵♳㕃կ
歋✵✲⟝ e1 ⡲⚹⽀♧✲⸉㢅椚䨾⟄♳鶣♲⚡乼⡲㼜⟄⾲㶩倰䒭〄欰㖈㕃湱䔲✵⚙⚡邍⚥鵯䠑㄂满

1.銳⛎䨾剣♲⚡乼⡲⥂霆㖈㕃湱䔲✵⚙⚡邍⚥欰佪銳⛎尵剣♧⚡㖈㕃湱䔲✵⚙⚡邍⚥欰佪կ⯈雽䪄
遤鿈ⴔ罜ꬋⰌ鿈乼⡲⢾㥵乼⡲ 1 ㄤ 2 䧭⸆㸤䧭⡎乼⡲ 3 劢㸤䧭涸ꬋ✲⸉䚍禹絡㼜㼋荝侨䰘♶♧荝ㄤ絕
卓ꝡ霴կ㥵卓⟣⡦♧⚡䧴㢴⚡乼⡲劢㸤䧭絕卓⚥㼜緃㼱鴝䎇ⴀ梡叅霧絕卓ꝡ霴կ

2.㖈䧮⟌䎾欽乼⡲ 1ծ2 ㄤ 3 鵂玐⚥鵯❈乼⡲㸤䧭⛓⵸Ⱖ佪卓㼆✵⟣⡦Ⱖ➭靀䧴ⱗ乼⡲䎾♶〳錛կ鵯䠑㄂满
㥵卓䝠剣〥♧⚡叅霧 q1㸐㖈✲⟝ e1 鵳Ⰶ禹絡⵸➠搬㖈麑⾎㕃⚥涸鴝 /挿q1 䎾霪♶腊溏ⵌ 1ծ2 ㄤ 3 ⚥
涸⟣⡦乼⡲⽰⢪㸐⟌㖈 e0 絕勲⵸䧭⸆㸤䧭⛲僽㥵姼կ

3.鵯鵮䠑㄂满㥵卓〫靀叅霧 q2 鵳Ⰶ禹絡涸傞ꢂ儻✵ e1 ⡎㖈 e1 涸♲고乼⡲Ⰼ鿈㸤䧭⛓⵸e1 涸佪卓㼆✵ q2 
䎾霪僽♶〳錛涸կTige
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ㆭ❈ꝶ⧩㕃」鸑倰岁僽〳遤涸
♧猫」鸑倰岁僽湬䱹䙐殜䨾剣侨䰘♶♧荝䚍ㄤꝡ霴叅霧絕卓涸꡼곿湬䱹㼜ꝶ⧩遤䳃Ⰶⵌ挿邍 V ㄤ鴝邍 E ⚥

搬た荈宠㢴犷կ⽰⢪Ⱆ぀涸⚌⸉銳宠〳⟄佞㺈腊㺂䗽侨䰘♶♧荝ㄤꝡ霴涸叅霧絕卓鵯猫倰岁⛲㼜꬗⚰㹊梡鵂玐
涸唀눆կ鵯僽㔔⚹欽䨪♶濼麤㕃⚥僽や䧴⡦傞緃㼱♧⚡挿䧴鴝կ⚹鍒Ɀ姼꡼곿䒓〄➃プ㼜꨽銳㟞⸈⥂䫡➿瀦⟄
烁⥂䎾欽♶⠔㔔⚹麑⾎䎕抳 /緃㣟鴝罜䭱饰䧴䄶弯կ
鳅㥩涸鍒Ɀ倰呩僽㖈ⴔ䋒䒭ꝶ⧩禹絡⚥㟞⸈㢴ꝶ⧩✲⸉佅䭯կ⡎鵯♶➑꨽銳㸤䧭㣐ꆀ涸䊨玐⟣⸉鵮⠔僈儑꣭

⡛ꝶ⧩乼⡲鸟䏞կ
痦♲猫鍒Ɀ倰呩僽㸝䣅⵫鍒Ɀ倰呩⽰♶刿佖䏀㽻ꝶ⧩㶸⪰涸ⰻ呍㖈䎾欽紩ⵆⰻ鿈㟞⸈厤猫ꝉ㹁劼ⵖկ⢾㥵

㽂霚ぢ嫦♧遤幑⸈䲿❜叻雵䧴絶䫡䎾欽⚥遤涸腮⴩邍鵯猫」鸑倰岁〳⟄Ⲹ㼱侨䰘♶♧荝ㄤꝡ霴涸絕卓կ
⡎僽姼碫꣡⸈⸆腊♶瘝ず✵⚹✲⸉⥂霆罜霃雦涸卹匬㔔姼侨䰘♶♧荝ㄤ絕卓ꝡ霴〳腊㨤絊㶸㖈㽴盗䖎ꥧ誋կ
➃⟌䖎ꦼ⥂霆鵯❈」鸑倰岁腊㨤絊⼸靈ㄤ㢅椚嫦⚡✲⸉կ
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痦 7 畎叅霧㣐㕃

䋑㖞♳剣䖎㢴㾩䚍㕃露鎊⺫䭍  Neo4j 涸  CypherծApache TinkerPop Gremlin ㄤ  TigerGraph 涸  GSQL 瘝կ 
㖈雭雿ㆭ猫㕃露鎊剒㥩䧴罏㥵⡦㼜嫦猫㕃露鎊涸礵⼶輑ざ⚹Ⰼ倝罜絡♧涸露鎊⛓⵸䧮⟌⯓鷍た♧姿꡼♧⚡
刿㛇劥涸꡼곿♧猫㕃叅霧露鎊껷⯓銳Ⱘ㢊ㆭ❈⵸䲿勵⟝
䧮⟌㥵➚涸傞➿姻㖈錛霆✽翫侨䰘涸峿崨կ✽翫侨䰘腊䌄勻」ꬠ䚍涸⚌⸉⟟⧩鵯♧挿〳⟄➢倝Ⱓ涸✽翫緸

Ⱆ぀䊭㣢⚥䖤ⵌ霆㹊⺫䭍 Google濼霋㕃ծFacebook爢❜㕃ծLinkedIn翟⚌緸絞ㄤ TwitterⰣ馰㕃կ
䧮⟌涸鸑⥌䎾欽ծ歏㶩❜僒ծ兰腊霃㢊ㄤ港䱽霃㢊嫦猲鿪⠔❡欰嵳ꆀ涸✽翫侨䰘կ㔔姼㼆㕃侨䰘盗椚涸鶖ⴗ꨽宠
䊺搬嵥梡կ
Ⱒ禹㘗垷㘗껷妃㖈侨䰘䎽涸⾎〷♳㣟佪㔔⚹㖈Ⱒ禹㘗侨䰘䎽⚥鷅驶♧鵶⚮涸㢴⚡Ⱒ翫㣖䢨✫կ嫦♧姿鵶䱹⚙

⚡邍꨽銳➰ⴀ䊭㣐涸雦皾➿⟟կぢ㢪ꝶ幑⸈程䒸㼜⸈䘯鵶䱹鸟䏞⡎Ⱒ禹㘗侨䰘䎽涸䌢錞㶸⪰ㄤ㢅椚垷㘗➠搬僽
♧⚡ꥻ烯կ
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刿ꅾ銳涸僽SQLⰢ禹㘗侨䰘䎽叅霧露鎊欨荛♶佅䭯碫⡃叅䪪♧⚡Ⱒ翫䨾鵶䱹涸䨾剣雵䔶涸㛇劥〄梡乼⡲
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⟱⚌㹐䨪掚邪✵欽㕃侨䰘⤛鵳⼸⡲կ♧倰꬗➭⟌꨽銳♧⚡〳⟄㖈㢴⚡鿈꡶欨荛ざ⡲⠑⠶⛓ꢂⰟ❧鿈ⴔ鷥㹁侨

䰘涸㕃垷㘗կず傞➭⟌鵮䋞劅⥂䭯厤❈併䠭侨䰘涸ꥧ猙䚍➑⯈雽暵㹁錭蒀ծ鿈꡶ㄤざ⡲⠑⠶呏䰘⚌⸉꨽宠罜霄
꡼կ㖈㣐㘗⟱⚌涸梡㹊梠㞯♴䧭⸆涸㕃叅霧露鎊꨽銳剣〳霋ⵆ㕃垷䒭⚂㛇✵錭蒀涸霄꡼䱽ⵖկ

Tige
rG

rap
h.c

om
.cn

https://www.tigergraph.com/


36

TigerGraph GSQL 㥵⡦忘駈鵯Ⱃ고⵸䲿勵⟝
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CREATE VERTEX person (PRIMARY_ID ssn STRING, age INT, name STRING)

CREATE UNDIRECTED EDGE friendship (FROM person, TO person)

CREATE DIRECTED EDGE teacher_student (FROM person, TO person)

CREATE GRAPH School (person, friendship, teacher_student)
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ꢂ勻㔐❜䰃侨䰘やⴭ叅霧鸟䏞⠔Ⲹ䢨Ⳝ⚡侨ꆀ紩կ
ⰻ縨넞䚍腊䎇遤露⛐
♧㼆⴯倝涸 ACCUM ㄤ POSTˌACCUM 㶩〣ⱄ絕ざⰻ縨涸稡⸈㐼」ꆀ碫㘗鸑鵂綘瀦㹊梡✫欽✵넞紩㕃麑⾎
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䒭雮 GSQL 欽䨪偽꨽䬐䗱䏀㽻絈蒜⽰〳㹊梡䎇遤皾岁կ䎇ꬋ嫦⚡㕃叅霧鿪꨽銳鵯♧䔂㣐涸⸆腊⡎➢雦皾䚪侨ⵌ 
PageRank 㖈ⰻ涸皾岁鿪「渤✵ GSQL 涸ⰻ縨䎇遤露⛐կ
✲⸉䚍㕃侨䰘刿倝
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鵂玐䒭叅霧靈欽叅霧
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痦 8 畎
GSQL — 倝㘗涸㕃叅霧露鎊
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剒鵛涸♧고靈叅儑爙㥵➚馄鵂♧⼱涸Ⰼ椕侨䰘ㄤⴔ區䪮助Ɀ瘻罏ꅷ欽㕃侨䰘䎽կ
䔲➚⟱⚌⢪欽㕃䪮助⡲⚹䎾㼆㹐䨪ⴔ區ծ妬霍唬崵ծ굥ꤗ霉⠮ㄤⰦ➭㢕勇侨䰘䮋䧶涸畊✰⠏⸷կ霪䪮助腊㢿䘯

鸟넞佪㖑䱲程ծ〄梡ㄤ곫崵Ⱒ禹⟄䳶爙佅䭯⚌⸉湡叻涸Ⱒꝶ垷䒭ㄤ錛鍒կ

ꅷ欽倝㘗㕃叅霧露鎊涸傞劼䊺絑䧭擿
ꥥ满㕃侨䰘䎽涸䎛岌ꅷ欽䲀ⴀ梡➿㕃叅霧露鎊涸傞劼䊺搬䧭擿կ㖈㕃侨䰘䎽涸傍劍蕯䎁叅霧露鎊䊺絑ⴀ梡 

⢾㥵 Neo4j 涸 Cypher ㄤ Apache TinkerPop Gremlin⡎鵯❈露鎊鿪剣ぐ荈涸㽷ꣳ䚍կ
Cypher 赡搬僽넞紩ⵆ涸罜⚂㼆欽䨪⿼㥩⡎⚺銳鷓欽✵垷䒭⼐ꂁ罜ꬋⴔ區㸐䗳곢♸ Java 綘玐湱絕ざ䩞腊鴪

ⵌ㕃抳㸤㢊կ䖎㢴㕃皾岁ㄤ⚌⸉鹤鳓錞ⴭ⢪欽 Cypher 偽岁㹊梡կ⢾㥵 PageRank/叻皊⠛乄䒭皾岁Ⱖ⚥䊵䒗㼆✵
歏⸂靈䏞ㄤ⠏⻊ծ굥ꤗⴔ區瘝㘌湬䋑㖞䖎ꅾ銳կ

Gremlin 僽㕃抳㸤㢊涸⡎㣖䏀㽻կ霪露鎊䖎鷓ざꬋ䌢皍⽀涸叅霧⡎僽䔲꬗⚰梡㹊涸⚌⸉꡼곿傞꨽銳Ⱘ㢊
넞紩綘玐䪮腊罜⚂欰䧭涸叅霧ꦼ⟄椚鍒ㄤ絶䫡կ♴♧畎⚥㼜➝絏㕃叅霧露鎊涸䪮助㼆嫱կ

ꥥ满侨䰘ㄤ欽⢾涸㟞Ɤㄤ㢕勇䏞涸♳⼮絆絉儑搬꨽銳腊㢿埇ぢ䪈㾝ず傞腊㢿⟄㹊傞乼⡲鸟䏞㼆劼㐼㷖⛴ㄤ 
AI 瘝⟣⸉䪄遤㢕勇涸ⴔ區կ
梡➿叻ⲥ⻊露鎊⛲剣⸔✵鍒Ɀ㕃䋑㖞⚥兜麑㶸㖈涸䮋䧶⺫䭍ꦼ⟄䪪ⵌ擿絅涸㕃䒓〄➃プ⟄⿺⸈䘯⟱⚌ꅷ欽涸

꨽宠կ꣭⡛㷖⛴ㄤ㹊梡㕃䎾欽涸ꦼ䏞鸑鵂넞紩ⵆ㕃叅霧露鎊㼜雮刿㢴䒓〄➃プ刿鲽匠㖑➢䲿ⴀ瘇絡梡㹊꡼곿鵂
庋ⵌ鲽匠ⵖ㹁㛇✵㕃涸鍒Ɀ倰呩կ
梡➿㕃叅霧露鎊⟄⿺佅䭯㸐涸馄䘯鸟〳䪈㾝禹絡⛲僽䌐⸔⟱⚌㹊梡㣐錞垷侨㶶⻊鲮㘗涸Ⱒꝶկ

梡➿㕃叅霧露鎊䎾霪僽䙦呋涸
䧮⟌鷍た♧姿✫鍒♧♴⚹➊⛎欽䨪鷥䭊㕃侨䰘䎽罜♶鷥䭊 RDBMSծꝶ⧩ծ俒咓㶸⪰ㄤⰦ➭碫㘗涸侨䰘䎽կ 

鵯♧菚僽㔔⚹➭⟌䋞劅⟄忘䠑涸䚍腊鍒Ɀ㢕勇涸꡼곿կꬋ㕃侨䰘䎽剣满㥵♴涸瀊匣

1 https://db—engines.com/en/ranking_categories

2 https://www.forrester.com/report/Vendor+Landscape+Graph+Databases/—/E—RES121473
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 y 匧ꦼ邍鴪梡㹊⚌⸉꡼곿կ⢾㥵䋣䨪䧴➃瘝㹊⡤㥵⡦⟄ぐ猫鸑䌢僽⟄⵸劢濼涸倰䒭Ⱒ翫饰勻暵ⵆ僽
㥵⡦Ⱒ翫ⵌ䊺濼涸♶葻遤⚹罏

 y 䔲霄꡼侨⼪♰ⵌ侨➉㹊⡤⿺ⰦⰢ禹傞㹊傞䚍腊⡛♴կ㼆✵㹊傞⚡䚍⻊䲀虛ծ妬霍唬崵瘝䎾欽鸟䏞僽ꬋ
䌢ꅾ銳涸կ

㕃侨䰘䎽䲿⣘✫鍒Ɀ鵯❈꡼곿涸䎂〵⡎欽䨪➠搬꨽銳ざ鷓涸叅霧露鎊㹊梡⟄♴湡叻㹁⛐㕃垷䒭⟄⤑㼆㢕勇
涸㹊⡤ㄤⰢ禹䒊垷鲽匠㖑㼜ぐ猫侨䰘彂僥㼘ⵌ㕃䘯鸟㖑㼜侨䰘⸈鲿ⵌ㕃䎇⟄⯎ⴔ涸邍鴪㕃抳㸤㢊㼆ぐ遤
ぐ⚌涸梡㹊⚌⸉꡼곿䒊垷䎇鍒Ɀ㸐⟌կ鵯❈湡叻僽⤛⢪㕃䪮助騗馊뚡尲㖈⟱⚌ⰻ䖤ⵌ刿䎛岌⢪欽涸Ⱒꝶ⸓⸂կ
剣ꊹ✵姼⚁㹻⟌⴩ⴀ✫梡➿㕃叅霧露鎊䗳곢Ⱘ㢊涸Ⱃ⚡ꅾ銳暵䖄1) 㛇✵垷䒭䎇〳⟄⸓䙖刿佖垷䒭2) 넞

