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Join and traditional calculation method

The definition of JOIN in SQL is very simple, that is, two sets (tables) are filtered according to some condition after Cartesian product.

Relational databases usually use HASH method to realize Join, that is, to calculate the HASH value of the related field separately, to put together the records
with the same Hash value, and then to make a small-scale traversal comparison!

HASH JOIN Principle in Memory :

N=Ni1+...+ Nk

Number of comparisons conventionally : N*M= (N1+...+ Nk) * (M1+...+ Mk) ; Number of comparisons after hash: N1*M1+N2*M2 +...+Nk*Mk
Obviously, the number of the former is generally much greater than that of the latter. ( Kis the range of HASH values )




Join and traditional calculation method

When the two tables to JOIN are too large to fit in memory, the relational database still adopts HASH segmentation technology. According to the HASH value
of the Join field, the data is divided into several piles, each pile is small enough to be loaded in memory and then use in-memory HASH algorithm.

HASH JOIN Principle of external storage:
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Analysis of Join Operation

Common Types of Equivalent JOIN

Foreign key table

) ] Main sub table
Same dimension table

In reality, most JOINs are equivalent JOINs. The above three JOINs have covered most of the equivalent JOINs.

By making full use of these features, simpler writing formats and more efficient computing performance can be obtained.




Analysis of Join Operation — Foreign key table

Some fields of Table A are associated with the primary key of Table B. Table A is called fact table
and table B is called dimension table.

The field associated with the primary key of table B in table A is called the foreign key of A to B, and B is also
the foreign key table of A.

Foreign key table is a many-to-one relationship, mainly JOIN and LEFT JOIN, and FULL JOIN 1is not usually used.

Typical example: order table and customer information table ORDERS

CUSTOMER

O_ORDERKEY C_CUSTKEY
O_CUSTKEY C_NAME
O_ORDERDATE C_PHONE

O_COMMENT C_ADDRESS



I Analysis of Join Operation — Same dimension table

@ The primary key of Table A is associated with the primary key of Table B. A and B are called the same dimension tables.

@ The same dimension table is a one-to-one relationship. JOIN, LEFT JOIN and FULL JOIN may happen.

@ Typical example: employee table and manager table
EID

NAME ALLOWANCE

SEX
SALARY



I Analysis of Join Operation — Main sub table

@ The primary key of table A is associated with part of the primary key of table B. A is called the main table and B is

called the sub-table.

@ The main table and sub table are one-to-many relationship, only JOIN and LEFT JOIN, there will be no FULL JOIN

@ Typical example: order table and order detail table

O_ORDERKEY  ——— L_ORDERKEY
O_ORDERDATE L_NUMBER
O_CUSTKEY L_PRICE

O_TOTALPRICE L_QUANTITY
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In-memory foreign key pre-association — Foreign key attribution

Foreign key attribution can be realized when data can fit into memory. Converting the foreign key customer ID in the order table info an attribute pointing
to the customer table record, that is, the value of the customer ID is already a record in a customer table, and the field of the record can be directly
referenced for calculation.

a—

Index| O_ORDERKEY | O _CUSTKEY | O_ORDERDATE O_TOTALF'RICE Index| O_ORDERKEY O_CUSTKEY O_ORDERDATE | O_TOTALPRICE
1] 10262 'RATTC | 1996-07-22 | 14487. Changes before and 1 10262 | [RATTC,Learn the ... | 1996-07-22 : 14487.0 |
=l 10263 ERNSH. |1996-07-23 | 43818.0 | after join between 2| £ 1G7ss, I TERNEH Resources "_E 1isss.07-23 438180 |
3| 10264 | FOLKO |2007-12-18 | 11010 | order table and 3| 10264 [[FOLKD, Wuzhou tr _ |2007-12-18 | 1101.0|

Foreignkey 4| "10265_ BLONP |1996-07-25 | 5528.0 | customer table A 10265 | [BLONP, The hao,D. _ 1996-07-25 | 5528.0]

N 5| |1096-07-256 | 5 | [WARTH,Uporade 1.} 1996-07-26 Z 7719.0|

G |1296-07-23 | B | 10267 | [FRANI Trust frien... | 1996-07-29 | 208580 |
7] 10268  GROSR |1996-07-30 | 7| 10268 | [GROSR, Light Tar tr.. Mﬂ 19887.0 |
g 10269 | WHITC |1996-07-31 | 56.0| =) 10269 | [WHITC,Chair day ... | 1996-07-31 | ~_4as6.0|

CUSTOMER

Index C_CUSTKEY C_NAME C_CITY C_CUSTKEY C_NAME - C.CITY
1| BLONP | The hao | Dalian ; |ERNSH | Resources are people | Shenzhen
éTEﬁifo Waymrfrmghtco LTD Dahan_ -T
3 | CENTC | Three jie industrial Dahan_ -t
-4|HUNGC 'Hardm-ra.re"mechamcal | Dalian Code e Shipls | e
5 |MEREP i | huake | Dalian example WARTH | Uparade the enterprise | Shijiazhuang
6| ,&LFKI | sanchuan indlustrial . :ﬂér'{ji_r'i__. O
A | B
=ORDERS . switch (O_CUSTKEY, CUSTOMER : C_CUSTKEY) /Establish foreign key pre-association to

convert customer ID into attributes

=Al.new(O_CUSTKEY.C_NAME : C_NAME,O_CUSTKEY,O_ORDERDATE,O_TOTALPRICE) /query customer's order details
=Al.groups(O_CUSTKEY.C_CITY:C_CITY;sum(O_TOTALPRICE) :O_TOTALPRICE)  /summarize order sales by customer area name

The pre-association can be reused after establishment, that is, the first step only needs to be done once, and the HASH values and comparisons need not
be calculated again when the two fields are joined in the future, which can greatly improve the performance. The JOIN operation of SQL does not assume

the uniqueness of foreign keys pointing to records, and can not use foreign key attribution method. HASH values should be calculated and compared for
every join!




In-memory foreign key pre-association — One-time parsing of multiple foreign keys

HASH JOIN algorithm can only parse one join at a time. N actions need to be performed if there are N JOINs. After each join, the infermediate results need
to be kept for the next round. The calculation process is much more complex, and the data will be traversed many times.

If JOIN is parsed by attributing foreign keys, all foreign keys can be pre-associated by fraversing the fact table oncel

Index| O_ORDERKEY| O_CUSTKEY | O_EMPID | O_ORDERD... |O_TOTALFRI. . Index |0_ORDERKEY] ©O_CUSTKEY O_EMPID  |O_ORDERDATE O_TOTALFRICE
1] 10262 | RATTC [ 8|1996-07-22 | 14487.0 | 1 | 10262 | [RATTC, Lear... | [8,LiuYinjiu,co...| 1996-07-22 | 14487.0 |
10263 | ERNSH '9|1996-07-23| 43818.0| ' = / S ERTER, "eia [9.Zhangxue. . | 1986-07-23 | 428180 |
Foreign key-: 3] 10264 FO_I_._IfQ__ _5;;'200? 12- 18:;_ 1101.0| 3] 0264 | [FOLKO, Wuzh. . [6.5unLin. sales] | zo0 =18 | 11010y
N1 : : 10265 | BLOMP. 2| 1996- 07-25 | 5528.0 4] [EI:O_H_F‘_'EPLD_..__L[E_-.fia_ngil.u:l_-.-_l_|11996 o725 | 2
10266 | WARTH 3/1996-07-26] 7718.0 | 5 [TWARTH,Upg ... | [2,LiFang, sales] | 1996-07-26 |
10267 | FRANK 4|1996-07-29|  20858.0| 6| 7 | [FRAMI, Trust...| [4,Zhenjianjie... | 1996 _07=F5 |
10268 | 'GROSR 8|1996-07-30|  19287.0| ] | iIGrROSR, Light.. ?[E Llu;‘nlrulu co... |1996-07-320 |
10269 | WHITC 5]1996-07-31 | 456.0 g | 9 [ [WHITC,Chair... [[5, Zhaajun,m. .. Tisss—or-31 |

CUSTOMER . Qhonges before and after

C_CUSTKEY C_MNAME C_REGIOM
Index | C_CUSTKEY | C_MNAME | C_RECIOHN | el between order TOble Oﬂd ERMSH FEesources are people _S__t_:_l._:}_r:n__c_h_i_rla_ |
1| BLONF | The hao | Morth East [ customer table, and join =
2 |cacTu | Wayair freight co. LTD | North East ‘ between order table and T SR C RECION
3 ;CENTC | Three jie industrial Nor‘thEast employee table BLOMP _;_T_r_?_g hao _;__lt-.!_q_r‘_[_f_tl___l_EE_lﬁF_
4____HUNGC :_Hardware mechanlcal _' - ‘
5 | MEREP | huake | Morth. East
Foreign key (5] :ALFKI | Sanchuan industrial co...| Marth Chlna |
N:1 EMPLOYEE E_ID | E_MAME | E_FOSITIOM
2 | WangWei | Vice President
WJD E_MAME | E_FOSITION | T .
[o——— .:E. Zhangyinjing jsales [ ED | E_NAME I E_FOSITION
= 2 | WangWei | Wice President | 8 | LiuYinjiu | coordinator
=l 3| Fan [sales : £ A P e
A 4| Zhenjianjie R Code example
= 5__ Zhaojun |manager |
& 6 | ()

Suan | sales | <O

| .

—ORDERS . switch (0_CUSTKEY, CUSTOMER : C_CUSTKEY ; O_EMPID, EMPLOYEE: E_ID)  /'27s¢ 20in o convert customer 1b and

employee ID into attributes

2 =Al.groups (O_CUSTKEY.C_REGION:C_REGION,O_EMPID.E_NAME:E_NAME;sum(O_ /summarize sales by customer region and
TOTALPRICE) : AMOUNT) alesperson




In-memory foreign key pre-association — Copy foreign key attributes

Foreign key attribution is simple and efficient, but it can not solve the situation of LEFT JOIN. When it
does not match with the record of dimension table, it will lead to the loss of foreign key of fact table.

HNEEN:T [

Index |

O_ORDERKEY

O_CUSTKEY

O_ORDERDATE

O_TOTALFRICE

1] 10262iRATTC i1996 07-22 14487.0]
2| 10263 | ERNSH |1oe6_07-23 43818.0|
3| 10264 | FOLKO |2007-12-18 1101.0|
4 |1986-07-25 5528.0|
= 10266 | WARTH | 1986-07-26
I 10267 | FRANK | 1396-07-25
7| 10268 | GROSR | 1996-07-30
8[ 10269'WH|T-: _' 1996-07-31 | ~456.0|
CUSTOMER
Index C_CUSTKEY . C_NAME _ C_REGION
1 I CACTU | Wa\;‘alrfrnlght co. LTD | Morth East
é|iENTc | Three jie industrial | North East
3 I HUNGC ':-Hardwarn mechanlcal -:.Nor‘th Eastl
4 | MEREP | huake | Monh East

Not only to convert foreign keys into attributes, but also to solve the LEFT JOIN situation, how to
achieve pre-association?

