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Figure 1-1. One possible architecture for a data system that combines several

components.
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user: 17055506 id sender_id text timestamp
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/' my twttr

follower_id followee_id
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id screen_name profile_image

12 jack 1234567.jpg

Figure 1-2. Simple relational schema for implementing a Twitter home timeline.
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User posts tweet All tweets Tweets for recipient 2
% »Tg|T7|Te|Ts|Ta|T3|T2|T1 > Tg|Te| Ts[< %
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Ts|T7|T5|T4| T3¢
4.6k writes/sec 345k writes/sec 300k reads/sec

Figure 1-3. Twitter’s data pipeline for delivering tweets to followers, with load parame-
ters as of November 2012 [16].
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DDIA EEfFE (Z) : #IEEENERIES

2

AT S AR T

Wl

Andey o Ay — AR -

LEAREE N BHREAITR, NUCRZMARM YRR (X2, 2X%)

2. FUFUR R AR IR (oA ThY) SRAKRIY,  (RPIRAY) SO, (R
H R RIS

3. schema #53{0: 5 Schema (‘GHSZYIR) 5 55 Schema (BERS#AT)

A A TR S

L gy SRR DTAC

2. 7w (declarative) Ffr4= (imperative)

RS

A data model is an abstract model that organizes elements of data and standardizes how
they relate to one another and to the properties of real-world entities. —https://

en.wikipedia.org/wiki/Data_model

£y BICEN I RAS 6 I (U GIE AN SN [ PR S

CIERE T BA TR T CEED L WAh T IROTERFRBR A GARD S
VEE THRS LATHEALRAS [ T G B 0K R GOz AG PR AR AT AR

K2 KU R A A ) B A R 2 SRR Y

= E % REHALTR
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Layered Data Models

Data Structures

Data Models

RO A0 — R AR RS A R A T A

VAENB IR R ELSE PR B RS o — R Hdfazhify (data
structure) LUK AR _ERY APL

2N NBARIEE Y (DBA) |, O TR AL BB ait, IR EOG A2k o as Y
Bt (data model) , AISCHEEEE ARG XML/JSONL SCRHRATHIEE. KIEK
PaErPH o

3ANENBEE RGN S VR 200G LR Ba IO N A il el R 2 g
75 (Bytes) i, IR BRIELIRESRITE.

AN IR TR, IRFFEGF MBS A ER A (NF) e (1%
) OELRRDEES (W45 o

I AR, WX IR R R, AT s i 7 B SE i R AR 2
XSS T, i AR AR A P g

[BRERERERY)
2. RAEHETE

R E ST TR AL, SO R HT L, HGRHRE IR . BRI T IR
i

e =

LA # % pAEUtln % REEALE
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KRB S 3 RE

KHREE

R AMTUTCEE 2 15 fi A T R RE AT

KRR BB - BHE (B.F.Codd) F 1969 fEE g, FHFHE |- —EHRMmFE.
(R RN BR I E AR BT RESS a8 IRRY . A SC AR5 SR faiX — R BRI . H A
wnr

LoRBEER IR R EIG M (e —HE ST 458
2. PR ERIR R G IR AT T

(EEES

2. 0908 (AP) : BRI, Aty
3.9R A (HTAP)

REMBREAERZ F IR, BAAN AR (i gt/ FAH R AR
network model FI/Z{XA%A hierarchical model) , {EAGZAT A A 1Y BETES H A7 1
Al

BRI TR, BB S BRI A [, BRI IC, A ARk At i
A T BRI AT

NoSQL g4
NoSQL (I3 Non-SQL, JF345 A Not only SQL) . EX7RATAL 401 % R

P s R E LR S FR. ids DB-Engines {47, BIEfRSZ WA NoSQL Hij JL44 4 -
MongoDB, Redis, ElasticSearch, Cassandra,

NI PSEVEE

L AR PSR E R S BRI AEE . it

% % *  AGEALR
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2 JFIRSEBREPGEE : ofly T FORACHRAE] R RYBRIE
3L RYEIRAE . RARBARPENE LSRRy, e by 2 Bt
4. FGERES ISR : R ABRTULTHORT™, IRFIRZ

