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Search for single-key value--memory--conventional dichotomy

Find user information with id 82

id score
12| 2374

16 4130
17| 85156

19| 1887
Find 25 for the firsttime ——» 257900

_____________

Find 78 for the second time :
| B2 | 2277

Users table

In this case, sequential lookup (traversal) requires nine comparisons,
while dichotomy only uses three comparisons.

The time complexity of sequential lookup is O (n).

The time complexity of dichotomy lookup is O (log_2).

[ Y S T ——

=users.se1ect@b(82) /Find a member whose primary key

ID equals 82 1in the users table



Search for single-key value--memory--Positioning by order number

Find user information with id 9

I I T A

=users(9)

When the key value in the data table itself is the ordinal number, the corresponding

/Direct positioning
using sequence number

record can be found directly by using the ordinal index.

|Index id | score
gd

1
2| 2339
3] 8512
4. 3461
5) 7795
6 4423
7| 6337
8] 5970
9 1498
010000
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When the key value is close to the ordinal number or easy to convert to the ordinal
number, the ordinal number positioning method can also be used.

Index __ day __ price
1l2019-0425] 22

olop10-04261 20
001004271 24
do01904281 a2
5,2013-04-29 I a9
6 2019-04-30 : 3
7{2019-05-01 7
820190502 11
912019-05-03 | 22
10]2019-05-04; 16

—

Date day changed to 1
the number of days I
starting from 2009-
04-24

Index | dayid | price
1 1 22

20
24
42
41

3

7
11
22
16

O 0| 00| =] | | N e | L P
Lo I O e T I O 5 O % T W

—h
—h

Users table with order number

When searching, we can change the date
parameter to order number, and then
use the method of order number
positioning.



I Search for single-key value—-memory--Hash index

Find user information with id 82
f(n)=mod(n, 5)+1

id id score
I T e
A
_ _ 34 2 > 34 8398
=users.keys(id).index() /create hash index for ID
> | Find(82) /Computing relative = [ 3 ™ 1vT 8515
=users.tin position in users table 82 32| 5055
99 v
12| 2374
16 -
Convert an unordered key ID to a serial number, but it may
cause conflicts. 12 02) 2277
62
When searching, the hash function can be used to find the 4 > 78 1662
corresponding serial number. The conflict part needs to be 19 ' 34| 8308
traversed, but it is faster than the direct traversal. 78 > -
99 4495
v

19 1887



Search for single-key value—-memory—Position index

Find user information with name Julia

Index ID. NAME GENDER  STATE | BIRTHDAY Member Index ID NAME GEMNDER  STATE  BIRTHDAY

1| 3|Abigail  |F Arizona 1972-02-20 3 1| 2|Jonathan |M Florida 1971-03-07

2| 7|Emily F Michigan 1972-07-18 4 2| 5/Joseph |M linois 1971-07-02

3| 6|Hannah |F Fennsylvania | 1980-08-27 g 3| 3|Abigail E Arizona 1972-02-20

4| 2|Jonathan |M Florida 1971-03-07 1 4| 7|Emily F Michigan 1972-07-18

5| 5/Joseph  |[M linois 1971-07-02 2 5| 4|william M New York | 1976-01-23

I G 8|Joshua |M Montana 1985-07-10 _ . __10 6/10|Samantha |F Texas 1978-04-25

[ pos_b 7] 9| Julia F Wisconsin | 1980-06-30 I-pos_idx(pos_b) g 7| 1/Megan |F California | 1979-04-19

~ 7 |7 8]1/Megan |F California | 1979-04-19 o T T 8| 9 Julia F Wisconsin | 1980-06-30

910 |Samantha |F Texas 1978-04-26 B 9| 6/Hannah |F Pennsylvania | 1980-08-27

10| 4| william  |M New York | 1976-01-23 5 10| 8|Joshua |M Montana 1985-07-10

pusers pos_i dx Birthday ordered users table
I
MR Create inde{ IR >pos idx=users.psort(NAME) /Position index number pos_idx sorted by name

ne time

/pusers 1is the index table of users table

>pusers=users(pos_ldx) when names are ordered

/Searching 3Julia's ordinal number 1in 1index
table by dichotomy

/The pos b number value of the index number 1is
=users(pos_idx(pos b)) the ordinal position of 3Julia in the original
table.