Index| O_ORDERKEY 0_CUSTKEY O_ORDERDATE O_TOTALFRICE
1] 10262 | [RATTC Learmrthaler .. | 1996-07-22 7
= 10263 uly N\ | 1996-07-23
=l 10264 | [FLKO, Wuzhou trust,..)] i
4| 10265 | N\_  (nul) Z
=l 10266 | [WART e
gl 10267 | [FRANK, Trust friend Jo.. | 1996-07-29
Il 10268 | [GROSR, Light far tra
Ay 102689 | [WHITC, Chair day cult.
ORDERS
Index| O_ORDERKEY | O_CUSTKEY | O_ORDERDATE O0.TOTALPRICE CUSTOI‘-:'IER_fK_I = 'Tﬁé;e‘c'(;rzj'_‘:
1] 10262 [[RATTC 1996-07-22 | 14487.0 | RATTC | ,
2| 10263 iERNSH- 1996-07-23 43818.0| (ully CICECE
| not match |
El 10264 FOLKO 2007-12-18 1101.0 | FOLKD ' s null |
4] 10255 'BLONF 1996-07-25 5528.0 | (ully Lmmmmeeee !
5 | 10266 IWARTH 1996-07-26 7719.0 | WARTH
6| 10267 [FRANK 1 1996-07-29 20858.0 | FRANK
7] 10268 |GROSR 1996-07-30 19887.0 | GROSR
8| 'Idié'sa_'%rﬁ|'fcm 11996-07-31 456.0 | WHITC
C_CUSTKEY | C_NAME [ C_REGION |
RATTE | Learn the kernel trade | East China
C_CUSTKEY | C_MAME [ C_REGION
FOLKO | Wuzhou trust | East China

=CUSTOMER . keys (C_CUSTKEY)
=0RDERS.jo1n(0O_CUSTKEY,Al,
=A2.select (CUSTOMER_fk.C_REGION=="North China").sum(O_TOTALPRICE)

: CUSTOMER_Tk)

/Setting primary Key as Customer ID

/Establish pre-association

/Summarize sales of region “North
China”



Foreign key

N:1

In-memory foreign key pre-association — Multiple copied foreign key attributes

On the basis of the previous algorithm, the example of multi-field foreign key is as follows:

Foreign k
N:1

-
2

N

Index O_ORDERKEY | O_CUSTKEY | O_EMFPID | ©_ORDERD... O _TOTALPR..
1 10262 | RATTC 8| 1996-07-22 |
= 10263 | ERNSH 9| 1996-07-23 |
3| 10264 | FOLKO 6|2007-12-18 |
ey P _id'z's'su_f_'BLbNP' 2 :_'19_9”6—'6%—5_5';
5 10266 | WARTH 3|1096-07-26 |
5 | 10267 | FRANK 4/1996-07- 2o
7| 10268 | GROSR 8|1996-07-30 |
8| _id"z's'g:wmm 5|1996-07- 31'?
CUSTOMER
C_CUSTKEY C_MNAME C_REGION
1| cacTu | Wayair freight co. LTD | North East
-Z'-j.CENTC Three jie |nclustr|a| Nnr‘thEast
I 3 EHLINGC Hardwarn mnchamcal :'Nor‘th East-.
4| MEREP |huake | North East
i 5 f,&LFKI 'Sanchuan |ndustr|a| co.. Nor‘th Chma
-6:.,&N,6.TR Thp southeast |ndustr|a| Morth Chma
EMPLOYEE
Inclex 1D E_NAME Es F'OSITION
\T/ 1 ZhangYinjing -sales
2 2_ Wangwn \-’lcn Prﬂsmlﬂm
3] 3| Lifang | sales
4 4| Zhenjianjie | sales
5] 6 | SunLin sales
6 ? ngShlgeng -;f.nal_es"

=CUSTOMER . keys (C_CUSTKEY) , EMPLOYEE . keys (E_ID)

A

H*ﬂ_

Index| O_ORDERKEY | O_CUSTKEY | O_EMFID |O_ORDERDA...|O_TOTALPRI...
1] 10282 | 2a.. | [8LiuYinjiy,... | 1996-07-22 |
25 10263/ (2. ZhangXu... | 1986-07-23 |
g 10264 | [FoLKo, WuvanQSunumsm“fzoo? 1218 |
4] 10265\ (nul) _A[2,WangWei,...| 1996-07-25
T 5 10266 | [WARTH,Up... | [2,LiFang,sal.. | 1996-07-26 |
6| 10267 | [FRANK,Tru .. | [4,Zhenlianji...| 1986-07-23 |
o 10268 | [GROSR, Ligh. ATE, LiuYinji, KL '
i 10269 | [WHITC,ChaiN_ (uly _JAo9s-07-31 |

Code example

O

o

index O_ORDER...| 0_CUSTKEY,_O_EMPID _ O_ORDER...| O_TOTAL.. CUSTOME... EMFLOYEE.
2 10262$RATTC_ 81996-07...| | RATTC g
2 10263 [ERNSH 9ﬂ1996 o7 - tnully g
3 10264|FOLKO 612007~ 12...| | FOLKO 5
4 10265 |BLONP 2ﬂ1996 o7 (nully z
5 10266“WﬁPTH 3ﬂ1996 07...| 3
6| 1026?1FRANK_ 4I1996 07...| [4 oo
7 10258 |CROSR 81996-07... | g j Lislizeeie
g | 10269 |WHITC s[199607.. | IS 5k =], [natdoes
| e e W ==} not match '
L is null !
e - e e e e e — - -
C_CUSTKEY | C_MNAME _ C_REGION
RATTC Learn the kernel trade East China
C_CUSTKEY | C_MNAME [ C_REGION
FOLKD | Wuzhou trust | East China
E_MAME E_POSITION

‘ E_ID

=ORDERS . join(0O_CUSTKEY,CUSTOMER, ~:CUSTOMER_fk; O_EMPID, EMPLOYEE,~:EMPLOYEE_fk)

=A2.select(CUSTOMER_fk.C_REGION==“North China“

E_POSITION=="“sales").sum(O_TOTALPRICE)

&& EMPLOYEE_fk.

9 Zhangxuemeai

| sales

/Setting primary Keys as Customer 1ID,

employee ID
/Establish pre-association

/Summarize sales of region
of a salesperson

“North china”



Partial Memorized Foreign Key - Temporary Pointing Method

Fact table is too large to fit in memory, while dimension table is small (can be all put in memory). Temporary pointing can be used to process foreign keys, that is, attribute conversion of
foreign keys while reading in data.

SIS CUSTOMER

Index|  O_DRDERKEY | 0_CUSTKEY |  O_ORDERDATE | O_TOTALFRICE Read in data step by step
Tt Tt TTi0R6Z | RATTC T T T [1886-C73Z """ """ 1948770 and make attribute | C_CUSTKEY _ C_NAME _ C.aTy
i 2| 1996-07-23 [ 43818.0 conversion The hao Dalian
1 T T B e 1 1

3 2007-12-18 _ 110109 T e
L 1 A e
P 4 |1996-07-25 _ElWa\,a'a|rfrE|ght co. LTD Dalﬂ .
:__ 57, __jw _._Three [ mdustrlal Dalﬂ
B B s Ty Hardware mechamcal Dalian
7 S g R e e ) '
8] 10269 | WHITC 1996-07-31 _:huake __:Dallan.
.._"_?3._1'."""' 102?0 WAR.m------- ,-1_99_6 os 01 FEETTFITTTT _:lSanchuan industrial co. LTD______T|anJ|n“
[ 10| 10271 |SPLIR | 1996-08-01 , - OO
| 10278 |RATTC | FEECETETR s {  Memoryarea |
[ 12| 10273 | ( | 1996-08-05 searching s s
' EE] 10274 | VINET |1996-08-06
| 14 10275 |} v | 1996-08-07
15 1027"55— | 1996-08-08
I 15| 10277 || 1996-08-09 |
et _ 23l WL
| 18| 10279 LEHMS 1996-08-13 Code example
| 19| 10280 | BERGS |zo07-12-25
3 St sl e o Et IR )
_20] _ 108i|RoMEY _ [1996-08-14 _ __ L fasal e
=fi] e(“ORDERS . btx”) .CU r‘sor‘@.b() /Create cursor for order table records, read in data step by step

. /Converting the customer ID field in the order table into a record of the
=Al.switch (O_CUSTKEY , CUSTOMER : C_CUSTKEY) customer table based on the primary key of the customer table when the

data flows in

=Al.groups(0O_CUSTKEY.C_CITY:CITY;Ssum(O_TOTALPRICE) : AMOUNT) /sumarize the order sales according to the city

HASH value is calculated and comparison is made every time join is done, but dimension table index can be reused after establishment, and it also has the characteristics of parsing all

foreign keys at one time and easy to parallel. In actual scenarios, it still has advantages over HASH algorithm.




Partial Memorized Foreign Key — Serialization

Variant of the previous algorithm. That is, if we can convert the primary keys of the dimension table into natural numbers starting from 1, then we can directly locate the dimension table
records with serial numbers, without calculating and comparing HASH values.

ORDERS CUSTOMER

Index| O_ORDERKEY | O_CUSTKEY |O_ORDERDATE O.TOTALPRICE C_NAME
1l AL bek AL 1835 0727 4 1a6Ay 8 1 |Sanchuan industrial co. LTD | Index O_ORDERKEY O_CUSTKEY O ORDERDATE O_TOTALFRICE
2| 10263 | ERNSH | 1996-07-23 | 43818.0| [ 'i"ﬁ;g'g'&,"ﬂ{ﬁé‘é‘;{i'ﬁ&h’;i}{é}"' N I __1_(_)__262:[SS,LearnthE...i1996-0?—_;_;__: 14487.0|
3 Al DU peooe 121870 kol Index| C_CUSTKEY] N&@_D | | Tanson trading ' 2l 1BE0 | lembcroniees g TR0 07 24|
4l (e i ATUNE, s feobe bl ) SRR I 1 Guoding co. LTD Sf 10968 Waton ie 12007 19 18 |
| Ll b 5 |
5| 10266 |WARTH | Through constant mechanical . uasesfirhe el [idoe a7 7 | !
6| 10267 | FRANK | e 5| 10266 | [27,Upgrade t... | 1996-07-26 | 7719.0|
7| 10268 | GROSR. 11996-07-30 | =0 6| 10267 | [25, Trust frien . | 1996-07-29 | 208580 |

| | i3 2 — T . | 1133 Li sA7 | ag ol

8] 10269 [WHITC ekt | = After serialization 9 Z e niloniene Tdoe 07 an ) 13esr el

After serialization — 8| 10269 |[89, Chair day
er foreign key
afttribution
__________ C_CUSTKEY | C_NAME
20 |R peapl
| [Index| O_ORDERKEY | 0_CUSTKEY | 0_ORDERDATE | 0_TOTALFRICE index] C CUSTREY I C NAME Gl S
! 1 Bkl 651996-07-22 | 14487.0) e 19 | zhongtang.
: 2| 10263 | 438180 —p 20| 20 |Resources are people C_CUSTKEY | C_NAME
] 10264 ! 21 21 |Red sun carser 7/ Thehao
: 4] 10265 | 22| 22 | Jia yuan industrial :
I 5] 10266 | ; = SIS 11
R 10767 | - 1l q q q 24| Wuzhou trust | 1
: 6] 10267 2085801 directly locate the dimension ="+ = ] Code
7] 10268 | 19887.0| tqple r rds with serial numbers F——+ Co SR AL bl 1
: 8| 1_0_2_6_9| '_1'.;".",3'! aplereco U 26 | 26 | The silver trade | exomple
56.0| L : |
L5 — i o i o T T = e

/Create cursor for order table records, read in data step

=file(“ORDERS.btx”).cursor@b () v
=Al . SW-i tCh (O_CUSTKEY y CUSTOMER . #) /Establish foreign key join using serial numbers
=Al.groups (0O_CUSTKEY .C_NAME : C_NAME ; sSum(O_TOTALPRICE) : AMOUNT) /crouping and aggregation

Foreign key serialization is essentially equivalent to aftribution in external storage, and it also has the same reuse mechanism as in memory; SQL uses the concept of disordered sef, even if the

foreign key is serialized beforehand, it is difficult for database to take advantage of this feature, and it still calculates HASH values and comparisons.




Partial Memorized Foreign Key — Numbering key

Numbering is a byte-based integer used to represent key values. It locates quickly and is often used to optimize memory indexing and foreign key joins.

m Divide 17-bit ID number into 8 layers : 31 | 01 | 05 | 1973 | 06 | 09 | 81 | 6

31010519730609816 pai Li OO

etz Ve 0T e RS P T6 e | 31 e ) 90 ) e ) 99
— Change to numbering key E__|§>I_T_S_E’>:f1___1:?;?_______________: ] " ] 0 ] ] "ee ] 5 ] 6 "ee 2] "= 90 "-c 99
IS N [ B B O L e N I R N

Dai Li

22340R2400696791302

1| 3| -l15116]| ({211 191 | 99

i Layering of the remaining 7 bits, just like the above mentioned:-- i
____________________________________________________________________ _I_._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._. —a Code
i Another method of dealing with discontinuous ! S example

1
1
' serial numbers to avoid hash calculation and

t conflict.

; Direct numbering requires at least 10 A 17
1

1

1

1

1

i Tong-type spaces.

Numbering keys can numberize data layer by
. layer, and many sub-nodes are empty to reduce
memory usage.