HEENRKXRERNFTE

RO SAET AR R AT EE TR AR PaE (7 FEERER) -

L IRA ORM MEALAT LATEFA M X L8, (2 A AT (8

http://www.linkedin.com/in/williamhgates users table
user_id first_name last_name summary
Bill Gates 251 Bill Gates Co-chair of ... blogger.
ﬁ. Greater Seattle Area | Philanthropy ; region_id industry_id photo_id
? us:91 131 ? 57817532
Summary /
Co-chair of the Bill & Melinda Gates Foundation. regions table industries table
Chairman, Microsoft Corporation. Voracious id / region_name id industry_name
reader. Avid traveler. Active blogger. - _ B
us:7 |/Greater Boston Area 43 Financial Services
Experience us:91 | Greater Seattle Area 48 Construction
Co-chair « Bill & Melinda Gates Foundation 131 Philanthropy
2000 - Present

Co-founder, Chairman « Microsoft
1975 — Present

positions table
Education id \\ user_id job_title organization
Harvard University 458 | § 251 Co-chair | Bill & Melinda Gates F...
1973 -197.
731975 457 ® 251 Co-founder, Microsoft
Lakeside School, Seattle Chairman
Contact Info education table
Blog: thegatesnotes.com id user_id school_name start end
Twitter: @BillGates
807 ¢ 251 Harvard University 1973 1975
806 ¢ 251 Lakeside School, NULL NULL
Seattle
contact_info table
id user_id type url
155 ¢ 251 blog http://thegatesnotes.com
156 ® 251 twitter | http://twitter.com/BillGates

Figure 2-1. Representing a LinkedIn profile using a relational schema. Photo of Bill
Gates courtesy of Wikimedia Commons, Ricardo Stuckert, Agéncia Brasil.

B — AR, KRARBIOEERR R X2 HR R InEh e, — P Affea%
BHALNMZ B TARLN .
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DDIA ZEefE I () « KRB e = 20

SCREGART ] Json AT XML R RIRHAE
KA [ SQL R HRAL. A e —5Kk3R, SRJEAE P FRerb i i SIS
FERIPTH B -op, SCRRERIEAT TS

LR AT 7B, I TARZ .

2. AR SRR s — D AR AR B SR P R R AR o

3. ERIKIE L A SKAGE. BHEEH. BLGEESFRS A2 RIRHRKE R AT L
e JSON BURPARZEH WIS IA Hi K o

ER—MSHZ

e R A TR AT DI AL

region FEAERHI . HAT A N EEBEAERR AL RF . “Greater Seattle Area”, TIRZEAEN
region_id — region name, HAhHh F7ER5| F region_id?

Logg—#Ea: a2 HE [ R & i 3t 5 80 A R A9 §F 5 R X

2. BRI AIREA [ A4 X

3. o NG RS T, BATAHERZE B A5 bRy
A AHAC SR SRR AT RS R

5. HIF A BIFA LISRIHIX, #EATRIP LR

RN SEAT - WA RIS, WOARE 20

KTHIDIRRIOR, EERE T IDXTARRIEE YR, TEXEREA SIS
SEAH SRS A B T B o

RAER AREAREFR VO IR 255 %, FIAnfE6lT & (duplication) o 2 JLAIE
(normalization) SRIHERETISE .

SO TE R FEARECAC L — X 2 AP R R . AR ERAE 2 X 2 ML R AR . AR SE
£ Join, MIALFRZ R 22k Z R E 2 FERUMA BRI A sh 2 1 R .

. AR AR TR . RN TR AL R — AR TR A,
ARRBAIR AN ST Join, MR ELAE B I BEATAE 2R3 Py > Join

¢ # ®  RAHAER
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user 251

positions education

first_name
last_name
summary

edu 2

v < v c v < v ¥ T v £ T
= o = O = O € © < € © <
- s - 5 - 5 c 7 @ c 7 v
| © | © | © c c
o N o N o N | |
o c o c o c 3 3
= © = © = © 8 8

2 = = < <

o o o g g

Figure 2-2. One-to-many relationships forming a tree structure.

SO vs KA

LT X2 R AR, SO R i Ba AR AT )i, AR B8 RS S5k
o

2 X TR MEZXLZ KRR, AL, WEEZERIME COE5IH) TR &if
Iy AT join B B ARIREE .

NHEREEREERHE?

