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MovieLens

| *ratings.csv - iI0EA

NP wEE B0 BEEV) FHEH)
userld,movield,rating,timestamp
1,1,4.0,964982703
1,3,4.0,964981247
1,6,4.0,964982224
1,47,5.0,964983815
1,50,5.0,964982931
1,70,3.0,964982400
1,101,5.0,964980868

Image

[ Computational complexity theory is a
|branch of the theory of computation in
itheol'eticﬂl computer science that focuses
[on classifying computational problems
[according to their inherent difficulty, and
[relating those casses to each other. A
| computational problem is understood to be
[a task that is in principle amenable to
[being solved by a computer, which is
equivalent to stating that the problem may
gbe solved by mechanical application of
mathematical steps, such as an algorithm.

| Question:

By what main attribute are computational
problems classified using computational
| complexity theory?

|Answer:
[inherent difficulty
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pric (B fIRGEM), Bk I EMSE o a1: XML, JSON%E
|y AL €T
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<province>
<name>E T </name> g [

PR 08-18  X¥B <cities> ‘
<city>Fg /RIE</city>

e os-18  FAIIEBREF <city>K PR</city> O 3
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‘ </cities>
BB 08-18 HtBARIE </province>
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0 Hi#E(Data)

0 4 JFE (Database, DB)
KRB AAETTENN . BAARN. THRENREZTFNES.

0 HiR

PR B B R 4i(Database Management System, DBMS)
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o1 DB-Engines: hitps:/ /db-engines.com/en/ranking

423 systems in ranking, September 2024

Rank Score

Sep Aua Sep DBMS Database Model Sep Aua  Sep
119. 4 128. 4 146. OceanBase Relational, Multi-model 1,97 +0.08 -0.23
120. 4 125. 4~ 122. LMDB Key-value 1.94 +0.00 -0.8¢

3. 3. 3 Microsoft SQL Server Relational, Multi-model 807.76 -7.41 -94.45

4. 4. 4. PostgreSQL Relational, Multi-model g 644.36 +6.97 +23.61

5. 5. 5. MongoDB Document, Multi-model 410.24 -10.74 -29.18

6. 6. 6. Redis Key-value, Multi-model 149.43 -3.28 -14.26
192. 4 196. 4 210. TDSQL for MySQL Relational, Multi-model 0.96 +0.06 -0.19
193. #A~198. 4 220. StarRocks Relational 0.95 +0.06 -0.07
194, A4 197. J 186. Dolt Relational, Multi-model 0.93 +0.02 -0.49
195. ¥ 191. 4~ 253. Alibaba Cloud AnalyticDB for MySQL Relational, Multi-model 0.92 -0.04 +0.13

L e AT CasTaTTa T SN S SO

12, 12. § 10. Microsoft Access Relational 93.76 -2.61 -34.81

13. 13. A 14. Splunk Search engine 93.02 -3.08 +1.63

14, 4 15. 4 17. Databricks Multi-model 84.24 -0.22 +9.06

15. J14. J 13. MariaDB Relational, Multi-model 83.44 -3.09 -17.01

16. 16.  15. Microsoft Azure SQL Database Relational, Multi-model 72.95 -2.08 -9.78
257. 4 263. 4 311.  Alibaba Cloud Log Service Search engine 0.44 +0.02 +0.07
258. 4 262. 4 272. Kingbase Relational, Multi-model (g 0.44 +0.01 -0.19

1Y, W/ 10. rfr<2u.  QUUYIE DIYYUEl Yy Ed relauvlial 2£.07/ -z.00  -2.0U

20. 20. 21, FileMaker Relational 45,20 -1.47 -8.40

21. 21. 4 23. Neo4j Graph 42.68 -1.22 -7.71


https://db-engines.com/en/ranking
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RARABBIEEZRS (SQL)
KA R R )k T 4ER, 1757

FRal: kAL
Wi KRR, B,
A1 BERCRE (

>

>

>

> 25, 001, 4. k=, £k

WR=EAEERGER:

20’ 'ri%IJ‘ %’ :g‘ﬂ.k‘ H‘ﬁm
5. 002, 4. TP, Fikd.
19, 5. &, Tlk. BH
25. 003, 4. TH, F&:

H

A O AR A

—a

-, B, T

=)

21, 5. B, &, #E

HIERER RIS

(85hR)

RE
e HERER
5 | Ma | SR | M | Bl
001 |5k= 120 5 THENL
002 |[Z=PY |19 5’8 T
003 | EH |21 5 K
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BEAMMEEE (E—HR) . XRNE-NIRLFR—AF
A MBI, FARVFRPEER

A TRAIER R A2 KB A& R RREER

Rk T % citls
RIS | e | BR LR LB
BEA | &l RE | BHE | KHE

86051 | B5F | Iy 1305 1200 50 160 112 2283
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mAr i Ok AR A

EERS (SQL)

Hln EgR e B, M. 2. &, I8 SQLIE S 5 Rl
PR2: ARSI P R, P RESES “TH4”, A

DV “EAT

FHEERE
5 (W | SR | M | Bl
001 |7K= |20 b THEAL
002 | 2P0 |19 7 B
003 | EH |21 5 A

WINFEERR:
(> T 004, WA BN, e 22,
Vel 55, Tk AL

MER002 5 2EKER

BE003 5 A KT ATHEL

\\Emﬁﬁﬁ$mméiﬁﬁ
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0 SEEl: SQL (Structured Query Language) S4B HE

5, RRABFEENREES

[B12] REAKRRAMEBIHAZIStudentR
INSERT

INTO Student

VALUES (°200215126°, ‘5K’ , ‘B’ , 18, 'CSY;
1+« INSERT
2 INTO Student
3 VALUES ("200215126", "skpkE", "5H", 18, "CS");
4+ SELECT * FROM student;

Result Grid | | 4% Fiter Rcms:’ “Ed'rt: [_Eé, B F& | Export/Import: 95 4g] | Wrap Cel Content: A
Sno Sname Ssex Sage Sdept

» 1200215126 KRR 3 18 8.
200215128 [E% 5 18 IS




A O R

HEAAE? —IUR

ST
S2
S3
S4
S5

REBN

Student<U, F>J

FEAER 7]

StudentiR
R B oA
E=LIER 5B
R ER 5ikEH
R ER GINE
R ER oA

L BHRITRAKK: REME
. EFRE: ERRELE

B~ W DN

. MBRRE: FAEELT

Cl
Cl
Cl
Cl
Cl

. BARE: WERBAFRE, MARELE

95
90
88
70
78
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aAr i o AR A

AR

e,

ZHEERME, HPE B

f—\ o Course®
s x u
ElA RN Student® 5
RS TRFEH VIR S =
wow | owoa | o i B 4 % CF . . Coreit
Sno Sname | Ssex Sage Sdept no name pno credi
200215121 =@ i 20 cs ! B 5 4
200215122 i % 19 cs 2 Bt 2
200215123| THK /s 18 MA 3 52 2% 1 4
200515125| 3kr L 19 IS 4 BAER G 6 3
5 s 451 7 4
6 B b 7R 2
Student-CourseZ 7 PASCALiE = 6 4
¥ 5 s gt
Sno Cno Grade
200215121 1 92
200215121 2 85
200215121 3 88 .
200215122 2 90 4176 FEl 7E[0,100]
200215122 3 80
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HEFEEH] (Discretionary Access Control , EF#RDAC)

HPE “BE” MREREHENFRBRRE AN, RERLEH
B ST FIRRZETAHIA

PR A EIER] (Mandatory Access Control, fEj#8 MAC)
ARG “5RH” G P MBEER L ZEER

(BTGP RRER AR TEETEE (R,

®, R5%) WERN, &3

E A7 He 2 U L F) 2542

QNAEEFAEE RN TEETEE (B KEX
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o0 BIEERSE: Rl
RG] (Index) HITHW: MREWEE

