NoSQL? No, SQL!

How Modern SQL Databases
Come up with Algorithms
that You Would Have Never
Dreamed Of

AN
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Java Devs working with SQL for the first time
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Me - @lukaseder

Founder and CEO at Data Geekery
; Oracle Java Champion & ‘ > Java
T Oracle ACE ) | orACLE

‘ ‘ SQL is a device whose
mystery is only exceeded by
its power! , ,
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Why do | talk about SQL?

SQL is the only ever successtul,
mainstream, and general-
purpose 4GL (

And it is awesome!
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https://en.wikipedia.org/wiki/Fourth-generation_programming_language

That's why the company is called “Oracle”




Why doesn't anyone else talk about SQL?

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0



Why doesn't anyone else talk about SQL?

\ () )
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What is SQL?

VWNo nas seen
my other talk?




What is SQL?

| mean tnis one
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10 SQL tricks to convince you SQL is awesome
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10 SQL tricks to convince you SQL is awesome

Not that
nard to
find

10 sql tricks Q

10 SQL Tricks That You Didn't Think Were Possible — Java, SQL and ...
https blog jooq.org/2016/04/25/10-sql-tricks-that-you-didnt-think-were- p055|ble v

or 25, 2 - This article will bring you 10 SQL tricks that many of you might not have thought were
possible The article is a summary of my new, extremely

10 SQL Tricks that You Didn't Think Were Possible - SlideShare
www_slideshare net/LukasEder1/10-sql-tricks-that-you-didnt-think-were-possible

Apr 22, 2016 - SQL is the winning language of Big Data. Whether you're running a classic relational
database. a column store ("MewSQL"). or a non-relational

10 SQL Tricks That You Didn't Think Were Possible - JAX London
hitps:/fjaxlondon.com/session/10-sql-tricks-that-you-didni-think-were-possible/ «
SAL is the winning language of Big Data. Whether you're running a classic relational database, a

column store ("NewSQL"), or a non-relational storage system

vJUG24 Session: 10 SQL Tricks That You Didn't Think Were Possible ...
https \flr‘tualjug comivjug24-session-10-sql-tricks-that-you-didnt-think-were-possible... «
Sep 27, 2016 - Session Abstract: SQL is the winning language of Big Data. Whether you're running a
classm relational database, a column store [NewSQL")

Ten SQL Tricks that You Didn't Think Were Possible (Lukas Eder ..
- https u-u-u- voutube com/ u-atch"v mgledAgQSo

SOL is the winning Ianguage cf Ei|g Data. Whether you're running a classic
sl relational database, a column

Ten SQL Tricks that You Didn't Think Were Possible by Lukas Eder ...
hitps:/iwww.youtube. com/watch?v=yuuhkHORzZM
: g Published on May 10, 2016. SQAL is the winning language of Big Data. Whether
M) vouTe running a classic
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A SQL trick

-- Query from http://explainextended.com/2013/12/31/happy-new-year-5/
q(r\.’ i) rX, iX: g) (
r:: * 9.02, i:: * 9.02,
.0:: , .0:: , ©
generate series(-60, 20) r, generate series(-50, 50) i

r, i, abs(rx * rx + ix * ix) <= 2 rx * rx - ix * ix + r,
abs(rx * rx + ix * ix) <= 2 2 * rx * ix +1i, g+ 1
q
rx g < 99

array_to_string(array_agg(s ry, ')

(

i, r, substring(' .:-=+*#%@', max(g) / 10 + 1, 1) s

i, r
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Computation Engine

Your app Is sitting on a
-errari-style
computation engine!




What is SQL?

SQL is the original
MICroservice

Just install a single storec
orocedure in an Oracle X
instance, deploy, done.




What is SQL?

SQL is the original
blockchain




What is SQL?

SQL is the original
blockchain

chain(n, block) (

1, standard hash('Whee', "MD5")
dual

n + 1, standard hash(block, 'MD5")
chain n < 100

block chain
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What is SQL?

SQL is the original
ML language




What is SQL?

QL is the original
ML language

linear_regr::=

We'
fu

— |

REGR_SLOPE

-| REGR_INTERCEPT |-

REGR_COUNT

REGR_R2

i

REGR_AVGX
REGR_AVGY —

REGR_SXX —

.

REGR_SYY

!

REGR_SXY

OVER | )—){analﬂt:_claus%
OEOED DL

510N
DS |
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But today...

Sut today, we'll talk
about more basic SQL




But today...

Sut today, we'll talk
about more basic SQL

(still awesome)




But today...

s this SQL?
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Who can handle this SQL statement here?




Fasy stuff

Perfect
Tnis talk is for you.




What will | talk about?

e SQL Isawesome
« SQL is productive
e SQL is fast




What will | talk about?

SQI Iaii=1VV/alTaVaaY
+ SQLs product\ve

e SQL is fast
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What will | talk about?

S(?l BalVV/aldalaalal e
J‘E'ﬁ’ﬁz.i »’ '.. sur

_SQL 'S productive

e SQL is fast
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There are two ways of proving this
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There are two ways of proving this

1. By example
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There are two ways of proving this

1. By example
2. By alternative (Java)




Disclaimer

This is goil

concept

ng to be a high level,

Ual story about SQL

We're not going into deeper

levels.
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Business is asking

STAFF PAYMENT
STAFF_ID NUMBER(22) PK PAYMENT_ID MUMBER(22) PK
FIRST_NAME  VARCHAR2(45) CUSTOMER_ID  NUMBER(22) FK
LANGUAGE LAST_NAME  VARCHAR2(45) STAFF_ID MUMBER(22) FK
- - p— ADDRESS_ID NUMBER(22) FK RENTAL_ID MUMBER(22) M FK
e AeED LR ) PR ELC]‘,TILERE ELCR)%H . H AMOUNT NUMBER(52)
. . el 1A ARCHAR2(50) PAYMENT_DATE TIMESTAMP
LAST_UPDATE TIMESTAMP STORE_ID NUMBER(2) FK—'_CéLAST_UPETATE TIMESTAME
T ACTIVE NUMBER(22)
T USERNAME VARCHAR2(16) W
PASSWORD VARCHAR2(40) N
LAST_UPDATE TIMESTAMP
RENTAL
INVENTORY
O] RENTAL_ID NUMBER(22) PK
INVENTORY_ID NUMBER(22) PK RENTAL DATE TIMESTAMP
——————————O=| FILM_ID NUMBER(22) FK O] INVENTORY_ID NUMBER(22) FK
STORE_ID NMUMBER(22) FK CUSTOMER_ID MUMBER(22) FK
LAST_UPDATE  TIMESTAMP RETURN_DATE TIMESTAMP N
STAFF_ID NUMBER(22) FK
28 LAST_UPDATE TIMESTAMP
ACTOR 1 }F 4
ACTOR_ID NUMBER(22) PK .lF_:.II'_rCI:E—ID EUQEERII?222255 PK A4 CUSTOMER
FIRST MAME  VARCHAR2(45) e ARSLS9) fl{

LAST NAME  VARCHAR2(45) DESCRIPTION CLOB N STORE CUSTOMER_ID NUMBER(22) PK
LAST_UPDATE TIMESTAMP RELEASE_YEAR VARCHARZ2(4) N . STORE_ID NUMBER(22) FK
- LANGUAGE_ID MUMEBER(22)  FK STORE_ID NMUMEER(22} PK FIRST NAME  VARCHAR2(45)

ORIGINAL_LANGUAGE_ID NUMBER{22)  NFK| | MANAGER_STAFF_ID NUMBER(22) FK LAST NAME VARCHARZ(45)
RENTAL_DURATION NMUMEBER(22) ADDRESS_ID MUMEBER(22) FK EMAIL VARCHAR2(50) N
RENTAL_RATE NUMBER(4,2) LAST_UPDATE TIMESTAMP } O=| ADDRESS_ID  NUMBER(22) FK
s LENGTH MUMBER(22) N ACTIVE CHAR(1)
— REPLACEMENT_COST NUMBER.(5,2) EEE—— S CREATE_DATE DATE
ACTOR_ID MUMBER(22) PK FK RATING VARCHARZ(10) N i -+ + LAST_UPDATE TIMESTAMP
FILM_ID NUMBER(22) PK FK SPECIAL_FEATURES VARCHARZ(100} M -
LAST_UPDATE TIMESTAMP E=0+— LAST_UPDATE TIMESTAMP ADDRESS
ADDRESS_ID  NUMBER(22) PK
ADDRESS VARCHAR2(50) cimy
-+ ADDRESS?2 VARCHAR2(50) N oTY 1D NUMBER(22) PK
CATEGORY FILM_CATEGORY DISTRICT VARCHARZ2(20) = CITY \IﬁRCHhéz.:SD:
CATEGORY_ID NUMBER(22) PK FILM_ID NUMBER(22) PK FK COvD e WJMBEREZ) TK COUNTRY_ID  NUMBER(22) FK
NAME = WARCHAR2(25) [+—O<| CATEGORY_ID NUMBER(22} PKFK - ) iy LAST_UPDATE TIMESTAMP
LA : A LAST_UPDATE TIMESTAMP PHONE VARCHAR2(20)
AST_UFDATE TIMESTAMP - LAST_UPDATE TIMESTAMP
COUNTRY
COUNTRY_ID NUMBER(22) PK
COUNTRY VARCHAR2(50)
LAST_UPDATE TIMESTAMP N
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Business is asking
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Business is asking

questionfarthedev-new-new2-realonexisy - Excel Lukas Eder

O

Q Share

Draw Page Layout Formulas Data View Add-ins Team Q Tell me what you want to do
=== & a = 'S 7 Line [ slicer = 4 0
2 Il i e . &
° - " bR (TRl IR i Column 5§ Timeline
PivotTable Recommended Table lllustrations Add-  Recommended ) _ Maps PvotChart 3D X Hyperlink ~ Text Symbols
PivotTables - ins ~ Charts 7 k- - . Map~ | [ Win/Loss - .
Tables Charts = Tours Sparklines Filters Links
Al fe How much money
A

How much money

did we earn with

each film on each
day?