=file("TAX_RETURN.btx") .cursor@b ()
=file("ID_CARDS.btx").import@b () .keys@i (cardnNo)
=Al.switch(cardNo,A2:cardNo)



Dimension table filtering — Utilizing existing index

Dimension table is loaded into memory and indexed. Sometimes it is necessary to join the filtered dimension table. It is necessary to rebuild dimension table index. It is also time-
consuming to build dimension table index when dimension table is large. The index of filtered dimension table can be built by using existing dimension table index without recalculating
hash values.

o ORDERS ES
Index  O_ORDERKEY | O_CUSTKEY |O_ORDERDATE| O_TOTALPRICE] Index| O _ORDERKEY ; O CUSTKEY 10 _ORDERDATE | O_TOTALFRICE |
1] 10262 | RATTC |1996-07-22 | 144B7.C 1 | 10268 | [GROSR, Light far tra...| 1996-07-30 | 19887.0
5| 10263 | ERNSH |1996-07-23 | 428180 Changes before and after =2 10273 | [QUICK, Go 1o a cra... |1996-08-05 | 22821.0]
— a3 10264 | FOLKO |2007-12-18 | | join between order table = 10274 | [VINET,Mount tai en... | 1996-08-06 | 501.0 |
Foreignkely 4| 10265 BLONP. [1ss6-07-25 | and filtered customer fable 4| 10276 } [TORTU,Xiechangni ... | 1996-08-08 | 152.0]
1 5] 10266 | WARTH |1296-07-26 | ~ a5 10277 | [MORGK,ZhongTang. .y 1996-08-09 |
5] 10267 | FRAMIKK LSS O A ) . 6| 10281;[POME. Dehua f:cu__'_'a'lggs 08-14
i 10268 | CROSR e EIleR 2IEEF .0 o 10282 | [ROMEY,Dehua f:n:-.l..'.,|200? 12-11 |
2 et Lunllle s de TUN e LiBEl B8 10283 FiLiLas, Rich's life,Tia... | 1996 08-16 |
CUSTOMER After
Inclex C_CUSTKEY C_MNAME c.CITY conditional Indlex | C_CUSTKEY _ C_NAME [ TY [ Grouping an
4| HUNGC Hardware mechanical | Dalian J filtering, 1] ALFKI Sanchuan industrial .. /Tianjin 0 aggregation
S-II'\-1 EREP Whual(e - -I-Deillan . CreOTe anew 2 MATR ThE SUUIhDaSt Indus/ Tlanjln |
6| ALFKI T'Sanchuan industrial Tlanjir;. ' index > 3 | BLAUS [sen tong .Tlan in
?.‘:.ANATR | The southeast indus... Tianjin . ir | cHops. | Haotian travel aganc Tlan in Index | QY { O_TOTALFRICE |
~ 8|AnNTON | Tanson trading | shijiazhuang ' 5 | commi | With the constant 1| Tianjin ; 3419828.0 |
o BLALS sentong ' 6 |EASTC |zhongtong

Code example

/Filter the customer table and use the original

=CUSTOMER.select@i (C_CITY=="Tianjin") index to build the index of the filtered

customer table

=file(“ORDERS.ctx”).create().cursor() .switch@i (O_CUSTKEY,ALl:C_CUSTKE /attribute foreign keys and delete unrelated
Y) records

=Al.groups (O_ORDERDATE ; sum(O_TOTALPRICE) : O_TOTALPRICE) [pummarize the sales of the order according to

the order date



Inner Join — Dimension table field is only used for filtering

Fact table and dimension table are joined internally, dimension table is only used for filtering. They can read data from fact table and join with filtered dimension table at the same time,
discarding records that are not related.

CUSTOMER

Index | ©_ORDERKEY O_CUSTKEY O_ORDERDATE | O_TOTALPRICE St :
___________________________________________________ ep-by-step reading of
5 10263 | RATTC 118556722 1 133570 ot hgshmg o Index|  C_CUSTKEY C_NANE _ C_CITY
2 10263 | ERMNSH 1 1956-07-23 | 43818.0 B o 1|;’-‘~LFKI | sanchuan industrial co. LTD | Tianjin
= 10264 | FOLKO | zoo07-12-18 1101.0 S e e e e T (et
e S e e ) e 2TANATR |Thesnmheaﬂ|nduﬂnal | Tianjin
4 10265 | ELONFP |1sgs-07-25 | S528B.0 {
5 | 10266 | WARTH | 1995-07-26 7719.0 e 3 | BLAUS | Sen tong | Tianjin
2 LS el e SR i s e e il I X i = 2 e LI
5 | 10267 | FRANK |19s6-07-23 | 20858.0 -7 4 | CHOPS | Haotian travel agency | Tianjin
| | = = | 9887.0 ] - N
i ol '.%—.; e R i 5 | COMMI | With the constant | Tianjin
g | 10269 | WHITC |1995-07-31 4560 Re e e e
- 1
FFFRyEEIIE: 103781 WARTA- -~~~ Tt o ikl il 1355797 / e 5 |EASTC |_LM” Lol A
—1 Sl it il ol et b o il de il ekl A i
10 | 10271 |SPLIR |1o96-08-01 | Q080 / Re N
e She _' SESIRIRS |1s96-08-02 | = 19506.0 o / ! Memory area ;
12 | 10273 | QUICKE | 1995-08-05 22821.0 - / R 0 oo om0 mod! d
A hn o 3 20 = S e it e 1L I £ R Pt I
14 | 10275 | MAGAA 1 1996-08-07F 25930 k- /l 0.]0“’] calculation, delete unrelated records.
1s 10276 | TORTU | 1o55-08-08 4152.0 ’
16 | id_z_;.r_?_, MORGCK l19a9s_-08_09 | 77310 it Inclex| O_ORDERKEY | O_CUSTKEY |O_ORDERDATE O_TOTALPRICE
ce===sseEEETEsTEwEs==cEsEcT 27 1| 10%68|cRosR  [1996-07-30 | 19BB7 ¢
e —— — — — 7 = === ===z - St P 2| 10273 | | 1996-08-05 i
18 102 ?9 | LEHMS 1995 08 1= 1 5186.0 ,,z’ 3 10274 | VINET | 1996-08-06 I Code eXCImple
19 10280 | BERGS |2007-12-25 B98.0 F———" 4] 10276 | TORTU | 1996-08-08 |
20 10281 | ROMEY |1996-08-14 254.0 ) 5| 10277|mMoRGKk  [1996.08-09 | 3
+ EEl 10281_}__Ror»1E\_f_ |1996-08-14 |
- (1] 1) .
1 ='F11e( ORDERS.ctX ) . Cr'eate() . Cu r‘sor‘() /Create cursor for order table records, read in data step by step.

/When data flows in, associate the customer ID field in the order table

=A1.j0'i n@i (O_CUSTKEY, CUSTOMER : C_CUSTKEY) with the filtered customer table, and discard records that are not

associated.

=A2 .groups (O_ORDERDATE;sum(O_TOTAl_PRICE) :O_TOTALPRICE) /summarize the sales of the order according to the order date.



Inner Join — Join and filtering when cursor is read out

When the cursor reads out, Join and filter. If the record is not associated, it no longer reads out other fields of the record. When more records are filtered out, it can significantly reduce 10
operations and improve performance.

Index] ~ ©_ORDERKEY ~ |~~~ [ TO_CRDERDATE |~~~ ~ T O.TOTALPRICE ~ =~ CUSTOMER
1 10262 |1996-07-22 I bo--- ... Wrdtrrrrrao - ==
5 = = X - Indlex C_CUSTKEY C_NAME C.EmY. ||
2| 10263 | |1996 -07-23 | ERNSH ISP i i | pr—— :
3] 7}92“64_. [2007-12- STHEN FoLKO ___?:FISSA Sanchuan industrial co. LTD | Tianjin i
4| 10265' | 1996- 07-25 | BLONP 8| GROSR | +’ The southeast mdu:ﬂnal +> ' Tianj jin :
_S.lL 10266 lw 9| HUNGO i .Sen tong | Tianjin :
e _10.25?_! S 3 | |
= ooeE | \/ . ) -=-n 10|LAMAJ | | Haotian travel agency ,Tlan in d
S e ontinue fo read in gtherTields i o !
= '8‘[‘ """ '102‘69’1 === if associated, orld discard the . 11' EAU_GB | —"'"‘r'“.I the constant !_T—J—lan_ in !
8| 10270 IM_ current recorgrotherwise. 12 | LILAS | | zhonatong | Tianjin :
10| 10271 [ | 1996-08-01 ,/ FssssssssssEsssEssEE ;.—?:.—_.—_.—_—._—.:.—_ PR R 3
11] 10272 | |1996 08-02 ! : !
12 10273 | | 19360805 ) 0 2 i ;
13| 10274 |1996-08-08 /
Tl 1007 |19§5"58m5? — P Index| O_ORDERKEY | O_CUSTKEY |C_CRDERDATE O_TOTALPRICE|
—15i7102?6'§' || e 9 1 10268 | GROSR | 1so6-07-30. | 19887.0 |
| ~t e s g R R | B AT = Ay e
= 102??| _ - T /,/ 2 | 10273 | gl_ucrc,___ |1996-0B-05 | 22821.0 |
17 w278 |19%6-0812 [pRes -1~ o 3| 10274 | VINET | 1996-08-06 | 6010 |
18| 10279 | |1996-08-13 LEHMS Result after join 4 | 10276 | TORTU | 1996 0808 | 4152 .0 |
(5] oeo|  [oorpas | BERCS 5| 10277 | MORGK |1996-08-09 | 377310
20| 10281 |1996-08-14 | |ROMEY i & | 10281 | ROMEY | 1995-08-14 | 294.0 |

e Read in O_CUSTKEY first when data flows in, and join with C_CUSTKEY

Code example

=

A B
=fil1e("“ORDERS.ctx”).create().cursor(;CUSTOMER. find(C_CUS /readinO CUSTKEY first when data flows in, and join with C_CUSTKEY. Confinue

TKEY) ) to read in other fields if associated, and discard the current record otherwise.

1

—Al.groups (O_ORDERDATE ; sum(O_TOTALPRICE) :0_TOTALPRICE) /summarize the sales of the order according fo fhe order date.



Inner Join — Attribution at the same time of join filtering

Fact table and dimension table are joined internally. The field of dimension table is used for filtering condifions. We can filter dimension tables first, then read in the data of fact table and
join with the filtered dimension table at the same time, discarding records that are not related.

T

Index | O_ORDERKEY O_CUSTKEY | O_ORDERDATE | O_TOTALPRICE Read in data step by step
{I IDQEELEﬁTTC _1l222=23_1% 1_ 149487 0 and convert foreign key Inclex C_CUSTKEY C_MNAME | BT
2 | LEAE S L ERNSH |1996-07-23 | SEELE D to attributes 1|,-’-‘~LFKI | sanchuan industrial co. LTD | Tianjin
3| 10264 | FOLKO |zooz-12-18 | 11010 = = L
= e ey S i e 2-[,&NATR |The southeast industrial | Tianjin
4 | 10265 | BLOMP | 1995-07-25 5528.0 |
5 | 10266 | WARTH | 1995-07-28 7719.0 o 3 | BLAUS '5'-’-” 1on { Tianjin
= e e R P e
= | 10267 | ERAMNK |I8ss-—aF-29 | 20858.0 41 CHOFS | Haunan tramel agency 'T|an!|n
| SBET.
£ }_Q?_?_S_L.Mi.:% S S B e e 5 | COMMI | With the constant | Tianjin
=] 10269 | WHITC | 1996-07-31 456.0 Re et e e
- = |
FEag{ s IBIFETWARTH ~~ -~ © 'Tiggs'cra"o'r" ---- 13854 o7 / e 5!_E‘E*STC |_LM” ton | Tianjin
= shidasndlafed Loata il gl ol Seftais bl s e Bidh ) ekt R et i
10 10271 | 5PLIR | 1995-08-01 Q08 0 p Re A —— .
11 loz7z I_E%ITC7_@%__“7{}1‘5_09_0_ //' P i Memory area i
1z 102732 | QUICK |1956-08-05 228210 - / D :
1z 10274 | VINET |1o996-08-08 E01.0 Pt |
==l e N e e o e
14 10275 MAGM |1956-_08-07 2693, ! . o
| E / 6 The result after foreign key attribution
15 | 10276 | TORTU | 1096-08-08 | 4152.0 ’ :
S e S it e = I I T 4 Index|  O_ORDERKEY O_CUSTKEY | O_ORDERDATE | O_TOTALPRICE
— 1? !____________ _1?333 | %?_K_ ___________ =%___;L_ _________ = ’_"_"_J'_'?_ e [ 10268 | [GROSR, Light far tr..| 1996-07-30 | 19887.0
AFA T2 FE] BERGS ‘T il tale b e TIBS38T -7 2| 10273 | [QUICK, Go 1o a cra..| 1996-08-05 | 228210
1s | 10279 | LEHMS |1os6-08-13 | 5166.0 e 3] 10274 | [VINET, Mount tai e...l;ggs-oa-os ! 6010 Code example
19 | 10280 | BERGS zoo7z=az235 | o OF---"" 4] 10276 | [TORTU,Xiechangn...| 1996-08-08 | 4152.0
et | S LTS e ﬁ__:_.—_: e | I - = | SRR 3773
20 | 10281 | ROMEY | 1996-08B-14 | 234.0| ] kil AR RS TR O
E ! Il 6__|_ 1028].__‘ [ROME\,DEhuaTDD._:___996—08—14 | 2*_"4.L_I_ o
- 13 bhl .
=f11e( ORDERS.ctX ) . Cr'eate() .CU r‘sor‘() /Create cursor for order table records, read in data step by step.