紩㡮僈䒭㕃麑⾎3) 㕃麑⾎涸礵絈䱽ⵖ4) ⰻ縨䎇遤露⛐⟄⥂霆넞䚍腊5) ⥂霆㕃刿倝✲⸉䚍6) 鵂玐䒭叅
霧靈欽叅霧鷻䔱7) 㼆 SQL 欽䨪⿼㥩8) 㕃涸霄꡼䱽ⵖկ

GSQL 皍➝
GSQL 僽♧猫欽䨪⿼㥩ծ邍鴪⯎ⴔ⚂㕃抳㸤㢊涸㕃叅霧露鎊կ♸Ⱖ➭露鎊♶ずGSQL 佅䭯絆絉䊺㶸㖈涸梡㹊

⚌⸉꨽宠䎇⚂㸤Ⰼ僽⚹忘駈♳鶣叻ⲥ罜霃雦涸կ
✲㹊♳➃⟌剎䱲程鵂〳⯎ⴔ忘駈㹊꣢⚌⸉꨽宠涸梡➿㕃叅霧露鎊㣟餕⛓た慨〄✫ GSQL 涸䒓〄կⰙ䎃⵸䧭

用 TigerGraph 傞䧮⟌Ɀ㹁䫏Ⰶ傞ꢂⳜ䎃⴯䒊 GSQL ⟄綕鍒鵯♧汥挿կ䧮⟌➢㣢䒓㨤霃雦⟄佅䭯㹊傞✲⸉
ㄤ馄䘯鸟ⴔ區涸䎇遤⸈鲿ծ叅霧ㄤ刿倝կ
鸑鵂 GSQL㹐䨪〳蜦䖤⟄⵸雩⚹偽岁蜦》涸侨䰘峯㻋⸂կ⛲㽠僽霹GSQL 雮⾲劥♶〳腊涸✲䞔䧭⚹✫〳腊կ

GSQL 䊺䖤ⵌ♧❈䊭㣢Ⱆ぀涸䎾欽䎇佅䭯⚆歲♳剒㣐錞垷涸㕃鿈縭嫦㣔涸㹊傞✲⸉侨ꆀ馄鵂 20 ➉կ
欽䨪鵮邍爙GSQL 䖎㺂僒欽✵⴯䒊㛇✵㣐侨䰘涸叅霧կ〥♧⚡⠏⸷僽鸟䏞㔔⚹ GSQL 叅霧Ⳝ猲㽠腊絛ⴀ絕卓

湱嫱⛓♴⢪欽 Cypher 䧴 Gremlin 瘝鍒Ɀ倰呩⽲꨽銳Ⳝ⚡㼭傞㥵卓叅霧〳遤涸霢կ皍罜鎊⛓GSQL 忘駈✫㕃
叅霧露鎊剒ꅾ銳涸暵䚍䚍腊ծ〳邍鴪䚍ㄤ僒欽䚍կ

MapReduceծGremlinծCypherծSPARQL ㄤ SQL 涸嚋䙁遥欰暟
GSQL ♶僽㖈溫瑟梠㞯♴䒓〄涸կ㸐➢⛓⵸涸㕃叅霧露鎊⚥䔲搬鵮➢ SQL ⚥エ佐✫雽㢴礵⼶կ姻㔔㥵姼

GSQL 鸑䌢〳佅䭯⟣⡦⵸➿露鎊涸⸆腊罜⚂鸑䌢湬䱹㼜鳅傍劍露鎊涸露岁僥㼘ⵌ GSQL ⚥կ
歋✵Ⱒ禹㘗侨䰘䎽➢ 20 ⚆紬 70 䎃➿䒓㨤湬ⵌ 80 䎃➿♧湬僽⚺崨涸侨䰘䎽薴⢾㔔姼 SQL 䧭⚹✫叻ⲥ叅霧

露鎊կSQL 㛇✵⚚㺙涸鹤鳓垷㘗Ⱒ禹➿侨կ姻烁䚍ㄤ㡮僈露岁僽剒ꅾ銳涸罜ꬋ䚍腊կSPARQL 欽✵叅霧 RDF 
侨䰘晜劥 1.0 㖈 2008 䎃 1 剢「ⵌ W3C 涸䲀虛կGremlinծCypher ㄤ GSQL 鿪⟄㾩䚍㕃⚹湡叻կGremlin 剒ⴲ⟄ 
Apache TinkerPop 고湡涸魧⟧ⴀ梡✵ 2009 䎃 10 剢կNeo4j 㖈 2011 䎃䲀ⴀ✫ CypherTigerGraph ⴭ㖈 2014 䎃
䒓〄✫ GSQLկ
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霃雦 GSQL 傞⚺銳「ⵌ㹐䨪梡㹊꨽宠涸慨⸠կⰦ➭⟣⡦㕃叅霧露鎊⢾㥵 CypherծGremlin鿪♶腊忘駈 
TigerGraph 傍劍ꅷ欽罏涸꨽宠կGSQL 㖈忘駈䪄遤㢕勇ⴔ區涸欽䨪꨽宠ㄤ㽴〳腊♸ SQL ㄤⰦ➭䌢錛綘玐露鎊⥂殆
湱⡃⛓ꢂ靭䢆鴪䧭✫䎂邂կ歋✵ GSQL 僽㖈♳鶣Ⱖ➭露鎊〄䋒ⴲ㨤晜劥⛓たⴀ梡涸㔔姼剣》Ⱖ礵⼶ծ⿡Ⱖ禁磢涸
た錛⛓僈կ䧮⟌♴꬗㼜鷶♧霫絈霹僈կ
SQL ⸈䔂
➢♧䒓㨤GSQL ⤑⢪欽䪠ꆀず姿䎇遤 (BSP) 垷㘗䎇遤㢅椚㕃叅霧կ䧮⟌꨽銳♧猫倰岁勻䲽鶣㕃⚥涸♧⚡鶛➿

䧴♧姿㔔姼鷥䭊⢪欽 SQL SELECTˌFROMˌWHERE 㗌絕匬⡲⚹㛇炄匬鸣㗌䎇㽴〳腊⢪欽 HAVINGծORDER 
BYծLIMITծINSERT 瘝Ⱖ➭Ⱒꝶ霒կ〥㢪GSQL 鵮剣 DDL 露〣⟄㡮僈挿挿ծ鴝ㄤ㕃碫㘗⢾㥵 CREATE 
VERTEX person(primary_id name string, age int)կ霪露岁♸ SQL 涸 CREATE TABLE ꬋ䌢湱⡃կCypher ⛲絩䪬✫鿈
ⴔ SQL Ⱒꝶ霒⡎尵剣 SQL ⚥剒䌢錛涸露〣碫㘗 SELECT㔔姼 GSQL ♸ Cypher ꢂ䱹湱⡃կ
絩䪬 MapˌReduce

痦✳GSQL 䒸Ⰶ✫ ACCUM ㄤ POSTˌACCUM 㶩〣⟄佅䭯 SELECT 㗌⚥⾲剣涸 MapˌReduce 露⛐կ
ACCUM 㶩〣⯎䔲 Map 姿낢䎇遤㢅椚䨾剣⼐ꂁ涸鴝կPOSTˌACCUM 㶩〣⯎䔲 Reduce 姿낢ざ䎇㢅椚➢ 
ACCUM 㶩〣〄ⴀ涸彂䧴湡叻挿涸嶊䜂կ
Gremlin 鵘遤傞」ꆀ

Gremlin 僽♧猫ⴅ侨Ꝇ䒭涸叅霧露鎊կ㸐剣♧⚡麑⾎䭷⟁꧋ㄤ♧絆麑⾎㐼կ叅霧絕卓僽兽⨢涸麑⾎㐼涸⡙縨կ
Gremlin ⚥涸♧⚡ꅾ銳嚋䙁僽ⶰ⡲欽ꤑ✫麑⾎劥魧⛓㢪〄欰涸⟣⡦✲䞔⺫䭍鵘遤傞」ꆀկⶰ⡲欽剣Ⰼ㽷䚍ㄤ
㽷鿈䚍涸կ㽷鿈ⶰ⡲欽㹊梡⚹ sack()կ嫦⚡麑⾎㐼〳⥂䭯ぜ⚹ sack 涸㽷鿈侨䰘絕匬〳⢪欽 sackˌstep 靀》䧴ⱗ
Ⰶ sack 」ꆀկⰌ㽷ⶰ⡲欽 withSideEffect() 〳欽✵㶸佞Ⰼ㽷」ꆀկ侮⚡叅霧涸ⶰ⡲欽♸麑⾎㐼湱Ⱒ翫㔔姼侨䰘絕
匬〳腊」䖤ꬋ䌢ꝡ絾㢕勇㼆䎾✵鵘遤傞麑⾎吆կ

GSQL 剣湱⡃涸嚋䙁⡎嚋䙁涸㢕勇䏞⡛䖎㢴կ欽䨪〳⢪欽 GSQL 㹁⛐⟣䠑侨ꆀ涸㽷鿈稡⸈㐼ぜ㶶⟄ @ 䩧
㣢䧴Ⰼ㽷稡⸈㐼ぜ㶶⟄ @@ 䩧㣢կ露岁ꬋ䌢皍⽀僈✫կ銳靀》稡⸈㐼〳⫸㼆挿㾩䚍齡呋㢅椚⢾㥵v.@
sumկ銳ⱗⰆⴭ⢪欽稡⸈㐼鵘皾痗 +=կ♸ Gremlin ♶ず㽷鿈稡⸈㐼尵剣絓㹁ⵌ嫦⚡麑⾎㐼罜僽絓㹁ⵌ嫦⚡
霄꡼鵂涸挿կⰌ㽷稡⸈㐼〳➢叅霧⚺⡤涸⟣䠑⡙縨霄꡼կ
SPARQL ♲⯋垷䒭⼐ꂁ

GSQL 㼜 1 姿麑⾎䲽鶣⚹♸ FROM 㶩〣⚥涸♲⯋⼐ꂁ涸鴝꧋կ
source_vertex_set —(edge_types)—> target_vertex_types

鵯⚡♲⯋♸ SPARQL 涸♲⯋垷䒭⼐ꂁ呋䒭Ⳝ⛖湱ずկ⡎僽GSQL ♶⠔⫸ SPARQL 齡呋㼜垷䒭佞㖈 WHERE 㶩
〣⚥կGSQL 㼜垷䒭佞㖈 FROM 㶩〣⚥⟄⡲⚹♧瘝Ⱆ字⼓ⴔ㼆䖉կ

Cypher ⼐ꂁ垷䒭⡲⚹♧瘝Ⱆ字 ˌ 挿垷䒭ծ鴝垷䒭䧴騟䖈垷䒭僽 Cypher 涸⚺銳暵䖄կ㖈 GSQL ⚥鴝垷䒭ㄤ
挿垷䒭ず呋僽♧瘝Ⱆ字⡙✵ FROM 㶩〣⚥կGSQL 鵛劍㼜幑⸈㼆騟䖈垷䒭涸佅䭯
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輑⠔餟鸑
GSQL ➢⯓⵸涸㕃叅霧露鎊ㄤ SQL ⚥絩䪬䎇⦶欽✫雽㢴剣欽涸⸆腊կ䊫㦪⛓㢅㖈✵》Ⱖ礵⼶ծ⿡Ⱖ禁磢կ刿ꅾ

銳涸僽GSQL 幑⸈✫崨䱽ⵖ⟄佅䭯넞紩鶛➿WHILEծFOREACHㄤ勵⟝ⴔ佅IF...ELSEծCASE⚹欽䨪䲿⣘
➭⟌剒擿䜪涸露岁霒宨⟄㹊梡㕃抳㸤㢊կ
姼㢪GSQL 叅霧〳⟄⺫ゎ⟣䠑侨ꆀ涸 SELECT 㗌⽀姿կ侨䰘崨♶䗳䕎䧭鵶絯涸Ꝇկ〫銳㹁⛐✫嫦⚡ 

FROM 㶩〣涸饰㨤挿嫦⚡ SELECT 㗌〳⟄➢㕃涸倝鿈ⴔ䧴⯓⵸霄꡼鵂涸鿈ⴔ䒓㨤կ鸑䌢㢴姿䕎䧭 DAG剣ぢ
偽梠㕃կ
鵯猫♧妃♧姿涸倰岁⸈♳嫦♧姿鿪〳欽涸 MapˌReduce 翸ざㄤ稡⸈㐼꣡⸈ⵌ挿ㄤⰌ㽷⟄⿺⟄Ⳝ⛖⟣

⡦倰䒭絆ざ㢴姿涸腊⸂雮欽䨪腊㢿㼜➿瀦ⴔ鍒⚹僒✵盗椚涸鿈ⴔ搬た絆ざ䧭ꬋ䌢䔂㣐涸皾岁կGSQL 叅霧露鎊
ꬋ䌢碫⡃✵ Oracle PL/SQL 䧴 Microsoft SQL Server 㶸⪰鵂玐露岁կ

GSQL 101 ˌ 㛇炄侅玐
⚹✫雮䝠⡤낉 GSQL 涸皍⽀䚍ㄤ䔂㣐⸆腊劥畎涸ⶥ⡮鿈ⴔ㼜䲿⣘♧⚡侅玐䭷㼋䝠㹁⛐㕃垷䒭ծ⸈鲿侨䰘䎇

⢪欽皍⽀涸ⰻ縨叅霧կ♴♧畎㼜➝絏刿㢕勇⟣⸉涸叅霧䎇嫱鳅 GSQL ♸Ⱖ➭㕃叅霧露鎊涸⸆腊կ
岤䠑GSQL 露鎊⢪欽Ⱒꝶ霒  vertex 勻䭷➿㕃⚥涸곝挿կ

侨䰘꧋
㖈劥⢾⚥䧮⟌㼜⴯䒊ㄤ叅霧㕃 1 ⚥䨾爙涸皍⽀㥩⿼爢❜㕃կ姼㕃涸侨䰘⺫ゎ csv鸉〿ⴔꥬ⧩呔䒭涸⚙⚡

俒⟝կ銳㷖⛴劥侅玐霼㼜 person.csv ㄤ friendship.csv 鵯⚙⚡俒⟝⥂㶸ⵌ䝠涸 TigerGraph 劥㖑煂渹կ㖈䧮⟌鵘
遤涸⢾㶩⚥䧮⟌⢪欽 /home/tigergraph/ 俒⟝㣪㶸⪰鵯⚙⚡ csv 俒⟝կ

㕃 1.㥩⿼爢❜㕃
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person.csv

name,gender,age,state
Tom,male,40,ca

Dan,male,34,ny

Jenny,female,25,tx

Kevin,male,28,az

Amily,female,22,ca

Nancy,female,20,ky

Jack,male,26,fl

friendship.csv

person1,person2,date
Tom,Dan,2017—06—03

Tom,Jenny,2015—01—01

Dan,Jenny,2016—08—03

Jenny,Amily,2015—06—08
Dan,Nancy,2016—01—03

Nancy,Jack,2017—03—02

Dan,Kevin,2015—12—30

ⲥ㢊䝠涸 TigerGraph 梠㞯
껷⯓䧮⟌唬叅䝠僽や〳霄꡼ GSQLկ

1.䩧䒓 Linux shellկ
2.㥵♴ꝶⰆ gsqlկGSQL shell 䲿爙痗䎾㥵♴儑爙կ
3.Linux shell

4.$ gsql                                                                       
GSQL >

5.㥵卓 GSQL shell 尵剣鵘遤㽂霚欽gadmin restart allꅾ縨禹絡կ㥵卓꨽銳刿㢴䌐⸔霼叅溏 TigerGraph 

濼霋䎽ㄤ䌢錛꡼곿 3կ
㥵꨽Ⰼ鿈ꅾ縨ㄐ⟁ DROP ALL 㼜ⴵꤑ䨾剣侨䰘䎽侨䰘ծⰦ垷䒭⟄⿺䨾剣湱Ⱒ㹁⛐կ姼ㄐ⟁涸鵘遤傞ꢂ紨⚹♧

ⴔꛦկ

3 䧮⟌溁殜✫♧❈盗椚ㄐ⟁ㄤ姿낢㥵卓䝠㖈㹊꣢禹絡♳鵘遤〳腊꨽銳䎾欽鵯❈ㄐ⟁ㄤ姿낢կ剣Ⱒ霫絈霹僈
霼⿬ꢓ http://docs.tigergraph.com.cn/
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GSQL shell ˌ DROP ALL

GSQL > drop all

Dropping all, about 1 minute ...