WA ALK 5 v = student

= DBA & EFEEX (BIEIFRHN) ¥ |&] Columns

= DBMS— &&= H3EL AT 5 ERER 5] ¢ Sno
PRIMARY KEY s B
UNIQUE ¢ Ssex

W RG] ¢ Sage
DBMS H 358 ik ¢ Sdept

o FHZES ¢ S entrance
DBMSHshikFE 2 SRS UL RFER v & Indexes
Hf &L 2% B PRIMARY

il ]

b 4

Sname

]
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HashZ 5|
B E X BRI E, B, iCREET
RN ENEXEF Z [BfFE—FMREERIRE.
fitn: IFFUT 9 P KE=F:
{Zhao, Qian, Sun, Li, Wu, Chen, Han, Ye, Dai}
IRIGFRERL f (key) =L(Ord REFEFH) - Ord(‘A’) + 1)/ 2
ASCIIFBZR: A-Z: 65-90
o 1 2 3 4 5 6 7 8 9 10 11 12 13
Chen| Dai Han Li Qian| Sun Wu | Ye thJ
VI %fde 6% Zhou, &k 2R | Zhou
2 h® L4 Zhou, Ak 4241 | ZHZhong




7 fE: NoSQL

NoSQL (Not Only SQL)
R AZBPIDBMS, AFETAE 4k 2 DB DBMSHI G FR
HAEM: 20094, sREKVASCHEIEEIL A, A XXYTRDMBS
BRI EAE G, ATERER, LH 2 REEFEERT R

NH4NoSQL?  CRE
R E R K. GB-TB-PB
RDBMSHJEINAI R . S5 Rr1E AEETOSFERFE I PR il
TR R BI A # . B, B R




7% : NoSQL

7 NoSQL vs. RDBMS

NoSQL RDBMS

REBFRRESQL BEARE
REEELEES ERAEDES (SQU) (SQU)
TR X At HIEHI X R RTE SRR,
6 - [ERITERR, DUTERE, SOMNTEHE, ERRE WIRBHES, MIBENES
BE—HlE, TIFACIDREIE P iEm

IR R EITREIRIR Hiths

CAPEE

Withe, AR




JER RN

NOSQL: ITH{R AR

it [

S BR 1,

R BRI B

XHSEHEE: MongoDB, CouchDB

HBHEE: Neodj

RAEF R E:

-»}E
r =

Redis

An Introduction to Database System

NFEEBIERE: Hbase, Cassandra
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NoSQL (Not Only SQL) , ZFgdkE3x &84 s

R #f BENAGR  HEEE LR BR AR

4% MongoDb WebMH (5Key-  URERNFME, R BHEESHERAS ™K, EHEELH,

B CouchDB ValueZifil, Valuefe JSONIKVEEfE R, ANRER MAS=Z4—
K, AEFRE  Value: BERE(FE REPEE——FHFTE HNE@IEE.
BIEERRE T B vValue ), HZRKA e e R G

IR Z) (R, X5

.37 Neo4J, XM, HERGE BEEH FIFAESHWHAREE. ZSEFHES
Graph) nfoGrid. F. TETHEXR Ehing keI, N B E AR
(Graph) | e Graph ¥ BEX R BHEEHLE
A E B, Hixs
AV N
MREH TR
Gl Redis, NAEH, APELE  Key I8 Value 158 ZHREER, WLLUBE BIELEHL,
(key- Cabinet/Tyrant, %> W&, HEHF. Ex, @E%/fHhash  keyREF R Hvalue. BH AHE=E
¥ Voldemort, FERTAERESY tableSRKH — R UL, FREAE FREENE

value) o o oon EHEEAR value IR, FEELAU. SEHIHE
)17 HBase, HE, omREsct: USIERGFE, BE EREER, i EE g ER

WRE Cosanda  FO0 MEEGEE  SISGEEE—E B, TEGOEESG B4 AN
XHHE—FIRER)L B
FIREWHIORS.
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MongoDB&Z—MF