/When the data flows in, the customer ID field in the order table and

=Al.switch@i (O_CUSTKEY,CUSTOMER:C_CUSTKEY) the filtered customer table are attributed to foreign key, and the

unrelated records are deleted.

=A2.groups(O_CUSTKEY.C_NAME:C_NAME;sum(O_TOTALPRICE): /Summarize the sales of the order according to the name of the
O_TOTALPRICE) customer company



Inner Join — Join filtering and Attribution when cursor 1is read out

When the cursor reads out, Join and filter, and then attribute. If the record is not associated, it no longer reads out other fields of the record. When more records are filtered out, it can

significantly reduce IO operations and improve performance.

Index|  O_ORDERKEY | 0_ORDERDATE
|1 10262|  |1996-07-20 |
2| 10263 | [los60723 |
- 18250 |2007-12-18 |
4| 10265 | |1996-07-25 |
s 10266 | 1996-07-26 |
I _10.25?_1___4.3.9&6 0729 __ |
7] 10268 | \/ 11996-07-30
= 'E'i'i'lmsg‘ =53 Trsss-d?i?rz
9| 10270 | 1996-08-01 |
' 10 10271 [1096-08-01 |
11] 10272 1996-08-02 |
12| 10273 | |1996-08-05 |
12| 10274] 1996-08-05 |
14| 10275 | | 1996-08-07 |
P 15] 10276 | Iw
16] 10277 |
Bl 10278
| 18] 10279 |
19| 10280 | |2007-12-25 |
20| 10231! T1_996_08 14__ |

O_TOTALFRICE

ORDERS

0_CUSTEEY

|RaTTC

| ERMSH

FOLKO

|BLONF
WARTH

LEBANIK - - -

GROSR

e Read in O_CUSTKEY first when data flows in, and join with C_CUSTKEY

1

TOTALPRICE)

Ja

—-

Continue to read in-cther
fields if ossociof'e’d, and
discard the £urrent record
otherwise,’

Result after foreign key
aftribution

=file(“ORDERS.ctx”).create().cursor(;0_CUSTKEY:CUSTOMER)

=Al.groups (O_CUSTKEY .C_NAME : C_NAME ; sum(O_TOTALPRICE) :0_

__________________________________________ CUSTOMER

1 Indlex C_CUSTKEY C_NAME _ cary |
7 | FIS5A | Sanchuan industrial co. LTD | Tianjin :
B | CROSR | The southeast indlustrial ﬁLNTuan in :
"
9| HUNGO | .Sen tong | Tianjin :
I~ T |
| - s 1
] 10|LAMAJ | Haonan travel agency iTlan in :
11ILAUGB | wlth the constant | Tianjin i
= Sl e B I -
| | E I
1 | LIS | _zhonmonu | Tianjin i
e .
! Memory area i
looscoocooestoomomooooomooo 1
Index  O_ORDERKEY | O_CUSTKEY | ©_ORDERDATE O_TOTALFRICE |
1] 10268 | [GROSR, Light far tr...| 1096-07-30 I 19887 0
2| 10273 |[“Lllf'la Gotoacra. |1996-D8-05 | 22821, 0
3 10274 | [VINET,Mount tai e... 'M | 601.0]
4 | 10276 | [TORTU,Xiachangn. . |1996-08-08 | 4152.0
L o 10277 | [MORGEK, ZhongTan.. 1 ;939_6_0_@_09 I 3F7IL. r_-_
6 | 10281 | [ROMEY,Dehua foo. | 1996-08-14 | 294.0

p——

/Read in O_CUSTKEY first when data flows in, and attribute foreign key to customer
table. Continue to read in other fields if associated, and discard the current record

otherwise.

/Summarize the sales of the order according to the name of the customer

company



Large dimension table

When the fact table is small (can fit in memory ), and the dimension table is too large to fit in memory, JOIN can be transformed into a batch lookup problem, that is, to join with the
relevant records after the fact table joining field is found in the original dimension table.

Dimension table(Large)

Fact table(small)

Index P_ID F_MAME P_TYPEMAME F_PRICE
1: 1] ;lpple JUICE clrmks 13 5|
=2 drmks 210
3 3 Tomatn sauce cund|mﬂms lL -I'
4 4 salt cnnchmems "l
I 5 5 Sesame ail. - cunchmnnts 22. 35 |
6 50y sauce . cnnd|ments " 15 ,
i ?' @aﬂmd pow... . Speualtv pro. '
8| g p_gp_ condiments 3
I 9 9 Chicken -Meat uult
10| 10 crab | seafood
i 11? 11] Thr: mass Uf . Da||~,.rnﬂcessn...f 210
12 .12 Gnrman chnese Da|lv necessn:...; :t,
s 13 | lobster | seafood 6.0
14| 145 ﬂg .Sgeclaltyg 23.25 |
i 15? 15 | aginomoto . cund|mﬂms 155 |
16| Jscuts | Dimsum | 17.45 |
=T 17|pork | Meat/poultry | 39.0]
18] 18| cuttlefish | seafood |
19 19|candy | Dimsum | 92|
20| 20| Osmanthus c... | Dim sum | BLO|
Fact table(small)
Index | L_ORDEEKEY | L_FID L_QUANTITY /
1 10858 5.0]
i 10866 210|
3] 10871 ] 120

L_ORDERKEY | L_PID | LQuanTITY |
10858: :.r 5 (37 JOIN result
10866 | 2| 21.0|
] L0871 15 L Index L_ORDER..  L_PID _L_QLI,&NTITT P_NAME P_TYPENA.| P_PRICE |
Dimension table records after batch search by fact 1.~ 10858 7] 5.0 |5eafood p...| Specialty .. | 27.0]
table(small) 7 10866 : 2 21.0 mlllc | drinks 21.0
D FRATE | P IVEAIE | PR ] 3] wsa| a6 wofwsats  [pmsm [ 1745
2 mllk drmks 21.0
? Sﬂafood puwder Speualtvproducts 27 /
16 tiscuis 2Tl Tl s Code example
°°O
A

=fiTe("RETURN.btx") .import@b()
=fiTe(“PRODUCT.btx"”)

=A3.fetch()

Al: Load the return table into memory

A2: Give the file object of the product table

=Al.joinx@q(L_PID,A2:P_ID,P_NAME,P_TYPENAME, P_PRICE)

A3: The return table is joined with the result of Batch Search in the product table according to the return

A4: Return table is joined with the reduced product table and the result is calculated.



Unilateral HASH Method

When the fact table and dimension table are too large to fit into memory, the dimension table can be read by the average segment after sorting by the primary key (HASH segment is
difficult to guarantee average). When joining, the fact table is divided into the same number of temporary files according to the value of the dimension table segment key. In each file
the dimension value corresponds to one segment of the dimension table, so we only need to read in external storage files in turn to join with the segments of dimension table. Compared
with the traditional external storage HASH JOIN, it saves the HASH partition of dimension table, and it is impossible to have secondary HASH!

. INEEY
ile 1

act . —
Index|  L_ORDERKEY | L_FID L_QUANTITY | OfeXfemo/sfoT?C?/e into th R . Index| PD | P.NAME | P_TYPENAME | P_PRICE |
1 10866 21.0| di e " 1| Apple juice | drinks 18,5 O\
2| 10871 50.0 2 2| mil) | drinks ' 21.0| Segment 1
3 TTorato sauce | condiments 128
4 4 sah | condiments 21.0 >
File 2 5 5 Sesame oil | condiments 2235
Index L ORDERKEY | Exizils) | LQUANTITY | 5 _6"5-”50%'3_&:9“ ' ;r.c-ﬁ.r]i:.li.r.ﬁé.rit-sm [ 15.0|
1 10862 11 25.0 i = i i i ==
E3 10869 | 1) 10.07 7 [ B i LIS A el gy 279 -/
' : . ' o 8 | pepper | condiments 40.0 \
g 9 | chicken | Meatjpoultry a7.0 Segment 2
File 3 '"def- L‘ORDERTELM- L RiD = L‘QUANTlTL ol 10 | 10 | crab seafood _ 31.0|
=5 e e 50.0 1] 11 |The mass of...| Daily necessities 21.0 >
= 10861 21 2807 12 12 | German che. .| Daily necessities 38.0
_ LGE<D) Lo LBl 13 13 | lobste | seafood 5.0
5 10871 17| 6.0 ekl | Sk e P ! e
- e — 14 14 | satay | Specialty products i P _/
| < oy 15 | aginomoto | condiments i \
1 1& 16 | biscuits | Dim sum 17.45 Segment 3
1 T = — 1 1
A . : 17 17 | pork | Meat/poultry 39.0
=file(“LINEITEM.btx”) .cursor@ () : : 18 18 |cuttlefish | seafood 62.5 >
) | ! E: e | |
=file("PRODUCT.btx") I ! 19 19 candy | Dim sum |
1 1 f
. . 20 20 | Osmanthus ... | Dim sum g81.0
=Al.joinx(L_PID,A2:P_ID,P_NAME,P_PRICE) : : - = - 50| )
Lo—oooo i 21 ECA =l {2 s | =28

=A3.groups (P_NAME ; sum(P_PRICE*L_QUANTITY) : AMOUNT)

ode example
Al: order details cannot fit into memory, access by cursor A3: Join S

A2: Give the file object of the product table A4: Group and aggregate sales



Understanding Join

Foreign key table

CONEtents

Main sub table and same
dimension table

Converting SQL subqueries into Join




Merge of same dimension table and main sub-table

When the same dimension table or the main sub-table are stored synchronized and orderly, JOIN can be implemented by merging algorithm with one traversal. The complexity is much

lower than that of the external storage segmented HASH JOIN.

Foreignkey 1: N

A
ORDERS LINEITEM
Index| _ O_ORDERKEY_ __/ O_CUSTKEY | O_ORDERDATE - Indexr_l_DED.EBKE};_.? L_PRICE LLQUANTITY |
1) ol LI el R g 10330] 2004
2} 10331 | BONAF 1996-10-16 2| 10230 25.0
il JeAde pMERE |1996-10-17 2 LR, 25.0]
4} 10333 | WARTH 1996-10-18 4] 10330 | 50.0 |
5§ 10334 | VICTE | 1996-10-21 = 10331 59| 15.0]
&) 10335 | HUNGO | 1996-10-22 5 10331 5.9 15.0]
71 10236 | FRINI | 1996-10-23 7 10332 50.0] 40.0]
el 10337 | FRANK |1996-10-24 8| 10332 11.2 10.0 |
/ N \ Ordered merging calculation / M
Ordered by primary key V
noex DEOER: Sl Regular traversal times: N*M
i HASH JOIN : SUM(Ni*Mi)
- - pan e ordered merging algorithm: N+M
3| [10220,LILAS, 1996-10-16] |[10320,24.9,50.0]
4[[10330,LILA5,1996-10-16] |[10330,27.8,25.0]
5| [10331,BONAF, 1995-10-16] | [10331,5.9,15.0]
6| [10331,BONAF, 1996-10-16] | [10331,5.9,15.0]
O_ORDERKEY |  O_CUSTKEY | O_ORDERDATE o Lt r b st Bl b ek e Pl 2SR LA el L_ORDERKEY | LPRICE | LQUANTITY |
10330 | LILAS | 1996-10-16 8|[10332,MEREF, 1996-10-17] | [10332,7.6,16.0] 10330 =l =

Jal

=ORT=file("ORDERS.btx").cursor@ () ,LIT=file("LINEITEM.btx").cursor@ ()
=j0inx (ORT :ORDERS,0_ORDERKEY ; LIT:LINEITEM, L_ORDERKEY)
=Al. groups (ORDERS.O_CUSTKEY:CUST; SUm(LINEITEM.L_PRICE*LINEITEM.L_QUANTITY) :AMOUNT) /Group and aggregation

Code example
O

pre)

/Define variables

/Ordered merging join



Parallel Merge — Parallel Computing

Parallel computing can significantly improve performance, but traditional HASH JOIN is difficult fo achieve parallelism. Parallel HASH segments need to write data to a certain segment at the
same time, resulting in shared resource conflicts; while computing a segment will consume almost all memory, other parallel tasks can not be carried out.