BXiE® (hierarchical model)

20 fit27 70 4E40, IBM {Y{EEVE LR S IMS,

A hierarchical database model is a data model in which the data are organized into
a tree-like structure. The data are stored as records which are connected to one another

through links. A record is a collection of fields, with each field containing only one value.

The type of a record defines which fields the record contains. — wikipedia
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3. T RN R B EET Ty s
ATLVEH, EIRSOERARR , AR R Z X 2 RR R, I HASCE Join,
N T RRIE R RIER . AR TR %, mo g

S
2. AR

MIAEE! (network model)

network model J& hierarchical model f{—F 9 #: ARG EASZ T A, EWEHE R
it il (CODASYL) 192 iasifffT T ARIELL, Rty CODASYL A,

ZRf—MZ R AT LA R R o USRI sR AYME—J7 SR NG TCZ A2 Rl i it
FTViIE), XA YT R4 (access path) o XEREIUANAE n-2E2S R Fh AT ST

WA, R film i it FF HA B e RE S R T, XlERE
XS AR Y & R R R T A

RERIEY

FER ZBAIR . BRSOt (tuples) |, PEMEGHIICR (relations) 5 fE SQL rfi4)
BIXTRAT (rows) FIEE (tables)

« ANRNERZ AT, WIWIA R R G, g ik il e e B0 —FhsL il
KZ (relation) HUBiERHEARE, BHEILMEGHE R/RBI T, RC
(DIXD2XxD3 - - - XDn)  CRAEMMT RIFOR, BIEHMS Al FoR, JBIERE
ST Di )

HEZH ATTEE T34, 17— R AR B A A A i 7 vk

A, AREE R LA, S AR R AT A RO T I AR AR AR RS . AL 8% (Query Optimizer
HENEPATINY . EEAIERSD) | BB AR SRR -

AP ARAELE AT T AOS VR B AT &, R AR B T B B R
5l ASLAEEMNS . VRIFATTEUCLRIR A A0S, BRI i 2 shASRaEs il 51

¢ # # RGHATR
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B vs X RE

HRE AR SRR e P AR A

(e
feifl

Join

SCHF

i
Zh

Vi 1]
Ji R
T

T E R RS, (E SO B ek FE AT 1%, o0 AU AT LAz

\\\\\

SRR

BAEE KRR X%, MIBIREL R, WMED.

Bl BA SO 454, 0 SR BRI AR &3, 8 R
RIS, i 5 %, (HAEIERTE, W
A AT AR Uy R, B VU )

it Join SCRFIIAKLS

55 schema, SCRPshZIEINTE

LM A0k, etk
2. g5 SO oy, e

X H4iERIR Schema MR T

X R

B A4 4 + Toin AJ DA
M %% —, %%t
% % F

T4, Kol, FfFa
i

XERHIER LA, fH
Join WSZEI & HR%

M R

iR schema, &tk
schema fXATIRK

. fiEH AR B H

Wi SRR 42 schemaless AKIERG, HEMEDIRY L% schema-on-read,


https://ddia.qtmuniao.com/#/ch02
https://www.qtmuniao.com/
https://mp.weixin.qq.com/mp/appmsgalbum?__biz=Mzg5NTcxNzY2OQ==&action=getalbum&album_id=2164896217070206977&scene=126&devicetype=iOS15.4&version=18001d33&lang=zh_CN&nettype=WIFI&ascene=59&session_us=gh_80636260f9f9&fontScale=106&wx_header=3
https://distsys.cn/
https://xiaobot.net/p/system-thinking

DDIA FERSEE (Z) - BRI i ”

%
o P
PR o PEfE & %0
]
N GRS, 1 9 s, (£ SIS ESIT, TR,
schema- -
on-read TERIUR AT as K BT GO GIEE A, ot
AT L] %, 2 RIREE,
chem | GANER B W
’ P PARS)] Iﬂg v D%‘ N ‘O
on-write %1% schema ; IR Pk A2 i £ FH AR A £

SCRSRL e P2 5 B g L

LA ZFEIEEE, BNk A GG
2. BRI A5 AT AE . IR MR R BRI A o

B REUERERE
ARSRAR A I R BESCE R AA AA, BRI 6% . VT 2 RCR HE A -
BN SRR U 5 ) SOR P R RELE 5 B, U SCRT = BRSO A in e H o

B3z FX R RIEAE A RIR T SO R R . ARIRBRE, XRS5, SR
AR LATE R VT TR S e o

* Spanner HI VBT WA IR A B A ——F FIORIR N ik CIRFSFR LSO IR 25
1)