Abort all active loading jobs

[ABORT_SUCCESS] No active Loading Job to abort.

Shutdown restpp gse gpe ...

Graph store /usr/local/tigergraph/gstore/0/ has been cleared!
Everything is dropped.

䲿爙➢ Linux shell 鵘遤 GSQL ㄐ⟁
鵮〳➢ Linux shell 鵘遤 GSQL ㄐ⟁կ銳鵘遤⽀⚡ㄐ⟁〫꨽⢪欽gsqlた騈⟄⽀䒸〿䭍饰涸ㄐ⟁遤կ㥵卓

♶㶸㖈鍒區娂⛐ⴭ偽꨽⢪欽䒸〿⢪欽䒸〿刿⸈㸝Ⰼկ⢾㥵
Linux shell ˌ ➢ Linux shell 鵘遤 GSQL ㄐ⟁

# “—g graphname” is need for a given graph

gsql —g social ‘ls’

gsql ‘drop all’

gsql ‘ls’

鵮〳⟄䪄遤㶸⪰㖈俒⟝⚥涸♧禹⴩ㄐ⟁〫꨽靈欽gsqlた騈俒⟝ぜ⽰〳կ
㸤䧭た〳⢪欽ㄐ⟁quit♶ゎ䒸〿勻鷍ⴀ GSQL shellկ

㹁⛐垷䒭
㖈劥侅玐⚥䧮⟌⚺銳㖈 GSQL shell 涸❜✽垷䒭♴䊨⡲կ剣♧❈ㄐ⟁㼜勻荈 Linux shellկ⴯䒊㕃涸痦♧姿僽

㹁⛐Ⱖ垷䒭կGSQL 䲿⣘♧絆 DDL侨䰘㹁⛐露鎊ㄐ⟁♸ SQL DLL ㄐ⟁碫⡃欽✵䒊垷挿碫㘗ծ鴝碫㘗ㄤ㕃կ
⴯䒊挿碫㘗
⢪欽 CREATE VERTEX ㄐ⟁㹁⛐ぜ⚹ person 涸挿碫㘗կ姼㢅꨽銳 PRIMARY_ID嫦⚡➃鿪䗳곢Ⱘ剣㈔♧叻霋痗կ

Ⱖ➭涸僽♧禹⴩〳鷥㾩䚍欽✵䲽鶣嫦⚡ person 挿涸暵䚍呔䒭⚹ attribute_name  data_type, attribute_name  
data_type, ...

GSQL ㄐ⟁
CREATE VERTEX person (PRIMARY_ID name STRING, name STRING, age INT, gender 
STRING, state STRING)

⚹瑲ⴀ儑爙GSQL Ⱒꝶ霒Ⰼ鿈欽㣐ⱗ㶶嫢邍爙⡎㹊꣢♳㸐⟌♶⼓ⴔ㣐㼭ⱗկ
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GSQL 㼜烁雩⴯䒊挿碫㘗կ
GSQL shell

GSQL > CREATE VERTEX person (PRIMARY_ID name STRING, name STRING, age INT, 

gender STRING, state STRING)

The vertex type person is created.

GSQL >

〳⟄⴯䒊䝠䨾꨽涸㢴⚡挿碫㘗կ
⴯䒊鴝碫㘗
䱹♴勻⢪欽 CREATE ...EDGE ㄐ⟁⴯䒊ぜ⚹ friendship 涸鴝碫㘗կⰢꝶ霒 UNDIRECTED 䭷爙姼鴝⚹⿽ぢ鴝

鵯䠑㄂满⥌䜂〳➢⟣♧挿䒓㨤崨⸓կ㥵卓䝠䟝䒊用⽀ぢⰢ翫⢪⥌䜂➑➢ FROM 挿䒓㨤崨⸓霼⢪欽 DIRECTED 
Ⱒꝶ霒罜ꬋ UNDIRECTEDկ姼㢅꨽銳 FROM ㄤ TO ⟄䭷㹁鴝碫㘗鵶䱹涸⚙⚡挿碫㘗կ銳䭷㹁⽀勵鴝꨽䲿⣘Ⱖ彂 
(FROM) 挿ㄤ湡叻 (TO) 挿涸 primary_idた騈♧禹⴩〳鷥㾩䚍㽠⫸㖈挿㹁⛐⚥♧呋կ
GSQL ㄐ⟁

CREATE UNDIRECTED EDGE friendship (FROM person, TO person, connect_day 

DATETIME)

GSQL 㼜烁雩⴯䒊鴝碫㘗կ
GSQL shell

GSQL > CREATE UNDIRECTED EDGE friendship (FROM person, TO person, connect_day 

DATETIME)

The edge type friendship is created.

GSQL >

〳⟄⴯䒊䝠䨾꨽涸㢴⚡鴝碫㘗կ
⴯䒊㕃
䱹♴勻⢪欽 CREATE GRAPH ㄐ⟁⴯䒊ぜ⚹ social 涸㕃կ㖈姼㢅䧮⟌〫⴩ⴀ✫꨽⺫䭍㖈姼㕃⚥涸挿碫㘗ㄤ

鴝碫㘗կ
GSQL ㄐ⟁

CREATE GRAPH social (person, friendship)

GSQL 㼜㖈Ⳝ猲た烁雩⴯䒊痦♧⚡㕃㖈姼劍ꢂ㸐⠔㼜湡䔶⥌䜂䲀鷐ⵌ䨾剣剪⸉㥵 GSEծGPE ㄤ RESTPPկ
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GSQL shell

GSQL > CREATE GRAPH social (person, friendship)

Restarting gse gpe restpp ...

Finish restarting services in 16.554 seconds!

The graph social is created.

姼傞䧮⟌䊺⴯䒊 person 挿碫㘗ծfriendship 鴝碫㘗ㄤ⺫䭍㸐⟌涸 social 㕃կ䝠䊺匬䒊痦♧⚡㕃垷䒭䧮⟌㖈 
GSQL shell ⚥ꝶⰆlsㄐ⟁勻叅溏湡䔶⚥涸ⰻ㺂կ
GSQL shell

GSQL > ls

———— Global vertices, edges, and all graphs

Vertex Types:

  — VERTEX person(PRIMARY_ID name STRING, name STRING, age INT, gender STRING, 

state STRING) WITH STATS=”OUTDEGREE_BY_EDGETYPE”

Edge Types:

  — UNDIRECTED EDGE friendship(FROM person, TO person, connect_day DATETIME)

Graphs:

  — Graph social(person:v, friendship:e)
Jobs:

Json API version:v2

⸈鲿侨䰘
⴯䒊㕃垷䒭た♴♧姿僽ぢⰦ⸈鲿侨䰘կ姼傞涸⟣⸉僽ぢ GSQL ⸈鲿玐䎸䭷爙㥵⡦㼜♧絆侨䰘俒⟝⚥涸㶶媯Ⱒ翫 

僥㼘荛䧮⟌⴮䩞㹁⛐涸㕃垷䒭⚥挿碫㘗ㄤ鴝碫㘗⚥涸㾩䚍կ
劥㖑煂渹♳䎾剣⚙⚡侨䰘俒⟝ person.csv ㄤ friendship.csvկ㸐⟌偽꨽⡙✵䔲⵸俒⟝㣪կ
㥵꨽㔔⟣⡦⾲㔔鷍ⴀ GSQL shell〳ꝶⰆquit♶ゎ䒸〿կꝶⰆ gsql 〳ⱄ妃鵳Ⰶկ

㹁⛐⸈鲿⡲⚌
⟄♴⸈鲿⡲⚌⧺㹁䝠涸侨䰘俒⟝⡙✵俒⟝㣪 /home/tigergraph ⚥կ㥵卓侨䰘俒⟝⡙✵ⵆ㢅霼㖈⟄♴⸈鲿⡲

⚌膃劥⚥㼜/home/tigergraph/person.csvㄤ/home/tigergraph/friendship.csv剏䰃⚹Ⱖぐ荈湱䎾涸俒⟝
騟䖈կ⧺㹁䝠㖈㔐ⵌGSQL shell ⚥霼鳕Ⰶ⟄♴♧絆ㄐ⟁կ
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欽✵㹁⛐⸈鲿⡲⚌涸 GSQL ㄐ⟁
USE GRAPH social

BEGIN

CREATE LOADING JOB load_social FOR GRAPH social {

   DEFINE FILENAME file1=”/home/tigergraph/person.csv”;
   DEFINE FILENAME file2=”/home/tigergraph/friendship.csv”;

   LOAD file1 TO VERTEX person VALUES ($”name”, $”name”, $”age”, $”gender”, 

$”state”) USING header=”true”, separator=”,”;
   LOAD file2 TO EDGE friendship VALUES ($0, $1, $2) USING header=”true”, 

separator=”,”;
}
END

䧮⟌雷鍒♧♴ㄐ⟁
 y USE GRAPH social

デ濼 GSQL 䝠銳⢪欽涸㕃կ
 y BEGIN ...END

邍爙㢴遤垷䒭կGSQL shell ⠔㼜鵯❈叻雵⛓ꢂ涸䨾剣ⰻ㺂錠⚹⽀⚡露〣կ〫剣❜✽垷䒭꨽銳姼ㄐ⟁կ
㥵卓鵘遤㶸⪰㖈ㄐ⟁俒⟝⚥涸 GSQL 露〣ㄐ⟁鍒ꅺ玐䎸㼜靀》侮⚡俒⟝㔔姼偽꨽ BEGIN ㄤ END 䲿爙կ

 y ⴯䒊⸈鲿⡲⚌
♧⚡⸈鲿⡲⚌〳䲽鶣➢㢴⚡俒⟝ⵌ㢴⚡㕃㼆韌涸僥㼘կ䗳곢㼜嫦⚡俒⟝ⴔꂁ荛俒⟝ぜ」ꆀկ〳⟄䭽

ぜ獦䧴䭽⡙縨⚹㶶媯幑⸈叻皊կぜ獦叻皊꨽銳彂俒⟝⚥涸叻곿遤կ鷶⡙叻皊⢪欽侮侨勻邍爙彂⴩⡙縨  
0ծ1ծ...㖈⟄♳爙⢾⚥痦♧⚡ LOAD 露〣䭽ぜ獦䭷爙彂俒⟝⴩罜痦✳⚡ LOAD 露〣䭽⡙縨䭷爙彂俒⟝
⴩կ霼岤䠑⟄♴絈蒜

• file1 ⚥涸⴩name僥㼘荛⚙⚡㶶媯⽰ PRIMARY_ID ㄤ person 挿涸name㾩䚍կ
• 㖈 file1 ⚥䚍ⵆ⯓✵䎃륁կ㖈 person 挿⚥䚍ⵆ㖈䎃륁⛓たկ⸈鲿傞霼䭽湡叻㼆韌劥⢾⚹ person 挿
䨾꨽涸곡䎸勻㡮僈㾩䚍կ

• 嫦⚡ LOAD 露〣㖲Ⱘ剣 USING 㶩〣կ㸐欽✵デ濼 GSQL 嫦⚡俒⟝㖲⺫ゎ叻곿偽雿僽や鷥䭊✫⢪
欽ぜ獦GSQL ➠搬꨽銳濼麤僽や㼜痦♧遤錠⚹侨䰘կ㸐鵮䭷爙⴩ⴔꥬ痗⚹鸉〿կꤑ鸉〿⛓㢪
GSQL 鵮〳㢅椚⟣⡦⽀㶶痗ⴔꥬ痗կ

鵘遤 CREATE LOADING JOB 露〣傞GSQL 㼜唬叅露岁ꝡ霴䎇唬叅䭷㹁⡙縨僽や剣侨䰘俒⟝կ㥵卓劢唬崵
ⵌꝡ霴㸐㼜鵳遤綘霖䎇⥂㶸⡲⚌կTige
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rap
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GSQL shell

GSQL > USE GRAPH social

Using graph ‘social’

GSQL > BEGIN

GSQL > CREATE LOADING JOB load_social FOR GRAPH social {

GSQL >    DEFINE FILENAME file1=”/home/tigergraph/person.csv”;

GSQL >    DEFINE FILENAME file2=”/home/tigergraph/friendship.csv”;

GSQL >

GSQL >    LOAD file1 TO VERTEX person VALUES ($”name”, $”name”, $”age”, $”gender”, 

$”state”) USING header=”true”, separator=”,”;

GSQL >    LOAD file2 TO EDGE friendship VALUES ($0, $1, $2) USING header=”true”, 

separator=”,”;

GSQL > }

GSQL > END

The job load_social is created.

鵘遤⸈鲿⡲⚌
梡㖈〳鵘遤⸈鲿⡲⚌⟄㼜侨䰘⸈鲿ⵌ㕃⚥

GSQL ㄐ⟁
RUN LOADING JOB load_social

絕卓㥵♴䨾爙կ
GSQL shell

GSQL > run loading job load_social

[Tip:Use “CTRL + C” to stop displaying the loading status update, then use 
“SHOW LOADING STATUS jobid” to track the loading progress again]

[Tip:Manage loading jobs with “ABORT/RESUME LOADING JOB jobid”]

Starting the following job, i.e.