Index looku
(can be reused)

[®]

>pos_b=pusers.pselect@b(NAME:"Julia")

—

4

[




Search for single-key value—-memory—-Multilayer sequence number positioning |E

Find ID number

id name Divide 17-bit ID number into 8 layers: 11| 01| 05| 1973 | 06|09 |81 |6

10000000000000001 Bits 1 and 2.: Numbers are discontinuous. For those numbers that do not exist, the
corresponding lower nodes are empty.

1|../10 /11| .. (15|16 ... (21| .. |90 | .. | 99

11010519730609816 | Zanesan ,
Bits3and 4:1~99

” i .. 10 11 .. 15 16 .. 21 .. 90 .. 99
54211019840812023 .

Bits 5and 6: 1~99

81072219630218415 Wangwu 1 .oe 5 eee eee 15 16 eee 21 eee 90 eee 99

Bits 7,8,9,10: represent birthday year, 1970 is the benchmark here.

90999920601231999 1./ 3. |..|15/16| .. 21 | .. |90 .. |99

Another method of dealing with
discontinuous serial numbers to avoid hash For the rest 7-bit, please think it over.
calculation and conflict.

Direct numbering requires at least 10 A
17 long-type spaces.



I Search for single-key value—-External storage——conventional dichotomy

Find order information for 2018-03-02

J =orders_file.iselect@b(date(“20 /order date ordered, use 2018-03-01 102
18-03-02") ,orderdate) .fetch() dichotomy

Corderedte | od | .

+—

2018-03-01 101

2018-03-01 103

External storage data can not be accurately located to find a _
particular item. There may be many records in a block, and they are + T ERREIG m-
recorded in the starting value of each block. I | 2018-03-02 101 |

, | 2018-03-02 102 |
Dichotomy search of shows whether the key

to be searched is in this block ornot. L e

_— mn

The data in the block is read in and then searchef by memory J 2018 03-03
dichotomy. 2018-03-03 102




Search for single-key value—-External storage——Sort Index

Find User with id 10249527

00000001~00001000
10249001 pos

~_— 00001001~00002000
00000001~10000000 10249002 | pos
10000001~20000000 — ) - pos
10000001~10001000 10249527 | pos
pos
10249001~10250000 10250000 | pos

Create index Search

[ T

I Y

=user_file.create() /open the file =user_file.create() /open the file

: oy ) /Create sort index =Al.icursor(;1d==10249527 /user with id
=Al.index(id_idx,id) L  "Io id_idx) 10249527

[



Search for single-key value—Analogy of Memory and External Storage Search Technology ﬂa

Sort Index 00000001~00001000
10249001 pos

00001001~00002000
_//////” 10249002 | pos

00000001~10000000 .

POS
10000001720000000 10000001~10001000 10249527 | pos
= .. pos
10249001~10250000 10250000 pos

Multilayer sequence number positioning

11 " RN | 11010519730609816 | pos




I Search for single-key value—-External storage-- Hash 1index

Find user with Id number 10249527

Key value column

=user_file.create() /open the file

“ {1 Hash value I Physical address
. Hash Function ! !
A5 '
1 90923 | JErXEYLILE pos
|
|

28376465
=Al.index(id_idx:has /create hash index
h_den,id) for id 64917234 — —s 32847

- :I

e e ?‘
s ]

1

=user_file.create() /open the file

2

—Al.icursor(;id==102 /Search for user 92837465 |~ ﬁ+ 48374
2 495é7 id 'idXS with id number 37692174 e
» P H— 10249527 : )
o H

Hash index is suitable for searching single key Benrnd bl o oo o

value, but because hash function is not monotonous,
it is not suitable for searching intervals.

In the first two layers, the sort index can quickly
minimum value of the interval, which is suitable for

interval search. pos2196 | 87692174 Alice White Phoenix
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I Search for Multi-key values--key value sorting ﬂa

Find all user information with scores of 4, 6, 9

When there is no index, the original table and the set of key
values to be searched are ordered

B
1 =user_file.iselect([4,6,10],s
core)

When there is a sort index, when the set of key values
to be searched is ordered

I T T

I —user_file.create()

=Al.icursor(;[4,6,9].contain(
score),score_idx) Example of Binary Trees for dichotomy search

-.