» HBase {1 Cassandra i Ffj 51| iR 2 S Al —— A B

BB, R A M L B

RABMEB RS

* MySQL F{ PostgreSQL JF45 37 4 JSON Ji A 54 JSON wf LA, MySQL nf DAFLfi#
JSON 267, 41 Date jJXFAZ 2801, wf LIEIREASFBON JSON 28R Al LUE L
Join FEAHIRAEIE W LME Json FRIPHA B RS
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e RethinkDB 1 £ 1f)H 57 Ff relational-link Joins

P (Codd) : nonsimple domains, JTFHIIEIR TR (BCF. FA58) | i Ll
MERR () o YR SQL T XML, JSON 3.

PIEEINIES

AR B &t 285 -

function getSharks () {

var sharks = [];
for (var 1 = 0; i < animals.length; i++) {
if (animals[i].family === 'Sharks') {

sharks.push (animals[i]) ;

}

return sharks;

SELECT * FROM animals WHERE family = 'Sharks';
FillJa (declarative) &S iy (imperative) &S

Ml AT R, M RIERK

E%//—j,[k \TRII, = LA FH
Ui B PEZ B IR A T Rtk

IMS, CODASYL, #@HESH C, C+
245 SQL, CSS, XSL

+, JS
%
& it
fap
5 S A  eTE,

% % *  AGEALR
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P (declarative) {ES 473\ (imperative) &S

fiEhm 5 S B AR
B FIDURRR AL i o R
FHEINT — FEEDHT — i85S RN — 3EERIT — B T
B i RS — AL — HbrfHg
EBRPIT IR — PTG "R

St FEWHEBAZET, T HE%E et Nl TEE TRBHITIRT, 4%
oA WO 3 b ¥ el iR TR TS

Q: MXFHHIES, meES A AMR?

LSRR HARRR R 200, AR
2. a2 F EEA S A WA ATIE U], W G g, w2
ikeyua (REE) L LA EACRG R MG b

BIEEELASN: Web FRIREAR
CESBT e

<ul>
<li class="selected">
<p>Sharks</p>
<ul>
<li>Great White Shark</1li>
<1i>Tiger Shark</1li>
<li>Hammerhead Shark</1li>
</ul>
</1li>
<li>
<p>Whales</p>
<ul>

<li>Blue Whale</1li>
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<li>Humpback Whale</1i>
<1i>Fin Whale</1li>
</ul>
</1li>

</ul>

WERAE A CSS, N H5E (CSS selector)

li.selected > p {

background-color: blue;

ERAd H XSL, ij A55 (XPath selector)

<xsl:template match="1i[@class="selected']/p">
<fo:block background-color="blue">
<xsl:apply-templates/>
</fo:block>

</xsl:template>

BN RAE S JavaScript (MAMED) i selector J)

var liElements = document.getElementsByTagName ('1i');
for (var 1 = 0; i < liElements.length; i++) {
if (liElements[i].className === 'selected') {
var children = liElements[i].childNodes;
for (var 7 = 0; j < children.length; j++) {
var child = children([j];
if (child.nodeType === Node.ELEMENT NODE && child.tagName

child.setAttribute('style', 'background-color: blue');
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MapReduce &if]
Google [ MapReduce f517]
1 5% H R U TR -
2. —FAE Y A B SRR AL, A UUR T EUh S, BUEAR KIS

3ABAE R AT T B B = AR e A (03 SELARY) , A X EE SR Y A T4
Mo

How MapReduce Works

(k,v) (K, v)

(K, v0) (k, v[])

t Combiner g ¢fle Reducer
and Sort

www.educba.com

MongoDB ] MapReduce f&7
MongoDB fii F f{} MapReduce &—F4F

LR F PR R SRR 77 shuffle SRR ST IL TR
2 st FP ST R SRR BRI 2.

P TR 15 B o

# * s RAHALE
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TRk Gt i H MR & s kAL
EiEA]

PostgresSQL.