  JobName:load_social, jobid:social_m1.1528095850854

  Loading log:‘/home/tigergraph/tigergraph/logs/restpp/restpp_loader_logs/
social/social_m1.1528095850854.log’

Job “social_m1.1528095850854” loading status

[FINISHED] m1 ( Finished:2 / Total:2 )
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  [LOADED]

  +———————————————————————————————————————————————————————————————————————+
  |                       FILENAME | LOADED LINES | AVG SPEED |   DURATION|
  |/home/tigergraph/friendship.csv |            8 |     8 l/s |     1.00 s|

  |    /home/tigergraph/person.csv |            8 |     7 l/s |     1.00 s|

  +———————————————————————————————————————————————————————————————————————+

岤䠑⸈鲿傈䘋俒⟝涸⡙縨կ姼爙⢾⧺㹁䝠䊺㼜 TigerGraph 㸝鄳ⵌ랾雩⡙縨 /home/tigergraph/կ㖈㸝鄳俒⟝
㣪♴僽⚺❡ㅷ俒⟝㣪 tigergraphկ㖈 tigergraph 俒⟝㣪⚥剣蕯䎁㶩俒⟝㣪㥵 logsծdocumentծconfigծbin ㄤ 
gstoreկ㥵卓㸝鄳ⵌ✫Ⱖ➭⡙縨㥵 /usr/local/ⴭ〳㖈 /usr/local/tigergraph 䪪ⵌ❡ㅷ俒⟝㣪կ
⢪欽ⰻ縨 SELECT 叅霧鵳遤叅霧
⡹梡㖈剣✫♧⟧䌄侨䰘涸㕃〳鵘遤♧❈皍⽀涸ⰻ縨叅霧勻唬叅侨䰘կ

鷥䭊挿
⟄♴ GSQL ㄐ⟁䫣デ person 挿涸䚪侨կperson.csv 侨䰘俒⟝涸叻곿⛓た剣 7 遤կ

GSQL ㄐ⟁
SELECT count() FROM person

碫⡃㖑⟄♴ GSQL ㄐ⟁䫣デ friendship 鴝涸䚪侨կfriendship.csv 俒⟝涸叻곿⛓た⛲剣 7 遤կ
GSQL ㄐ⟁

SELECT count() FROM person—(friendship)—>person

絕卓㥵♴䨾爙կ
GSQL shell

GSQL > SELECT count() FROM person
[{

  “count”:7,

  “v_type”:“person”

}]
GSQL > SELECT count() FROM person—(friendship)—>person

[{
  “count”:14,

  “e_type”:“friendship”
}]
GSQL >
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鴝侨
⚹➊⛎剣 14 勵鴝㼆✵偽ぢ鴝GSQL 㹊꣢♳㼜⴯䒊⚙勵鴝嫦⚡倰ぢ♧勵կ
㥵卓銳叅溏剣Ⱒ♧絆暵㹁挿涸霫絈⥌䜂〳⢪欽SELECT *ㄤ WHERE 㶩〣勻䭷㹁靘霒勵⟝կ〳㽂霚⟄♴

♧❈露〣
GSQL ㄐ⟁

SELECT * FROM person WHERE primary_id==”Tom”

SELECT name FROM person WHERE state==”ca”

SELECT name, age FROM person WHERE age > 30

絕卓僽 JSON 呔䒭㥵♴䨾爙կ
GSQL shell

GSQL > SELECT * FROM person WHERE primary_id==”Tom”

[{

  “v_id”:“Tom”,

  “attributes”:{

    “gender”:“male”,
    “name”:“Tom”,

    “state”:“ca”,
    
  “age”:40

  },

 
  “v_type”:“person”
}]
GSQL > SELECT name FROM person WHERE state==”ca”

[
  {

    “v_id”:“Amily”,
    “attributes”:{“name”:“Amily”},
    “v_type”:“person”

  },

  {

    “v_id”:“Tom”,

    “attributes”:{“name”:“Tom”},

    “v_type”:“person”
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  }
]

GSQL > SELECT name, age FROM person WHERE age > 30

[
  {

    “v_id”:“Tom”,

    “attributes”:{
      “name”:“Tom”,
      “age”:40
    },

    “v_type”:“person”

  },

  {

    “v_id”:“Dan”,

    “attributes”:{

      “name”:“Dan”,

      “age”:34

    },

    “v_type”:“person”

  }
]

鷥䭊鴝
碫⡃㖑䧮⟌〳叅溏剣Ⱒ鴝涸霫絈⥌䜂կ銳䲽鶣鴝霼㖈♲⚡鿈ⴔ⚥䭷㹁挿ㄤ鴝涸碫㘗䎇幑⸈叻挿痗〿⟄邍

爙麑⾎倰ぢ
GSQL 露岁

source_type —(edge_type)—> target_type

霼岤䠑偽雿僽偽ぢ鴝鵮僽剣ぢ鴝㨤絊⢪欽盪㣢 ˌ>կ鵯僽㔔⚹䧮⟌䲽鶣涸僽叅霧㖈㕃⚥涸麑⾎䵂程倰ぢ
罜ꬋ鴝劥魧涸倰ぢկ
䧮⟌〳㖈 WHERE 㶩〣⚥⢪欽 from_id 靘霒勻鷥䭊➢from_id叻霋涸挿ⴀ〄涸䨾剣 friendship 鴝կ⯈雽⢪欽

Ⱒꝶ霒 ANY 勻䭷爙⟣⡦鴝碫㘗䧴⟣⡦湡叻挿碫㘗կ⟄♴⚙⚡叅霧涸絕卓湱ず
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GSQL ㄐ⟁
SELECT * FROM person—(friendship)—>person WHERE from_id ==”Tom”

SELECT * FROM person—(ANY)—>ANY WHERE from_id ==”Tom”

ⰻ縨鴝鷥䭊叅霧涸ꣳⵖ
⚹鼙⯝叅霧鵥㔐鵂㢴鳕ⴀ고ⰻ縨鴝叅霧Ⱘ剣⟄♴ꣳⵖ

1.䗳곢䭷㹁彂挿碫㘗կ
2.䗳곢䭷㹁 from_id 勵⟝կ
欽䨪㹁⛐叅霧尵剣姼碫ꣳⵖկ
絕卓㥵♴䨾爙կ

GSQL

GSQL > SELECT * FROM person—(friendship)—>person WHERE from_id ==”Tom”

[
  {

    “from_type”:“person”,

    “to_type”:“person”,

    “directed”:false,
    “from_id”:“Tom”,
    “to_id”:“Dan”,
    “attributes”:{“connect_day”:“2017—06—03 00:00:00”},
    
  “e_type”:“friendship”
  },

  {

    “from_type”:“person”,

    “to_type”:“person”,
    “directed”:false,

    “from_id”:“Tom”,

    “to_id”:“Jenny”,

    
“attributes”:{“connect_day”:“2015—01—01 00:00:00”},

    “e_type”:“friendship”

  }
]
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唬叅㕃㣐㼭涸〥♧猫倰岁僽⢪欽盗椚プ䊨Ⱘ涸鷥고⛓♧ gadminկ㖈 Linux shell ⚥鳕Ⰶㄐ⟁
gadmin status graph -v

Linux shell

[tigergraph@localhost ~]$ gadmin status graph —v

verbose is ON

=== graph ===

[m1     ][GRAPH][MSG ] Graph was loaded (/usr/local/tigergraph/gstore/0/

part/):partition size is 4.00KiB, SchemaVersion:0, VertexCount:7, 

NumOfSkippedVertices:0, NumOfDeletedVertices:0, EdgeCount:14

[m1     ][GRAPH][INIT] True

[INFO   ][GRAPH][MSG ] Above vertex and edge counts are for internal use 

which show approximate topology size of the local graph partition.Use DML to 

get the correct graph topology information

[SUMMARY][GRAPH] graph is ready
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痦 9 畎
GSQL ⸆腊ⴔ區

㕃 1.㥩⿼爢❜㕃
㖈♳♧畎⚥䧮⟌霹僈✫ GSQL 僽梡➿⻊㕃叅霧露鎊㽍Ⱖ㼆✵㹊傞帿䏞Ⱒ翫ⴔ區涸⚺銳⾲㔔կ䧮⟌鵮雷鍒
✫㛇炄侅玐䌐⸔䝠湬䱹擿䜪 GSQLկ
㖈劥畎⚥䧮⟌㼜⟄♧❈㹊꣢叅霧⚹⢾勻ⴔ區 GSQL 涸䪮助⸆腊կꥥた➝絏Ⱖ➭♲猫㕃叅霧露鎊 Gremlinծ

Cypher ㄤ SPARQL 䎇鵳遤嫱鳅կ
岤䠑GSQL ㄤ Gremlin 露鎊㖲⢪欽Ⱒꝶ霒 vertex挿勻䭷➿㕃挿㔔姼㖈劥畎⚥⽰⤑剣傞鳅⚹䬄韌䧮

⟌➠⢪欽挿罜ꬋ㕃挿կ

爙⢾ 1⚌⸉ⴔ區 ˌ 㛇劥
⧺霃䧮⟌䟝銳ꛏ㼆嫦ˌ⚡㹐䨪 c䪪ⴀぢ c Ꝉ㈒toy碫❡ㅷ䨾饊》涸䚪佐Ⰶկ䧮⟌涸垷䒭⺫ゎ Customer ㄤ 

Product 挿⟄⿺ Bought 鴝կ嫦⚡❡ㅷ鿪剣⟟呔嫦疴餝✈鿪剣侨ꆀㄤ䫔䩾կ
SumAccum<float> @revenue;                                                   #1
Start = {Customer.*};                                                      #2
Cust = SELECT c                                                            #3
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    FROM Start:c —(Bought:b)—> Product:p                                   #4
    WHERE p.category == “toy”                                              #5
    ACCUM c.@revenue += p.price*(1—b.discount/100.0)*b.quantity;           #6

    PRINT Cust.name, Cust.@revenue;                                        #7

〳⟄僈儑溏ⵌ痦 (6) 遤雦皾㹐䨪 c 㼆❡ㅷ p 涸餝✈Bought 鴝b 䨾❡欰涸佐Ⰶկ♶㣖僈儑涸僽ACCUM 
㶩〣ㄤ SumAccum 稡⸈㐼@revenue痦 1 遤荈⸓㼆餝✈✫toy涸㹐䨪鶛➿䎇遤䨾剣 Bought 鴝嫦
⚡㹐䨪㖲Ⱘ剣荈䊹涸鵘遤傞@revenue赡搬〳ず傞ぢず♧稡⸈㐼幑⸈㢴⚡鵳玐稡⸈㐼㼜荈⸓烁⥂尵剣Ȿ瑲կ
⢪欽 MapReduce 涸䒓〄➃プ䎾擿䜪䎇遤㢅椚薴䒭կ

爙⢾ 2㕃皾岁
PageRank 〳㖈 GSQL ⚥鲽匠㹊倶կPageRank 雦皾挿涸湱㼆勉㪭䏞鵯㼆雽㢴꨽銳䪪ⵌꅾ銳䧴剣䕧ㆇ⸂涸㹊

⡤涸䎾欽㖞兞勻霹ꬋ䌢ꅾ銳湡叻蠒Ꝉծ䕧ㆇ곫崵ծ剣ꣳ餴彂涸剒⢕⢪欽瘝կⰦ➭㕃皾岁㥵爢⼓〄梡ㄤ剒瀊騟
䖈〄梡♸姼碫⡃⛲Ⱘ剣雽㢴㹊꣢䎾欽կ㼆✵姼碫欽⢾꨽銳腊㢿㸤Ⰼ⢪欽넞紩㕃叅霧露鎊勻㹊倶ㄤ荈㹁⛐㕃皾
岁鵯ꬋ䌢ꅾ銳կ湱⿿炽綘瀦 PageRank 皾岁♶ぢ欽䨪䲿⣘〳鍒Ɀ㹊꣢꡼곿涸邍鴪腊⸂կ

GSQL 叅霧〳鄄錠⚹⿬侨⻊玐䎸㥵⟄♴爙⢾ 2 ⚥涸ⴲ㨤 CREATE QUERY 露〣䨾爙կ皍⽀饰錛䧮⟌溁殜✫
爙⢾ 1 ⚥涸 CREATE 露〣կ

CREATE QUERY pageRank(float maxChange, int maxIteration, float damping)

  FOR GRAPH gsql_demo {

  MaxAccum<float> @@maxDiff=9999; #max score change in an iteration

  SumAccum<float> @recvd_score=0; #sum(scores received from neighbors)

  SumAccum<float> @score=1;       #scores initialized to 1

  V = {Page.*};                      #Start with all Page vertices
  WHILE @@maxDiff > maxChange LIMIT maxIteration DO

    @@maxDiff = 0;
    S = SELECT s

        FROM V:s—(Linkto)—>:t
        ACCUM t.@recvd_score += s.@score/s.outdegree()

        POST—ACCUM s.@score = (1—damping) + damping * s.@recvd_score,

    s.@recvd_score = 0,

                   @@maxDiff += abs(s.@score — s.@score’);
  END; #end while loop

  PRINT V;

}#end query
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넞紩稡⸈ㄤ侨䰘絕匬
ⵌ湡⵸⚹姺䧮⟌䊺絑㾝爙✫稡⸈㐼㥵⡦㼜侨㶶侨䰘翸ざ⚹⽀♧涸叻ꆀ絕卓⧩կGSQL 涸邍鴪腊⸂⛓䨾⟄⼧ⴔ

䔂㣐䖤渤✵Ⱖ㼆✵㢕⧩稡⸈㐼涸佅䭯㢕⧩稡⸈㐼⺫ゎ⯋絆涸㹊⢾꧋ざ㸐⟌〳⟄鄄ⴢⴔ䧭絆䎇⚂〳⟄鷥䭊䭽
絆翸ざկ

爙⢾ 3

䧮⟌⥝佖✫佐Ⰶ翸ざ鿈ⴔ涸➿瀦⢪⛓〳⟄儑爙㼆✵嫦⚡㹐䨪 c䭽❡ㅷ碫ⵆⴢⴔ涸佐Ⰶ⟄⿺䭽䫔䩾ⴢⴔ涸佐Ⰶկ
GroupByAccum<string categ, SumAccum<float> revenue> @byCateg;               #1
GroupByAccum<int disc, SumAccum<float> revenue> @byDiscount;                #2

Start = {Customer.*};                                                      #3
Cust = SELECT c                                                            #4
  FROM Start:c —(Bought:b)—> Product:p                                     #5
  ACCUM c.@byCateg += (p.category—>p.price*(1—

b.discount/100.0)*b.quantity),         #6

     c.@byDiscount += (b.discount—>p.price*(1—
b.discount/100.0)*b.quantity);         #7

岤䠑ぜ⚹byCategory涸挿稡⸈㐼涸㡮僈痦 1 遤կ鵯❈䭽絆ⴢⴔ涸稡⸈㐼㼜㶶痗⚮㾩䚍categ㹁⛐⚹絆ꝶ
䎇㼜ㄤ侨稡⸈㐼revenueⰢ翫ⵌ嫦⚡絆欽✵翸ざ絆涸⧩կ
痦 (6) 遤儑爙涸露岁㼜⧩ p.price*(1ˌb.discount/100.0)*b.quantity ⱗⰆㄤ侨稡⸈㐼 "revenue"⛓⚥姼ㄤ侨

稡⸈㐼♸⡙✵挿 c 涸 byCateg 稡⸈㐼⚥涸ꝶ p.category 絆湱㼆䎾կ㖈痦 2遤⚥呏䰘䫔䩾⧩㼆絆Ꝉ㈒괄㹁⛐✫
♧⚡碫⡃涸 group-by稡⸈㐼欽✵宨䚪嫦⚡絆涸Ꝉ㈒괄կ⚹✫乼⡲꧋ざ碫㘗涸稡⸈㐼涸⧩GSQL 鵮䲿⣘✫♧⚡ 
foreach ⾲露㸐〳⟄鶛➿꧋ざⰻ涸䨾剣⯋稇䎇ぢ鵯❈⯋稇絓㹁♧⚡」ꆀկ

⺫ゎ⚥ꢂ絕卓崨涸㢴姿麑⾎
GSQL 佅䭯ⴔ區錞薴鵯❈ⴔ區嶍⿺㖈㕃⚥麑⾎㢴姿騟䖈ず傞屠满騟䖈⠛乄雦皾ⴀ涸⚥ꢂ絕卓կ⟄♴爙⢾霹

僈✫㥵⡦㖈 GSQL ⚥ⲥ烁邍鴪♧⚡皍⽀涸䲀虛禹絡կ

爙⢾ 4

⟄♴ GSQL 叅霧㼜⚹㹐䨪 1 欰䧭梖Ⱘ䲀虛⴩邍կ鵯❈䲀虛䭽撑絑Ⱙ涸䲀虛禹絡倰䒭鵳遤䱗ぜ嫦⚡䲀虛梖Ⱘ涸
䱗ぜ鿪僽Ⱖ➭곥㹐㋐妅玐䏞涸⸈勉䚪ㄤկ㹐䨪 c 涸嫦♧⚡㋐妅涸⸈勉⧩歋㹐䨪 c ♸㹐䨪 1 涸湱⡃䏞Ɀ㹁կ姼湱⡃䏞
⚹叻ⲥ涸㼆侨ˌ⡮䓛⧩湱⡃䏞邍爙㸐⿿僥✫㹐䨪 1 ♸㹐䨪 c Ⱏず㋐妅涸梖Ⱘ剣㢴㼱կ刿姻䒭㖑雷㼆✵嫦⚡㹐䨪 c
䧮⟌㹁⛐♧⚡嫱暵ぢꆀ likes_c䔲⚂➑䔲㹐䨪 c ㋐妅梖Ⱘ i 傞䩞⠔霃縨嫱暵 iկ⚙⚡㹐䨪 x ㄤ y ⛓ꢂ涸㼆侨ˌ⡮
䓛⧩湱⡃䏞鄄㹁⛐⚹
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lc(x, y) = log(1 + likes_x ʘ likes_y )

Ⱖ⚥ ʘ 邍爙⚙⚡ぢꆀ涸挿獤կ霼岤䠑likes_x ʘ likes_y 皍僈㖑雦皾ⴀ㹐䨪 x ㄤ y Ⱏず㋐妅涸梖Ⱘ侨կ㖈♴俒⚥
䧮⟌⧺㹁㹐䨪 c ㋐妅❡ㅷ p 鵯♧✲㹊鄄䒊垷⚹♧勵鵶䱹 c ㄤ p 涸㈔♧鴝叻雵⚹Likesկ