N W R e

Question for the dev +

g B M -——y

Ready
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Business is asking
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Business is asking

STAFF PAYMENT
STAFF_ID NUMBER(22) PK PAYMENT_ID MUMBER(22) PK
FIRST_NAME  VARCHAR2(45) CUSTOMER_ID  NUMBER(22) FK
LANGUAGE LAST_NAME  VARCHAR2(45) STAFF_ID MUMBER(22) FK
- - p— ADDRESS_ID NUMBER(22) FK RENTAL_ID MUMBER(22) M FK
e AeED LR ) PR ELC]‘,TILERE ELCR)%H . H AMOUNT NUMBER(52)
. . el 1A ARCHAR2(50) PAYMENT_DATE TIMESTAMP
LAST_UPDATE TIMESTAMP STORE_ID NUMBER(2) FK—'_CéLAST_UPETATE TIMESTAME
T ACTIVE NUMBER(22)
T USERNAME VARCHAR2(16) W
PASSWORD VARCHAR2(40) N
LAST_UPDATE TIMESTAMP
RENTAL
INVENTORY
O] RENTAL_ID NUMBER(22) PK
INVENTORY_ID NUMBER(22) PK RENTAL DATE TIMESTAMP
——————————O=| FILM_ID NUMBER(22) FK O] INVENTORY_ID NUMBER(22) FK
STORE_ID NMUMBER(22) FK CUSTOMER_ID MUMBER(22) FK
LAST_UPDATE  TIMESTAMP RETURN_DATE TIMESTAMP N
STAFF_ID NUMBER(22) FK
28 LAST_UPDATE TIMESTAMP
ACTOR 1 }F 4
ACTOR_ID NUMBER(22) PK .lF_:.II'_rCI:E—ID EUQEERII?222255 PK A4 CUSTOMER
FIRST MAME  VARCHAR2(45) e ARSLS9) fl{

LAST NAME  VARCHAR2(45) DESCRIPTION CLOB N STORE CUSTOMER_ID NUMBER(22) PK
LAST_UPDATE TIMESTAMP RELEASE_YEAR VARCHARZ2(4) N . STORE_ID NUMBER(22) FK
- LANGUAGE_ID MUMEBER(22)  FK STORE_ID NMUMEER(22} PK FIRST NAME  VARCHAR2(45)

ORIGINAL_LANGUAGE_ID NUMBER{22)  NFK| | MANAGER_STAFF_ID NUMBER(22) FK LAST NAME VARCHARZ(45)
RENTAL_DURATION NMUMEBER(22) ADDRESS_ID MUMEBER(22) FK EMAIL VARCHAR2(50) N
RENTAL_RATE NUMBER(4,2) LAST_UPDATE TIMESTAMP } O=| ADDRESS_ID  NUMBER(22) FK
s LENGTH MUMBER(22) N ACTIVE CHAR(1)
— REPLACEMENT_COST NUMBER.(5,2) EEE—— S CREATE_DATE DATE
ACTOR_ID MUMBER(22) PK FK RATING VARCHARZ(10) N i -+ + LAST_UPDATE TIMESTAMP
FILM_ID NUMBER(22) PK FK SPECIAL_FEATURES VARCHARZ(100} M -
LAST_UPDATE TIMESTAMP E=0+— LAST_UPDATE TIMESTAMP ADDRESS
ADDRESS_ID  NUMBER(22) PK
ADDRESS VARCHAR2(50) cimy
-+ ADDRESS?2 VARCHAR2(50) N oTY 1D NUMBER(22) PK
CATEGORY FILM_CATEGORY DISTRICT VARCHARZ2(20) = CITY \IﬁRCHhéz.:SD:
CATEGORY_ID NUMBER(22) PK FILM_ID NUMBER(22) PK FK COvD e WJMBEREZ) TK COUNTRY_ID  NUMBER(22) FK
NAME = WARCHAR2(25) [+—O<| CATEGORY_ID NUMBER(22} PKFK - ) iy LAST_UPDATE TIMESTAMP
LA : A LAST_UPDATE TIMESTAMP PHONE VARCHAR2(20)
AST_UFDATE TIMESTAMP - LAST_UPDATE TIMESTAMP
COUNTRY
COUNTRY_ID NUMBER(22) PK
COUNTRY VARCHAR2(50)
LAST_UPDATE TIMESTAMP N
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Business is asking

STAFF PAYMENT
STAFF_ID NUMBER(22) PK PAYMENT_ID NUMBER(22) PK
FIRST_NAME  VARCHAR2(45) CUSTOMER_ID  NUMBER(22) FK
LANGUAGE LAST_NAME  VARCHAR2(45) STAFF_ID NUMBER(22) FK
- - p— ADDRESS_ID NUMBER(22) FK RENTAL_ID MUMBER(22) M FK
e AeED LR ) PR ELC]‘,TILERE ELCR)%H . H AMOUNT NUMBER(52)
. . e 1A ARCHAR2(50) PAYMENT_DATE TIMESTAMP
LAST_UPDATE TIMESTAMP STORE_ID NUMBERG2) | Fk| TN LAST UPDATE  TIMESTAMP
T ACTIVE NUMBER(22)
T USERNAME VARCHAR2(16) W
PASSWORD VARCHAR2(40) N
LAST_UPDATE TIMESTAMP
RENTAL
INVENTORY
O] RENTAL_ID NUMBER(22) PK
INVENTORY_ID NUMBER(22) PK RENTAL DATE TIMESTAMP
FILM_ID NUMBER(22) FK O] INVENTORY_ID NUMBER(22) FK
STORE_ID NUMBER(22) FK CUSTOMER_ID NUMBER(22) FK
LAST_UPDATE ~ TIMESTAMP RETURN_DATE TIMESTAMP N
STAFF_ID NUMBER(22) FK
LAST_UPDATE TIMESTAMP
ACTOR %i -+
ACTOR_ID NUMBERI(22) PK .lF_:.II'_rCI:E—ID EUQEERII?222255 1 CUSTOMER
FIRST MAME  VARCHAR2(45) e ARSLS9) fl{

LAST _NAME  VARCHAR2(45) DESCRIPTION cLoe N STORE CUSTOMER_ID NUMBER(22) PK
LAST_UPDATE TIMESTAMP RELEASE_YEAR VARCHARZ(4) . STORE_ID NUMBER(22) FK
- LANGUAGE_ID MUMBER(22) STORE_ID NMUMEER(22} PK FIRST NAME  VARCHARZ(45)

ORIGINAL_LANGUAGE_ID NUMBER({22) MAMAGER_STAFF_ID MUMEER(22) FK LAST NAME VARCHARZ(45)
RENTAL_DURATION NMUMEBER(22) ADDRESS_ID MUMEBER(22) FK EMAIL VARCHAR2(50) N
RENTAL_RATE NMUMEER(4,2) LAST_UPDATE TIMESTAMP } O=| ADDRESS_ID  NUMBER(22) FK
s LENGTH MUMBER(22) N ACTIVE CHAR(1)
— REPLACEMENT_COST NUMBER.(5,2) EEE—— S CREATE_DATE DATE
ACTOR_ID MUMBER(22) PK FK RATING VARCHARZ(10) N i + T LAST_UPDATE TIMESTAMP
FILM_ID NUMBER(22) PK FK SPECIAL_FEATURES VARCHARZ(100) N -
LAST_UPDATE TIMESTAMP LAST_UPDATE TIMESTAMP ADDRESS
ADDRESS_ID  NUMBER(22) PK
ADDRESS VARCHAR2(50) cimy
ADDRESS?2 VARCHAR2(50) N oTY 1D NUMBER(22) PK
CATEGORY FILM_CATEGORY DISTRICT VARCHARZ2(20) = CITY \IﬁRCHhéz.ﬁD:
i i 57 CITY_ID NUMBER(22) FK COUNTRY_ID NUMBER(22) FK
p - F =22 FILM_ID MUMBER(22) PK FK . ; ity - \
A YD e &) T +—0<| CATEGORY_ID NUMBER(22) PK FK POSTAL_CODE VARCHAR2(10) N LAST_UPDATE TIMESTAMP
LA : A LAST_UPDATE TIMESTAMP PHONE VARCHAR2(20)
AST_UFDATE TIMESTAMP - LAST_UPDATE TIMESTAMP
COUNTRY
COUNTRY_ID NUMBER(22) PK
COUNTRY VARCHAR2(50)
LAST_UPDATE TIMESTAMP N
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Business is asking

ACTOR

ACTOR_ID NUMBERI(22) PK
FIRST_MAME VARCHAR2(45)
LAST_MNAME VARCHARZ2(45)

LAST_UPDATE TIMESTAMP

i

FILM_ACTOR

ACTOR_ID NUMBERI(22) PK FK
FILM_ID MUMBER(22) PK FK
LAST_UPDATE TIMESTAMP

NAME

CATEGORY_ID MNUMBER(22)

LAST_UPDATE TIMESTAMP

STAFF
STAFF_ID NUMBER(22} PK NUMBER(22)
FIRST_MAME  VARCHAR2(45) NUMBER(22)
LANGUAGE LAST_MNAME VARCHARZ2(45) NL_,II'\.-]BER[225:
e e
e . e EMAIL VARCHARZ(50) N TIMESTAMP
LAST_UPDATE TIMESTAMP STORE_ID NUMBER(22) FK TIMESTAMP
T ACTIVE NUMBER(22)
T USERNAME VARCHAR2(16)
FASSWORD VARCHARZ(40) N
LAST_UPDATE TIMESTAMP
RENTAL
INVENTORY
- O RENTAL_ID NUMBER(22)
INVENTORY_ID NUMBER(22} PK RENTAL DATE TIMESTAMP
FILM_ID NUMBER(22) FK O] INVENTORY_ID NUMBER(22)
STORE_ID MNUMBER(22) FK CUSTOMER_ID NUMBER(22)
LAST_UFPDATE TIMESTAMP RETURM DETE T||'\."|ESTF\|'\."|F'.
STAFF_ID NUMBER(22)
LAST_UPDATE TIMESTAMP
FILM_ID NUMBER(22)
TITLE VARCHARZ(255) T
DESCRIPTION CLOB M STORE CUSTOMER_ID N
RELEASE_YEAR VARCHARZ(4) STORE ID N FK
LANGUAGE_ID NUMBER(22) STORE_ID NUMBER(22) PK FIRST NAME V.
ORIGINAL_LANGUAGE_ID NUMBER(22) MANAGER_STAFF_ID ) LAST MAME v
RENTAL_DURATION MUMBER(22) ADDRESS_ID EMAIL V.
RENTAL_RATE NUMBER(4,2) LAST_UPDATE } ADDRESS_ID N
LEMGTH NUMEBER(22) M ACTIVE C
REPLACEMENT_COST NUMBER(5.2) 5
RATING VARCHARZ(10) N 4+ 4+
SPECIAL_FEATURES VARCHARZ(100) N
LAST_UPDATE TIMESTAMP ADDRESS
ADDRESS_ID  NUMBER(22) FK
ADDRESS VARCHAR2(50)
ADDRESS2 VARCHAR2(50) N
CATEGORY FILM_CATEGORY DISTRICT VARCHAR2(20)
o FILM_ID NUMBER(22) PK FK CITY_ID NUMBER(22) FK
; rmarsE)  [H———0=| CATEGORY_ID NUMEER(22} PK FK FOSTAL_CODE VARCHARJ(10) N
VARCHARZ2(25) = pra PHONE VARCHAR2(20)

LAST_UPDATE TIMESTAMP
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LAST_UPDATE

TIMESTAMP

COUNTRY
COUNTRY_ID NUMBER(22) PK
COUNTRY VARCHARZ(50)
LAST_UPDATE TIMESTAMP N




Business is asking

STAFF
STAFF_ID NUMBER(22) PK
FIRST_NAME  VARCHAR2(45)
LANGUAG LAST_NAME  VARCHAR2(45)