SELECT date trunc('month', observation timestamp) AS
observation month,

sum(num_animals) AS total animals
FROM observations

WHERE family = 'Sharks' GROUP BY observation month;

MongoDB

db.observations.mapReduce (
function map () {
// 2. WABRFEFRHE doc HT map

var year = this.observationTimestamp.getFullYear();

var month = this.observationTimestamp.getMonth() + 1;

emit (year + '-' + month, this.numAnimals); // 3. HiH—
pair
I
function reduce (key, values) {
/] 4. ¥ rey BRE
return Array.sum(values); // 5. tHRE key 100
Yo
{
query: { family: 'Sharks' }, // 1. Thik
out: 'monthlySharkReport', // 6. reduce ZERE

) &

EIRTERAERATIS, S0 T s ik (flter)  — i HHAAT map — X4 key 5
(shuffle) — X3 /S'EEI%Q?E — reduce — f i REE

R
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MapReduce —2E4E

1. LR Map 1 Reduce J2EAUpR %L RITCAEATRIVEN , EEEHUR. DUERR I TEM
Z K, FHE R AR AR E R . IR B I A R
2. 4R IRZ HERA R g AR AT . AT LS SQL S A TE S . 40 Hiveo

(EESEV=

LR 42t SQL 4T MapReduce 528
2. Ao AU MapReduce A A VFHOVEBES (i) Mk,

3. MapReduce J2A7 @ HF A, 75 ZART ST IR BEA RELE A BR BCR A C

AN
=1 o

MongoDB 2.2+ #{l ki, aggregation pipeline:
db.observations.aggregate ([

{ Smatch: { family: 'Sharks' } 1},
{

Sgroup: {
_did: |
year: { Syear: 'SobservationTimestamp' },
month: { $month: 'SobservationTimestamp' 1},

Yy
totalAnimals: { Ssum: 'SnumAnimals' },
Yy
Yy
1)s

Sk

 SCERTRAE S RS R TR K X% (one-to-many) [5G K.
* FRHYE 5 ARREERO PR KR 2 X2 (many-to-many) 56 R

® # % REHALR
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E-¥.N T

HE PR (RPEED) RSB =1 &, IRIEE TS EREE.

i LR AT A B A 552 -

VES s MH

AP i N, follow X272k INEES R, 1B R
AR Mie s, $iEX 220 PageRank

A SOEMXAER, BRI N2 FERERLKY, SR AR
Tekk MR AL, K OE R HIT 2 5 R

FIRE Wi m, REERED Ja % A Ja) &

A4 (homogencous) ZHHAISRAYEE AL FR Y R AT LME SR R R S8 —FERRA
AR BE, —SKEPR SRR AT UEAARZEAL, g A s 2
TS T AL HE 2 30 20 58 R — KRN«

ABHE T ENG], BFR T AR, K EEBBHMA Locy HOREHEE B
Alain: M TENS, HAEfEHL.

® # % REHALR
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type: continent
name: North America
y

within

type: country
name: United States
4

within

type: state
name: ldaho
abbreviation: ID

born_in

type: person
name: Lucy

within

type: continent
name: Europe

within

type: country

name: United Kingdom

type: country
name: France

within

N
within

type: country
name: England

type: région
name_fr: Bourgogne

within

name_en: Burgundy
N

type: city
name: London

within

type: département

lives_in

married

A

lives_in N

name: Céte-d'Or

within

type: person

name: Alain

born_in type: city

name: Beaune

Figure 2-5. Example of graph-structured data (boxes represent vertices, arrows repre-

sent edges).

A3 2 MO I R AT =

1. @K (property graph) : HAGET3, U1 Neodj. Titan, InfiniteGraph
2. = e (triple-store) : Y] Datomic, AllegroGraph

EBEE (PG, Property Graphs)

= (vertices, nodes, entities)

2 JRME— ID

RBUESEy

i1 (edges, relations, arcs)

2 JRE— ID
@ﬁé‘\/n\
2| =t

B (kv X}FR)

Fn BRI label
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Q: ARG, N ABHXT PG G E LA Type?  [AyJE M AR
DU RS LG A5 2 B8, NebulaGraph JZ2 58280, 4FALE TR0 s, HR
TMEZE s Neodj B3, FrWiZzig ISR, Lt a0 g — AR iteE, A

i type,

USRI, AT LA B TAERY SQL 15 SCRMyEE — T, 4R &f.  (Facebook
TAO 83 Y FAALAF A 5 28 /2 MySQL)