TH] ) 37

@ MongoDB &4}

‘ mongoDB

I8 B G 1k e TR A SO B BdiE R

% (document-oriented): ZHE FEX

R — KDk

B— AT R, FRAHRISONRISCN R, JEFER
=Ry Rt

TeAER (Schema-less): &AL

JHE H

\I

e 1k RE -

RAEN, RIEHE

SR AEAUANE , &H

WA RSk, FRARTHEB KEM
I Ry R EBROR, MR ESHREG

I i 4 1k
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EHSR
WIsEHH%: MongoDBIEH &G SERT KGN, EFHEEM, FHREME
S I B A P e B R ] R v R e A 1
ZAF: BT EARIRFMongoDBE &N E BEAM KN ANEZEFZE
HHEERNERTR: EEHBER FHERR KNI FE
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MongoDB 1% H

PR ERLLIEE

"name": "EPE"
. ’
"province': [{
"name": n’%%s‘ﬂ:n,
"cities'': {
"City": ["ﬂ%ﬁ(“@", nj(BEn]
}
¥s
{
"name'"': n}"“;‘l—_\‘n’
"cities'"': {
"Clty" [nr‘")Hn n
}

:[j“n nﬂ‘(@n

00000

R, BiR: SEXT

<?xml version="1.0" encoding=""utf-8" ?>
<country>
<name>H [H</name>
<province>
<name>E VL </name>
<cities>
<city>I JR¥E</city>
<city> K JK</city>
</cities>
</province>
<province>
<name>) ZR</name>
<cities>
<city>]" P </city>
<city>¥RYll</city>
<city>ERk g </city>
</cities>
</province>

</country>



MongoDBA7fifi 25 41| — — £7-fifs ¥ X

> db.student.insert({" 1d":"BA18011000", "name":"zhang san",
"sex":"male","age":18,"introduction":"Zhang San is a handsome guy!"})

* b

db.getCollection ('student').find ({}) BNZEGEES

student (L 0. 001 sec.

id name sex age introduction

1 = BA18011000 = zhang san “* male == 18.0 2/ Zhang San is a handsome guy!

> db.student.insert({ “ id” : “BA18011001” , “name” : “Li Si", "sex":"female",

"age":17,"introduction":"Li1 Si is a beautiful girl!", "class':["Math","Music","Physics"]})
documentXIFEZ S B IBZIE, ValueR]JLA

_ L ERMREIRYR
student 4 0,001 sec. ~
id name sex age |introduction class

1 = BA18011000 = zhang san * male = 18.0 =* Zhang San is a handsome guy!

.getCollection('student') .find({})

#

2 1 BA18011001 2 LiSi * female = 17.0 = Li Siis a beautiful girl! & [ 3 elements ]




file path =
files = os.listdir(file_path)

pics =[] ZHFEEE R

index, file (files):
filename = file path + + file

(filename) .
(filename ) b_image: : pics . "
content = b_image.read() } 1EERXE

pics.append(content) student.insert_one(dic)

db.getCollection('student") .find ({})

student Y 0.003 sec.

_id name sex age introduction
T =2 BA18011000 [ zhang san "l male # 18.0 2 Zhang San i... |8
2 v BA18011001 [ LiSi v female = 17.0 " LiSiis a be...

3 v BA18011002 * Wang Wu " female ## 19.0 | Wang Wu s... @ [ 3 element...\™@ [ 5 element...




BAT- it 45151

"BAl&011000",
"zhang san",
"male"™,

"Zhang San is a handsome

" gm

id "BA18011001",

"name™ : "Li Si",

L, IEAIRTERTRAIARR

REUEEMongoDB

ENIEEE, #UE

 remtsononze, EEPEFENIERX
I e o v HII=RSTABR,
5jsonIEERIZEL,

"Physics",
"chemistry"

"Sbhinary™ : "/93]/4ARQSkZJRgABAQEASABIAAD/4TeGRXhpZgAATUOARgAARAGABgATA

"Sbinary"™ : "/93j/4RAR0SkZJRgABAQEASABIAAD/4TgERXhpZgAATUOARG.