SumAccum<float> @rank, @lc; #1
SumAccum<int> @inCommon; #2

Start = {Customer.1}; #3

ToysILike =                                                                #4
    SELECT p #5

    FROM Start:c —(Likes)—> Product:p                                      #6
    WHERE p.category == “toy”;                                             #7
OthersWhoLikeThem =                                                        #8
    SELECT o                                                               #9
    FROM ToysILike:t <—(Likes)— Customer:o                                #10

    WHERE o.id != 1                                                       #11
    ACCUM o.@inCommon += 1                                                #12
    POST—ACCUM o.@lc = log (1 + o.@inCommon);                             #13
ToysTheyLike =                                                            #14
    SELECT t                                                              #15
    FROM OthersWhoLikeThem:o —(Likes)—> Product:t                         #16
    WHERE t.category == “toy”                                             #17
    ACCUM t.@rank += o.@lc;                                               #18
RecommendedToys = ToysTheyLike MINUS ToysILike;                           #19

PRINT RecommendedToys.name, RecommendedToys.@rank;                        #20

霪叅霧䭷㹁➢㹐䨪 1 䒓㨤麑⾎搬た㖈痦♧⚡ⴔ佅露〣⚥屠满鴝Likes䪪ⵌ㥟㋐妅涸梖Ⱘ痦 6 遤䎇㼜
絕卓㶸⪰㖈 ToysILike 挿꧋痦 4 遤⚥կ㖈痦✳⚡ⴔ佅露〣⚥麑⾎絩絯➢鵯❈梖Ⱘ䒓㨤屠满鴝Likes涸⿿
ぢ⵸鵳䪪ⵌⰦ➭⛲㋐妅鵯❈梖Ⱘ涸㹐䨪痦 10 遤կ鵯❈鄄䪪ⵌ涸㹐䨪㶸⪰㖈挿꧋OthersWhoLikeThem⚥կ
䱹满㖈痦♲⚡ⴔ佅露〣⚥麑⾎絩絯➢鵯❈㹐䨪ⴀ〄屠满鴝Likes䪪ⵌ➭⟌㋐妅涸梖Ⱘ痦 16 遤䎇㼜
絕卓㶸⪰㖈挿꧋ToysTheyLike⚥կ霼岤䠑♧♴䧮⟌僽㥵⡦⢪欽厤⚡ⴔ佅露〣涸鳕ⴀ挿꧋⡲⚹た絩ⴔ佅露〣涸鳕
Ⰶ挿꧋➢罜㼜㢴⚡ⴔ佅露〣翫禹㖈ˌ饰涸կ剒絊䲀虛梖Ⱘ僽歋挿꧋ToysTheyLikeㄤToysILike涸䊵⧩䖤ⵌ
鵯呋㽠腊鼙⯝ぢ㹐䨪 1 䲀虛㥟䊺絑㋐妅涸梖Ⱘկ
⠶ꥥ鵯♧麑⾎鵂玐雦皾✫⟄♴翸ざկ痦✳⚡ⴔ佅露〣雦皾Ⱖ➭嫦⚡㹐䨪 o ♸㹐䨪 1 Ⱏず㋐妅涸梖Ⱘ侨㸐涸

㹊梡倰䒭⚹㼆✵㹐䨪 o ㋐妅涸嫦⚡梖Ⱘ㼜侨⧩ 1 ⱗⰆ o 涸挿稡⸈㐼 o.@inCommon ⛓⚥痦 12 遤կ鵯❈⽀
⡙⧩鸑鵂挿稡⸈㐼宠ㄤ勻鵳遤翸ざ剒絊侨⧩邍爙劍劅雦侨կ㖈稡⸈た꣌媯雦侨⧩⚹剒絊⧩痦 13 遤雦皾㹐䨪  
o ♸㹐䨪 1 涸㼆侨ˌ⡮䓛湱⡃䏞կ搬た痦♲⚡ⴔ佅露〣㼜嫦⚡㋐妅梖Ⱘ t 涸㹐䨪 o 涸湱⡃䏞⧩ o.@lc ⱗⰆⵌ嫦⚡
梖Ⱘ t ⛓⚥痦 18 遤կ㖈稡⸈꣌媯剒たt.@rank ⺫ゎ♳鶣侨⧩涸䚪ㄤꬋ䌢礵烁㖑邍爙✫剒絊梖Ⱘ䲀虛涸䱗ぜկ
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霼岤䠑ˌ⚡ⴔ佅露〣⚥涸⚥ꢂ雦皾絕卓〳鸑鵂稡⸈㐼歋た絯ⴔ佅露〣霄꡼⢾㥵㹐䨪 o 㼆✵㹐䨪 1 涸㼆侨 
ˌ⡮䓛湱⡃䏞歋痦✳⚡ⴔ佅露〣㶸⪰ⵌ挿稡⸈㐼 @lc ⚥ꥥた歋痦♲⚡ⴔ佅露〣靀》⟄雦皾梖Ⱘ䱗ぜկ

䱽ⵖ崨
GSQL 涸Ⰼ㽷䱽ⵖ崨⾲露⺫䭍 ifˌthenˌelse 䕎䒭涸ⴔ佅⛲⺫䭍➢ SQL ⦶欽涸叻ⲥ case 露〣ㄤ while 䗄梠

⚙罏鿪〳歋嶍⿺Ⰼ㽷稡⸈㐼ծⰌ㽷」ꆀㄤ叅霧⿬侨涸䋒㼷勵⟝䱽ⵖկ鵯㽍Ⱖ鷓欽✵綘ⱗ鶛➿雦皾Ⱖ⚥嫦⚡鶛➿鿪
⠔刿倝Ⰼ㽷涸⚥ꢂ雦皾絕卓䗄梠䱽ⵖ呏䰘霪⚥ꢂ雦皾絕卓Ɀ㹁僽や鷍ⴀ䗄梠կ♧⚡Ⱙ㘗涸⢾㶩僽 PageRank 皾岁
」⡤霪皾岁䭯絯鶛➿湬荛鴪ⵌ剒㣐鶛➿侨䧴罏湬荛䨾剣挿♳涸䖤ⴔ雦皾剒㣐霴䊵㖈Ⰼ㽷 Max 稡⸈㐼⚥翸ざ
⡛✵♧⚡絛㹁ꢖ⧩⢾㥵⡲⚹⿬侨䲿⣘絛叅霧涸⧩կ
䗄梠〳荈歋䅺㤛㖈䕹姼⛓⵸剒ⰻ㽻䗄梠涸➿瀦僽ⴔ佅露〣涸剣ぢ偽梠㕃䗄梠鵂玐⯈雽䗄梠侨䰘㖈㕃♳⠛鷻կ

叅霧ˌ靈欽ˌ叅霧
GSQL 佅䭯厤♧叅霧靈欽Ⱖ➭Ⱘ剣ぜ獦ㄤ⿬侨涸叅霧կGSQL 佅䭯碫⡃ SQL 露岁涸挿紩ծ鴝紩ㄤ㾩䚍紩⥝佖 

䳃Ⰶծⴵꤑㄤ刿倝կ

㕃抳㸤㢊䚍
㥵⵸䨾鶣 GSQL 佅䭯勵⟝ⴔ佅ծ䗄梠ㄤ㶸⪰」ꆀկ䖎僈儑GSQL 僽㕃抳㸤㢊涸կ

GSQL ♸Ⱖ➭㕃露鎊涸嫱鳅
䧮⟌〳⟄㼜 GSQL ♸䔲➚⚺崨涸Ⱖ➭㕃叅霧露鎊鵳遤嫱鳅կ䙐殜䱈暵㹁露岁ㄤ㹁⛐露⛐涸倰䒭翸搋✵䭽⟄♴

Ⳝ⚡Ⱒꝶ絶䏞ⴔ碫涸邍鴪腊⸂
1.稡⸈霪露鎊㥵⡦㶸⪰叅霧雦皾䖤ⵌ涸侨䰘⺫䭍侨䰘꧋ざㄤ侨䰘翸ざ
2.㢴姿騟䖈麑⾎霪露鎊僽や佅䭯㢴姿騟䖈麑⾎Ꝇ䎇腊㢿㖈麑⾎鵂玐⚥佐꧋侨䰘
3.⚥ꢂ絕卓崨霪露鎊僽や佅䭯麑⾎鵂玐⚥涸⚥ꢂ絕卓㖈騟䖈♳⠛鷻
4.䱽ⵖ崨霪露鎊佅䭯ㆭ❈䱽ⵖ崨⾲ⴅ侨
5.叅霧ˌ靈欽ˌ叅霧霪露鎊僽や佅䭯♧⚡叅霧靈欽〥♧⚡叅霧
6.SQL 㸤㢊䚍霪露鎊僽や SQL 㸤㢊⽰㼆✵⟣⡦Ⱒ禹㘗侨䰘䎽 D 涸㛇✵㕃涸邍爙 G 勻霹㖈 D ♳涸⟣⡦ 

SQL 叅霧僽や鿪腊㖈 G ♳欽 GSQL 叅霧勻邍鴪
7.㕃抳㸤㢊䚍霪露鎊僽や㕃抳㸤㢊
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Gremlin

Gremlin 僽♧猫㕃叅霧露鎊㸐㼜㕃ⴔ區霃㹁⚹⡲⚌涸盗麤盗麤ⰻ崨⸓涸ⰻ㺂僽㼆韌獦⚹麑⾎罏崨
㸐⟌屠满麑⾎騟䖈怵鵳䎇佐꧋⥌䜂կ⢾㥵厤妃⡲⚌〳⟄㖈麑⾎罏⛓⚥㼜♧⚡挿剏䰃䧭㸐涸ⰻ龇㾀䧴㢪龇
㾀ծⰻ鴝䧴㢪鴝⿺Ⱖ㾩䚍瘝ず傞歋麑⾎罏ⰻ㺂雦皾ⴀ勻涸⧩⛲⠔♸」ꆀ絓㹁䌐⸔麑⾎罏䒁㾝麑⾎薴㔵կ
Gremlin 涸鵯猫露⛐⟄⡲⚌⚹呍䗱䎇Ⱘ剣⸆腊䚍涸綘玐굥呔կ

Gremlin 僽㕃抳㸤㢊涸露鎊Ⱖ邍鴪腊⸂♸ GSQL ˌ呋問կ䧮⟌㖈♴꬗霫絈霹僈✫㸐㥵⡦巑渷䧮⟌䨾ꢞ鶣涸邍
鴪絶䏞Ⱘ⡤霼⿬ꢓ Apache TinkerPop3 v3.2.7 俒咓կ

1.稡⸈
Gremlin 佅䭯侨䰘涸佐꧋ⵌ⴩邍䧴邍⚥⟄⿺⢪欽欽䨪㹁⛐涸翸ざⴅ侨䧴鸑䌢涸 SQL ⰻ縨翸ざ鵳遤

翸ざկ♸ SQL ⚥♧呋鸑鵂㹁⛐Ⱒ禹邍ծ䭷㹁Ⱖⴔ絆㾩䚍ㄤ翸ざ⴩佅䭯 Group-by 翸ざկ
• Gremlin ➢ SQL ⚥絩䪬✫♧⚡ꣳⵖ⫸ SQL 叅霧♧呋Gremlin 叅霧〳⟄鸑鵂♧⚡䭽絆ⴢⴔ㾩䚍⴩
邍㼆♧⚡邍鵳遤ⴔ絆⡎僽♶腊ず傞鸑鵂⚙⚡䭽絆ⴢⴔ㾩䚍⴩邍鵳遤ⴔ絆կ㥵卓銳㼆ず呋涸佐꧋侨
䰘ず傞鵳遤⚙⚡♶ず涸䭽絆ⴢⴔ翸ざⴭ꨽銳鵘遤霫絈叅霧霪霫絈叅霧㼜ず♧䓎」ꆀ邍絓㹁⚙妃
搬たⴔⵆ㼆嫦䓎邍鵳遤ⴔ絆կ♸姼湱嫱㖈 GSQL ⚥㹊梡♳鶣⸆腊ⴭ刿⸈皍⽀㔔⚹ GSQL ⠔䭷㹁
㼆⚙絆ず呋涸侨䰘鵳遤ず姿雦皾〫꨽㼜嫦⚡⧩ⴔⵆⱗⰆ⚙⚡♶ず涸ⴔ絆稡⸈㐼⚥⽰〳㹊梡կ

• 麑⾎鵂玐⚥雦皾涸⚥ꢂ絕卓〳⟄鸑鵂sideeffect乼⡲痗碫⡃✵ GSQL 涸Ⰼ㽷稡⸈㐼㶸⪰㖈Ⰼ
㽷」ꆀ⚥䧴僽㶸⪰㖈挿 /鴝涸㾩䚍⿶獦⚹暵䚍⚥կ

2.㢴姿騟䖈麑⾎
Gremlin 涸霃雦ⴲ邪僽䋞劅㼜㢴姿絁䚍騟䖈皍峇㖑䭷㹁⚹⺫ゎ雽㢴⽀⚡麑⾎姿낢⡲⚌涸盗麤կ

3.⚥ꢂ絕卓崨
⚥ꢂ絕卓〳⟄鸑鵂」ꆀ絓㹁倰䒭㶸⪰ⵌ麑⾎罏㼆韌搬た屠满盗麤崨鲮GSQL ⛲剣碫⡃涸倰䒭〫♶

鵂 GSQL 鸑鵂稡⸈㐼⠛鷐侨䰘կ
4.䱽ⵖ崨

Gremlin Ⱘ剣 if-then-else 呋䒭涸ⴔ佅ㄤ䗄梠Ⱖ䱽ⵖ勵⟝♶➑〳䭷㹁Ⰼ㽷⚥ꢂ絕卓鵮〳䭷㹁麑⾎罏涸
劥㖑侨䰘կ

5.叅霧ˌ靈欽ˌ叅霧
Gremlin 佅䭯欽䨪㹁⛐ⴅ侨欽✵湱✽靈欽⟄⿺鷻䔱կ

6.SQL ㄤ㕃抳㸤㢊䚍
Gremlin 僽㕃抳㸤㢊㔔姼⛲僽 SQL 㸤㢊կ

綘玐굥呔
Gremlin 剣♧⚡暵挿⽰挿ㄤ鴝涸㾩䚍暵䚍䒊垷⚹♧䓎㾩䚍㕃䎇⚂꨽銳㼋菔⟄鴪ⵌ㾩䚍⧩կ蕯銳霄꡼㢴

⚡㾩䚍꨽㖈㾩䚍㕃⚥䪄遤ⴔ佅㼋菔⽰➢♧⚡絛㹁挿䧴鴝䒓㨤䧮⟌꨽銳屠满♧⚡㼋菔ⴔ佅⵸䖃Ⱖ嫦♧⚡㾩䚍⧩կ

Tige
rG

rap
h.c

om
.cn

https://www.tigergraph.com/


59

〥♧⚡暵挿僽絑⠏⻊涸露岁〳⟄皍峇㖑邍鴪絁䚍ꬋⴔ佅騟䖈㼋菔կⴔ佅㼋菔鸑鵂霫絈倰䒭㹊梡껷⯓㼜
」ꆀ絓㹁㖈ⴔ佅挿㢅涸挿♳搬た屠满鳇ⴔ佅鵳遤〥♧妃絁䚍㼋菔剒た騥鲮㔐ⴔ佅挿䎇㔐ⵌ⚺ⴔ佅♳կ
鵯⚙⚡暵䚍涸❜✽⠔㼋荝㖈꨽銳ず傞霄꡼ず♧鴝 /곝挿涸ぐ猫㾩䚍涸叅霧⚥ⴀ梡⟁➃餩鍒涸㼋菔ㄤⱔꟋ涸叅

霧邍鴪䒭կ䧮⟌鸑鵂㼜爙⢾ 1 缺霖䧭 Gremlin 勻鵳遤霹僈կ
toys =

    V().hasLabel(‘Customer’).as(‘c’) (1)

    .values(‘name’).as(‘name’) (2)

    .outE(‘Bought’).as(‘b’) (3)

    .values(‘discount’).as(‘disc’) (4)

    .select(‘b’) (5)

    .values(‘quantity’).as(‘quant’) (6)