Search for Multi-key values—-Row-wise storage

For scenarios where the entire record needs to be taken out,
row storage i1s more appropriate than column storage

A3 4 A3
Index | i /n'%lla Index | id data

L ﬁEmnuqunch}z‘pE yoiz/9ax0indjrikge H—rSmodstaRweIbE= 4y Jaxtihaakge
2| |2 | cvsofpehxB quim 3b|<ﬂ2d11_.f4j9r?'inl‘l giua g - AT Sz ki dy H o intgiua
3| B liexochO kclwt;r@qu‘l p8hanmurzd43gavy 2lye === TE—RETEEEHW
4| d wchEmpiL/J,f'dsf‘luaqe 8zodhbb5n02ykjtg713 = ?:ELE’.T.:E_E urdsEl EW
51 b |ewm aﬁﬂ/g odchro2uyjp1bfsq3t8IvairxdkD = el ﬁﬁéﬁw
6| B |doS6mdbingxalc30hgy7qtusrz2wafjlvekp — 6= —@ TIEEEmMUbiRSxalca0hgy T gius 2w fivaly
T F ieqnaéghcth oxgd108k3flpw2rjmvzy4us7s == T:qﬁ“@b_ﬂﬁafgdq-uaw
g B ncgh';?e kOptfzgx14n5qaid6E8Imyujarab9sw ==f—& ‘ﬂ@ﬁ..jﬁp::qﬁ Ap&7 i 2le 3
9| B cgsiub74nje185qv3nfao2kwmyiz60pxadn 0 —g TOENBT4ne 185 quahra02kumyizE0pxE.

10 [1p {{nlinmﬁmesrngB]{rﬂE 512duqgjptdcvwhia — 30 48 wrlimmEzhesrg7kSu0512dugiptdcanhia

v v

Column Storage Row storage

VY Y Y Y Y OY YOV Oy



Search for Multi-key values—Valued i1ndexes

Establishing a value-added index can include commonly used data columns

Establishing Valued Index

id | data

| 2 Vc.vsofpehxﬁ5qum3bk02dty4j9r7inl1gSua
. =file("id_data.ctx").create() /open the file 3| iexocbOkdwts9fqj1p8hSnmurz43gav72ly6

| 4'wcx96mpiur4sf1vaq987_odhb5n02ykjtg7|3
=A2.1index(id_idx;id;data) {ﬁgee)a:te valued | 5'ewmaango4chr52uyjp1bfsq3t8!v9i7xdk0}

— -6 doSEmAhingxal CA0hoNTausZR2wa G k]
7 | ieqnab9bcthoxgd108k3flpw2rjmvzy4us7s
Using Valued Index to search =g DCVIZEROPILIFTST OGS MAIaT SO sW [~
9 | cgsiub74nje 185qvahrao2kwmylz60px9dft

. =file("id_data.ctx").create() /open the file Using Valued Index Files

No more access to the original column storage

e

_Al.icursor(id==7,1d_idx).fetchO)  /Using Valued h

Index to search



Search for Multi-key values——Index Caches

I DHO0CHEH 1~ DM 00 !
: pr— D00 ] ~002000
. mﬂm‘ ——
= 100001 =1 62030
I 102001 =103000
|
| Sort index
N D e o e —

Random key-value queries directly
using indexes: Cache Memory
First query, time :80 seconds |
Second query, time:78 seconds :
Third query, time:77 seconds |
I
I
I

Preload index cache:
Each random key query takes

Fourth query, time:76 seconds about 25 seconds

Nth query, time:25 seconds = Ho—— o= —————=

Each time an index is used for key value queries, Index caches can be pre-loaded so that each query is in
the operating system generates a cache. the most efficient state.

After N times of using index queries, the efficiency
will reach the limit.