"Shinary" : "/9j/4RRQSkKkZJRgABAQEASABIAAD/4VTORXhpZgAATUOARgRARAGABgALAATAAARAMARAT

"Sbinary™ : "/9]/4AR0SkEZJRgABAQEASABIAAD/4TjeRXhpZgAATUOARgAARAGABgATA

"Sbinary"™ : "/93]/4RAR0SkZJRgABAQEASABIAAD/4SucRXhpZgAATUOARgAARAGABQATAATAAARAMARATYgESARMARRABAAFRT




MongoDB VS5 MySQL

HUEEEEEY E|=> =% KEHA

FhER= EHRFHFAL RIES |ZEEAE

HiFEG IH4FHImongodbEIENEA] EFRIsqhiE ]

RIS B I AEM D F el sclEr RS, M-S, MHA, MMM, ClusterZs

HUEAME S = F’?&*&?E?‘ﬁ%jtm?‘ 7, BIRES RIES |ZEEAE

P ENE X, BRERNVERIE B EIE R

SR Z‘Nosqltlﬂtrﬂj?u , ERABBEARRT FREUEERMDEEIEIN, mysqlB9D

== LS GNP ERIEELS

EIEERAFENMongod b UM EERAER

e TUERY; Y B, FH0EEEE HERARRIARR, RAERS,
isont&T,; IEEESHE. BEFNRE FES
ALY RFRITRLE

Lo fg%%%, MBFANEARRTE, Tgi%%%’ﬁ%ﬁﬂﬂ’ﬂﬁﬂ EAERRBER



MongoDB& —™ 1 i 15 4 B T O B 2408
fEMongoDB _t i] DUid i 3 ) B 1) 7 kAT 2008 1
A DLSOCRS B RS- e

MongoDBE 77 F/lit:

Pymongo:

An Introduction to Database System 10/2/2024


https://docs.mongodb.com/manual/
https://pymongo.readthedocs.io/en/stable/
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anAey 75k B MR S 7 PR AR 2

ﬁ%@ﬂﬁ%% ﬁ%@ﬂ@#{% MINIST

: HEFEGBEFAREERS

o 1. DR R AR E

hEAE R RKR, FRE » £ Nnumpy, jsonSE A A,

BB E BEANBEERGH . ] KFH
DA BRI SR B A .

1 Jimage /apple.] [[137 124 143 111 62 248 253]
9 PPl€.IPg [133 116 160 125 133 153 85]

; [102122123 137142128 130]

2 /image/carijpg [116 52121 121 56 124 98]
[99 116118 36 127 134 169]

3 /imqge/cqtipg E67119 89 253 158 222 204]

100 54 110 62 202 213 184]]
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: Person
: Mast

Name:

5

Sex:

: S

Xl =

: IR

2R [A]
2014-6-1

: AR

32 ]
2014-6-1

B‘J‘IEﬂ 2014-6-

JRUTORTOROR)
*

(%

1

: Message
: Text

Name: XI|5&
Sex: 5

: Person
: Professor

Topic: A&

H‘J‘IET,I 2014-6-1
?é;:: R

: Message
: Image
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R ] 2 BB 7

SQL
TLA B )
j(—A/\

5 WE BER 33
MR  \  FhE  SeEuHzY
W=\ \ ES 10 Create(n:person{name:”3{¥5”,age:”33” })
Create(m:person{name:”H{5”,age:”10” })
Neo4) create (n)-[:R{type:" X F"}]->(m)
CL “BEIE” MERAAEEE, 6 BEdE R4
J7 M 2k cypherZ&neodj MR HEH A B A WIE S