Multi threads Thread 1 Thread 2 Thread 3 Thread 4

Single thread
computing
process

Ordered storage is easy to achieve segmented parallelism. Keys are Y
ordered, so the record keys of each segment of the main table belong to a Aggregate 7'”“91”39,\9& CUSTOMER

continuous interval, and the sub-table also has this feature, which enables results | ERANK
efficient binary search in the sub-table to locate the segment points; that is, _Lﬁ I Zse0.
data ordering ensures the rationality and efficiency of the segment. | R el it et i i et e i it h et Rt Rt Rk, Akttt

Segment 1 Bisection method can be used to Index L_ORDERKEY L_PRICE L_QUANTITY ‘
find sub-table segmentation points, | [
Segment 2 and then parallel algorithm is 1
executed. s
ORDERS |
Index| ©O_ORDERKEY | O_CUSTEEY | O_ORDERDATE | 1
. Y 10330 LS 1996-10-16 ;///ﬂ
Code example . 2 10331 | BONAP 1996-10-16 "
3 10332 | MEREF | 1996-10-17 | :

Order rﬁerginé calculation / m 1

Ve

Inclex | ORDERS . LINEITEM
1/[10330,LILAS,1996-10-16] |[10330,24.9,50.0]
2 [10330,LILAS,1996-10-16] |[10330,27.8,25.0]

=file(“LINEITEM.ctx").create().cursor(;;Al) __3[[10330,LILAS,1996-10-16] |[10330,24.9,50.0]

=joinx(Al:ORDERS,O_ORDERKEY;A2:LINEITEM,L_ORDERKEY) __5|110331,BONAP, 1996-10-16]|[10331,5 9,15 0]
6|[10331,B0NAP, 1996-10-16] 1110331,5 9,15 0]

=A3.groups (ORDERS.O_CUSTKEY : CUSTOMER ; sum(LINEITEM.L ~ 7|[10332,MEREP,1996-10-17]|[10332,50.0,40.0]

1

1

1

1

1

1

1

1

s o I 2 1
4[[10330,LIL4S,1996-10-16] |[10330,27.8,25.0] I
T 1 1

1

1

1

1

1

1

1

_PRICE.k LIN EITEM ] L_QUANTITY) . AMOU NT) 2| [10322 MEEEF, 1996-10-17] j_[l@EEZ,F.'S, 16.0] )



Parallel Merge — Generating synchronous data

When generating dataq, it aligns according to a certain benchmark table, which ensures the synchronization of multiple tables during segmentation, and there will be no record
misalignment when merging and calculating.

Code for generating group table data to ensure main sub alignment:

file (“ORDERS.txt").cursor@t(O_ORDERKEY,O_CUSTKEY,O_ORDERDATE)  /read in orders.txt

=Al. SOI"tX(O_ORDERKEY) /sort by order id
=file (“ORDERS.ctx").create (#0_ORDERKEY,0_CUSTKEY,O_ORDERDATE) /create and open group table
=A3 .append(AZ) /Add records from cursor to group table

=file(“LINEITEM. txt").cursor@t (L_ORDERKEY,L_PRICE,L_QUANTITY)  /read in Tineiten.txt

=A5. SOI"tX(L_ORDERKEY) /sort by order id
=file(“LINEITEM.ctx”) .create (#L_ORDERKEY,L_PRICE,L_QUANTITY;L_0O /Create and open group table, segment by order id

field, records with same order id won’t be divided

RDERKEY) to two segments
=A7 .append (A6) /Add records from cursor to group table



Merge of main sub-table — Filter Subtable with Main Table

When the main table is filtered out many records by some condition, the sub-table will still be completely tfraversed by joining with the method of previous page. This method will make
the sub-table traverse according to the key jump of the main table, skip the records that have been filtered out by the main table, reduce the traversal of the sub-table, and speed is
faster.

Foreignkey 1: N

A
ORDERS LINEITEM
index| _ O_ORDERKEY_ | L O_CUSTKEY | O_ORDERDATE | Inclex|_ _ |_ORDERKEY _ ,\ L_PRICE | LQUANTITY |
1) 10330 | LILAS 1996-10-16 > 1 103301 24.9] 50.0 |
2| 10331 | BONAF |1996-10-16 | 2! 10330 27.8| 25.0
3} 10332 | MERER. |156-10-17 El 10330 278 25.0]
4} 10333 | WARTH 1996-10-18 4] 10330 24.9 50.0]
5§ 10334 | VICTE | 1996-10-21 = 10331 5.9 15.0]
5] 10335 | HUNGO |1996-10-22 6 10331 5.9 15.0]
71 10326 | PRINI [1996-10-232 7 10332 50.0 40.0]
Si ______ 10337 | FRANK |1996-10-24 8| 10332 11.2 10.0|
/ \ Ordered merging calculation /
Ordered by primary key ‘\Y/'
! _”QE_X —— . ORDEFS _ LINEITEM [
L__1 ,_[ 10330,LILAS, 1996-10-168] _1_[1_032_0_23 25008 _ __ _ ,JI
2 |[10330,LILAS, 1996-10-16] |[10330,27.8,25.0]
3[[10220,LILAS, 1996-10-16] |[10330,24.9,50.0]
4[[10330,LILA5,1996-10-16] |[10330,27.8,25.0]
5[ [10331,BONAP,1996-10-16] | [10331,5.9,15.0]
6|[10331,BONAF, 1995-10-16] |[10331,5.9,15.0]
O_ORDERKEY |  O_CUSTKEY | O_ORDERDATE 7110332 MEREP, 1996-10-17] | [10332,50.0,40.0] L_ORDERKEY | L_PRICE [ LouAnTmy |
AT ebiaadles sty a8 laiE i sE s R il (B E RS SRR 10330 2 S D

A

O_ORDERDATE)

=Al.groups (O_CUSTKEY ; sum(L_PRICE*L_QUANTITY) : AMOUNT)

ey

=file(“ORDERS.ctx”).create().cursor(0_ORDERKEY,O_CUSTKEY,O_ORDERDATE) /create cursor for order table
file(“LINEITEM”).create().news(Al,L_PRICE,L_

QUANTITY,O_CUSTKEY,

/Create cursor for lineitem table through news,
with reference to customer id field of order table

/Group and aggregate customer’s sales amount



Grouping according to the primary key of the main table after join of main table and sub-table

When the main sub-table is joined, the records of the sub-table can be assembled into a subset of the main table (field values are set) to handle the operation of grouping the main table
after joining, and the aggregate operation can be written directly in the cursor.

Inter-table relationship diagram:

ORDERS,

O_CUSTKEY O_ORDERKEY

LINEITEM

CUSTOMER

C_CUSTKEY | C_NAME

001 BABA

L_ORDERKEY L_DISNO

867

Code example
(-

Py

]
1995-03-15

=file(“CUSTOMER.ctx”).create().cursor@m(C_CUSTKEY,C_MKTSEGMENT ; C_MKTSEGMENT==“BUILDING”).
fetch() .keys@i (C_CUSTKEY)
=file("ORDERS.ctx").create().cursor@m(O_ORDERKEY,O_ORDERDATE,O_SHIPPRIORITY ;O_ORDERDATE<
Al && A2.find(0O_CUSTKEY))
4 =file("LINEITEM.ctx").create().new(A3,0_ORDERKEY,sum(L_EXTENDEDPRICE * (1-
L_DISCOUNT)) :revenue,O_ORDERDATE,O_SHIPPRIORITY;L_SHIPDATE>A1)

=A4.fetch().sort(revenue:-1,0_ORDERDATE)

A



Grouping according to the primary key of the main table after join of main table and sub-table

The schematic results of the previous page are as follows:

CUSTOMER

C_CUSTKEY C_MKTSEGMENT Ealcies . Lo LTI R . IL[C)I—N""GKT%Q“ =BT
T 1| BUILDIMG 0 The condition is = e \
AT BUILDING
2 2 | AUTOMOBILE R Z o i
3 3 | AUTOMOEILE > = e | T T
4 4 | MACHINERY = | e
5 5 | HOUSEHOLD & 27 \BUILDING /
5 5| AUTOMOEILE 7 20 | RUILDING / Index O_ORDERKEY rewvenue | O_ORDERD... O_SHIFFRIO...
7 7| AUTOMOEILE . ] 22 | BN DING / 1 2456423 | 40618101 . |15595-03-05 0
= 2 | BUILDIMG Perform primary key join 2 3459808 | 405838.69.. | 1995-03-04 0
Oond conditional filtering 3 492164 |390324.061 | 1995-02-19 0
o 3 el i) L
ORDERS Il (EEIESels Incex| ©O_ORDERKEY O_ORDERDATE | O_SHIFPRIORITY s e R R 1 0D o
1 5| 2435712|278672.05..|1995-02-26 0
4 L 96| 1994-04-17 s}
Index | "D_ORDERKEY | O_CUSTKEY |©O_ORDERDATE O_SHIFFRIORI. .. S i 5 6| 4878020| 37837679, 1995-03_13 0
2 165 | 1992-01-30 0 SEBIRRL
1 i 36901 | 1996-01-02 0 R ——
= oS SeEEeneaE e 7| 5521732 |275153.92. [1995-03-13 0
7 2 78002 | 1996-12-01 0 S 15 = e
4| Scal1853_15 595 a 8| 2628192 |373133.30.|1995-02-22 0
3 3 123314 | 1993-10-14 -
4 4 136777 | 1995-10-11 o I AElges B A B
5 5 44485 | 1994-07-20 0 5 356 1994-06-30 o Sort by revenue and order date
5 & 55624 |1992-02-21 o & 2Bgiade 1200 a
7 7 39136 |1996-01-10 0 , 8 SRt A e e 3
8 32 130057)1895-07-16 © Join, conditional filtering,
9 33 66958 | 1993-10-27 0 egrouping and
10 34 61001 | 1998-07-21 o aggregation Inclex | O_ORDERKEY|  revenue O_DRDERD.. | O_SHIPPRIO. .
it 577 |57986.6224|1994-12-19 0
LINEITEM \A = 1281 1994-12-11 0
3 1637 |1995-02-08 0
Inclex | L_ORD@RE\" |L_EXTENDED... L_DISCOUNT | L_SHIFDATE 4 2053 1995-02-07 (s}
1] 1 2116823 | 0.04|1996-03-13 5 2114 | 1995-01-16 o
2| 1|  45983.15] 0.09|1996-04-12 E 3930 rgdd e 1 e
31 11 0 1(1995-0129 7 3814 |1995-p2-22 0
! o il hein Tt =] 6791 | 1995-02-02 0
4| 1] 0,09 1996-04-21
5 | 1 22824 48| 0.1]1996-03-30
6| 1|  49620.16] 0,07 |1996-01-30
7| 2| 44694 46 0,0]1997-01-28
8| 3| 5405805 | 0,06 1994-02-02




Integrated storage of main and sub-table

ORDERS LINEITEM

Integrated storage can further improve the computing performance. Solidify the combination of

main and sub-tables in the storage format, and there is no need to join when using, so as to 10248 VINET  2018-03-02 10248 1024801 14.00
achieve higher performance! 10249 TOMSP  2018-03-03 10248 1024802 9.00 10
10249 1024901 18.00 9
Example for storage: i
Combined storage j
-

=db.cursor(“select * from ORDERS order by 0O_ID") 10248 VINET 2018-03-02

=db.cursor(“select * from LINEITEM order by L_ID")  °/dnopoces -----_
=file("MULTIPLE.ctx").create(#0_ID,C_ID,0O_DATE) I -----_

=A3.append(Al) 10249 ToMSP  2018-03-03

=A3.attach(LINEITEM, #L_SUBID,PRICE,NUMS) -----_

=A5.append(A2)

uer example: Code example wWhen there are 100 million orders, each record
COrreSpOndS to abOUt 10 Order deta-i-ls’ the aCtua1 test
<2 results of this case are as follows:
A B
Time consuming (second)

=file("MULTIPLE.ctx").create().attach(LINEITEM) /open the attached table lineiten

2 joinx of main Combined Combined storage
Al . CUrso I“@-m (O_ID y C_ID y PRICE y NUMS ’ s 4) /Create multi-cursors, the number is 4 and sub storage (4 threads)
781 602 368

=A2 .groups (C_ID:CUSTOMER; sum(PRICE*NUMS) : AMOUNT) /crour and agoregate customer’s sales

amount

-



Merge of same dimension table and main sub-table - Ordered and Data Updating

The premise of orderly merging is to sort historical data by primary key and store it.

The process of adding data is also orderly merging. It is sfill a low-cost merging calculation to merge the newly added data afterit’ s sorted separately and the ordered historical data
without reordering all the historical data.