/] R
CREATE TABLE vertices (

vertex id integer PRIMARYKEY, properties json
) ;

// A%

CREATE TABLE edges (
edge id integer PRIMARY KEY,
tail vertex integer REFERENCES vertices (vertex id),
head vertex integer REFERENCES vertices (vertex id),
label text,
properties json

) &

// WRRMARS, EEHTH. LER, b<ERTEABNLD,
CREATE INDEX edges tails ON edges (tail vertex);
CREATE INDEX edges heads ON edges (head vertex);

A2 — PR R h AT 5

L AT A R R AT LA NG, oA AR A A CRR

2. XA TR T LAk (2% e ) SREH NN, ITEEeT ik
Pio

3. HZ MR kbric A AR CRR) -

PR TF R AR, AT EMER — B P R A R B RIS &R, 45 7 BRCR R SRA
RESI!

% % % RGEEALHE


https://ddia.qtmuniao.com/#/ch02
https://www.qtmuniao.com/
https://mp.weixin.qq.com/mp/appmsgalbum?__biz=Mzg5NTcxNzY2OQ==&action=getalbum&album_id=2164896217070206977&scene=126&devicetype=iOS15.4&version=18001d33&lang=zh_CN&nettype=WIFI&ascene=59&session_us=gh_80636260f9f9&fontScale=106&wx_header=3
https://distsys.cn/
https://xiaobot.net/p/system-thinking
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RXRNFIEREST, IR TPHIP -, B

LR RS TR RRSEZR . AR R E R B4 -
2 WO . LA AR FR . Hol Lucy FOBLR A ATIE A3
3. AT LM SR A

R et AR AN AE sk e, w] DL B fr, 3240 58 G AR BB i s 2L 22 1 Join [y
SC (o

Cypher &EifliE5

Cypher J2 Neodj §IiEH)— R & HTHF .
Cypher f{] Neo Wiz 2R H «(BEFEY  (The Matrix) . HAH Oracle,
Cypher [y—R¥F AU AT BEMESR , JEHAEZRK I/ (Path Pattern) ff,

SEOBTIE, F—A Cypher 3B T

CREATE

NAmerica:Location {name:'North America', type:'continent'}),

(

(USA:Location {name: 'United States', type:'country' 1),
(Idaho:Location {name:'Idaho', type: 'state' 1),
(Lucy:Person {name: 'Lucy' 1}),

(Idaho) —-[:WITHIN]-> (USA) - [:WITHIN]-> (NAmerica),

(Lucy) - [:BORN IN]-> (Idaho)

AR FATEEA T — DX ERY &I B A SRR JE 2 WA A 44 -

FettomEiES . BRI : 255451, BORNLIN f51 52 E AR, IF H LIVING_IN fi5 A
Fdb, FEIFARE & LRSI AL IR IR LA TR

i Cypher SRR A -
MATCH
(person) —[:BORN IN]-> () —-[:WITHIN*O..]-> (us:Location
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{name:'United States'}),
(person) -[:LIVES IN]-> () -[:WITHIN*0..]-> (eu:Location
{name: 'Europe'})

RETURN person.name

Ve

1‘){_\:( ()9 ij_J._[]_’a 1}%&@\;’&(@ :a E‘Iﬁz{}o
2. R E A A § . person
3.0 B[ ZERCAF: *0. ..

EAAE A WIS S I — B, IR AT R, A ORI TE R, B SQL 1y X5
FET . SQL AT R AMLL, Cypher LN FIAT,

Joitse BFS. DFS @ BRI SCEIAN Ty, —Mokiid ((HRA R Rl i AR AT AN A ) e 252
B . AR ER D

£/ SQL #1TEEE

A A 2T LA SQL A7 f T, LAFORIA
AR LA SQL A7 iy g2

Oracle 1 PGQL:

CREATE PROPERTY GRAPH bank transfers
VERTEX TABLES (persons KEY (account number))
EDGE TABLES (
transactions KEY (from acct, to acct, date,
amount)
SOURCE KEY (from account) REFERENCES persons
DESTINATION KEY (to_account) REFERENCES
persons

PROPERTIES (date, amount)


https://docs.oracle.com/en/database/oracle/property-graph/20.4/spgdg/property-graph-query-language-pgql.html
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Hrp A — MR, w2 A A P et (graph pattern) N2 BkAEify, XA E)
SQL th, HURAHIE AL Join:

() —[:WITHIN*O..]-> ()

i ] SQL:1999 H1 recursive common table expressions (PostgreSQL, IBM DB2, Oracle, and SQL
Server ZFf) MIFTLAWE . (H2, MHMITKAAR.