    .select(‘b’) (7)

    .outV() (8)

    .has(‘Product’, ‘category’, eq(‘toy’)) (9)

    .as(‘p’) (10)

    .values(‘price’).as(‘price’) (11)

.select(‘price’, ‘disc’, ‘quant’) (12)

.map{it.get().price*(1—it.get().disc/100.0)*it.get().quant} (13)

    .as(‘sale_price’) (14)

.select(‘name’,’sale_price’) (15)

.group().by(‘name’).by(sum()) (16)

♳鶣玐䎸䪄遤✫⟄♴姿낢կ(1) 唬叅挿僽やⰨ剣叻皊Customer㥵卓僽ⴭ㼜」ꆀc絓㹁ⵌ姼挿կ(2) 
⵸䖃㸐涸name㾩䚍㼜」ꆀname絓㹁ⵌ霪㾩䚍կ(3) ⵸䖃ⴀ〄鴝Bought㼜」ꆀb絓㹁ⵌ霪鴝կ 
(4) ⵸䖃b涸discount㾩䚍絓㹁」ꆀdiscկ(5) 㔐ⵌ鴝bկ(6) ⵸䖃 b 㾩䚍quantity涸⧩絓㹁」
ꆀquantկ(7) 㔐ⵌ鴝bկ(8) ⵸䖃鴝b涸湡叻挿կ(9) 唬叅㸐僽や剣叻皊Product⟄⿺⧩⚹toy涸㾩
䚍categoryկ(10) 㼜」ꆀp絓㹁ⵌ鵯⚡Product挿կ(11) ⵸䖃price㾩䚍涸⧩㼜Ⱖ♸」ꆀprice
絓㹁կ(12) 鳕ⴀ」ꆀ絓㹁⯋絆絆⟝ⴔⵆ⚹」ꆀpriceծdiscㄤquantկ(13) 㼆✵嫦⚡⯋絆㼜Ⱖ絓㹁ⵌⰻ
縨」ꆀit䎇䭽㥵♴倰岁雦皾嫦疴Ꝉ㈒涸⟟呔䪄遤絛㹁涸ⴅ侨霪ⴅ侨⡲⚹⿬侨⠛鷻ⵌ mapկ(14) 㼜」ꆀsale_
price絓㹁ⵌ痦 13 姿雦皾䖤ⴀ涸⧩կ(15) 鳕ⴀ」ꆀ絓㹁⯋絆Ⱖ絆⟝ⴔⵆ⚹」ꆀnameㄤsales_priceկ 
(16) 㼜鵯❈⯋絆䭽name鵳遤ⴔ絆䎇㖈sales_price吃⚥雦皾䚪괄կ
霼岤䠑ⵌpriceծdiscountㄤquantity㾩䚍⧩涸㼋菔僽ⴔ佅㼋菔嫦妃鿪꨽銳鵥㔐荛鴝 b㥵痦 (6) 

遤ㄤ痦 (8) 遤4կ

4 䒸荈 TinkerPop3 俒咓2018 䎃 3 剢㖈傍劍晜劥涸 GremlinˌGroovy ⚥剣雽㢴露岁祪欽䨪〳⟄⣜ꬑ㸐⟌⢪Ⱖ麑⾎刿⸈皍峇կ鵯❈錞ⴭ⚥剣䖎㢴鿪⢪欽✫ Java ⿿㼘㔔姼䎇♶鷅宠넞䚍腊կ罜㖈 TinkerPop3 ⚥鵯❈露岁祪鿪䊺絑鄄》嶊⢪Ⱖ佅䭯叻ⲥ涸 GremlinˌGroovy 露岁➢罜傁痗ざ 
GremlinˌJava8 露岁⿶㨤絊⥂䭯剒넞䚍腊կ搬罜㼆✵齡❈䡦䠑⟄䚍腊䰀㣟⚹➿⟟⢪欽露岁祪涸欽䨪鵮剣 SugarGremlinPlugin⿶獦⚹ Gremlinˌ
GroovyˌSugar䳃⟝〳⟄⢪欽կ㖈 TinkerPop3 ⚥》嶊涸露岁祪⚥剣♧⚡露岁祪〳倰⤑玐䎸プ㖈꨽銳挿 v 涸 name 㾩䚍⧩涸⡙縨皍⽀ⱗⰆ v.name罜ꬋ v.values('name')կ
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鵮銳岤䠑㖈 Gremlin ⚥腊㢿絓㹁」ꆀ㼆✵邍鴪姼叅霧⟄⿺䧮⟌鵘遤爙⢾⚥涸䨾剣Ⱖ➭叅霧荛Ⱒꅾ銳կ
湡⵸涸♧❈禹絡⢾㥵 Amazon 涸 Neptune➑佅䭯偽」ꆀ涸 Gremlin 邍鴪䒭霼⿬ꢓ欽䨪䭷⽂罜䎇♶⺫ゎ♳
鶣叅霧涸錞薴կ
剒た霼岤䠑蕯銳㼜爙⢾ 3 ⛲ꅾⱗ䧭 Gremlin 涸邍鴪倰䒭⠔麁ⵌ♧⚡괄㢪ꦼ挿⫸ SQL 叅霧♧呋Gremlin 

叅霧〳⟄鸑鵂♧⚡䭽絆ⴢⴔ㾩䚍⴩邍㼆♧⚡邍鵳遤ⴔ絆⡎僽♶腊ず傞鸑鵂⚙⚡䭽絆ⴢⴔ㾩䚍⴩邍鵳遤ⴔ絆կ㔔姼
⫸爙⢾ 3 齡呋傁䭽碫ⵆⴔ絆⿶䭽䫔䩾ⴔ絆㽠꨽銳欽ⵌ♧⚡ⱔꟋ涸霫絈叅霧霪霫絈叅霧㼜ず♧⚡」ꆀ絓㹁邍
㹁⛐⚙妃嫦⚡」ꆀ絓㹁邍鿪剣㸐荈䊹涸ⴔ絆剒た䪾⚙罏䭨䱹䧴罏ざ䎇ざ䎇涸鵘皾絕卓嫱鳅礵皍կ♸姼湱嫱
㖈 GSQL ⚥㹊梡♳鶣⸆腊ⴭ刿⸈皍⽀㔔⚹ GSQL ⠔䭷㹁㼆⚙絆ず呋涸侨䰘鵳遤ず姿雦皾〫꨽㼜嫦⚡⧩ⴔⵆⱗⰆ
⚙⚡♶ず涸ⴔ絆稡⸈㐼⚥⽰〳㹊梡爙⢾ 3 痦 6 遤ㄤ痦 7 遤կ

Cypher

Cypher 僽♧猫㛇✵」ꆀ垷䒭涸㡮僈䚍㕃叅霧露鎊嫦猫垷䒭⼐ꂁ鿪⠔❡欰♧⚡」ꆀ絓㹁⯋絆կ鵯❈⯋絆涸꧋ざ僽♧
⚡Ⱒ禹邍〳⟄⫸㖈 SQL ⚥ˌ呋乼⡲կ

1.稡⸈
Cypher 㼆稡⸈涸佅䭯僽剣ꣳⵖ涸կ㸐佅䭯佐꧋侨䰘佐꧋ⵌ⴩邍䧴邍⚥䎇⚂♸ Gremlin ˌ呋鸑鵂

㹁⛐Ⱒ禹邍䎇䭷㹁Ⱖⴔ絆㾩䚍ㄤ翸ざ⴩⟄ SQL 倰䒭雦皾䭽絆ⴢⴔ翸ざկ㖈麑⾎劍ꢂ雦皾涸⚥ꢂ絕卓〳⟄
㶸⪰ⵌ挿䧴鴝涸㾩䚍⿶獦⚹暵䚍⚥⡎㸐⟌〫腊僽叻ꆀ䧴罏叻ꆀ⴩邍碫㘗㔔⚹鵯僽 Cypher ⚥➑剣涸
㾩䚍碫㘗կ湱嫱⛓♴GSQL 〳⟄⢪欽稡⸈㐼㖈挿㶸⪰㢕勇⧩涸侨䰘⢾㥵⯋絆꧋ざ⺫䭍 setծbagծlistծ
heap 䧴 mapկ
暵ⵆ㖑爙⢾ 3 ⚥涸叅霧꨽銳㖈㹐䨪挿㶸⪰㢴⚡⯋絆嫦⚡碫ⵆ♧⚡嫦⚡䫔䩾⧩♧⚡⡎鵯㖈 

Cypher ⚥偽岁㸤Ⰼ㹊梡կ㼆✵鵯⚙⚡ⴔ絆⚥涸⟣⡦♧⚡Cypher 叅霧剒䱹鵛涸⨞岁♶僽㖈嫦⚡㹐䨪곝挿㶸
⪰稡獤涸㢕勇⧩罜僽匬鸣♧⚡邍㼜㹐䨪곝挿涸 ID ♸嫦⚡絆Ⱒ翫饰勻կCypher 涸鵯♧鵛⡃⨞岁絩䪬✫勻
荈 SQL 涸〥♧⚡ꣳⵖ⫸ SQL 叅霧♧呋Cypher 叅霧〳⟄鸑鵂♧⚡䭽絆ⴢⴔ㾩䚍⴩邍㼆♧⚡邍鵳遤ⴔ絆
⡎僽♶腊ず傞鸑鵂⚙⚡䭽絆ⴢⴔ㾩䚍⴩邍鵳遤ⴔ絆կ㔔姼䭽碫ⵆⴔ絆ㄤ䭽䫔䩾ⴔ絆꨽銳㼜ず♧⚡」ꆀ絓㹁
邍㹁⛐⚙妃烁⥂嫦⚡ⴔ絆鿪僽䜄䔲涸剒た絆ざ㖈♧饰

MATCH (c:Customer) —[b:Bought]—> (p:Product)

WITH c, p.category as cat,

     sum(p.price*(1—b.discount/100.0)*b.quantity) as rev
WITH c, collect({category:cat, revenue:rev}) as byCateg

MATCH (c) —[b:Bought]—> (p:Product)

WITH c, byCateg, b.discount as disc,

     sum(p.price*(1—b.discount/100.0)*b.quantity) as rev

RETURN c, byCateg, collect({discount:disc, revenue:rev}) as byDisc
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♸姼湱嫱㖈 GSQL ⚥㹊梡♳鶣⸆腊ⴭ刿⸈皍⽀㔔⚹ GSQL 〳⟄䭷㹁㼆⚙絆ず呋涸侨䰘鵳遤ず姿雦皾
〫꨽㼜嫦⚡⧩ⴔⵆⱗⰆ⚙⚡♶ず涸ⴔ絆稡⸈㐼⚥⽰〳㹊梡կ霼岤䠑⚹✫鵳遤넞佪霉⠮Cypher 涸⠏⻊㐼䗳
곢烁㹁⚙⚡ Match 㶩〣〳ꅾ㢕⢪欽⼐ꂁ罜♶僽ⱔ⡮㖑ꅾ倝雦皾㸐⟌կ

2.㢴姿騟䖈麑⾎
Cypher 〳䭷㹁Ⱘ剣」ꆀ涸㢴姿垷䒭կ

3.⚥ꢂ絕卓崨
鸑鵂䒸欽絓㹁ⵌ⚥ꢂ絕卓涸」ꆀ〳屠麑⾎騟䖈霄꡼⚥ꢂ絕卓կ

4. 䱽ⵖ崨
Cypher 涸䱽ⵖ崨⺫䭍 if-then-else 呋䒭涸ⴔ佅կ䗄梠䱽ⵖ僽剣ꣳ涸➑佅䭯㖈鶛➿䒓㨤⛓⵸雦皾涸⯋稇

⴩邍♳涸䗄梠կ鵯〳欽✵垷䬾絛㹁鶛➿妃侨涸䗄梠껷⯓⴯䒊湱䎾涸侮侨⴩邍㾝䒓薴㔵 (1,30)㔔⚹ iter 
⢪欽鶛➿」ꆀ iter 䭷㹁 30 ⚡鶛➿䗄梠䎇⚂㾝䒓 L ⡲⚹ E 䭷㹁㖈⴩邍 L 涸⯋稇♳鵳遤鶛➿㼜」ꆀ E 絓㹁
ⵌ嫦⚡⯋稇կ
♳俒䊺絑䲿⿺㖈 PageRank 晜劥⚥鶛➿䭯絯鵘遤荛剒㣐霴䊵⧩⡛✵厤⚡ꢖ⧩꨽岤䠑涸僽鵯⚡鵂

玐⣜饆✵䗄梠罜䗄梠涸䱽ⵖ勵⟝》Ɀ✵鶛➿劍ꢂ刿倝涸⚥ꢂ絕卓կ鵯猫䗄梠㖈 Cypher ⚥♶「佅䭯䎇⚂
湱䎾涸皾岁碫⛲偽岁邍鴪⢾㥵PageRank 僽⡲⚹ Java 㹊倶涸ⰻ縨⾲露䲿⣘涸կ

5.叅霧ˌ靈欽ˌ叅霧
Cypher ⯈雽欽䨪㹁⛐ⴅ侨⡎䗳곢⿬撑 Neo4j 䒓〄罏䩛ⱃ㖈 Java ⚥㹊倶կ鵯猫霃雦剣⚙⚡꡼곿կ껷⯓

玐䎸プ䗳곢ず傞擿絅⢪欽 Cypher ㄤ JavaկⰦ妃欽䨪㹁⛐涸ⴅ侨㼆✵ neo4j ⠏⻊㐼勻霹僽랱渱㔔姼偽岁
㖈靈欽叅霧涸鵂玐⵸た鵳遤⠏⻊կ

6.SQL ㄤ㕃抳㸤㢊䚍
Cypher 僽 SQL 㸤㢊⡎♶僽㕃抳㸤㢊կ♳꬗䲿ⵌ涸䗄梠䱽ⵖꣳⵖ僽霪露鎊♶腊鴪ⵌ㕃抳㸤㢊涸⾲㔔⛓♧կ

鵯ꅽ䙐殜✫ Neo4j 佅䭯涸⟣䠑欽䨪㹁⛐ⴅ侨կ歋✵欽䨪㹁⛐ⴅ侨僽 Java 㹊倶涸罜 Java 僽㕃抳㸤㢊涸䨾
⟄鵯⚡꡼곿㼆✵ Java 勻霹㽠♶僽ⱂ곿կ

SPARQL

SPARQL 僽㡮僈䚍叅霧露鎊ꛏ㼆露⛐㕃侨䰘罜霃雦Ⱖ⚥✽翫侨䰘⟄餴彂䲽鶣呥卹 (RDF https://www.w3.org/

RDF/) 䕎䒭邍爙կRDF 涸⚺銳湡叻僽⢪劼㐼椚鍒緸곜ⰻ㺂կSPARQL 佅䭯㼆露⛐ Web 涸刿넞紩ⵆ叅霧կRDF ㄤ 
SPARQL ꥥ傞ꢂ鵳遤✫䪈㾝〳盗椚刿㣐薴㔵涸✽翫侨䰘կ⛲㽠僽霹SPARQL 䎇ꬋꛏ㼆㾩䚍㕃垷㘗挿㹊⡤ㄤ鴝
㹊⡤嫦⚡㹊⡤㖲Ⱘ剣暵䖄㾩䚍罜霃雦կ

RDF ⟄♲⯋倰䒭㹁⛐侨䰘<⚺露 ><靘露 ><㺉露 >կ♧⚡♲⯋絆䲽鶣⚙⚡㹊⡤⛓ꢂ涸Ⱒ禹䧴罏㹊⡤♸Ⱖ♧⚡
㾩䚍⛓ꢂ涸Ⱒ禹կ嫦⚡♲⯋絆〳鄄錠⚹㕃⚥涸♧勵鴝<彂 _挿 ><鴝 ><湡叻 _挿 >㔔姼 RDF 侨䰘꧋僽♧⚡㕃կ 
罌贊⟄♴♲⯋絆<John Smith><侅靃絛 ><Calculus>կJohn SmithㄤCalculusⴔⵆ⚹⚺露ㄤ㺉露կ侅靃
絛僽䭷爙➭⟌⛓ꢂⰢ禹涸靘露կ罌贊〥♧⚡♲⯋絆 <John Smith><䚍ⵆ ><歑䚍 >կJohn Smith僽⚺露Male
僽㾩䚍կ靘露䚍ⵆ霹僈⚺露♸Ⱖ㾩䚍⛓ꢂ涸Ⱒ禹կ
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SPARQL 露岁⦶欽✫ SQL 涸雽㢴Ⱒꝶ霒ㄤ霃雦椚䙁կ⢾㥵
SELECT ?title

WHERE

{

  <http://example.org/book/book1> <http://purl.org/dc/elements/1.1/title> 

?title .