- . | =&

=file(“id_data.ctx”).create().index@3(id_idx) /Load three-Tevel index

cache
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Result Set Search - Conventional Index

Find Phoenix users

af721afcf091c5c2924efd7e9440f760
301c5fc229e2af217950e11e63fc3529

360a0e121796bfedb94a314b8el0cblec
0332e8a4de325a21dc5eel1383b7f7alc

Index supports
returning

multiple records,

which are sorted
by physical
location in the
index.

—_—

posl

pos2

pos3

Boston pos
p_os Lowville pos | pos
_idx
Northbrook pos
| ] I____ _______
\ DOS Phoernx : posl | pos2 | pos3
_idx Tes |/

“m—

1025
9527

Alice White
John Smith

Sandra Dee

Phoenix
Phoenix

Phoenix



Result Set Search-pPhysically Ordered

Find orders with userid 1001

| sid | userid | orderdate |..

10000001048

10000001237

10000800052

11000000053

80000000054

2018-03-07

2018-03-07

2018-05-13

2018-09-20

2019-06-17

“userid | orderdate |

1001 2018-03-07
1001 2018-05-13
1001 2019-06-02
1002 2018-03-07

Sort by userid

When userid is physically ordered, there is no need to index

. =user file.cursor(juserid==1001) /Query




Result Set Search-pPhysically Ordered ﬂa

Find orders dated March 7, 2018

| sid | userid | orderdate |..

10000001048

10000001237

10000800052

11000000053

80000000054

2018-03-07

2018-03-07

2018-05-13

2018-09-20

2019-06-17

orderdate | userd |

2018-03-07 1001
Sort by 2018-03-07 1002

orderdate

2018-05-13 1001

When orderdate is physically ordered, there is no need to index

I Y S

=user file.cursor(orderdate==date("201 /Query

8-03-07"))



Result Set Search-pPhysically Ordered ﬂa

Find out orders whose order date i1s 2018-03-07 and the city is Beijing.

.| city | orderdate | ._

beijing

shanghai

beijing

beijing

guangzhou

2018-03-07

2018-03-07

2018-03-07

2018-09-20

2019-06-17

orderdate city

city orderdate -

Socrjt by date 2018-03-07 | beijing Sort by city | beijing [2018-03-07
an CIt){ | and date
G 2018-03-07 | beijing respectively S 12018-03-07

2018-03-07 : shanghai beijing 12018-09-20

When searching for a city, you can sort the file again redundantly.

DT DTS

I =users DC file.create().cursor(;order =users CD file.create().cursor(city=
1

date==date("2018-03-07") && ="beijing")
city=="beijing")



Result Set Search——Data Update

Update of modified file data

|
|
|
|
: 2019-04-23 50
. 2019-04-24 50
: 2019-04-25 50
: 2019-04-26 50
: 2019-04-27 50

2019-04-24 51

2019-04-26 49
Update data(Supplementary Area)

when recent cumulative incremental data change

=add file.reset@q()

N R T

| =add file.create().update(update data) /Update file data

/Rapid Reorganization of
Supplementary Area Data

- :
] cate |price].. |
| _2019-04-23 50 _ _ |

: : 2019-04-24 51 H—
| 20190425 50 |
| 2019-04-26 49 : :
e L
-——— — o A :

| Rapid reorganization means that |
| only the part after the first |
| complement data appears is [
| reorganized. Previous data need not |
| be rewritten. I




Result Set Search——Data Update

Update of Daily Data Files

I File Group :
|
. . . Cumulative
: Historical File .
| Incremental File
Daily increment
added to
Increments accumulated at the cumulative
Increments beginning of the month merged into increment

updating history

I if day =1 =file(["his_file","add_file"]).reset@m()  /Reorganization at

the beginning of
the month

=file("add_file").create().append@m( ) /paily supplement

File group query

. =file(["his_file","add_file"]) /Create file group

=Al.create().cursor(;id=="3197608180") /Query
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Multi-condition Search-Interval Search

Query users whose birth date is before January 1, 1985

File is ordered
by birth date, no
index is needed.

In case of disorder,
sort index can be
established and then
carry out interval
search.

<

birthday | wserid | .ty | ..