NUMBER(22)
NUMBER(22) FK
MUMBER(22) FK

LANGUAGE ID NU DDRSS_ID NUMBER({22) NUI’\.'IEIEF{|;22::_ NE
X ! E MUMBER(5,2)

e e TIMESTAMP

LAST_UPDATE TIMH R L

ACTIVE NUMBER(22)
USERNAME VARCHAR2(16)

13

PASSWORD VARCHAR2(40) N
LAST_UPDATE TIMESTAMP
RENTAL
INVENTORY
- O RENTAL_ID NUMBER(22)
INVENTORY_ID NUMBER(22) PK RENTAL DATE TIMESTAME
FILM_ID NUMBER(22) FK O] INVENTORY_ID NUMBER(22)
STORE_ID MNUMBER(22) FK CUSTOMER_ID NUMBER(22)
LAST_UFPDATE TIMESTAMP RETURN_DETE TIMESTAMP
STAFF_ID NUMBER(22)
LAST_UPDATE TIMESTAMP
ACTOR
ACTOR_ID MUMEBER(22}) PK FILM_ID NUMBER(22) 1
FIRST_NAME  VARCHAR2(45) TTLE VARCHAR2(255) had
. T s . i DESCRIPTION CLOB M CUSTOMER ID N
LAST_NAME VARCHAR2(45) : \ - oo STORE -
LAST UPDATE TIMESTAMP RELEASE_YEAR VARCHARZ2(4) STORE_ID N FK
- LANGUAGE_ID NUMBER(22) STORE_ID NUMBER(22) PK FIRST_NAME V.
ORIGINAL_LANGUAGE_ID MNUMBER(22) MANAGER_STAFF_ID ) LAST NAME v,
RENTAL_DURATION NUMBER(22) ADDRESS_ID EMAIL v
RENTAL_RATE NUMBER(4,2) LAST_UPDATE } ADDRESS_ID N
LEMGTH NUMEBER(22) M ACTIVE C
AL LGN REPLACEMENT_COST  NUMBER(5.2) EEE——
ACTOR_ID NUMEER(22) PK FK RATING VARCHAR2(10) N 4+ 4+
FILM_ID NUMBER(22) PK FK SPECIAL_FEATURES VARCHARZ(100) N
LAST_UPDATE TIMESTAMP LAST_UPDATE TIMESTAMP ADDRESS
ADDRESS_ID NUMBER(22) PK
ADDRESS VARCHAR2(50)
ADDRESS2 VARCHAR2(50) N
CATEGORY FILM_CATEGORY DISTRICT VARCHAR2(20)
— CITY_ID MUMBER(22) FK
CATEGORY_ID NUMBER(22) PK FILM_ID NUMBER(22) PK FK FOSTAL_CODE VARCHARZ(10) N
NAME VARCHARZ2(25) —————0=] CATEGORY_ID NUMBER(22) PK FK - . iy Sy
: : IESTAME LAST_UPDATE TIMESTAMP PHONE VARCHAR2(20)
LAST_UFDATE TIMESTAMP - LAST_UPDATE TIMESTAMP
COUNTRY
COUNTRY_ID NUMBER(22) PK
COUNTRY VARCHAR2(50)

LAST_UPDATE TIMESTAMP M
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Business is asking

STAFF
STAFF_ID NUMBER(22) PK NUMBER(22) PK
FIRST_NAME  VARCHARZ2(45) NUMBER(22) FK
SR LAST_MAME  VARCHARZ2(45) NUMBER(22) FK
LANGUAGE_ID NU = EHS“BBEM‘?; EK FEE-.TTLT'D NUMBER(22) NF
AMOUN 15,2
NAME =H TSR] M2 vMENT D TIMESTAMP
LAST_UPDATE TIM [ — —— B asT UPDA TIMESTAMP
z ACTIVE NUMBER(22)
T USERNAME  VARCHARZ2(16)
PASSWORD  VARCHARZ(40) N
LAST_UPDATE TIMESTAMP
RENTAL
INVENTORY
S — O RENTAL_ID NUMBER(22) PK
| INVENTORY_ID VIBER(22) PK F'Er TAL_DATE TIMESTAMP
= FILM_ID IEER.(22) FK O J NUMBER([22} FK
ORE_ID IBEER(22) FK NUMEBER[22} FK
LAST_UPDATE IMESTAMP RETURN_DATE TIMESTAMP N
- STAFF_ID MUMBER(22) FK
LAST_UPDATE TIMESTAMP
ACTOR 5?
ACTOR_ID NUMBER(Z2) PK FLo 4 custof  \
FIRST NAME  VARCHAR2(45) DESCRIETIO hi
LAST NAME  VARCHAR2(45) SCRIPTION LLus ' STORE CUSTOMER_ID N I 2
T UEDATE TIMESTAmE RELEASE_YEAR VAR 2 ' STORE_ID N 2} FK
al . . M 'sTore_ID NUMBER(22) PK FIRST_NAME V. ]
_ - : MANAGER_STAFF_ID MNUMBER(22) FK LAST NAME V.
RENTAL_DURATION JUMBER(22 ADDRESS_ID MUMBER(22) FK EMAIL v
RENTAL_RATE {UMBER(4,2 LAST_UPDATE TIMESTAMP : O=| ADDRESS_ID N
LENGTH JUMBER(22 d ACTIVE cC
FLL LT REPLACEMENT_COS JUMBER o
ACTOR_ID NMUMBER(22) PK FK : 2(10) N 4 1
FILM_ID NUMBER(22) PK FK SPECIAL_FEATURES VARCHARZ(100) N
LAST_UPDATE TIMESTAMP LAST UPDATE TIMESTAMP ADDRESS 1
ADDRESS_ID  NUMBER(22) PK
ADDRESS VARCHAR2(50)
ADDRESS2 VARCHAR2(50) N
EERa T FILM_CATEGORY DISTRICT VARCHAR2(20) PP
- CITY_ID MUMBER(22) FK
CATEGORY_ID NUMBER(22) PK FILM_ID AL EER R F i E POSTAL_CODE VARCHAR2(10) N
NAME VARCHARS(25) [—H——0=] CATEGORY_ID NUMBER(22) PK FK = )
' LAST UPDATE TIMESTAMP PHONE B e
LAST_UPDATE TIMESTAMP = LAST_UPDATE TIMESTAMP
COUNTRY
COUNTRY_ID NUMBER(22) PK
COUNTRY VARCHAR2(50)
LAST_UPDATE TIMESTAMP N
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Business is asking

STAFF
STAFF_ID NUMBER(22) PK NUMBER(22} PK
FIRST_MAME  VARCHAR2(45) NUMBER(22) FK
LANGUA LAST_MAME VARCHAR2(45) S — NUMBER(22) FK
LANGUAGE_ID NU ﬁRQﬁESS_ID gHgﬂBBER[.?z; EK F-.[Elrr\TTLfID { HEEE 22) NF
AT W LA L4 e
LLE CH — P TLAN W AYMENT_D TIMESTAMP
——= ATV WA y 2 AN
LETLUFATIE T [ — o LAST_UPDA TIMESTAMP
T ACTIVE NUMBER(22)
T USERNAME VARCHAR2(16)
PASSWORD VARCHARZ2(40) N
LAST_UPDATE TIMESTAMP
g g
RENBA L
INVENTORY
— O] RENTAL_ID UMBER(22) PK
INVENTORY ID_ NUMBER(22} PK 2 Do IMESTAMP
- ity : NUMBER(22) FK
E_ID NUMEBER(22) FK cu NUMBER (221 FK
LAST_UPDATE  TIMESTAMP RETURN_DATE TIMESTAMP N
7 STAFF_ID NUMBER(22) FK
LAST_UPDATE TIMESTAMP
ACTOR 5?
ACTOR_ID NUMBER(22) FPK ?:';'L:E—”: [_‘_"l':'!?'_EF‘F".."..,. | custof \
FIRST_NAME  VARCHARZ2(45) DESCRIFTION oo RS -
LAST MAME  VARCHAR2(45) i it N b STORE CUSTOMER_ID N ) PK
LAST_UPDATE TIMESTAMP RELEASE_YEAR VAR ' . STORE_ID N 2) FK
- STORE_ID ER(22) PK FIRST_NAME V. (45)
] _ 5 MANAGER_STAFF_ID ER(22) FK LAST MAME W, (45)
RENTAL_DURATION JUMBER(22 ADDRESS_ID ER(22) FK EMAIL ; (50) N
RENTAL_RATE {UMBER(4,2 LAST_UPDATE TAMP ! =] ADDRESS_ID N ) FK
LEMNGTH NUMBER(22 d ACTIVE c
LTl REPLACEMENT_COS {UMBER IEE——
ACTOR_ID NUMEBER(22) PK FK RATING :2(10) M I
FILM_ID MUMBER(22) PK FK 5 AL_FEATURES VARCHAR2(100) N
LAST_UPDATE TIMESTAMP O LAST_UPDATE ADDRESS
DRESS_ID NUMBER(22} PK
DRESS VARCHAR2(50)
RESS2 VARCHAR2(50) N
CATEGORY FILM_CATEGORY TRICT VARCHAR2(20)
5 - = M R(72)  FK
CATEGORY_ID NUMBER(22) PK FILM_ID AL R AR2(10) N
NAME VARCHAR2(25) _|—‘°£ CATEGORY_ID MNUMBER(22) PK AF!2[20:'
LAST UPDATE TIMESTAME LAST_UPDATE TIMESTAMP Ei
COUNTRY
COUNTRY_ID NUMBER(22) PK
COUNTRY VARCHAR2(50)
LAST_UPDATE TIMESTAMP N
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No problemo
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Easy, right?

title, payment date, SUM(amount)
film

inventory (film _id)

rental (inventory id)

payment (rental _id)
film id, payment date
title, payment date
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Easy, right?

title, payment date, SUM(amount)
FROM f1ilm

(film id)
(inventory id)
(rental id)
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Easy, right?

title, payme ate, SUM(amount)
FROM f1ilm

JOIN inventory USING (film_id)

JOIN rental USING (inventory id)

JOIN payment USING (rental id)
film id, payment date
title, payment date
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Easy, right?