Triple-Stores and SPARQL

Triple-Stores, 0] UAFRME A = CA 74, B =04 G618 -

SPO Triple-Store

Predicate

__________________ )

HA ST
Subject X 7 P I — A R
_ 1 — TR, A string B0 number,
Object )
2. 55— Subject,
. 1. AR Object /251~ Budhs, M) xF . AFFHFRY KV Xt
Predicate

2. 413 Object 7& 55—~ Object, M Predicate % i [& H I3,

{52 B+, H Turtle triples (—f} Triple-Stores 1E7E) ik H:
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@prefix <urn:example:>.
_:lucy a :Person.
_:lucy :name "Lucy".
_:lucy :bornIn :idaho.
__:idaho a :Location.
__:idaho :name "Idaho".
__:idaho :type "state".
__:idaho :within :usa.
_:iusa a :Location
__:usa :name "United States"
__iusa :type "country".
__:usa :within :namerica.
__:namerica a :Location.
_inamerica :name "North America".
__:namerica :type "continent".
R R G
@prefix <urn:example:>.
_:tlucy a: Person; :name "Lucy";
__:idaho a: Location; :name "Idaho";
"state"; :within :usa.
:usa a: Location; :name "United States";

"country";

:namerica

"continent

:within :namerica.

a :Location; :name "North America";

A
.

EBEXM (The Semantic Web)

tbornIn

ttype

ttype

ttype

__:idaho

JIHEM 2 4L Tim Berners Lee F 1998 442, AUREERTS o H H BT XML TRy R E

Fresfate . WML SALRET HEMR ML TP R . RIAVZE LISOR. — bl R aiaas
IRNZY, T2 AT iR v 5 A ELIR IR0 e ot i A e 1 S R A 540

=
==
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TS $RA—FhgE— AT SO A IR T AN A A (BLaRRT3R) o
W= R FIr A B R A Rk

TNHGEE UM B A (Semantic Web Stack) :

User interface and applications

Trust

Proof

Unifying Logic
Ontologies: Rules: =
Querying: OWL RIF/SWRL g
—>| SPARQL o
hsparql Q Taxonomies: RDFS =
<
=
<

Data interchange: RDF |

Hr1 RDF  ( ResourceDescription Framework, FFIIANES ) $2AL T —Fhb b 45k
PEAbRE . AR AT R MR R R (O R ‘Mﬁﬁ ML) . HRELAGE— TR e
AN W — DA ERERAE, B, AT Sl 7 R B 2 2 5 07 2R U
X, TR SRR AL 7 i RDE 32 (PR IE L.

a1l
ICODE

RO AR SO, EEIN s U DO 2 SERCR AR 2 S 0 A o A JRAEL SR 1Y

BIRE B K e, (H2 Hrh RIE s Bt = RDF firig LY SPO =JT4 (Subject-
Predicate-Object) Ag MR R, Al /2 L2 2] Triple-Stores.,

% # 8 RGEARLE
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RDF #iE#=8d

FHHE2IR Turtle 5 (SPO =Jcdl) 2 Fhfa HL 214 RDF 0jaf) /730, RDF tyn]
DT XML 2R, HREITRMERER 2 (IRERR) -

<rdf:RDF xmlns="urn:example:"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<Location rdf:nodeID="idaho">
<name>Idaho</name>
<type>state</type>
<within>
<Location rdf:nodeID="usa">
<name>United States</name>
<type>country</type>
<within>
<Location rdf:nodeID="namerica'>
<name>North America</name>
<type>continent</type>
</Location>
</within>
</Location>
</within>
</Location>
<Person rdf:nodeID="lucy">
<name>Lucy</name>
<bornIn rdf:nodeID="idaho"/>
</Person>

</rdf :RDF>

N TR B — S, — SRR LEACAT B Y U2+ TCIE subject, predicate A2 object
#E H URLZESC,

lives in SRIN <http://my-company. com/namespace#lives in>
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;iﬁfgleaﬁg

233U~ namespace, LEE ME—AL, FFEAERL BRIV SR, —MRLRTE
J AT AR SOk B — S R AL AT 2

SPARQL &EMiEE

BT, AT EACTE U TR, T A6 T RDF [ 137 SPARQL

Protocol and RDF Query Language, pronounced“sparkle.”