}

㽠⫸ SQL ♧呋SELECT ➢㛇炄侨䰘꧋♲⯋㶸⪰䫏䕧♧禹⴩邍鴪䒭կWHERE 㶩〣⟄♲⯋䧴騟䖈䕎䒭⥂㶸
㕃垷䒭⴩邍կ欽䨪〳㖈⚺露䧴㺉露⡙縨⢪欽 ? 䧴 $ ⟄㼊䪪⼐ꂁ䎇㼜」ꆀ絓㹁ⵌ鵯❈⡙縨կ

1.稡⸈
♸ SQL ♧呋SPARQL 䲿⣘ COUNTծSUM 瘝翸ざ鵘皾痗⟄⿺ GROUP BY 㶩〣կ叅霧〳鷥䭊♧禹⴩♲⯋

絆䎇㼜Ⱖ翸ざկ♧猫倰岁僽㹁⛐ㄐぜ㕃⟄㶸⪰⚥ꢂ絕卓կ鵯♸ Cypher 涸 WITH 㶩〣ㄤ SQL ⚥涸 VIEW 嚋䙁
碫⡃կ搬た欽䨪〳➢ㄐぜ㕃涸 FROM 㶩〣⚥鵳遤鷥䭊կ湱䎾ꣳⵖ⟄⿺♸ GSQL 涸䊵䒗♸㖈 Cypher ⚥䨾鶣
涸湱ずկ爙⢾

CREATE GRAPH <urn:example/g/g1>

INSERT {

        
  GRAPH <urn:example/g/g1>

        {?s  <urn:example/predicate/p1>  ?tot}
}

WHERE {

        SELECT ?s (count(?t) AS ?tot

       WHERE {  ?s <urn:example/predicate/p0> ?t .}

}

2.㢴姿騟䖈麑⾎
SPARQL 〳鸑鵂㡮僈♧禹⴩♲⯋絆勻䭷㹁㢴姿垷䒭鵯❈♲⯋絆鸑鵂鸑欽」ꆀ罜✽湱Ⱒ翫կ⟄♴爙⢾䲿

⣘✫ 2 姿騟䖈 ?titleˌ<title>ˌ?bookˌ<price>ˌ?priceկ㸐鷥䭊Ⱘ剣⟟呔涸䨾剣⛼硂涸⛼ぜկ⢪欽㢴⚡♲⯋
絆♸Ⱘ剣㢴⚡ SELECT ⴔ佅露〣涸 GSQL 叅霧碫⡃Ⱖ⚥嫦⚡ⴔ佅露〣䲽鶣♧姿կSPARQL 露岁刿⸈皍峇
⡎ GSQL 絕匬〳刿鲽匠㖑荈㹁⛐嫦♧姿涸乼⡲կ

SELECT ?title

WHERE

{

  ?book  <http://purl.org/dc/elements/1.1/title> ?title .

  ?book <http://purl.org/dc/elements/1.1/price> ?price .

}
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3.⚥ꢂ絕卓崨
⚥ꢂ絕卓〳鸑鵂⟄♴倰䒭霄꡼(1) ㄐぜ㕃碫⡃✵Ⱒ禹㘗侨䰘䎽⚥涸㹊⡤⻊錠㕃⚥涸 FROM 㶩〣

䒸欽絓㹁涸」ꆀ䧴 (2) 㶩叅霧կ歋✵ SPARQL 叅霧霉⠮Ⱘ剣荈♴罜♳涸䚍餘㔔姼㼜⯓⟄鹤鳓倰䒭霉⠮㶩
叅霧霉⠮絕卓㼜䫏䕧ⵌ嫢叅霧կ

4.䱽ⵖ崨
SPARQL➢ 1.1 晜䒓㨤♶佅䭯鶛➿崨䱽ⵖկ欽䨪䗳곢⣜ꬑ㢪鿈⚺露鎊㥵 JavaScript勻匬䒊䗄梠կ

5.叅霧ˌ靈欽ˌ叅霧
SPARQL 露岁⯈雽欽䨪㹁⛐ⴅ侨䎇㼜鵯❈ⴅ侨䳃Ⰶ WHERE 㶩〣垷䒭կ⡎僽㸐劥魧♶佅䭯〳鄄〥♧

⚡叅霧靈欽涸ㄐぜ㶸⪰鵂玐կ
6.SQL ㄤ㕃抳㸤㢊䚍

SPARQL 僽 SQL 㸤㢊⡎♶僽㕃抳㸤㢊5կ♳꬗䲿ⵌ涸䗄梠䱽ⵖꣳⵖ僽霪露鎊♶腊鴪ⵌ㕃抳㸤㢊涸⾲㔔
⛓♧կ

絕露
GSQL 鵮剣♧⚡⼓ⵆ✵Ⱖ➭㕃叅霧露鎊涸⸆腊鵯♧⸆腊〳㟞䔂叅霧⠏⻊ㄤ㸝Ⰼ䚍կ
GSQL ⧺㹁♧⚡곫㹁⛐垷䒭䎇㼜Ⱖ⡲⚹⯋侨䰘㶸⪰㖈侨䰘䎽湡䔶⚥կ鵯〳䲿넞㶸⪰ㄤ霄꡼佪桧㔔⚹垷䒭⯋

侨䰘〳➢挿 /鴝 /㾩䚍邍爙⚥ⴔ鍒ⴀ勻կ鵯⢪䚍腊䖤⟄䲿넞♶➑㔔⚹蒜溁✫瑟ꢂ鵮㔔⚹㖈곫⯓刿帿Ⰶ✫鍒侨䰘
垷㘗た〳鵳♧姿⠏⻊叅霧刿㢴癃鷥ծ刿㥩涸䱗䎸ծ刿㢴䰦䖈瘝կ㖈⠏⻊傞ꢂ倰꬗鵘欽곫㹁⛐涸垷䒭僽♧猫⛉絑
罌낉涸侨䰘䎽䪮助腊㢿♧妃⿶♧妃㖑䲿넞䚍腊կ
姼㢪⚹✫㸝Ⰼㄤꥧ猙涸湡涸鵘欽鵯猫곫㹁⛐涸垷䒭〳䲿⣘㕃垷䒭雩濼霄꡼䱽ⵖկGSQL 涸㢴㕃⸆腊⯈雽㖈

Ⰼ㽷垷䒭⚥㹁⛐偽ꣳ⚡㶩㕃垷䒭姼㢪㸐⢪欽㶩㕃ぜ獦⡲⚹䱇✮勉ꣳ涸괄㢪㔔稇➢罜㟞䔂⠛絡涸㛇✵錭蒀涸霄
꡼䱽ⵖկ姼⸆腊㖈㹊꣢䎾欽⚥ꬋ䌢ꅾ銳㔔⚹㸐㹊梡✫㢴欽䨪⸆腊⢾㥵Ⱆ぀⚥涸㢴⚡鿈꡶⽰ꛏ㼆ず♧⚡㕃侨䰘䎽
♶ず欽䨪䭆剣♶ず霄꡼勉ꣳկ鵯僽湡⵸⚌ⰻ껷⚡⚂㈔♧♧⚡䲿⣘姼碫佅䭯涸露鎊կ

GSQL 䭆剣鴪ⵌ欨荛馄馊✫Ⱖ➭㕃叅霧露鎊涸邍鴪腊⸂կ赡搬㛇劥綘玐薴䒭〫僽♧⚡⨊㥩꡼곿⡎ GSQL 絑鵂
礵䗱霃雦〳Ⱟ㺂 SQL ㄤ NoSQL 涸 MapˌReduce 綘玐薴䒭⢪Ⱖ㼆✵♳鶣⚙⚡玐䎸プ爢⼓鿪Ⱘ㢊エ䒸⸂կ

5 SPARQL 涸邍鴪腊⸂https://dl.acm.org/citation.cfm?id=1483165
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痦 10 畎㹊傞帿䏞Ⱒ翫ⴔ區涸㹊꣢鵘欽

⡲⚹Ⰼ椕껷⚡⚂㈔♧♧⚡䲿⣘㹊傞帿䏞Ⱒ翫ⴔ區⸆腊涸⾲欰䎇遤㕃侨䰘䎽TigerGraph 䭆剣杝暵⠏⸷腊㢿鍒
Ɀ䔲➚♧❈⚌⸉䮋䧶կ㖈劥畎⚥䧮⟌㼜➝絏♧❈㹊꣢欽⢾䎇霹僈㹊傞帿䏞Ⱒ翫ⴔ區㖈湡⵸㥵⡦䲿⣘㹊꣢鍒
Ɀ倰呩ㄤ㹊꣢⚌⸉⟟⧩կ

鸑鵂㕃ⴔ區䩧ⴁ妬霍ㄤ峤꛸
荈➢餗䋏㶸㖈⟄勻㽠ⴀ梡✫ꬋ岁꛸餒ㄤ峤꛸月縡կ䰘翫ざ㕂⠮雦嫦䎃Ⰼ椕涸峤꛸ꆄ괄鴪 20 ➉繠⯋ 6կ㥵

➚涸月縡匧Ⱖ㢕勇月縡㔙⡤♶倗」䰃䪮䊫勻鷖鵂⠛絡⿿妬霍禹絡涸港盗կ赡搬⟱⚌剣傞腊䭆剣駈㢿侨䰘勻〄梡ꬋ
岁崞⸓⡎刿㢴䞔ⲃ♴➭⟌偽岁䒓㾝ⴔ區勻䳶爙ꬋ岁崞⸓կ

6 https://www.unodc.org/unodc/en/moneyˌlaundering/globalization.html
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侨䰘ꢂⰢ禹涸絕匬կ鵯〳⟄烁⥂嫱⟄䖃⟣⡦傞⦫鿪刿㥩㖑㶸⪰ծ㢅椚ㄤ叅霧Ⱒ翫կ
⢾㥵霼罌贊♧猫皍⽀涸⚡䚍⻊䲀虛㥵♸䝠㋐㥩湱ず涸곥㹐鵮餝✈✫⟄♴㉁ㅷկ➢♧⚡➃䒓㨤㕃侨䰘

䎽⚥涸叅霧痦♧姿⯓鳹霋叅溏 /㋐妅 /餝✈鵂涸㉁ㅷկ痦✳㼊䪪Ⱖ➭叅溏 /㋐妅 /餝✈鵂鵯❈㉁ㅷ涸➃կ痦♲
䪪ⴀ鵯❈➃餝✈鵂涸Ⱖ➭㉁ㅷկ

Person → Product → (other)Persons → (other) Products

⚹✫佅䭯鵯碫叅霧㖈鵂⿡侨䎃⚥㕃侨䰘䎽㖈⟱⚌⚥涸ꅷ欽桧㣐䌴♳⼮暵ⵆ僽齡❈鵘蠒歏㶩㉁⸉緸畀涸ꨪ
㈒㉁կ赡搬痦♧➿㕃侨䰘䎽鍒Ɀ倰呩剣⸔✵鍒Ɀ歏㶩㉁⸉侨䰘꡼곿⡎㸐⟌䎇ꬋ尵剣㽷ꣳ䚍կ侨䰘涸叅霧鸟䏞ㄤⴔ
區湱㼆鳅䢨罜⚂㕃䒸乾〫腊㖈♧㹁玐䏞♳佅䭯麑⾎霄꡼䧴唬叅䎇 /䧴刿倝侨䰘挿涸鵂玐կ刿帿䏞涸麑⾎〳⟄
雮䝠➢侨䰘⚥䖤ⴀ刿㥩涸峯㻋կ

㹊傞帿䏞Ⱒ翫ⴔ區⸔⸂歏㶩㉁⸉
鵛勻䧮⟌溏ⵌ㕃侨䰘䎽鵳⻊ⵌ✫♴♧⚡꣌媯倝䪮助鸑鵂䲿⣘帿䏞Ⱒ翫ⴔ區勻忘駈歏㶩㉁⸉涸꨽宠կ鵯〳⟄

㹊傞蜦》㹐䨪䞔䫣䎇㹊梡䔂㣐涸Ⱒ禹ⴔ區կ⦶⸔鵯❈㹊傞腊⸂歏㶩㉁⸉緸畀〳⟄䘯鸟絾ざ䎇椚鍒㹐䨪涸遤⚹կ剒絊
➭⟌〳⟄䯲蜦Ⱒꝶ涸㉁⚌傞ⵠ(Business Moment)㉁⚌傞ⵠ僽䭷♧❈鲮澕⽰鸙涸劼⠔Ⱖ⚥➃ծ⚌⸉ծ侨䰘ㄤ暟
⸓䙖㖑Ⱏず⴯鸣⟟⧩〳欽勻㹊梡곥㹐⡤낉涸⚡䚍⻊剒絊䌄勻刿㢴❜僒կ
鵯僽鸑鵂佅䭯馄鵂 10 姿䧴♳俒䨾鶣涸侨䰘挿麑⾎涸倝㕃侨䰘䎽䪮助㹊梡涸罜♶⠔⫸痦♧➿鍒Ɀ倰呩♧

呋「ꣳ✵ 2 姿կ♶雿倝곥㹐鵮僽㔐㣢㹐嫦㢴♧姿鿪⠔㟞⸈刿㢴剣Ⱒぐ⚡欽䨪餝暟⾎〷雵䔶涸䞔䫣կⴔ區侨䰘 /❡
ㅷ /㹐䨪⡙縨 /㛇✵⡙縨涸㣔孞 /䲀虛涸❡ㅷ傞꨽銳䭆剣麑⾎侨䰘涸腊⸂䩞腊㹊傞絛ⴀ䲀虛կ
♳俒涸叅霧꨽銳㹊傞♲姿雦皾㔔姼馄鵂✫梡剣㕃䪮助㖈㢅椚㣐㘗侨䰘꧋傞涸⚙姿㽷ꣳ䚍կ⸈ⰆⰦ➭Ⱒ禹た

〳⟄鲽匠㼜叅霧䪈㾝ⵌ㔋姿䧴刿㢴姿կ鵯❈侨䰘彂彂♶倗⣘絛➃䊨兰腊ㄤ劼㐼㷖⛴皾岁䌐⸔䌄勻刿㥩涸絁♳餝暟
⡤낉կ
帿䏞Ⱒ翫ⴔ區⢪歏㶩㉁⸉Ⱆ぀腊㢿麑⾎鵯❈侨䰘䩧鸣刿兰腊涸➃䊨兰腊ㄤ劼㐼㷖⛴⟄⤑䕎䧭畊✰⠏⸷ծ鴪

䧭刿㢴❜僒ㄤ䒊用㹐䨪䘞霟䏞կ鵯♧ⴗ鿪〳⟄䔱絕⚹腊㢿鸑鵂罌贊侨䰘⛓ꢂ涸刿㢴Ⱒ翫䖤ⴀ刿㥩涸峯㻋⟄⤑⯎
ⴔ罌贊餝暟罏涸遤⚹ㄤ⨊㥩կTige
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帿䏞Ⱒ翫ⴔ區欽✵䲀虛❡ㅷ
爙⢾獴⸓歏㶩㉁⸉Ⱆ぀
䧮⟌勻罌贊♧⚡䔲➚涸ꨪ㈒㉁⢪欽帿䏞Ⱒ翫ⴔ區涸爙⢾կ♧㹻㣐㘗涸Ⰼ椕䚍歏㶩㉁⸉䎂〵⢪欽帿䏞Ⱒ翫ⴔ區勻