Increment Added to History
Cumulative Incremental
File

Historical file

Data for a period of time

Cumulative incremental data merged into historical file

1 1

1 q q 1

: mered by order |d\‘ ORDERS Inclex| O_ORDERKEY | O_CUSTKEY |O_ORDERDAT Index ©_ORDERKEY | O_CUSTKEY |O_ORDERDATE :

| ! o= mmmm = 1 & 10252 |5UPRD 1536-07-09 1| 10248 | VINET 2011-10-04 |

; |Indlex | O_ORDERKEY | ©O_CUSTKEY |O_ORDERDATE Index; O_ORDERKEY | O.CUSTKEY |O_ORDERDATE 10255 | RICSU SR = Er T BT s

I 1 10248 | VINET |2011-10-04 | 1 10248 IWINET |2011-10-04 | — ———

I F—— R R SRR, R — B — 3| 10250 | HANAR | 1996-07-08 I

i 2 10280 ' BERCS |2007-12-25 | 2j 10249 | TOMSF | 1996-07-05 = Sy e |

I ] : : i i e | RS b e

1 __3 |I 10264 w lM_l __311.. J'EES_O_LW—AR !w | 5 10252 | SUPRD 1996-07-09 | |

I 41 10282 | ROMEY |2007-12-11 | 41 10251 IWVICTE |1996-07-09 | 6| 10253 | HANAR 1996-07-10 |!

1 1 T 1 1 i st | < = e—_— ] | -
\[_ sk 11106}s0UD ETTETTECC G W S T T PR ETETETET 7] 10254 CHOPS Jos6-07-11 || Tode exampd
! 61 11103 | AROUT |2007-07-18 | 6/ _ 10254 [CHOPS |1996-07-11 | 8| 10255 | RICSU 1996-07-12 | |

L e e e e e e e e e e e e e e e e e o o e e o o e e e e e e o e e e e e e e e e e e e e e e 1 O

pe)

=file("ORDERS.ctx").create() /open order file

=db.query@x(“select * from ORDERS where O_ORDERDATE>=’1996-07-09’ order by
O_ORDERKEY")

=A1.append(A2.cursor()) /Append incremental data to

original order table

/Fetch new data from database



Understanding Join

Foreign key table

CONEtents

Main sub table and same
dimension table

Converting SQL subqueries into
Join




I Converting SQL subqueries into Join — Note

This section explains when sub-queries can be converted to JOIN.
Refer to the previous sections for JOIN optimization methods.

Assume that the tables involved in all examples are stored orderly
by primary key



Join key is only for some field of the primary keys of the dimension table

For example, banking fact tables are saved as several tables (insurance main table, financial main table, etc.) according to business. The corresponding dimension tables of different
business have the same structure, so a classification field is added to synthesize these dimension tables into a large dimension table.

business_dim

Dimension table structure (category, business_id as primary keys) : category, business_id
, rate, -

001 1
002 1

The fact table contains only business_id field but no category field. The category value of
the fact main table is determined beforehand. For example, the category corresponding to
the insurance main table is 001, as shown in the right figure:

select transaction_001 transaction_002
= d.business_id, d.rate, sum(t.money) as money
. ) . 1 86597
transaction_001 as t, business_dim as d 1 19391
where
d. category = ‘001’ and t. business_id = d.
business_id
group by

d.business_id, d.rate SQL




Fact main table contains only part of the fields of dimension table primary key

Optimize |dea 1: Filter the dimension table to get a new dimension table with business_id as the primary key, so that it can be joined with the fact table with business_id field. The dimension
table needs to be indexed according to business_id field when it is joined.

business_dim

/fnclexr category | business_id | rate | Inclex | _ _ cateaory | business_id rate
1loo1 o .91 | 2ot o
2 ool 1] 0.57 | Filter by categor sfoat il
ER-T-F 2 0.01 0 y oo =lool 2|
2001 £ 555 plSaoi 2
. s [oo1 a| s 1| sloo1 4
Foreign & | oo1 =il "s:{'c'-al i s |
key 7 001 s 7joo1 s
2 001 7 2001 7z
97;”0701 = EleTi=a | __9}%_(:_1_(:_1_1 8| Index | business_id | rate | money |
10001 Ell =2 2Rl =1l 1| 0.87 47206 |
—toos = > Ais
== = S 2 3 0.92 217664
; 2| o.o | Fact table joins with 3 5| 028 | 1504581 |
c 001 the filtered result Group and - .6.; Mw | =t
transaction - sl -
_ YL g B ETE 19 S
Index | business_id | money Inclex | business_id | money | rate 3] 9| i 55205
o =l B653978 | T s | 865978 | :
2| s | 155139 | = 5| 165129
3| 2 | 193911 3| 8l EEEETES
466862 . .
— = tosmer] = s se5882 B8l |deo 2: For a constant condition, it can be
5| 1] 47205 | 5| i) _47z05)| EEEll considered as a multi-field primary key. The
| I I ... - " . . .
- > Frsass z 21 273389 fact table is joined by ['001", business_id] with
g | 3 | 8712 | 8 | 9 | 8712 | o 47 | di X tabl E o foll
E} Bl 45493 | = sl 46493 | 0,47 | Imension table. Example IS Aas Tollows:
10 | 3| 58179 | Code example 10 3 68179 0 c
-

RS

=file(“business_dim.btx”).import@b ()

=Al.keys@i (category, business_id)

.
=A2.select(category=="001")
3

=Al.keys@i (category, business_id)

i - . ] =file(“transaction_001.btx”).cursor@b(business_id,mon
=file(“transaction_001.btx”).cursor@b (business_id,mon

ey)
=A4.join(business_id, A3:business_id, rate)

=A5.groups(business_id, rate; sum(money) :money)

=A3.join("001": business_id, Al, rate)

=A4.groups(business_id, rate; sum(money) :money)




In and Exists associated query by foreign key and dimension table

@ In associated query by foreign key and dimension table

@ Exists associated query by foreign key and dimension table

SELECT
PS_SUPPKEY, COUNT(1l) AS S_COUNT
FROM
PARTSUPP
WHERE
PS_PARTKEY IN (
SELECT
P_PARTKEY
FROM
PART
WHERE
P_NAME LIKE 'bisqueX%%'
)
GROUP BY PS_SUPPKEY SQL

PARTSUPP PART

ey
-

PS_SUPPKEY‘Q;‘@/A P_PARTKEY

-

PS_PARTKEY P_NAME

SELECT
PS_SUPPKEY, COUNT(1l) AS S_COUNT

FROM
PARTSUPP
WHERE
EXISTS (
SELECT *
FROM
PART
WHERE
P_PARTKEY = PS_PARTKEY
AND P_NAME LIKE 'bisque¥%%'
)
GROUP BY PS_SUPPKEY SQL

The above examples can be converted into foreign key JOIN!




In and Exists associated query by foreign key and dimension table

Optimizing idea: Subquery is filtered, read info memory and indexed. Outer table is joined with subquery and filtered when cursor is read out. If they are not related, other fields are no longer
read out. When more records are filtered out, |O operations can be significantly reduced to improve performance.

Index F_PARTIKEY P_MNAME Inclex | P_PARTKEY [ F_MNAME |
1] 1| goldenrod lavender spring ... | Subquery conditional 1] 6! bisgue cornflower lawn fore. |
= 2 | blush thistle blue yellow sa... | 0 filtering 2| 53 bisque 'VUSE cornsilic seashe...|
il 3 3 ':-spring green yellow purple ... > 3 68'1 blsqup Wor*,r m|m purple al.. |
Foreign 4 4| cornflower chocolate smoke.. | 4| 108, ! bisque bbeach magenta tom._.|
key I 5 k5 .;forest brown coral puff crnam __5 | 12 1I blsquptroval goldenrod mp_::_:
6] 6| bisque cornflower lawn fore.. 6| 143" bisgue ldodger blanched st... |

= | moccasin green thistle khalk.. == Indlex | PS_SUPPKEY | 5_COUNT

-8 8 misty Iacn thlstle SNowW roval 1 .3.. 2

' e Outer table joins with g ;* :

PARTSUPP subquery filtered result 9 Group and cofil 4 81 :

5| 10 1

Index | PS_SUFPPEEY | PS_PARTEKEY | \ 5| 13| 1

2 1 Index FS_SUPFPKEY PS_PARTKEY ) )

2 2502 | 1 1] = =
E] 5002 | 1 =] 2507 | & |
4 7502 | 1 3] 5007 | & |
5 3| 2 ] 7507 | & |
6 2503 | 2 5l 54 53 |

7 5003 | 2 | 2554 53]

g8 7503 | 2
R,

=file("PART.ctx”).create().cursor(P_PARTKEY, P_NAME;
Tike(P_NAME, "bisque*™"))

=Al.fetch().index() /Create index
='F'|-|e(“PARTSUPP. Ctx”) . Create() .Cu rsor(PS_SUPPKEY’ /When data flows in, read in the PS_PARTKEY field first, and then join with the

P_PARTKEY field. If it can be related, continue to read other fields, otherwise

PS_PARTKEY; A2 . 'F-l nd (P_PARTKEY)) discard the current record.
=A3.groups(PS_SUPPKEY; count(1l):S_COUNT) /Group and count

/Filter PART when data flows in



In and Exists associated query by main table and sub-table

@ In associated query by main table and sub-table

SELECT

O_ORDERPRIORITY, COUNT(*) AS O_COUNT
FROM

ORDERS
WHERE

O_ORDERDATE >= DATE '1995-10-01'

AND O_ORDERDATE < DATE '1995-10-01" +
INTERVAL '3' MONTH

AND O_ORDERKEY IN (

SELECT
L_ORDERKEY

FROM
LINEITEM

WHERE
L_COMMITDATE< L_RECEIPTDATE

)
GROUP BY

@ EXISTS associated query by main table and sub-table

O_ORDERPRIORITY

SELECT
O_ORDERPRIORITY, COUNT(*) AS O_COUNT

FROM
ORDERS
WHERE
O_ORDERDATE >= DATE '1995-10-01'

AND O_ORDERDATE < DATE '1995-10-01" +
INTERVAL '3' MONTH

AND EXISTS (
SELECT

FROM
LINEITEM
WHERE
L_ORDERKEY = O_ORDERKEY

AND L_COMMITDATE < L_RECEIPTDATE

)
GROUP BY

O_ORDERPRIORITY SQL

ORDERS . LINEITEM are main and sub-table. The primary key of ORDERS table is O_ORDERKEY, and the primary key of LINEITEM table are L_ORDERKEY,

L_LINENUMBER; Selected fieldis not logical primary key after filtering!




In and Exists associated query by main table and sub-table

Optimizing idea: The joined field is not a logical primary key. it needs to group and deduplicate for sub-query and then join, which becomes the case similar to logical primary key!

Sub table LINEITEM

ubquery result set can T

Index| L _ORDERKEY | L_COMMITDATE | L_RECEIPTDATE | Incex| L_ORDERKEY Y In memory
L e e e i G O S . Filter, group and ol : -
2| 1|1996-02-28 | 1996-04-20 Gdeduplicofe - o | 2
2 11996-03-05  |1996-01-31 ST L =)
4 1|1996-02-30 1996-05-16 4] . 4
5 | 1| 1995-02-14 | 1996-04-01 5| 1 5
6| 1/1996-02-07 | 1996-02-03 5| )
4 SR niln e nacie Incex|  O_ORDERFRIORTY | 0_COUNT _
g 3|1994-01-04 1994-02-23 Outer table aofter filtering, 1| 1-URGENT 10317 |
' ) ' e then join with the filtered S2HICH ' 10678 |
. result of subquery Group and 3| 3-MEDIUM ' 10500 |
Main table ORDERS 9 aggregate 4| 4-NOT SPECIFIED 10402
index | ©O_ORDERKEY | O_ORDERDATE |O_ORDERFRIORL..| Index| O_ORDERKEY | O_ORDERDATE | O_ORDERPRIORITY| Slow - i
1] 1|1996-01-02  |5-LOW : 1 4|1995-10-11 5-Low
_ 2| 2[1996-12-01 | 1-URGENT | | 35|1995-10-23 | 4-NOT SPECIFIED |
3] 3/1993-10-14  |5-Low _ ~ = 36| 1995-11-03 | 1-URCENT -
_ 4] 4/1995-10-11  |5-Low | 4| 135 | 1995-10-21 | 4-NOT SPECIFIED
5| 5|1994-07-30  |5-Low _ 5| 227 1995-11-10 |5-Low
_ 6] 6|1992-02-21 | 4-NOT SPECIFIED | 6| 262 | 1995-11-25 | 40T SPECIFIED ~6de exampr
7| 7/1996-01-10 | 2-HIGH _ = 420|1995-10-31 | 4-NOT SPECIFIED |
_ g| 32|1995-07-16 | 2-HIGH | 8| 454|1995-12-27 _ |s-low | =
A
1995-10-01 =after@m(Al,3)
5 =fi1e(“LINEITEM.btx”).cursor@ (L_ORDERKEY,L_COMMITDATE,L_RECEIP /pefine cursor on btx file corresponding to
TDATE) LINEITEM table
=A2.select(L_COMMITDATE < L_RECEIPTDATE) /Add filtering operation to cursor
=A3.groups (L_ORDERKEY) /Deduplicate L_ORDERKEY
5 =file(“ORDERS.btx”) .cursor@ (O_ORDERKEY,O_ORDERDATE,O_ORDERPRIO /pefine cursor on btx file corresponding to order
RITY) table
B =A5.select (O_ORDERDATE>=A1l &% O_ORDERDATE < B1) /Add filtering operation to cursor
. . Joi d filt for ORDERS ,@1 indicat
—A6.3j01n@i (O_ORDERKEY, A4:L_ORDERKEY) [oonl ane Titer for cursor, @i indicates
B A7 arouns (O ORDERPRTIORITY:count(1):-0 COUNT) /calculate group for cursor to get final result



In and Exists associated query by main table and sub-table

Optimizing idea: On the basis of the previous page, the outer and inner tables are ordered according o the join field, which can be optimized by merging join of ordered cursor.