, payment date, SUM(amount)

inventory (film id)
rental (inventory id)
payment (rental id)
GROUP BY f1lm _id, payment date
title, payment date
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Easy, right?

title, payment date, SUM(amount)
film

inventory (film _id)

rental (inventory id)

payment (rental _id)
film id, payment date
title, payment date
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Imperative style

L et’'s write this in
«Classic» Java




“Classic Java®

public static void main(Ste ng[] args) throws SQLException {
public static veid main(Stn ng[] args) throws SQLException {
public static void main(Ste ng[] args) throws SQLException {
public static void main(Ste ng[] args) throws SQLException {
public static veid main(Stn ng[] args) throws SQLException {

public static void main(Ste ng[] args) throws SQLException {
public static void main(Str ng[] args) throws SQLException ~

public static veid main(Stn ng[] args) throws SQLException
public static void main(Ste ng[] args) throws SQLException
public static void main(Str ng[] args) throws SQLExce p‘h’c‘{

public static void main(Stringl] args) throws SQLExceptio 2

S

L
= ==
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Let’s get rolling

Film {
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Let’'s get rolling

You still with me?
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Obviously, Film is a tuple

Film {
nt fi1lmId;

String title;




Because, Java

Film {
filmId;
String title;

int getFilmId() A

return filmld;

}
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Never forget these, of course

Film {
filmId;
String title;

getFilmId() { ... }
setFilmId( filmId) { ... }
String getTitle() { ... }
setTitle(String title) { ... }

int hashCode() { ... }
boolean equals(Object o) { ... }
String toString() { ... }
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Abstractions, ladies and gentlemen!

FilmFactory {
Film newFilm() { ... }

¥
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Abstractions, ladies and gentlemen!

FilmFactory {
Film newFilm() { ... }

¥

FilmFactoryBuilder {

FilmFactory newFilmFactory() { ... }
}
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Abstractions, ladies and gentlemen!

FilmFactory {
Film newFilm();

¥

FilmFactoryBuilder {

FilmFactory newFilmFactory();

¥
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Just to be sure, super generic!

FilmFactory {
Film newFilm();

¥

FilmFactoryBuilder {
FilmFactory newFilmFactory();

}

FilmFactoryImpl FilmFactory {
@Override
Film newFilm() { ... }

FilmFactoryBuilderImpl FilmFactoryBuilder {
@Override
FilmFactory newFilmFactory() { ... }
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Some Spring

FilmFactory {
Film newFilm();

}

FilmFactoryBuilder {
FilmFactory newFilmFactory();

}

@Bean
FilmFactoryImpl FilmFactory {

@Override
Film newFilm() { ... }

}

@Bean
FilmFactoryBuilderImpl FilmFactoryBuilder {
@Override
@EnableCaching
FilmFactory newFilmFactory() { ... }

BAL.
aa
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Some Spring, and a little Lombok

@FunctionalInterface
FilmFactory {
Film newFilm();

}

@FunctionalInterface
FilmFactoryBuilder {
FilmFactory newFilmFactory();

}

@Bean
@EnableAspectJAutoProxy
@EnableAutoConfiguration

FilmFactoryImpl FilmFactory {
@Override
Film newFilm() { ... }

}

@Bean
@Configuration
@NoArgsConstructor
FilmFactoryBuilderImpl FilmFactoryBuilder {
@Override
@EnableCaching
FilmFactory newFilmFactory() { ... }

BL.
g3 |
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; | Lukas Eder

The average Java Enterprise Bean and its
annotations

1183942 Retweets 398741 Likes @8 § D) @s B 3_ q;@
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Oh, what the heck

@FunctionalInterface
FilmFactory {
Film newFilm();

}

@FunctionalInterface
FilmFactoryBuilder {
FilmFactory newFilmFactory();

}

@Bean
@EnableAspectJAutoProxy
@EnableAutoConfiguration

FilmFactoryImpl FilmFactory {

@Override
Film newFilm() { ... }

}

@Bean
@Configuration
@NoArgsConstructor @Cloneable @SneakyThrows
@ResultSetMapping @ConcurrentInitialiserProxyFactory
@SpringPrefetchAdapter @AdapterProxyBeanMethod @AdapterBeanProxyMethod
FilmFactoryBuilderImpl FilmFactoryBuilder {
@Override
@EnableCaching
FilmFactory newFilmFactory() { ... }

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0

BL.




Oh, what the heck

@FunctionalInterface
FilmFactory {
Film newFilm();

}

@FunctionalInterface
FilmFactoryBuilder {
FilmFactory newFilmFactory();

}

@Bean
@EnableAspectJAutoProxy
@EnableAutoConfiguration
FilmFactoryImpl FilmFactory {
@Override
@ThisMethodDidntHaveAnnotationsYet @OKWeStillHaveSomeSpacelLeft @LetsSeeIfWeCanReachThePrintMargin
Film newFilm() { ... }

}

@Bean
@Configuration
@NoArgsConstructor @Cloneable @SneakyThrows
@ResultSetMapping @ConcurrentInitialiserProxyFactory
@SpringPrefetchAdapter @AdapterProxyBeanMethod @AdapterBeanProxyMethod
@MoreAndMoreAnnotations @CanYouEvenReadThis
@IsThereStillAnyReallogicleft
@ThisJokeNeverGetsLame @Annotatiomania @WhoWillBeNextYearsAnnotatiomaniac
FilmFactoryBuilderImpl FilmFactoryBuilder {
@Override
@EnableCaching
FilmFactory newFilmFactory() { ... }

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0

BL.
g3 |



Average enterprise bean is visible from space
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Average enterprise bean is visible from space
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Enough of this. More info here

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0


http://www.annotatiomania.com/

HmMm, relationships?

Film {
filmId;
String title;

getFilmId() { ... }
setFilmId( filmId) { ... }
String getTitle() { ... }
setTitle(String title) { ... }

// Hmm... Inventory? Store? Rental? Payment?

hashCode() { ... }
equals(Object o) { ... }
String toString() { ... }
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Let's assume, we copy relational model 1:1

Film {
filmId;
String title;

getFilmId() { ... }
setFilmId( filmId) { ... }
String getTitle() { ... }
setTitle(String title) { ... }

List<Inventory> getInventories() { ... }

hashCode() { ... }
equals(Object o) { ... }
String toString() { ... }
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Let's assume, we copy relational model 1:1

Film {
filmId;
String title;

getFilmId() { ... }
setFilmId( filmId) { ... }
String getTitle() { ... }
setTitle(String title) { ... }

@OneToMany(mappedBy = "film")
List<Inventory> getInventories() { ... }

hashCode() { ... }
equals(Object o) { ... }
String toString() { ... }
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Let's assume, we copy relational model 1:1

filmId;
String title;

getFilmId() { ...
setFilmId( fi
String getTitle() { ..
setTitle(String t

@OneToMany(mappedBy = "film")
List<Inventory> getInventories() { ... }

hashCode() { ... }
equals(Object o) { ... }
String toString() { ... }
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Let's assume, we copy relational model 1:1

filmId;
String title;

getFilmId() { ... }
setFilmId( filmId) { ... }
String getTitle() { ... }
setTitle(String title) { ... }

@OneToMany(mappedBy = “film", fetch = FetchType.EAGER)
List<Inventory> getInventories() { ... }

hashCode() { ... }
equals(Object o) { ... }
String toString() { ... }
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Let's assume, we copy relational model 1:1

filmId;
String title;

getFilmId() { ... }
setFilmId( filmId) { ... }
String getTitle() { ... }
setTitle(String title) { ... }

@OneToMany(mappedBy = "film", fetch = FetchType.LAZY)
List<Inventory> getInventories() { ... }

hashCode() { ... }
equals(Object o) { ... }
String toString() { ... }
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Now, calculate. This be the result type

// This 1is the optimal result type
Map<Film,

Map<LocalDate, BigDecimal>>
result = HashMap<>();
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Now, calculate. This be the result type

Money

// This 1is the optimal res/lt type
Map<Film,
Map<LocalDate, BigDecimal>>
result = HashMap<>();
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Now_calculate. This be the result type
Per film

Money

// This' is the optimal res/lt type

Map<Film,

Map<LocalDate, BigDecimal>>
result = HashMap<>();
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Now_calculate. This be the result type
Per film
Bl rer date

Money

// This' is th/: optimal res/lt type

Map<Film,

Map<LocalDate, BigDecimal>>
result = HashMap<>();
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JSR 354 FTW!

(Java Money API)

U
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JSR 354 |

(Java Money API)

Monetary

A e e e A s -y
S s P
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MonetaryAmountFactoryProviderSpi QuerylnclusionPaolicy
MonetaryAmountFactoryCQuery
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JSR 354

(Java Money API)

Monetary
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Now, calculate. This be the result type

// This 1is the optimal result type
Map<Film,

Map<LocalDate, BigDecimal>>
result = HashMap<>();
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Now, calculate. Walit...

// Or this?
Map<Film,

Map<LocalDate, BigDecimal>>
result = LinkedHashMap<>();

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0

BAL.
aa



Now, calculate. Or better

// Or maybe this?
SortedMap<Film,

SortedMap<LocalDate, BigDecimal>>
result = TreeMap<>();
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Now, calculate. Aagh

// Kewl, wrote some library
MultiKeyMap«<

Film, LocalDate, BigDecimal>
result = MultiKeyMap<>();
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Five hours later

I}II_IIBEB'I'»LBII
e TYpP
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Who in here has felt this way before?

Yes

Yes
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Who in here has felt this way before?

Yes

l.T.:. ;
LN
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Now let’'s calculate, for real

Map<Film, Map<LocalDate, BigDecimal>> result
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Easy, so far

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
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Easy, so far

Map<Film, Map<LocalDate, BigDecimal>> result = ..
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
// FIXME 2002-04-01 Will optimize this later
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Easy, so far

Map<Film, Map<LocalDate, BigDecimal>> result = ..
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
// FIXME 2003-04-01 Will optimize this “later”
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Easy, so far

Map<Film, Map<LocalDate, BigDecimal>> result = ..
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
// FIXME 2003-04-01 Will optimize this “later”

// FIXME 2005-04-01 URGENT! This is really slow!
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Still following?

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films)
; // TODO
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Still following?

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);

// TODO
}
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Still following?

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);

// TODO
}

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0

BL.
aa



Aaah, lazy initialization!

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);

) {
daily HashMap<>();

result.put(film, daily);
}

// TODO
}
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Aaah, lazy initialization!

Map<Film, Map<LocalDate, BigDecimal>> result = ..
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.g "~

) {
daily HashMap<>();

result.put(film, daily);
}

// TODO
}
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Aaah, lazy initialization!