⚹➭⟌䏐㣐涸❡ㅷ湡䔶䒊垷ծ㼆嶊餩罏㹊⡤侨䰘絚㕃䎇㼆➭⟌㢕勇嵳ꆀ涸侨䰘䪄遤㹊傞ⴔ區կ剒絊鵯㹊梡✫⚹
嫦⡙餝暟罏䲿⣘⚡䚍⻊涸㹊傞䲀虛⤛鵳✫Ꝉ㈒ㄤ佐渤涸㟞⸈կ
㖈䪮助㽻꬗湱嫱Ⱆ぀⛓⵸涸ⰻ鿈鍒Ɀ倰呩霪鍒Ɀ倰呩㼜叅霧鸟䏞䲿넞✫ 100 ⦔叅霧ㆇ䎾傞ꢂ㖈 100 嬗

猲⟄ⰻկ姼㢪鸑鵂㛇✵㕃涸넞佪綘瀦ㄤ⾓綫鵮㼜ⰻ㶸欽ꆀ蒜溁✫ 10 ⦔կ歋✵䨾꨽涸雦皾㐼侨ꆀⲸ㼱㔔姼鵮
䌐⸔꣭⡛✫炽⟝盗椚ㄤ絶䫡䧭劥կ
侨䰘猰㷖㹻ㄤ劼㐼㷖⛴⚁㹻腊㢿㖈♧⚡㣐㕃⚥絾ざⰖ぀涸䨾剣Ⱒ翫侨䰘㔔姼〳⟄刿䘯㸤䧭刿㢴䊨⡲կ⟱⚌〳

⟄➢Ⱖ嵳ꆀ侨䰘⚥䖤ⴀ峯㻋欽⟄佅䭯⨞ⴀ刿㥩涸Ɀ瘻ㄤ綫瀊♳䋑傞ꢂկ㕃侨䰘䎽䎂〵鵮〳⟄䲿⣘䨾꨽銳涸鸟䏞ㄤ
䪈㾝䚍⟄⤑⯎ⴔⵄ欽侨䰘Ⱒ禹勻蜦䖤畊✰⠏⸷կ

㹐䨪Ⱒ翫
ꨪ㈒㉁〄梡♶雿僽♸㹊⡤䏅ⰻ餝暟涸嶊餩罏䔲꬗䒊用Ⱒ翫鵮僽♸絁♳涸嶊餩罏䒊用Ⱒ翫✳罏ず呋ꅾ銳կ

⚹✫㹊梡鵯♧湡涸㼆✵歏㶩㉁⸉勻霹霃岁䪊䲽嵳ꆀ涸侨䰘䎇⯎ⴔ椚鍒㸐⟌姻」䖤馊勻馊ꅾ銳կ
➚㣔鵯嫱⟄䖃⟣⡦傞⦫鿪刿剣〳腊⨞ⵌ暵ⵆ僽⢪欽㕃侨䰘䎽傞罜侨䰘⛓ꢂ涸Ⱒ翫姻僽㕃侨䰘䎽涸⵸屠곭

㚖կꥥ满㕃侨䰘䎽涸䧭擿㸐⟌佅䭯㼆Ⱒ翫刿䎛岌涸侨䰘鵳遤叅霧䌐⸔䖤ⴀ刿帿䏞涸峯㻋կ㹐䨪㼜⠔❧「刿㥩涸
餝暟⡤낉罜ꨪ㈒㉁ⴭ⠔「渤✵刿䒓䗱ծ刿䫏Ⰶ涸餝暟罏⟄⿺刿㢴涸Ꝉ㈒ㄤ佐渤կ

歏⸂禹絡梡➿⻊
⴯䒊馄㹊傞腊彂盗椚禹絡 (EMS) 僽歏⸂遤⚌꬗⚰涸䊭㣐䮋䧶կ馄㹊傞䠑㄂满 EMS 䗳곢腊㢿㖈♧⚡侨䰘ꅷ꧋♸

港錠䱽ⵖ (SCADA) ꅷ呋ワ劍ⰻ㸤䧭䪄遤霪ワ劍鸑䌢⚹ 5 猲կ
馄㹊傞 EMS 腊⸂僽傞ⵠ㻋錣歏⸂禹絡✲⟝涸Ⱒꝶ䨾㖈剣⸔✵꣈姺歏⸂禹絡〄欰㣐⨢歏կ⼧㢴䎃勻歏⸂禹

絡䊨玐䋗♧湬偽岁䧭⸆㖑⚹㣐錞垷歏⸂禹絡䒓〄鸟䏞刿䘯涸 EMS 䎾欽կ㥵卓䧭⸆㼜⠔䌐⸔䱽ⵖ⚥䗱涸乼⡲➃プ 
⢪歏⸂禹絡涸鵘遤」䖤刿⸈㸝Ⰼㄤ痗ざ䧭劥佪渤կ䨔荛湡⵸㼿劢ⴀ梡腊㢿⟄馄㹊傞宐䎂鵘遤涸㉁欽 EMSկ
㖈䪮助♳㧎烯 EMS 䎾欽雦皾佪桧涸䮋䧶⺫䭍A) 歏⸂禹絡⚹✫忘駈傈渤㟞Ɤ涸꨽宠罜♶倗䪈㣐錞垷B) 넞

〳ⱄ欰䚍腊彂涸幷鷳ծFACTS 霃㢊ㄤ HVDC 鳕歏絁㟞⸈✫歏⸂禹絡垷㘗涸㢕勇䚍⟄⿺ C) 歏⸂꨽宠ㄤ⣘䎾涸䚉ⶢ
岚⸓♸䘯鸟ㆇ䎾霃㢊湱絕ざ㼋荝꨽銳刿⸈곸籖ㄤ㺙꧋㖑鵳遤ꅾ倝雦皾կ
䎇遤雦皾僽〳⟄⸈䘯 EMS 䎾欽鸟䏞涸瑲灶䚍鍒Ɀ倰呩կ歏⸂禹絡䊨玐䋗灇瑕✫㛇✵Ⱒ禹㘗侨䰘䎽絕匬涸♶ず

涸䎇遤雦皾倰岁⟄宠佖㊤ EMS 䎾欽涸雦皾佪桧⡎鴺➚➠偽岁㹊梡馄㹊傞 EMSկ
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䎇遤雦皾僽〳⟄⸈䘯 EMS 䎾欽鸟䏞涸瑲灶䚍鍒Ɀ倰呩կ歏⸂禹絡䊨玐䋗灇瑕✫㛇✵Ⱒ禹㘗侨䰘䎽絕匬涸♶ず
涸䎇遤雦皾倰岁⟄宠佖㊤ EMS 䎾欽涸雦皾佪桧⡎鴺➚➠偽岁㹊梡馄㹊傞 EMSկ
爙⢾㕂㹻Ⱆ欽✲⚌Ⱆ぀
鸑鵂⢪欽 TigerGraph 涸⾲欰䎇遤㕃侨䰘䎽⟄⿺挿⨞雦皾䒸乾涸霃雦⚥㕂㕂㹻歏緸 (SGCC) 㹊梡✫馄

㹊傞 EMS ⾲㘗䎇⚂䖤ⵌ✫溁紩歏⸂禹絡⢪欽呩⢾涸낉霆կ
⠛絡♳歏⸂禹絡僽⢪欽Ⱒ禹㘗侨䰘䎽㖈湱✽Ⱒ翫涸邍꧋ざ⚥䒊垷涸կ歋✵歏⸂禹絡涸♶ず絆䧭鿈ⴔ㶸⪰㖈⽀

杝涸邍⚥㔔姼꨽銳⢪欽Ⱏ❧ꝶ⧩Ⱒ翫㖈♧饰⟄⤑㼆歏⸂禹絡涸Ⱒ翫䚍ㄤ䬪䩣䒊垷կ呏䰘呩⢾灇瑕涸絕卓翫禹
䧴Ⱒ翫♶ず涸邍侨䰘䎽翫䱹㣐紨꨽銳歏⸂惐崨雦皾䚪㢅椚傞ꢂ涸 25%⟄⿺歏緸朐䙖⠮雦䚪㢅椚傞ꢂ涸 35%կ
㣐㘗絁䚍倰玐涸叻ⲥ鍒岁꨽銳䏐㣐ծ署傞涸瀃꣋鵘皾կꅷ欽㕃罜♶僽瀃꣋涸䕎䒭勻㼆歏⸂禹絡䒊垷〳⟄刿

荈搬㖑邍爙Ⱒ翫ㄤ䬪䩣կ偽꨽ⲥ㢊侨䰘〳⟄㼜歏⸂惐崨雦皾ㄤ朐䙖⠮雦鸑䌢꨽銳涸傞ꢂⲸ㼱 25ˌ35%կ嫢絁綘
䎸ㄤ㼋紵㕃涸欰䧭僽ꅷ欽挿䎇遤䨾剣挿ず傞雦皾烁⥂綘䎸ㄤ㼋紵㕃䎇遤♶䜿倰䒭䪄遤涸կ痗〿ⴔ鍒ㄤ侨⧩ⴔ
鍒⟄⿺ぢ⵸ /ぢた剏䰃僽ꅷ欽ⴔ㽻䎇遤倰䒭䪄遤涸Ⱖ⚥㼜挿ⴔ䧭♶ず涸㽻妃կず♧㽻妃涸挿⟄䎇遤倰䒭鵳遤雦皾
侮⚡雦皾鵂玐➢剒⡛㽻妃䒓㨤կ呍䗱雦皾Ⰼ鿈㖈㕃♳鵳遤罜⚂鍒ⴀ涸⧩⡲⚹㕃挿ㄤ鴝涸㾩䚍勻㶸⪰罜♶僽ぢꆀ
䧴瀃꣋⚥涸劢濼」ꆀկ
㖈⠛絡倰岁⚥歏⸂禹絡꡼곿⡲⚹劢濼」ꆀ鵳遤鍒區䎇ⴔꂁ絛 X ぢꆀկ⚹✫⢪鍒ⴀ涸⧩〳錠⻊꨽銳鸑鵂

僥㼘鵂玐㼜劢濼」ꆀꝆ䱹ⵌ儑爙㾓կ
鸑鵂⢪欽 TigerGraph鍒ⴀ涸⧩⡲⚹㕃♳挿ㄤ鴝涸㾩䚍勻㶸⪰偽꨽僥㼘鵂玐կ呏䰘崵霚呩⢾涸絕卓㖈⢪

欽⠛絡倰岁傞鳕ⴀ〳錠⻊㣐紨꨽銳歏⸂惐崨雦皾䚪欽傞涸 70%⟄⿺朐䙖⠮雦䚪欽傞涸 28%կ⢪欽 TigerGraph 
㕃侨䰘䎽ㄤ㕃雦皾傞鵯鿈ⴔ傞ꢂ〳⟄嶊ꤑկ
姼邍嚋䭍✫馄㹊傞 EMS ♸ D5000 涸崵霚絕卓嫱鳅た罏僽䎛岌欽✵⚥㕂⿺Ⱖ➭雽㢴㕂㹻 /㖑⼓㣐㢴侨䱽ⵖ⚥

䗱涸㉁欽 EMSկ

EMS ♲㣐䎾欽朐䙖⠮雦ծ歏⸂惐崨ㄤ꫽䙖㸝Ⰼⴔ區涸䪄遤傞ꢂ䚪ㄤ殜넞✵ 1 猲鵴⡛✵叻ⲥ SCADA ꅷ呋
ワ劍 5 猲կ㖈 TigerGraph 涸䌐⸔♴⚥㕂歏緸㹊梡✫痦♧⚡〳遤涸㉁⚌欽鸀馄㹊傞 EMS 鍒Ɀ倰呩կ

馄㹊傞腊彂盗椚禹絡 (EMS) 䊺絑䧭⚹歏⸂盗椚涸㖁匉暵ⵆ僽䔲⟣⡦⨢歏✲佦鿪⠔湬䱹䕧ㆇ♧㕂涸欰❡⸂
ㄤ絑崸❡ⴀ /GDP㕂ⰻ欰❡䚪⧩傞կ鵯呋♧猫禹絡〳⟄〄梡歏⸂꨽宠ㄤ⣘䎾⛓ꢂ涸ꝡꂁ꣭⡛歏緸ꬋⰢꝶ鿈ⴔ
涸歏⸂嶊餩㼜歏⸂鲮獴ⵌ넞⠏⯓紩涸䊨⚌❡ⴀㄤ㕂㹻㸝Ⰼ곭㚖罜⚂鵯♧ⴗ鿪〳⟄㖈 1 猲ⰻ㸤䧭կ

㛇✵㹊꣢⢪欽涸溁紩 2650 嫢絁禹絡崵霚
崵霚禹絡 朐䙖⠮雦 歏⸂惐崨 ꫽䙖㸝Ⰼⴔ區
㉁欽 EMS 4488 嬗猲 3817 嬗猲 18000 嬗猲
㛇✵ TigerGraph 涸 EMS ⾲㘗 172 嬗猲 79 嬗猲 772 嬗猲
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痦 11 畎㕃ㄤ劼㐼㷖⛴
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客户价值:
- 全球十大银行有七家正在利用图技术实时检测欺诈

- 针对5000万患者的护理路径建议

- 为3亿消费者提供个性化服务

- 为10亿人口优化能源基础设施

入门套件

COVID-19 分析

概览

检测感染中心并跟踪潜在传播者的移动

客户360 –归因和参与度图 创建客户旅程的实时360度视图，以了解归
因和参与情况

网络安全威胁检测 通过检测相互关联的事件，设备和人员来
阻止网络安全威胁

企业知识图谱（企业数据） 分析包括投资者和主要利益相关者在内的公
司数据

企业知识图谱(Crunchbase)
带有初创公司、创始人和企业的
Crunchbase数据特征的知识图谱示例

实体解析/统一ID（MDM）
通过属性和关系分析来识别，链接和合并
诸如客户之类的实体

欺诈和洗钱检测 多种类型的欺诈和洗钱模式

GSQL 101 介绍TigerGraphs强大的图查询语言

医疗保健图（药物相互作用） 针对药品的公共（FAERS）和私有数据的医
疗保健示例

医疗保健–推荐网
络，Hub （PageRank）和社区检测

分析会员（患者）处方建立推荐网络，确定
最有影响力的处方者（医生）并发现相关的
处方者社区的情况

机器学习与实时欺诈检测 用于实时检测欺诈并生成基于图的特征以训
练机器学习解决方案的移动行业示例

网络和IT资源优化 网络和IT资源图，用于建模和分析硬件中
断对工作负载的影响

推荐引擎（电影推荐） 使用公共数据构建的基于图的电影推荐引擎

社交网络分析 用于理解和分析关系的社交网络示例

供应链分析 涵盖库存计划和影响力分析的示例

部分客户

“图算法呈指数级扩展。 图需要可扩展的软件，这比您考

虑过的任何其他情况或挑战都更重要。”

 执行董事

摩根大通

“使用TigerGraph，我们可以将数据源连接在一

起，并在数据中建立以前无法建立的连接。我们现在可以

回答过去20年来我们认为不可能提出的问题。”

数据与分析总监 

捷豹路虎

认识 TigerGraph: 
- 唯一的企业级可扩展图数据库，比竞争对手快40-300倍

- AI和ML解决方案的基础平台

- 支持高并发的OLTP和OLAP负载

- 类SQL的图查询语言（GSQL）加速解决方案落地

- 支持本地部署和云部署：Google GCP，Microsoft 
Azure，Amazon AWS

- TigerGraph的成熟技术支持欺诈检测、反洗钱、客户360、统
一ID、供应链、知识图谱、个性化推荐、人工智能和机器学习
等应用。
中国官网：tigergraph.com.cn
关注我们：微信, 知乎，哔哩哔哩
联系我们：sales_cn@tigergraph.com

TigerGraph 云应用市场
除了本地部署外，也可在各大云市场中使用TigerGraph图数据库即服务

20+入门套件及DEMO

TigerGraph Cloud 为你提供20多个入门套件及DEMO，几分钟内即可免费开始。
这些入门套件包含样本图数据schema，数据集和针对特定用例（例如欺诈检测，
推荐引擎，供应链分析）或特定行业（例如医疗保健，制药或金融服务）的查询。

关注微信公众号

观看Graph+AI 全球峰会，利用图算法加速分析、AI和机器
学习https://www.tigergraph.com.cn/graphaisummit/

会员招募，邀你入会
www.tigergraph.com.cn/login/

https://www.tigergraph.com.cn/graphaisummit/
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