Sub table

LCOMMITDATE | L_RECEIFTDATE |

Index | L_ORDERKEY

1 1|1996-02-12 1996-03-22
| 1| 1996-02-28 | 1996-04-20
= 1| 1936-03-05 | 1996-01-31
4 1|1996-03-30 | 1936-05-15
5 | 1|1996-03-14 | 1996-04-01
i 1|1996-02-07 | 1996-02-03
7| 2| 1987-01-14 [1997-02-02
g| '3/1994-01-04 | 1994-02-23

Main table

ORDERS

O_ORDERDATE |Q_QRDERFRIORI
1296-01-02 |5-LOW
1996-12-01 1-URGCEMT
1993-10-14 S-LOW
1295-10-11 5-LOW
1994-07-30 S-LOwW
19920221 4-MOT SPECIFIED
1296-01-10 2-HIGH
1995-07-186 2-HIGH

O_ORDERKEY

Index

00~ ||| bl R
LR BT N R R R R

w

1995-10-01
DATE)
=A3.group@l (L_ORDERKEY)

ITY)

]
| 1
| 6 |
8

gUbquery result set can No

Filter, group and
deduplicate

A\ 4

result of subquery

Outer table after filtering,
e then orderly merge with the

Index |

alv|slwlmle

L_ORDEEKEY

i —

L_COMMTDATE
| 1996-02-12 '
21097 01-14
3) 1994-01-04
a4l 1595-12-14
5,/ 1984-08-31
71l 1996-03-13

L_RECEIFTDATE |
1996-03-22
1997-02-02

fit in memory

| 1994-02-23 °oo
1995-01-18
|1994-11-20
| 1996-06-03
Inclex O_ORDERPRIORITY 0_COUNT
1| 1-URGENT 10317
2| 2-HIGH 10678 |
Group and 3| 3-MEDIL MEDIUM 10500 |
eoggregofe 4| 4-NOT SPECIFIED 10402 |
5[5-Low 10620

=A2.select (L_COMMITDATE < L_RECEIPTDATE)

|
o
m
k4

0|~ [V b

=A5.select (O_ORDERDATE>=A1l && O_ORDERDATE < B1l)
=j01nX(A6:0,0_ORDERKEY; A4 :L,L_ORDERKEY)
=A7 .groups (0.0_ORDERPRIORITY;count(1l) :O_COUNT)

o]
[4,1995-10-11,5-LOW]
[_.'§ 1995-10- 27 4_MNOT 5
[36,1995-11-03, 1-URGE.
[J.""* 1995-10- 2J. 4-NOT
[227,1995-11-10,5-LOW]
[202.139'* AL 2'* L 4-NOT
[420,1995-10-31,4-NOT
[454, 199512 2.r 5- Lﬁ'.“.']

=file(“LINEITEM.btx”).cursor@b(L_ORDERKEY,L_COMMITDATE,L_RECEIPT

=file (“ORDERS.btx").cursor@b (0_ORDERKEY,O_ORDERDATE ,O_ORDERPRIOR

L
[4,1995-12-14,1996-01-.
[35,1996-01-03,1995-0..
[35,1996-01-21,1996-0..
[125.1996-01-01, 1996
[227,1995-12-24,1996-.
[262,1996-01-31,1996-
[420,1995-12-16,1996-
[454.1996-03-23,1996—

-

RS

=after@m(Al, 3)

/Define cursor on btx file corresponding to
LINEITEM table

/Add filtering operation to cursor
/Deduplicate L_ORDERKEY

/Define cursor on btx file corresponding to order
table

/Add filtering operation to cursor
/Oordered inner join
/Calculate group for cursor to get final result



Main and sub-table, Joined field filtered into logical primary key

@ In associated query by main table and sub-table

SELECT

O_ORDERPRIORITY, COUNT(*) AS O_COUNT
FROM

ORDERS
WHERE
O_ORDERDATE >= DATE '1995-10-01'

AND O_ORDERDATE < DATE '1995-10-01" +
INTERVAL '3' MONTH

AND O_ORDERKEY IN (
SELECT

L_ORDERKEY
FROM

LINEITEM
WHERE L_LINENUMBER = 1

L_COMMITDATE< L_RECEIPTDATE
)

GROUP BY
O_ORDERPRIORITY

___________________

O_ORDERKEY ——— L_ORDERKEY
O_ORDERDATE L_LINENUMBER

ORDERS and LINEITEM are the main sub-table, the primary key of ORDERS is O_ORDERKEY, and
the primary keys of LINEITEM are L_ORDERKEY and L_LINENUMBER, and the field selected by

sub-query is not logical primary key.

After limiting L_LINENUMBER = 1, the selected L_ORDERKEY becomes the logical primary key!




Main and sub-table, Joined field filtered into logical primary key

Optimizing idea: The outer table and inner table (filtered into primary key) are ordered by the joined field, and can be optimized by merging join of ordered cursor!

Sub table LINEITEM

1995-10-01

ATE,L_RECEIPTDATE)
=A2.select (L_LINENUMBER

ITY)

=A4.select (O_ORDERDATE>=A1l && O_ORDERDATE < Bl)
=joinx(A5:0,0_ORDERKEY; A3:L,L_ORDERKEY)
=A6.groups (0.0_ORDERPRIORITY;count(1l) :O_COUNT)

| " .

1 &% L_COMMITDATE < L_RECEIPTDATE)
=file(“ORDERS.btx”).cursor@b(0_ORDERKEY,O_ORDERDATE ,O_ORDERPRIOR

L_ORDERKEY | L LINENUMBER | L_COMMITDATE | L RECEIPTDATE | index| L ORDERKEY_ . L LINENUMBERN L COMMITDATE | L RECEIFTDATE |
= o 1/1896-02-12  |1996-03-22 | 0 Become primary key 1 3 i SEI e M R
2 1 2[1996-02-28  |1996-04-20 | after filttering 2 I 2! 097-01-14 | 1997-02-02
3] | 3/1996-03-05 | 1996-01-31 | S E 3: 94-01-04 | 1994-02-23
4 1 4/1996-03-30 | 1896-05-16 4 i 4! 95-12-14 | 1996-01-18
5] 1] 5/1996-03-14 | 1996-04-01 5] 1 5 994-08-21 | 1994-11-20
5| 1] 6/1996-02-07 | 1996-02-03_ 6| ;_ 7! 996-03-13 | 1996-06-03
7 5 1|1997-01-14 18897-02-02 Index | O_0ORDERFPRICRITY Q_COUNT |
8| 3] 1]1994-01-04  |1994-02-23 After filtering the outer table, 1| 1-URGENT 7205 |
) ) ' ' e it merges with the sub-query 2 |2-HIGH 7350 |
resultin an orderly way. Group and 3|3-MEDIUM 7267 |
Main table ORDERS 9 aggregate 4| 4-IOT SPECIFIED 7140
5 |5-Low 7352 |
Index ©O_ORDERKEY | O_ORDERDATE |O_ORDERFRIORI. .. Indlex 0 L B M
1] 1]/1996-01-02 |5-Low : 1|14,1995-10-11,5-Low] |14.1,1995-12-14, ]
5| 2 [1996-12-01 | 1-UrRGENT 2[[35,1995-10-23,4-NOT SPEC... |[35,1,1996-01-03, ._]
2| 3|1993-10-14 | s-Low 3|[26,1995-11-03, 1-URCENT] | ,1996-01-21, ...]
4] 4| 1995-10-11 [s-Low 4[[135,1995-10-21,4-NOT SPE... | [135,1,1996-01-01, .|
5 | 5 | 1994-07-30 | s-Low [ 5 [1454,1995-12-27,5-LOW] |[454,1,1996-03-23, ]
6| 6|1992-02-21 | 4-NOT SPECIFIED | 6[545,1995-11-07,2-HIGH] |1545.1,1995-12-16, .. ] ~6de exdampr
7| 7 1996-01-10 2-HIGH 7 [871,1995-11-15,5-LOW] [1871,1,1996-02-09, .| .‘
8| 32 [1995-07-16 | 2-HIGH B|[1191,1995-11-07,3-MEDIUM] |[1191,1,1996-01-28, . ] =

=after@m(Al, 3)

=file(“LINEITEM.btx”) .cursor@b (L_ORDERKEY,L_LINENUMBER,L_COMMITD

/Define cursor on btx file corresponding to LINEITEM table

/Add filtering operation to cursor

/Define cursor on btx file corresponding to order table

/Add filtering operation to cursor

/ordered inner Join

/Calculate group for cursor to get final result



Converting SQL subqueries into Join — WHERE subquery

@‘ WHERE subquery example:

SELECT

FROM

WHERE

YEAR

PS_SUPPKEY

PARTSUPP

PS_AVAILQTY > (
SELECT

FROM

WHERE

0.5 * SUM(L_QUANTITY)

LINEITEM

L_PARTKEY
AND L_SUPPKEY
AND L_SHIPDATE >= DATE
AND L_SHIPDATE < DATE

PS_PARTKEY

PS_SUPPKEY
'1995-04-01"

'1995-04-01"

+ INTERVAL

lll
SQL

PARTSUPP LINEITEM

PS_PARTKEY ——— L_PARTKEY
PS_SUPPKEY —— L_SUPPKEY
PS_AVAILQTY L_SHIPDATE

The LINEITEM in the sub-query is joined with the outer main
table PARTSUPP according to PARTKEY and SUPPKEY. We can

filter LINEITEM first, then aggregate a temporary table
according to PARTKEY and SUPPKEY, and then join the outer
PARTSUPP with the aggregated table.