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);

) {
daily HashMap<>();

result.put(film, daily);
}

// TODO
}
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Let’'s have that Map discussion again

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);

) {
daily LinkedHashMap<>(); // TODO: Better Map!

result.put(film, daily);
}

// TODO
}
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OK, next

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);

(daily == ) { ... }

// TODO
}
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OK, now looping

Map<Film, Map<LocalDate, BigDecimal>> result = ..
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);
(daily == ) { ... }
(Inventory inventory : film.getInventories())
; // TODO

°J
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OK, now looping

Map<Film, Map<LocalDate, BigDecimal>> result = ..
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);
(daily == ) { ... }
(Inventory inventory : film.getInventories())
(Rental rental : inventory.getRentals())
5 // TODO

°J
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OK, now looping

Map<Film, Map<LocalDate, BigDecimal>> result = ..
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);
(daily == ) { ... }
(Inventory inventory : film.getInventories())
(Rental rental : inventory.getRentals())
(Payment payment : rental.getPayments())
; // TODO

°J
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OK, now looping

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);
(daily == ) { ... }
(Inventory inventory : film.getInventories())
(Rental rental : inventory.getRentals())
(Payment payment : rental.getPayments())
; // TODO

EAGER or LAZY?
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OK, now looping

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);
(daily == ) { ... }
(Inventory inventory : film.getInventories())
(Rental rental : inventory.getRentals())
(Payment payment : rental.getPayments())
; // TODO

Or, entity graph?
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Entity Graph — How JPA folks write SQL

@NamedEntityGraph(
name = "graph.film.inventories.rentals.payments"”,
attributeNodes = @NamedAttributeNode(
value = "inventories",
subgraph = "inventories™
)
subgraphs = {
@NamedSubgraph(
name = "inventories"”,
attributeNodes = @NamedAttributeNode(
value = "rentals",
subgraph = "rentals”

)

)
}
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Entity Graph — How JPA folks write SQL

@NamedEntityGraph(
name = "graph.film.inventories.rentals.payments"”,
attributeNodes = @NamedAttributeNode(
value = "inventories",
subgraph = "inventories™
)
subgraphs = {
@NamedSubgraph(
name = "inventories",
attributeNodes = @NamedAttributeNode(
value = "rentals",
subgraph = "rentals”

)

)
}
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Remember this slide?
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Your code now visible from Andromeda Galaxy




Your code now visible from Andromeda Galaxy




OK, now looping, done. Right?

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);

(daily == ) { ... }

(Inventory inventory : film.getInventories())
(Rental rental : inventory.getRentals())

(Payment payment : rental.getPayments())

daily.put(
payment.getPaymentDate(),
payment.getAmount());
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OK, now looping, done. Wrong!

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);
(daily == ) { ... }
(Inventory inventory : film.getInventories())
(Rental rental : inventory.getRentals())
(Payment payment : rental.getPayments()) {

LocalDate date = payment.getPaymentDate();
BigDecimal amount = payment.getAmount();
(daily.containsKey(date))
daily.put(date, daily.get(date).add(amount));

daily.put(date, amount);
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OK, now looping, done. Wrong!

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily = result.get(film);
(daily == ) { ... }
(Inventory inventory : film.getInventories())
(Rental rental : inventory.getRentals())
(Payment payment : rental.getPayments()) {
LocalDate date = payment.getPaymentDate();
BigDecimal amount = payment.getAmount();
it (daily.containsKey(date))
daily.put(date, daily.get(date).add(amount));
else
daily.put(date, amount);
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OK, now looping, done. OK, better with Java 8

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily =

result.computeIfAbsent(film, k -> HashMap<>());

(Inventory inventory : film.getInventories())
(Rental rental : inventory.getRentals())

(Payment payment : rental.getPayments())

daily.compute(
payment.getPaymentDate(),
(k, v) -> v ==
? payment.getAmount()
: payment.getAmount().add(v));
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OK, now looping, done. OK, better with Java 8

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily =

result.computeIfAbsent(film, k -> new HashMap<>());

(Inventory inventory : film.getInventories())
(Rental rental : inventory.getRentals())

(Payment payment : rental.getPayments())

daily.compute(
payment.getPaymentDate(),
(k, v) => v == null
? payment.getAmount()
: payment.getAmount().add(v));
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Feel good about yourself?
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Business is asking again

questionforthedev-new-new2-realone-okthistimexlsx - Excel

Draw Page Layout Formulas Data Review View Add-ins

Team

Lukas Eder

@ Tell me what you want to do

I . I" 1 Line [5] slicer & 4 o
; . (i3] WL Column | Timeline o
PivotTable Recommended Table llustrations Add- Maps PivotChart 30 . Hyperlink =~ Text  Symbols

PivotTables - ins+ - . Map~ | [ Win/Loss = -

Tables Charts 5 Tours | Sparklines Filters Links
Al £

A B c D E
2
3
4
Question for the dev O “ v

Ready H m - 1 + 100%
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Business is asking again

questionforthedev-new-new2-realone-okthistimexlsx - Excel Lukas Eder @ e

H ©- 13
File [N ncet  Draw  Pagelayout  Formulas  Data  Review  View  Add-ins  Team Q@ Tell mewhat you wantto do
o ¥ — Erlnset - X - A
Comic Sans M$ AN === % B | Genea o E‘a D T p
Pi '%:‘E@ B I U %'A === &= 3= E' 2. g 5 |50 0 Cunal Furr:ata: C‘E” %,DEIHE : . S‘Ert& Find &
== T e ’ “ Formatting~ Table Styles~ [E]Format~ " Filter~ Select~
Clipboard Font Alignment 5] Number w Styles Cells Editing
A1 £ | Didlsay chow much money per film»?
A B C D
Did I say «how much money per film»?
I meant «per film and store»
1
2
3
4
Question for the dev +
Read) = m ¥
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Programmer reactions

SQL Developer Java Developer
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Programmer reactions

SQL Developer Java Developer
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Programmer reactions

SQL Developer Java Developer
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SQL dev: | knew this was coming!

title, payment date, SUM(amount)
film
inventory (film _id)

rental (inventory id)

payment (rental _id)
film id, payment_date
title, payment _date

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0

BAL.
aa



SQL dev: Swoosh!

title, payment date, SUM(amount)
film

inventory (film_id)

rental (inventory id)

payment (rental _id)
film id, payment date
title, payment _date
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SQL dev: Joke's on you!

title, store id, payment date, SUM(amount)
film

inventory (film_id)

rental (inventory id)

payment (rental _id)
film id, store id, payment_date
title, store_id, payment date
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Java dev: Gaaah, OK

Map<Film, Map<LocalDate, BigDecimal>> result = ...;
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily =
result.computeIfAbsent(film, k -> HashMap<>());
(Inventory inventory : film.getInventories())
(Rental rental : inventory.getRentals())
(Payment p : rental.getPayments())
daily.compute(

p.getPaymentDate(),
(k, v) -> v == ? p.getAmount() : p.getAmount().add(v));
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Java dev: Let's make some room

Map<Film, Map<LocalDate, BigDecimal> > result
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {
Map<LocalDate, BigDecimal> daily =
result.computeIfAbsent(film, k -> HashMap<>());
(Inventory inventory : film.getInventories())

(Rental rental : inventory.getRentals())
(Payment p : rental.getPayments())
daily.compute(
p.getPaymentDate(),
(k, v) -> v == ? p.getAmount() : p.getAmount().add(v));
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Java dev: Let's see, if | tweak this and then...

Map<Film, Map<Integer, Map<LocalDate, BigDecimal>>> result
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {

Map<Integer, Map<LocalDate, BigDecimal>> dailyPerStore =
result.computeIfAbsent(film, k -> HashMap<>());
(Inventory inventory : film.getInventories()) {

Map<LocalDate, BigDecimal> daily =
dailyPerStore.computeIfAbsent(
inventory.getStoreld(), k -> new HashMap());

(Rental rental : inventory.getRentals())
(Payment p : rental.getPayments())
daily.compute(
p.getPaymentDate(),
(k, v) -> v == ? p.getAmount() : p.getAmount().add(v));
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Java dev: Let's see, if | tweak this and then...

Map<Film, Map<Integer, Map<LocalDate, BigDecimal>>> result
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {

Map<Integer, Map<LocalDate, BigDecimal>> dailyPerStore =
result.computeIfAbsent(film, k -> new HashMap<>());
(Inventory inventory : film.getInventories()) {

Map<LocalDate, BigDecimal> daily =
dailyPerStore.computeIfAbsent(
inventory.getStoreld(), k -> new HashMap());

(Rental rental : inventory.getRentals())
(Payment p : rental.getPayments())
daily.compute(
p.getPaymentDate(),
(k, v) -> v == ? p.getAmount() : p.getAmount().add(v));
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Java dev: Let's see, if | tweak this and then...

(Film film : fi@s) {

Map<Integer, Mar calDate, BigDecimal>> dailyPerStore
result.comput sent(film, k -> HashMap<>());
(Inventory tory : film.getInventories()) {

Map<LocalDa; Decimal> daily =
1puteIfAbsent(
oreld(), k -> new HashMap());

: inventory.getRentals())
~ental.getPayments())

te(),
? p.getAmount() : p.getAmount().add(v));
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Java dev: Let's seg, if | tweak this,and than

(Film film : fi@s) {
Map<Integer, Mar calDate, BigDecimal>> dailyP¢ .
result.comput sent(film, k -> HashMap:|
(Inventory tory : film.getInventories(
Map<LocalDa; Decimal> daily =
1puteIfAbsent(

oreld(), k -> new HashMap(
: inventory.getRentals())
~ental.getPayments())

te(),
? p.getAmount() : p.getAmount().add(v));
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Java dev: Let's see, if | tweak this and then...

(Film film : fi@s) {
Map<Integer, Mar calDate, BigDecimal>> dailyP¢ .
result.comput sent(film, k -> HashMap-
(Inventory tory : film.getInventories(
Map<LocalDa; Decimal> daily =
1puteIfAbsent(
oreld(), k -> new HashMap(

: inventory.getRentals())
~ental.getPayments())

te(),
? p.getAmount() : p.getAmount().add(v));
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Java dev: Let's see, if | tweak this and then...

Map<Film, Map<Integer, Map<LocalDate, BigDecimal>>> result
List<Film> films = rg’lusOnelLoadAllFilms(); // TODO
(Film film : fi@s) {
Map<Integer, Mar calDate, BigDecimal>> dailyPc .
result.comput sent(film, k -> HashMap:| =
(Inventory tory : film.getInventories(
Map<LocalDa; Decimal> daily =
1puteIfAbsent(
oreld(), k -> new HashMap(

: inventory.getRentals())
~ental.getPayments())

te(),
? p.getAmount() : p.getAmount().add(v));
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And you're like...

Map<Film, Map<Integer, Map<LocalDate, BigDecimal>>> result
List<Film> films = nPlusOnelLoadAllFilms();
(Film film : films) {
Map<Integer, Map<LocalDate, BigDecimal>> dailyP«
result.computelfAbsent(film, k -> HashMap
tories( B

IashMap(j‘5
als())
))

%|t() : p.getAmount().add(v));
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While you anad your
architect engage in
nominal vs structural
typing philosopnies...




Meanwhile...
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Meanwhile... The inevitable

questionforthedev-new-new2-realone-okthistimexdsx - Excel Lukas Eder [ e (m]
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Styles Cells Editing

Draw Page Layout

Number

Did | say «daily revenuen?

A

Did I say «daily revenue»?
I meant «cumulative daily revenue»

LOL

Question for the dev @
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What on earth is a cumulative sum??

@) d-\\ \

Am
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What on earth is a cumulative sum??
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What on earth is a cumulative sum??