PREFIX : <urn:example:>
SELECT ?personName WHERE {
?person :name ?personName.

?person :bornIn / :within* / :name "United States".

?person :livesIn / :within* / :name "Europe".

fth 2 Cypher BYFTIK, AU A EARARR -

(person) - [:BORN IN]-> () —-[:WITHIN*0..]-> (location) # Cypher

?person :bornIn / :within* ?location. # SPARQL

{H SPARQL A5 X4 R IR 5, #5H T Predicates.

(usa {name:'United States'}) # Cypher

?usa :name "United States". # SPARQL

IRTE MBI, A HEOREREZ I 1 e kR AR A & e S
EREMMSEE
AT 2 R 28 A5 R [ B i g 2

A5, AT TEAR 2 B R 7 AR A — 1
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EFH (Graph

Py M2 R (Network Model)
Model)

W TR A

EE H ey

= SR

_—_ 1. fif 4z 1D

%** 2. (R VLR B 1

3. flE FH I s o

RN TTRA RS, AR 25 B4

Pt R AR TR
HH GiIbuE: Iy Hagit] AT

iy BlAar ol trl Dl
= UEE=Y

fir 43 2

EifiE= 8098 Datalog

A 5% teiple-store, [HZAF T NYKF: (subject, predicate, object) — predicate(subject, object).
2 WP BT Datalog 75y

name (namerica, 'North America').

type (namerica, continent).

name (usa, 'United States').
type (usa, country).

within (usa, namerica).

name (idaho, 'Idaho').
type (idaho, state).

within (idaho, usa).

name (lucy, 'Lucy').

born in(lucy, idaho).
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A3 ]S A2 2 WM B RT EAFR N -

within recursive (Location, Name)

Rule 1 */

name (Location, Name). /*

within recursive (Location, Name)

Rule 2 */

within (Location, Via), /*

within recursive (Via, Name).

migrated (Name, BornIn, LivingIn) :- name (Person, Name), /* Rule
3 %/
born in(Person, BornLoc),
within recursive (BornLoc,
BornIn),
lives in(Person, LivingLoc),
within recursive (LivingLoc,
LivingIn) .

?- migrated (Who, 'United States', 'Europe'). /* Who = 'Lucy'. */

LA LR S FRIFLHT R R, TR el UG FRIFLH TR 2

o Mz (O) BN ESZ
2. AT LM R Predicate | g S Predicate, Uil FEA SR 2 H 2 SRR
312G 2 IR R RIA O H AR &

42

After applying rule 1: After applying rule 2 once: After applying rule 2 twice:
within_recursive namerica) within_recursive within_recursive
Location Name Location Name Location Name

namerica North America |  \ namerica North America | namerica North America

[usa  UnitedStates | "-v--. 2 [usa  NorthAmerica | [usa  North America |

[idaho ~ Idaho | T [usa  United States | "~ - [idaho  North America |

.. [idaho” " "United States | " #---.___ [usa  UnitedStates |

.. |idaho ~ 1daho | --.__|idaho  United States |

within(idaho, usa) -~ |idaho " idaho ]

within(idaho, usa)

Figure 2-6. Determining that Idaho is in North America, using the Datalog rules from
Example 2-11.
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LR AR S TR AT & R G -
2. RN, I SE AR
3SR AT LA, i ) 55 R A R R

Prolog (Programming in Logic fI45) /@ FiZBmIEiH 5. BEIEAREENEIREA L
o

2%

1. I B (declarative) vs iy 43, (imperative): https://lotabout.me/2020/Declarative-vs-
Imperative-language/

2. SimmerChan HIFEL#:, FEERE, 18 YK, RDF: https://www.zhihu.com/column/
knowledgegraph

3. MySQL Jft 2 M “F ZR7Fi . https://zhuanlan.zhihu.com/p/64731206

% % *  AGEALR
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