Converting SQL subqueries into Join — WHERE subquery

Optimizing idea: Subquery is grouped according to the joined field involved, and a temporary dimension table is calculated, then JOIN with the outer table!

index| L_PARTEEY | L SUPPKEY | L_QUANTITY | L_SHIPDATE | Index | L. PARTKEY __  L.SUPPKEY _ |
}{1 ' 155190 | 7706 | 17| 1996-03-13 | Group and aggregate 1] I'394301 , 1934
2] 67310 7311 36| 1996-04-12 0 intermediate result 2| 144732] 1 2275)
3| 53700 | 3701 | 8| 1996-01-23 > Ell 197305 | 4863
4| 2132 4633 28| 1996-04-21 | 4] 152417) 1 7428]
5 24027 1524 24| 1996-02-30 5| 1131590, I 1591
5| 15635 | 638 | 32| 1996-01-30 | 5| 164486 | 203s! _
| - | - - e e Index | PS_PARTKEY | PS_SUPFKEY | PS_AVAILQTY | quantity
7 La61F0 ] 1591 2B 01 Any 1l 1l 2| 3325 | 535 |
gl il it ci R e Outer table joins with 2 1 2502 8076 | 8.
subquery intermediate result 3| 1] 5002 | 3956 |
PARTSUPP 4| 1 7502 4069 | 10.0
U 5] 2 7so3]  soas[ 210
Index PS_PARTKEY PS_ SUPPKEY PS_AVAILQTY F5_FARTKEY | PS SUPPKEY | PS_AVAILQTY 6| 3| 4] 4651 | 5.0]

2 3325
2502 8076
5002 3956
7502 4069

3| 8895
2503 4969
5003 | 8539 |
7503 3025

2 3325
2502 8076
5002 3956
7502 4069
7503 3025
4 4651
2504 4093
S004 3917

0~ o | U | b | n e
PR BN 2 2
(5 e VI e B VLI B R R
Wil M 2|

|

(-

S

/Get the next year of parameter date

=after@y(date, 1)

=file(“LINEITEM.btx"”).cursor@b (L_PARTKEY,L_SUPPKEY,L_QUANTITY,L_SHIP
DATE)
=A2.select(L_SHIPDATE >= date &% L_SHIPDATE < Al)

=A3.groups@u(L_PARTKEY,L_SUPPKEY;sum(L_QUANTITY) * 0.5:quantity)
=file(“PARTSUPP.btx”).cursor@ (PS_PARTKEY,PS_SUPPKEY,PS_AVAILQTY)
=A5.7J01n@1 (PS_PARTKEY : PS_SUPPKEY,A4:L_PARTKEY:L_SUPPKEY,quantity)
=A6.select (PS_AVAILQTY>quantity).fetch()

/Define cursor on btx file corresponding to LINEITEM
table

/Add filtering operation to cursor

/Group and aggregate, @u indicates the result set is not
ordered by the grouping filed

/Add filtering operation to cursor

/Join and filter by PARTSUPP,@i indicates inner join

|{{\|==|‘%i\‘l%l‘!i{‘ll{{‘\‘iil‘lll

/Filter the cursor to get the result



I Set Operations — Difference Set Operation

@ . - . ORDERS CUSTOMER
Find records that exist in one table but not in another:
O_ORDERKEY / C_CUSTKEY

SELECTCOUNT(1) O_CUSTKEY C_NAME
FROM O_ORDERDATE
CUSTOMER
WHERE
NOT EXISTS (
SELECT *
FROM
ORDERS
WHERE

O_CUSTKEY = C_CUSTKEY
SQL

This problem can be fransformed into the difference set operation of two sefs!




Set Operations — Difference Set Operation

ORDERS
Index| O_ORDER...| O_CUSTKEY|O_ORDER...| O_TOTAL.. |O_ORDER... O_ORDER...| ndex O CLUETEEY
1] 1| 36901 . 1 |
2 ?8002.;""" [ 2918 ilgés 12 3 e DedUpllCOfe O_CUSTKEY -2 -+ —2-|
3| 123314[F 46.25[1993-10.. > = | 2|
S i : s-Low | 24 4
key 5] s | 7 |
6| 5| 8 |
7| ~
32_:_ """""""""""""""""" Outer table and sub-query
' 9 results is joined to get Value |
difference set Count number of : 150004

CUSTOMER erecords
Index| C_CUSTKEY | C_NAME |C_ADDRESS| C_NATIO... | C_PHONE | Index | C_CUSTKEY [
1] 1| Customer... | IWhzlape. . 15 |25 L 1] 3\
| 2 | customer.. | xsTfa,NC. | 1323- ?68-.".. . g & |
3] 3 | customer... [MGgkaT... | 1/11-719- =l 9|
4| ?4":'E'Js'i'c'i"rﬁé"r".""XvaJsLA.'. i 4|14-128-. | A 12 |
5[ 5 | Customer... | KvpyuHC.. | 3[13-750- B 15 |
6| 6| Customer... | sKZz0Csn...| 20| 30- 114—" - a] g |

20 7 | Customer... | TcCeSga... | 18(28-190- | 3

i & | Customer... IOBlObBO.-:...‘i: 17 [z tar st 24/ e

Subquery has a large amount of data and can not fit in memory, so

@ Subquery result can fit in memory

it can be merged.

A

—-F-i _I e(“ORDERS . th”) . CUrso I"@b CO_CUSTKE /Define cursor
Y)

=A]_ groups (O_CUSTKEY) /Deduplicate O_CUSTKEY =Al. groupx (O_CUSTKEY : C_CUSTKEY) /Group and dedupticate
=file(“CUSTOMER.btx”) .cursor@o(C_CUST ,pefine cursor

/Define cursor

_fﬂe(“ORDERs btx”).cursor@b (0_CUSTKE -
2

=file(“CUSTOMER.btx”) .cursor@b(C_CUST ,
3 /Define cursor 3
KEY) KEY)
4 BEXR @d (C_CUSTKEY,A2:0_CUSTKEY) /oin, @d indicates to get SRS —[A3 A2] @d (C_CUSTKEY) /Merge, @d indicates to
- JO1 n the difference set - ’ -mergex — get the difference set
=A4. total (count (1)) osesrearer ot BN =a4. total (count (1)) GEEIR




I Set Operations — Intersect Set Operation

RETURNS ORDERS

R_RETURNNUMBER O_ORDERKEY
SELECT ////’
O_ORDERKEY R_ORDERKEY O_TOTALPRICE

FROM R_MONEY O_ORDERDATE
ORDERS
WHERE
O_TOTALPRICE > 10000
INTERSECT
SELECT
R_ORDERKEY

@ Find orders with an amount of more than 1000 but a return of Tess than 5000

FROM
RETURNS

GROUP BY
R_ORDERKEY HAVING SUM(R_MONEY) < 5000 SQL

This problem can be transformed into the interse ction operation of two setsl!




Set Operations — Intersect Set Operation

Inclex | F_ORDERKEY [ R_MONEY | g’g;?gg%?g to find Index | O _ORDERKEY | R_MOMNEY
21 ; ! Z?ggfi 0 records with return L Sk
o8 = e less than 5000 5| o
il e AEbeioc | : 6 1
e - ] = : 5
key 5| 5| 2996 | izl 4 |
il 7] 70063 | 2| 4|
2 1
Z
ORDERS 9
Index | O_CORDERKEY [ O_TOTALPRICE |
1] 1 173 17| The filtered ORDERS table is
2] 21 ‘| merged with the filtered
3] 3 = | RETURNS and intersected. Index | O_ORDERKEY
4_ 4_ 1 1
5 | 5 2| 2
5 | 5 | = :
7 F ]
2| 32 il &l !
| 33| 5 &l LhREas 2/ COde exampre
10 e g 5|
[ I S R T
10000 . o ny
=file(“RETURNS.btx”).cursor@ (R_ORDERKEY,R_M _
1 /Define cursor
ON EY)
Ind 0_ORDERKEY O_TOTALPRICE
ndex 1] 173665 .47 > =Al. group (R_ORDERKEY :O_ORDERKEY ; sum (R_MON EY) . Jeroup and deduplicate
2 2| 46929.18 | R_MONEY) .select(R_MONEY < 5000)
3 3 193846,25 . . '
" <l | 3 =file(“ORDERS.btx”) .cursor@b (0O_ORDERKEY,O_TO efine curcor
5 5 144659.2 | TALPRICE) .select(O_TOTALPRICE>10000)
6 6 5874959
=[A3,A2] .mergex@i (O_ORDERKEY) [meloe, @n means
_A4.total (count(1)) /rsoregate number of



Same table join, EXISTS Non-Equivalent Condition

SELECT
L_SUPPKEY, COUNT(*) AS NUMWAIT
FROM
LINEITEM L1,
WHERE
L1.L_RECEIPTDATE > L1.L_COMMITDATE
AND EXISTS (

SELECT
FROM
LINEITEM L2
WHERE
L2.L_ORDERKEY = L1.L_ORDERKEY
AND L2.L_SUPPKEY <> L1.L_SUPPKEY
)
AND NOT EXISTS (
SELECT
FROM
LINEITEM L3
WHERE
L3.L_ORDERKEY = L1.L_ORDERKEY
AND L3.L_SUPPKEY <> L1.L_SUPPKEY
AND L3.L_RECEIPTDATE > L3.L_COMMITDATE
)

GROUP BY
L_SUPPKEY

LINEITEM

L_ORDERKEY
L_LINENUMBER
L_SUPPKEY
L_COMMITDATE

An order corresponds fo multiple LINEITEM records,
which have the same L_ORDERKEY and are stored
continuously.

Optimizing idea: Find out orders with multiple suppliers
and only one supplier not delivering on time. Because
the datais stored in order of orders, orderly grouping
can be made according to orders, and each group of
order can looped to determine whether there are order
items that are not delivered on time, whether there are
multiple suppliers, and whether there are only one
supplier that did not deliver on time!




Same table join, EXISTS Non-Equivalent Condition

Index| L_ORDERKEY L SUPFKEY | L_RECEIPTDATE | L_COMMITDATE |
1] 1 7706 |1996-03-22 | 1996-02-12 | Construct grouped subsett
2| 1] 7311|1996-04-20 | 1996-02-28 o cursor ¢ BEee] et
5] 1] 3701|1996-01-31 |1996-03-05 | > 708,1994-02-23, .. |,[2,6540,1993-11-24, _][3,3474,1994-01 .
4 1] 4633 | 1996-05-16 | 1996-03-30 4|[45560,1996-01-18, .1 B Index|  L_ORDER} LSUPPKEY | L_RECEIPTDATE | L.COMMITDATE
5| 1 1534 |1996-04-01 | 1996-03-14 | 5 |([5,8571,1994-11-20, ...],[5,2928,1994-10-19, ..},[5,35,1994-08-2.. | 1] 7706|1996-03-22 | 1996-02-12 |
& 1] 638 | 1996-02-03 | 1996-02-07 6|(6,2150,1982-05-02, .., 2 7311|1996-04-20 | 1996-02-28
7| 2| 11911997-02-02 | 1997-01-14 | Choose an order that is not delivered on 3] 3701)1996-01-31 | 1996-03-05
8| 3] 1798|1994-02-23 | 1994-01-04 | time in each group, and return the result if 4] 14633 |1996-05-16 | 1996-03-30
e there is only one supplier and there are more 5 1534 | 1996-04-01 1996-03-14
than one supplier in this group. s  638]1996-02-03  |1996-02-07
Index| L_ORDERKEY L_SUFPKEY L_RECEIFTDATE | L COMMITDATE Index L_SUPPKEY numwait
[ 66 | 3490|1994-03-18 | 1994-03-01 1] 1] 23|
99|  B49|1994-07-30 | 1994-04-17 2 2] 21
132 | 9054 |1993-09-22 | 1992-08-15 3 3 21
160 | 9788 | 1997-03-20 | 1997-03-11 | 9 Group and 4 4| 18|
193 | 1500/ 1993-12-05 | 1993-10-09 | aggregate 5 5| 24|
196 | 2353 |1993-07-06 | 1993-05-08 | > 5 6 32|
199 | 9612 | 1996-07-04 | 1996-06-03 | i 7 7] 23
227 1654 1995-02-12 | 1995-12-24 g 8| 15 | ~6de exampr

}

. A 5
=file(“LINEITEM.btx").cursor@b(L_ORDERKEY,L_SUPPKEY,L_REC
EIPTDATE,L_COMMITDATE)
=Al. gr‘oup(L_ORDERKEY) /Add grouping to ordered cursor
=A2 _Conj ((t:N_Se-l ect(L_RECEIPTDATE>L_COMMITDATE) ’-if(t_'|en /Choose the order that is not delivered on time in each group to the

temporary variable t. If the length of t is greater than 0 and there is

()>0&&t . Se-lect@l(t(l) . L_SUPPKEY' =L_SUPPKEY)==nu-| -l&&~_ Se-le only one supplier in t and there are more than one supplier in this group,

then return t. Otherwise return null, conj is equivalent to the inverse

Ct@-l(t(l) . L_SUPPKEYI=L_SUPPKEY) I= null , T, nul -I))) operation of group.
=A3 . gr‘oups@u(L_SUPPKEY; Count(]_) :numwa‘i t) /calculate group for cursor to get final result

/Define cursor on btx file corresponding to LINEITEM table



Cconverting SQL subqueries into Join — Summary

INs described by sub-queries can be changed to EXISTS. Equivalent EXISTS is essentially a join. For SQL like select * from A where exists (select * from B where ---)
, the following characteristics should be clarified:

The size of tables A and B, can
they be Toaded into memory after
performing other filtering
conditions?

Is the join field the primary

key or the Togical primary key
of each table?
Optimizing idea :

If there is a table that fit into memory, the in-memory join method can be used. The relative SPL functions are cs.switch(). cs.join(), option @i, @d corresponds
to exists and not exists respectively.

If both tables cannot be loaded into
memory, decide whether the two tables
are ordered by the joined field.

Subqguery requires that the values of the joined field be unique. If they are not logical primary keys, they must be de-duplicated first. A. groups () can be used to
de-duplicate them.

If both tables are too large to fit in memory, it is necessary to check whether the two tables are ordered by the joined field. If not ordered, cs. sortx () can be
used to sort; the ordered two tables can be joined by joinx ().




SaEMEST

FESE e ah L