% Alta¥Yista HOME - Metscape
File Edit Yiew Go Communicator Help

3 d 3 B . @ S & @

Back Forward  Feload Horme Search  MNetscape Frint SECUrity

WiTEIDkaarkS ./ LDCﬂtiDﬂi|http:,f',f'mmm.altavista.u:n:um,-"

: The most powerful and useful guide to the Net October 23, 1998 POT
DNNE DI Iy AltaVista Shopping.com Zip2.com |
. B . . - Help
Ask AltaVista™ a question. Drenterafewwordsmhny language J et Tat S
Search For: ™ wehPages © Imag:s  iden © Audio ) Search tip:
glfumulﬂ o use image search = —

Example: When precisely will the new millennium begin?

ALTAVISTA CHANNELS - My AltaViista - Finance - Travel - Shopping - Careers - Health - News -
Entartainment

FREE INTERNET ACCESS - Download Now "&% - Support USEFUL TOOLS -Family Filter - Translation
- Yellow Pages - People Finder - Maps - Usenet - Checlk Email

DIRECTORY ALTAVISTA HIGHLIGHTS TRY THESE
Business & Finance » BIG changes coming to AltaVista 10125 -Info Search for Halloween in
m %I_..LI_- | O I L

Mamnitare R Intarnat

= == Docurnent Done r I | e ) e

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0




What on earth is a cumulative sum??
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Java dev:

// Thanks God it’s Friday!

UnsupportedOperationException();
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Meanwhile, the SQL developer...

title, store id, payment date,
SUM(amount)

film

inventory (film _id)

rental (inventory id)

payment (rental _id)
film id, store id, payment_date
title, store_id, payment date
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Meanwhile, the SQL developer...

title, store id, payment date,
SUM(amount)

film

inventory (film _id)

rental (inventory id)

payment (rental _id)
film id, store id, payment_date
title, store_id, payment date
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Meanwhile, the SQL developer...

title, store id, payment date,

SUM(SUM(amount)) OVER (
PARTITION BY title, store id
ORDER BY payment_date

)
film
inventory (film _id)
rental (inventory id)
payment (rental _id)
film id, store id, payment_date
title, store id, payment date
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Meanwhile, the SQL developer...

title, store id, payment date,

SUM(SUM(amount)) OVER (
PARTITION BY title, store_id
ORDER BY payment _date

)

(film_id)
(inventory id)
(rental _id)
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What does it do?

title store_id payment_date| sum cumulative_sum
character varying(255) integer date NUMeFric numeric
ACARDEMY DINOSLUE 1 2005-05-30 1.99 1.99
ACADEMY DINCSLUR 1|2005-06-17 0.935 2.98
CADEMY DINOSLUER 1 2005-07-07 0.99 3.97
ACARDEMY DINOSLUE 1 2005-07-08 0.99 4,98
ACERDEMY DINOSLUE 1 2005-07-30 1.99 6.93
ACADEMY DINOSLUE 1 2005-07-31 0.99 T.94
ACADEMY DINOSLUER 1 z2005-08-02 4,98 12.82
CADEMY DINOSLUE 1 2005-08-21 4,98 17.80
ACADEMY DINCSLUR 1|2005-08-22 0.935 18.89
ACADEMY DINOSLUER 1 2005-08-23 1.99 20.88
ACARDEMY DINOSLUE 2 2005-05-27 0.99 0.99
CADEMY DINOSLUE 2 2005-06-13 0.99 1.98
ACADEMY DINOSLUE 2/ 2005-06-21 1.99 3.97
ACADEMY DINOSLUER 2/ 2005-07-07 0.99 4,98
ACARDEMY DINOSLUE 2/ 2005-07-10 0.99 5.95
ACADEMY DINCSLUR 2(2005-07-27 0.935 6.94
CADEMY DINOSLUER 2 2005-07-29 1.99 2.93
ACARDEMY DINOSLUE 2/ 2005-07-31 0.99 9.92
ACERDEMY DINOSLUE 2 2005-08-18 0.99 10.91
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What does it do?

ACADEMY DINOSREUER
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What does it do?

title store_id payment_date| sum cumulative_sum
character varying(255) integer date NUMeric numeric
ACADEMY DINOSLUE 1 2005-05-30 Al Al
ACADEMY DINOSAUR 1/2005-06-17 0.5935 2.98
ACADEMY DINOSLUER 1 2005-07-07 0.99 3.97
ACADEMY DINOSLUE 1 2005-07-08 I 4.986
ACARDEMY DINOSLUE 1 2005-07-30 1l .95
ACADEMY DINOSLUE 1/2005-07-31 0.99 T.94
ACADEMY DINOSLUER 1 2005-08-02 4.98 12.82
ACADEMY DINOSLUE 1 2005-08-21 4,98 17.80
ACADEMY DINOSAUR 1|2005-08-22 0.5935 18.89
ACADEMY DINOSLUER 1 2005-08-23 Al 20.88
ACARDEMY DINOSLUE 2 2005-05-27 0.99 0.99
ACERDEMY DINOSLUE 2 2005-06-13 0.99 1.98
ACADEMY DINOSLUE 2/ 2005-06-21 1.99 3.97
ACADEMY DINOSLUER 2/ 2005-07-07 0.99 4,98
ACARDEMY DINOSLUE 2/ 2005-07-10 0.99 5.95
ACADEMY DINCSLUR 2(2005-07-27 0.935 g.94
ACADEMY DINOSLUER 2 2005-07-29 1.99 2.93
ACARDEMY DINOSLUE 2/ 2005-07-31 0.99 9.92
ACERDEMY DINOSLUE 2/ 2005-08-1%8 0.99 10.91
R —
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3GL vs. 4GL

DO you
get the
message?




" SHUT'UPIAND
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https://www.jooq.org/training/

3GL vs. 4GL

SQL Is a 4GL
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3GL vs. 4GL

In SQL, we only
declare the result.




3GL vs. 4GL

The database will
figure out the
algorithm for us.




3GL vs. 4GL

Algorithnms are
poring (mostly)




3GL vs. 4GL

We don't care apout




3GL vs. 4GL

We don't care about

« Writing algorithms (using them is a different story)
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3GL vs. 4GL

We don't care about

« Writing algorithms (using them is a different story)
* Premature Optimisation
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3GL vs. 4GL

We don't care about

« Writing algorithms (using them is a different story)
* Premature Optimisation
« Data type details (HashMap<A, B> or List<Entry<A, B>>?)
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3GL vs. 4GL

We don't care apout

« Writing algorithms (using them is a different story)

* Premature Optimisation

« Data type details (HashMap<A, B> or List<Entry<A, B>>?)
« Local variables
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3GL vs. 4GL

We don't care apout

« Writing algorithms (using them is a different story)
* Premature Optimisation
« Data type details (HashMap<A, B> or List<Entry<A, B>>?)
 Local variables
« (Caches
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3GL vs. 4GL

We don't care about

« Writing algorithms (using them is a different story)
* Premature Optimisation
« Data type details (HashMap<A, B> or List<Entry<A, B>>?)
 Local variables
« (Caches
* Loops
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3GL vs. 4GL

We don't care apout

« Writing algorithms (using them is a different story)
* Premature Optimisation
« Data type details (HashMap<A, B> or List<Entry<A, B>>?)
 Local variables
« (Caches
* Loops
« |nitialisation (or NullPointerException)
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3GL vs. 4GL

Let's have a discussion about Optional!

Writing algoritl
* Premature Opti
« Data type details (I
e Local variables

« (Caches

* Loops

« |nitialisation (or NullPointerException)

hem is a different story)

D<A, B> or List<Entry<A, B>>?)
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3GL vs. 4GL

We do care about
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3GL vs. 4GL

We do care about

« Business logic
e Just a bit of indexing
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3GL vs. 4GL

We do care about

« Business logic
e Just a bit of indexing
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s Java 8 Streams “declarative” ?

The Stream API
looks a lot like
SQLUs declarative
Style

3 Mario Fusco
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Imperative vs. Functional - Separation of
Concerns

Imperative vs. Functional
Separation of Concerns

List<String> errors = new ArraylList<>();
int errorCount = 0@;

while (grrorCount < 40 &&

if (line.startsWith("ERROR")) {
errors.add(line);

errorCount++;
}
Lis i =
.filter(l -> l.startsWith("ERROR")
.limit(40)
.collect(toList());

EDONEARS
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s Java 8 Streams “dec

larative” ?

The Stream API

looks a lot like
SQLUs declarative
Style
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3 Mario Fusco

Imperative vs. Functional - Separation of
Concerns

Imperative vs. Functional
Separation of Concerns

ist<String> errors = new ArraylList<>();
errorCount = @;

(errorCount < 40 &&

.filter(l -> l.startsWith("ERROR")
.limit(40)
.collect(toList());

o] ~jejcialcl |3
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s Java 8 Streams “declarative” ?

3 Mario Fusco

FRO M Imperative vs. Functional - Separation of
Concerns

Imperative vs. Functional
Separation of Concerns

ist<String> errors = new ArraylList<>();

ot errorCount = @;

Il wHerRE AR
Ie ke

SQUs declo=
Style

e

(errorCount < 40 &&
(line.startsWith("ERROR")) {
errors.add(line);

) {

(rorcount++;

N\

.filter(l -> l.startsWith("ERROR")
.limit(40)
.collect(toList());

954 770 o] jercialcl: |3
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s Java 8 Streams “declarative” ?

3 Mario Fusco

FRO M Imperative vs. Functional - Separation of
Concerns

Imperative vs. Functional
Separation of Concerns

ist<String> errors = new ArraylList<>();

Il wHerRE AR
Ie ke

SQUs declo=
FETCH NEXT

e

(errorCount < 40 &
(line.startswWith("ERROR")) {
errors.add(line);

R

.filter(l -> l.startswith("ERROR")
.collect(toList());

954 770 DEDORN B
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s Java 8 Streams “declarative” ?