1984-12-30
1984-12-31
1984-12-31
1984-12-31
1985-01-01

50103784
92876392
12495255
20973177
31237438

shanghai
beijing
guangzhou
beijing
shanghai

=users_file.create().cursor(;birthday
<date(“1985-01-01"))

/Ordered by birthday. Direct search
without indexing.

[



I MUulti-Condition Search--Multi-Field Index--Joint Index ﬂa

Query users whose birth date is before January 1, 1985 and whose city is Beijing

Establish a joint index of birthdays and cities birthday
e e ——

=users_file.create().index(B_C_idx;birt /Jointindex of birthdays and 1984-12-30 shanghai
1984-12-31 beijing

hday,city) cities
Query with joint index 1984-12-31 o —

T I oo cenchen

=users_file.create().icursor(;birthday< /Foreverybirthday, the city is ,

1 date(“1985-01-01") && C'ity==“be'ij'ing”)) ofrfdetclyandtheJomtlndextakes 1985-01-01 Shanghal
errect.

Use this joint index to find users whose city is Beijing 1990-09-20 beijing

N 4

=users_file.create().icursor(;city=="“be /Indexis not entirely orderly to Joint index
1 ijing™) city, index is invalid Birthday is ordered, city is ordered under the same date




I Multi-Condition Search--Multi-Field Index--Individual Index

Query users whose birth date is before January 1, 1985 and whose city is Beijing

Establish index for cities and index for birthdays separately

T T it cities ass - Fier dte

. Intersection  Sort index
=users_file.create() /open the file Hash index

for birthdays

. A ¢ B
=Al.index(city_idx:1;city) /Create Hash index

for cities
=Al.index(bday_idx;birthday) /Create sort index

Intersection of users whose city is Beijing and users whose birthday is
before January 1, 1985

I ——

=users_file.create() /Open the file

=Al.icursor(;city=="beijing” && /Select users whose city is Beijing, and users whose birthday is before January
birthday<date(“1985-01-01")) 1,1985, do the intersection of the two.



I Multi-Condition Search——Order of conditions

Find users whose gender is female and whose birth date is before January 01, 1990

100048
100049
100050
100051
100052
100053
100054

1984-01-11
1974-03-26
1989-12-15
1997-06-07
1983-09-13
1984-11-21
1988-08-02

I R

=users.select(gender=="F" && /Filter gender first,
birthday<date(1990-01-01)) then birthday

7 =users.select(birthday<date(199 /Filter birthday first,
0-01-01) && gender=="F") then gender

The conditions of the first row is:
gender== "F" && birthday<date(1990-01-01),

The front sub-item gender returns a smaller result set and takes 683
milliseconds to query.

The conditions of the second row is:
birthday<date(1990-01-01) && gender== “F" ,

The front sub-item birthday returns a larger result set and takes 1796
milliseconds to query.

Female users are fewer, but birthdays are generally before1990.



Multi-Condition Search—Full Text Index

= 11 .99 o Zhou Yi—~Zhou Er
Tike(“X*”) type, sort index can be used

Zhou Zong~Zhou Run Fa

Zhou Yi~Zhou Yu Liang

N\ -

Wang Yu Liang~Jiang Zong

Tike(“zhou Xing*”) Wang Yu Liang™Gao Zou
\, Jiang Zheng~Gao Zong

Zhou Zong pos
pos

Zhou Xing Xing pOS
pos

Zhou Run Fa pos

Tike(“*X*”) type, Full-text index need to be used

. .

=file(“users™).create().index@v(name_idx;name) /Full-text indexing of
names

=users_file.create().icursor(like(name, “*yYu*

1 Use full-text index
)) . fetch() /
— : : T /Use ordinary cursor
5 ~'_l'J'ser::_1:11e.cursor().se1ect(11ke(company, Yu ‘o auery records with
- )) . etChO the same condition

Full-text indexing that supports like function is much faster than sequential lookup.

“

Zhou

Yu

Zong

Yu Liang

...........

Zhou Yu, Zhou Yu Liang, Zhou Zong

Zhou Yu, Wang Yu Liang, Zhou Yu Liang

Jiang Zong, Zhou Zong, Gao Zong

Wang Yu Liang, Zhou Yu Liang

ceepene

Full text search
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