(Graph) 24 171




®

A7

(Graph) £ 48 17-1ifs

s Neod;j
R \ \?Bis S match(n:person{name:”3]11%”}) delete n

BB\ \ El-— 10
WMy RO B3 AT A R AR Y

match (n:Person{name:“#fE"}),

5iE » =
FBIS W= MR 33 (m:Person{name:”H{E"}),
WA L\ BRI | SeREY r=(n)-{]-(m),
B return n,m,r
] By
s\ \ SRu5 » 10 10/2,/2024




X

(Graph)Z(¥

1 Neo4J vs MySQLEFEXT Lt

0 HA SRR MEE
0 Pl AR g TR R BITR BEONS IR AL, BEEE £ 100 3
N, ¥ NS0 HH &

i A7 A

SKRAERIT:
R MySQLH{TEIE(s) NeodJH{THIE(s) IRELCRE
2 0.016 0.01 ~2500
3 30.267 0.168 ~110 000
4 1543.505 1.359 ~600 000
5 K5 2132 ~800 000




PAEEIEE: Redis
By DA N key T
s 0] LLAE
R
el
b
W7
3
WNPRALE P i) 3 R AR

NONTET L, BTRAR

EAEAE: BEAEBIEE

Key Value

SET counter 10
INCR counter => 11
GET counter => 11

RPUSH names “taylor”
RPUSH names “swift”
LLEN names => 2

LPOP names => “taylor”

HSET user:1000 name "John"
HSET user:1000 password "s3cret”
HGET user:1000 name => "John"

BEoR—RFEET GRE, B, KO
BRI (NBN, FREKEE, HEAD
BEHoR—AE TR GREME. RBUED
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1 Redis (REmote Dlctionary Server)
1 key-valve {71 R 5t

SIVVAZER"/ 5=y
O oRATV R, HEE S, THEERSE
O Eﬁﬁﬁ “*’/"z%” :
LIS TE) A Bl R B v 1]
w A CGEET . SR

AN :
/R HMGET id Total Booked

4

HINCRBY id Booked 1

T

TR/ KW

"goodsld" : {

EEEE
IJREE

}

"Total": 100
"Booked": 100
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Local Client Remate Client
Protocols

Catalog
Manager
Admission Client Communications Manag
Control
Momory
Quary Parsing and Authorization Manager
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1 -Create Table DemoSQLTable
P e e

id int

myGETDATE smalldatetime default GETDATE
myCurrentTimeStamp datetime default CURRE
mySVSDATETIME datetime2 default SYSDATETI

ESTAMP,

T L e WA uit 3 nE. HER—TTH

- K Dﬁi%ﬂ‘E "
of C ﬁ?ﬁr.

—

9 insert into DemosQLTable (ID) values (1);
12 6o

12 -select * from DemoSQLTable;

0% '+

L) 19, EAEA i) A ANECREN Jon. HANAANZERIEAE AT (I HEERTI el PE
id myGETDATE myCurrentTimeStamp  mySYSDATETIME i,

1 1 2021-12-2503:25:00 2021-12-25 03:24:48.920 2021-12-25 03:24:48 9233333

SQL BRIE R
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Beautiful Soup
MongoDB {2
CSSIxIERRFIE
jsoup#iiz

scrapy#{fE
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http://192.168.7.66:5000/
http://192.168.7.66:5000/
http://beautifulsoup.readthedocs.io/zh_CN/latest/
http://192.168.7.66:5000/
http://192.168.7.66:5000/
http://192.168.7.66:5000/
http://www.runoob.com/mongodb/mongodb-tutorial.html
http://192.168.7.66:5000/
http://192.168.7.66:5000/
http://www.w3school.com.cn/cssref/css_selectors.asp
http://192.168.7.66:5000/
http://blog.csdn.net/column/details/jsoup.html
http://192.168.7.66:5000/
http://192.168.7.66:5000/
http://scrapy-chs.readthedocs.io/zh_CN/0.24/intro/tutorial.html
http://192.168.7.66:5000/
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Data Collection
Data Storage

Data Preprocessing

Feature engineering
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