FRO M Imperative vs. Functional - Separation of
Concerns

Imperative vs. Functional
Separation of Concerns

ist<5tring> errorg = new ArraylList<>();
gt errorCount = @;

Il wHerRE AR
Ie ke

SQUs declo=
FETCH NEXT -‘1

R

.filter(l -> l.startsWith("ERROR")
«limit(4e)
cdllecf(foList())

GROUP BY
. .. oeocoPmews

770
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In a way, it's very similar

TABLE : Stream<Tuple<..>>
SELECT : map()

DISTINCT : distinct()

JOIN : flatMap()

WHERE / HAVING : filter()

GROUP BY : collect()

ORDER BY : sorted()

UNION ALL : concat()

See:

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0


http://blog.jooq.org/2015/08/13/common-sql-clauses-and-their-equivalents-in-java-8-streams/

Let’s try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, BigDecimal>>> result
List<Film> films = loadAllFilms(); // TODO
(Film film : films) {

Map<Integer, Map<LocalDate, BigDecimal>> dailyPerStore =
result.computeIfAbsent(film, k -> HashMap<>());
(Inventory inventory : film.getInventories()) {

Map<LocalDate, BigDecimal> daily =
dailyPerStore.computeIfAbsent(
inventory.getStoreld(), k -> new HashMap());

(Rental rental : inventory.getRentals())
(Payment p : rental.getPayments())
daily.compute(
p.getPaymentDate(),
(k, v) -> v == ? p.getAmount() : p.getAmount().add(v));
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Let’s try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result = loadAllFilms()
.stream()
.flatMap(f -> f.getInventories().stream())
.flatMap(i -> i.getRentals().stream())

.flatMap(r -> r.getPayments().stream())
.collect(... /* amount per film and store */ ...);

BAL.
aa
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result = loadAllFilms()
.stream() // Stream<Film>
.flatMap(f -> f.getInventories().stream())

.flatMap(i -> i.getRentals().stream())

.flatMap(r -> r.getPayments().stream())
.collect(... /* amount per film and store */ ...);
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result = loadAllFilms()
.stream() // Stream<Film>
.flatMap(f -> f.getInventories().stream()) // Stream<Inventory>
.flatMap(i -> i.getRentals().stream())

.flatMap(r -> r.getPayments().stream())
.collect(... /* amount per film and store */ ...);
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result = loadAllFilms()
.stream() // Stream<Film>
.flatMap(f -> f.getInventories().stream()) // Stream<Inventory>
.flatMap(i -> i.getRentals().stream()) // Stream<Rental>

.flatMap(r -> r.getPayments().stream())
.collect(... /* amount per film and store */ ...);
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result = loadAllFilms()
.stream() // Stream<Film>
.flatMap(f -> f.getInventories().stream()) // Stream<Inventory>
.flatMap(i -> i.getRentals().stream()) // Stream<Rental>
.flatMap(r -> r.getPayments().stream()) // Stream<Payment>
.collect(... /* amount per film and store */ ...);
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result = loadAllFilms()
.stream() // Stream<Film>
.flatMap(f -> f.getInventories().stream()) // Stream<Inventory>
.flatMap(i -> i.getRentals().stream()) // Stream<Rental>
.flatMap(r -> r.getPayments().stream()) // Stream<Payment>
.collect(... /* amount per film and store */ ...);
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Let’s try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result = loadAllFilms()
.stream()
.flatMap(f -> f.getInventories().stream().map(i -> entry(f, 1)))
.flatMap(fi -> fi.v2.getRentals().stream().map(r -> entry(fi, r)))
.flatMap(fir -> fir.v3.getPayments().stream().map(p -> entry(fir, p)))
.collect(... /* amount per film and store */ ...);
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result = loadAllFilms()
.stream()
.flatMap(f -> f.getInventories().stream().map(i -> entry(f, i)))
.flatMap(fi -> fi.v2.getRentals().stream().map(r -> entry(fi, r)))
.flatMap(fir -> fir.v3.getPayments().stream().map(p -> entry(fir, p)))
.collect(... /* amount per film and store */ ...);
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Let’s try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result = loadAllFilms()
.stream()
.flatMap(f -> f.getInventories().stream().map(i -> entry(f, 1)))
.flatMap(fi -> fi.v2.getRentals().stream().map(r -> entry(fi, r)))
.flatMap(fir -> fir.v3.getPayments().stream().map(p -> entry(fir, p)))
.collect(
Collectors.groupingBy(firp -> firp.getKey().getKey().getKey(),
Collectors.groupingBy(firp -> firp.getKey().getKey().getValue()
.getStoreld(),
Collectors.groupingBy(firp -> firp.getValue().getPaymentDate(),
Collectors.summingDouble(
firp -> firp.getValue().getAmount().doubleValue()

)
)
)
)

)s
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Let's try that Java algorithm again

Map<Film, Mc
.Strean
o-FlatMal.J\l 7 1 oB\-\..I.IIV\_II\..UI .L\_J\/o_)\.l \_MIII\/ o 111U

.flatMap(fi -> fi.v2.getRentals().stream().m:
.flatMap(fir -> fir.v3.getPayments().stream() > entry(fir, p)))
.collect(

Collectors.groupingBy(firp -> firp.getKey().getKey().getKey(),

Collectors.groupingBy(firp -> firp.getKey().getKey().getValue()
.getStoreld(),

Collectors.groupingBy(firp -> firp.getValue().getPaymentDate(),

Collectors.summingDouble(
firp -> firp.getValue().getAmount().doubleValue()

)
)
)
)

I

BL.
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Let's try that Java algorithm again

Well, it certainly
lO0OKS declarative




We can do a bit better, though

Better Streams:
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https://github.com/jOOQ/jOOL

We can do a bit better, though

Seqg.seqg(persons)
.collect(
count(),
max(Person: :getAge),

min(Person: :getHeight),
avg(Person: :getlWeight)

)
// (3, Optional[35],
// Optional[1.69], Optional[70.0])
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Let’s try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result = loadAllFilms()
.stream()
.flatMap(f -> f.getInventories().stream().map(i -> entry(f, 1)))
.flatMap(fi -> fi.v2.getRentals().stream().map(r -> entry(fi, r)))
.flatMap(fir -> fir.v3.getPayments().stream().map(p -> entry(fir, p)))
.collect(
Collectors.groupingBy(firp -> firp.getKey().getKey().getKey(),
Collectors.groupingBy(firp -> firp.getKey().getKey().getValue()
.getStoreld(),
Collectors.groupingBy(firp -> firp.getValue().getPaymentDate(),
Collectors.summingDouble(
firp -> firp.getValue().getAmount().doubleValue()

)
)
)
)

)s
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result = loadAllFilms()
.stream()
.flatMap(f -> f.getInventories().stream().map(i -> entry(f, 1i)))
.flatMap(fi -> fi.v2.getRentals().stream().map(r -> entry(fi, r)))
.flatMap(fir -> fir.v3.getPayments().stream().map(p -> entry(fir, p)))
.collect(

Collectors.groupingBy(firp -> firp.getKey().getKey().getKey(),
Collectors.groupingBy(firp -> firp.getKey().getKey().getValue()
.getStoreld(),

Collectors.groupingBy(firp -> firp.getValue().getPaymentDate(),
Collectors.summingDouble(
firp -> firp.getValue().getAmount().doubleValue()

)
)

)
)
);
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result =
Seq.seq(loadAllFilms())
.flatlap(f -> f.getInventories().stream().map(i -> entry(f, 1)))
-> fi.v2.getRentals().stream().map(r -> entry(fi, r)))
‘fir -> fir.v3.getPayments().stream().map(p -> entry(fir, p)))

rs.groupingBy (firp -> firp.getKey().getKey().getKey(),
yrs.groupingBy (firp -> firp.getKey().getKey().getValue()
.getStoreld(),
rs.groupingBy(firp -> firp.getValue().getPaymentDate(),
ors.summingDouble (
> firp.getValue().getAmount().doubleValue()
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result =
Seq.seq(loadAllFilms())
.flatMap(f -> f.getInventories().stream().map(i -> entry(f, i)))
.flatMap(fi -> fi.v2.getRentals().stream().map(r -> entry(fi, r)))
.flatMap(fir -> fir.v3.getPayments().stream().map(p -> entry(fir, p)))
.collect(
Collectors.groupingBy(firp -> firp.getKey().getKey().getKey(),
Collectors.groupingBy(firp -> firp.getKey().getKey().getValue()
.getStoreld(),

Collectors.groupingBy(firp -> firp.getValue().getPaymentDate(),
Collectors.summingDouble(
firp -> firp.getValue().getAmount().doubleValue()

)
)

)
)
)5
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result =
Seq.seq(loadAllFilms())
.crossApply(f -> f.getInventories())
.crossApply(fi -> fi.v2.getRentals())
.crossApply(fir -> fir.v2.getPayments())
.collect
Colle @A rs.groupingBy(firp -> firp.vl.vl.vl,
Col rs.groupingBy(firp -> firp.vl.vl.v2.getStoreId(),
C “ors.groupingBy(firp -> firp.v2.getPaymentDate(),
tors.summingDouble(

-> firp.v2.getAmount().doubleValue()
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result =
Seq.seq(loadAllFilms())
.crossApply(f -> f.getInventories()) // <Film, Inventory>
.crossApply(fi -> fi.v2.getRentals())
.crossApply(fir -> fir.v2.getPayments())
.collect(
Collectors.groupingBy(firp -> firp.vl.vl.vl,
Collectors.groupingBy(firp -> firp.vl.vl.v2.getStoreId(),
Collectors.groupingBy(firp -> firp.v2.getPaymentDate(),
Collectors.summingDouble(
firp -> firp.v2.getAmount().doubleValue()

)
)
)
)
);
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result =
Seq.seq(loadAllFilms())
.crossApply(f -> f.getInventories()) // <Film, Inventory>
.crossApply(fi -> fi.v2.getRentals()) // <<F, I>, Rental>
.crossApply(fir -> fir.v2.getPayments())
.collect(
Collectors.groupingBy(firp -> firp.vl.vl.vil,
Collectors.groupingBy(firp -> firp.vl.vl.v2.getStoreId(),
Collectors.groupingBy(firp -> firp.v2.getPaymentDate(),
Collectors.summingDouble(
firp -> firp.v2.getAmount().doubleValue()

)
)
)
)
);
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result =
Seq.seq(loadAllFilms())
.crossApply(f -> f.getInventories()) // <Film, Inventory>
.crossApply(fi -> fi.v2.getRentals()) // <<F, I>, Rental>
.crossApply(fir -> fir.v2.getPayments()) // <<<F, I>, R>, Payment>
.collect(
Collectors.groupingBy(firp -> firp.vl.vl.vl,
Collectors.groupingBy(firp -> firp.vl.vl.v2.getStoreId(),
Collectors.groupingBy(firp -> firp.v2.getPaymentDate(),
Collectors.summingDouble(
firp -> firp.v2.getAmount().doubleValue()

)
)
)
)
)5
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Let's trv that Java alaorithm aaain

Map<Film, Map<Integer, Map<LocalDate, Do
Seq.seq(loadAllFilms())
.crossApply(f -> f.getInventories()
.crossApply(fi -> fi.v2.getRentals(
.crossApply(fir -> fir.v2.getPaymen
.collect(
Collectors.groupingBy(firp -> firp.vl.vl.vl,
Collectors.groupingBy(firp -> firp.vl.vl.v2.getStoreId(),
Collectors.groupingBy(firp -> firp.v2.getPaymentDate(),
Collectors.summingDouble(
firp -> firp.v2.getAmount().doubleValue()

)
)

)
)
);
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result =
Seq.seq(loadAllFilms())
.crossApply(f -> f.getInventories())
.crossApply(fi -> fi.v2.getRentals())
.crossApply(fir -> fir.v2.getPayments())
.collect(
Collectors.groupingBy(firp -> firp.vl.vl.vl,
Collectors.groupingBy(firp -> firp)vl.vl.v2.getStoreId(),
Collectors.groupingBy(firp -> i v2.getPaymentDate(),
Collectors.summingDouble(
firp -> firp.v2.getAmount().
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Let's try that Java alggzithos oooin

Map<Film, Map<Integer, Map<LocalDate, Double>>> r
Seq.seq(loadAllFilms())
.crossApply(f -> f.getInventories())
.crossApply(fi -> fi.v2.getRentals())
.crossApply(fir -> fir.v2.getPayments())
.collect(
Collectors.groupingBy(firp -> firp.vl.vl.vl,
Collectors.groupingBy(firp -> firp.vl.vl.v2.getStoreId(),
Collectors.groupingBy(firp -> firp.v2.getPaymentDate(),
Collectors.summingDouble(
firp -> firp.v2.getAmount().doubleValue()

)
)

)
)
);

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0

- b
Hh



Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result =
Seq.seq(loadAllFilms())
.crossApply(f -> f.getInventories())
.crossApply(fi -> fi.v2.getRentals())
.crossApply(fir -> fir.v2.getPayments())
.collect(
Collectors.groupingBy(firp -> firp.vl.vl.vl,
Collectors.groupingBy(firp -> firp.vl.vl.v2.getStoreId(),
Collectors.groupingBy(firp -> firp.v2 getPaymentDate(),
Collectors.summingDouble(
firp -> firp.v2.getAmount().doubl §/alue()

)
)
)
)
);
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Let's try that Java algorithm again

Map<Film, Map<Integer, Map<LocalDate, Double>>> result =
Seq.seq(loadAllFilms())
.crossApply(f -> f.getInventories())
.crossApply(fi -> fi.v2.getRentals().stream()
.flatMap(r -> r.getPayments().stream()))

.collect(
Collectors.groupingBy(fip -> fif
Collectors.groupingBy(fip -> 1 v1l.v2.getStoreld(),
Collectors.groupingBy(fip -: v2.getPaymentDate(),
Collectors.summingDouble(
fip -> fip.v2.getAmount

)
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Let's try that Java algorithm again

Map<Film, Mc
Seq.seq(lc
«CPOSSAppay\t - 1 egurativeiicus avoy )y
.crossApply(fi -> fi.v2.getRentals().stream()
.flatMap(r -> r.getPaymen
.collect(
Collectors.groupingBy(fip -> fip.vl.vil,
Collectors.groupingBy(fip -> fip.vl.v2.getStoreId(),
Collectors.groupingBy(fip -> fip.v2.getPaymentDate(),
Collectors.summingDouble(
fip -> fip.v2.getAmount().doubleValue()

)
)

)
)

)s
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Let's try that Java algorithm again

Map<Tuple3<Film, Integer, LocalDate>, Double> result =
Seq.seq(loadAllFilms())

.crossApply(f -> f.getInventories())
.crossApply(fi -> fi.v2.getRentals().stream()

.flatMap(r -> r.getPayments().stream()))

.groupBy(
fip -> tuple(
fip.vl.vl,
fip.vl.v2.getStoreld(),
fip.v2.getPaymentDate()
)>
Agg.sum(fip -> fip.v2.getAmount())
)
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Let's try that Java algorithm again

Map<Tuple3<Film, Integer, LocalDate>, Double> result =
Seq.seq(loadAllFilms,))
.crossApply(f -> B getInventories())
i.v2.getRentals().stream()

.groupBy (
fip -> tupl
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Bad news is:

How much time dio
we spend on this
proplem now?




Bad news is:
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Remember this slide? Was it all that hard?

title, store id, payment date,
SUM(amount)

film

inventory (film _id)

rental (inventory id)

payment (rental _id)
film id, store id, payment_date
title, store_id, payment date
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Everyone understands now...

SQL Is a 4GL

This means great
improvemer

orod

t of
UCtl

C
VI

ty

eveloper




Everyone understands now...

How much time did | spend talking
about SOL so far?

How much time on Java?

SQL is easier = SQL is more productive
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What will | talk about?

SQI Iaii=1VV/alTaVaaY
+ SQLs product\ve

e SQL is fast

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0



What will | talk about?

PY S_Q!_ LS a\AL
» SOLis productiv
e SQL is fast
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Suspense!

Best chapter:
Performance




But first

How does SQL
WOIK?
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Business asking

How many films did each
actor whose last name
starts with «A» play in?




They want this

first_name last_name count
character varying(45) character varying(45) bigint
KIESTEN AEBOYD 34
CHEISTIAN AKROYD 32
ANGELINA ASTAIRE 31
KIM ALLEN 22
CTBA ALLEN 23
DEBEIE AKROYD 24
MEEYL ALLEN 22
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They want this

Starts with «A»

first_name last_name count
character varying )} character varying(45) bigint
KIESTEN 34
CHEISTIAN 2
ANGELINA 31
KIM 22
CTBA 23
DEBEIE 24
MEEYL 22
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They want this
Starts with «A»

How many films

first_name
character varying

KIRSTEN
CHRISTIAN
ANGELINA
KIM

CUBA
DEBBIE
MERYL

last_name

Lol Lol
= A0 = Ra s

(o R L R L I

Fd
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This is the query. But what really happens?

first _name, last name, count(*)
actor
film actor (actor_id)

last name 'A%
first name, last name
count(*)
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Logical Operations order

1. Load tables

first _name, last_name, count(*)
actor
film_actor (actor_id)

last name
first name, last name
count (*)
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Logical Operations order

. P\ad tables

actor
film_actor (actor_id)

Observe: «LOGICAL». Not «<ACTUAL»
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Logical Operations order

1. Load tables
2. Apply predicates

first _name, last_name, count(*)
actor
film_actor (actor_id)

last _name 'A%’
first name, last name
count (*)
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Logical Operations order

1. Load tables
2. Apply predicates
3. Collect groups

first _name, last_name, count(*)
actor
film_actor (actor_id)

last name
first name, last name
count (*)
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Logical Operations order

1. Load tables

2. Apply predicates
3. Collect groups
4. Aggregate

first name, last _name, count(*)

actor
film _actor (actor_id)

last name
first name, last name

count(*)
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Logical Operations order

1. Load tables

2. Apply predicates

3. Collect groups

4. Aggregate

5. Project first _name, last name, count(*)

actor
film_actor (actor_id)
last name
first name, last name

count (*)
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Logical Operations order

1. Load tables

2. Apply predicates
3. Collect groups
4. Aggregate

5- PrOJeCt first _name, last name, count(*)
actor
6. Order film_actor (actor_id)

last name

first name, last name
count(*)
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Complete order

Logical operations order

1. FROM, JOIN, APPLY 9. SELECT

2. WHERE 10. DISTINCT

3. CONNECT BY (Oracle) 11. UNION, INTERSECT, EXCEPT
4. GROUP BY 12. ORDER BY

5. Aggregations 13. OFFSET

6. HAVING 14. LIMIT

/. WINDOW 15. FOR UPDATE

8. MODEL (Oracle)
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Complete order

Logical operations arder

IE N o @/ OINFAPPEY 9. SELECT

2. WHERE 10. DISTINCT

3. CONNECT BY (Oracle) 11. UNION, INTERSECT, EXCEPT
4. GROUP BY 12. ORDER BY

5. Aggregations 13. OFFSET

6. HAVING 14. LIMIT

/. WINDOW 15. FOR UPDATE

8. MODEL (Oracle)
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Complete order

Logical operatigris-order

1. FRCIM, JOIN, APPLY 9. SELECT

2. WHERE 10. DISTINCT

3. CONNECT BY (Oracle) 11. UNION, INTERSECT, EXCEPT
4. GROUP BY 12. ORDER BY

5. Aggregations 13. OFFSET

6. HAVING 14. LIMIT

/. WINDOW 15. FOR UPDATE

8. MODEL (Oracle)
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Complete order

Logical operatigns-order

1. FROM, JOIN, APPLY 9. SELECT

2. WHERE 10. DISTINCT

3. CONNECT BY (Oracle) 11. UNION, INTERSECT, EXCEPT
4. GROUP BY 12. ORDER BY

5. Aggregations 13. OFFSET

6. HAVING 14. LIMIT

/. WINDOW 15. FOR UPDATE

8. MODEL (Oracle)
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That explains a thing or two
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What's the actual algorithm?

But that's not what
really happens!

Any algori
the same

‘Nm tr

result

at produces
'S acceptable.




What's the actual algorithm?

Can we see the
actual algorithm?




't's called «execution plan»

OPERATION OBJECT_NAME CARDIMALITY  COST
=@ SELECT STATEMENT 13 :
=4 SORT (CORDER BY) 13 3
. B HASH (GROUP BY) 13 g
=4 HASH J0IN 154 7

E} O m Access Predicates
- ACTOR,ACTOR_ID=FILM_ACTOR.ACTOR._ID

B E TABLE ACCESS (BY INDEX ROWID) ACTOR. B 2
- 8 INDEX (RANGE SCAN) IDX_ACTOR_LAST MAME 5 1

E} O m Access Predicates

R ACTOR.LAST_MAME LIKE 'A%

E} (3% Filter Predicates

- ACTOR.LAST_MAME LIKE 'A%

----- ne‘é INDEX (FAST FULL SCAN) IDX_FK_FILM_ACTOR_ACTOR. 462 4
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Who has seen an execution plan?

Yes

Mo
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Who has seen an execution plan?

Yes

Mo
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SQL Developer

SAKTLA

EO -8 B8 & v¢d 0.025 Sekunden

?K Explain-Plan... (F10)

Arbei —EQMW
sE

LECT
first name, last name, C
FROM actor
JOIN
.EELECFI’ actor_id,count(*) c
FEOM film actor
GEOUP BY actor id
]
USING (actor id)
WHERE last name LIKE 'A%’
ORDER BY c DESC;

" ORACLE
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pgAdmin [l

S B & e PP R

SQL Editor = Graphical Query Builder Explain query

Previous gqueries

BELECT
first name, last _name, C
FEOM actor
[ J0IN |
SELECT actor id,count(*) c
FEOM film actor
GROUF BY actor id
=)
USING (actor id)
WHERE last name LIKE 'A%’
ORDER BY c DESC:

~'&1?lljf_15tgref-}i )|
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SQL Workbench

SAQLFile 3 =
L = _E. _'lj,, [y, &) | Lmitto 1000rows = F, < @
1 @ ELE
2 firgl I byecute the EXPLAIN command on the statement under the cursor
3 FROMgECtor
4 J0IN
5 SELECT actor_id,count(*) ¢
6 FROM Tilm actor
7 GROUP BY actor_id
8 )t
g USING (actor_id)
18 WHERE last name LIKE 'A
11 ORDER BY c DESC;
g
L £,
MySsLlL

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0



SQL Server Management Studio

- | ¥ Execute B Debug ¥ 3y = o | 5 U | é

Display Estimated Execution Plan (Ctrl+®
aELEL]
first _name, last@iname, c
FROM actor

RESS (50L

SELECT actor _id,count(®) c
FROM film actor

GROUP BY actor_id

ks T

OM actor.actor id = t.actor id
WHERE last name LIKE 'A%’
ORDER BY c DESC;

" -
e, Micrasof

~~ SQL Server
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What's the actual algorithm?

OPERATION

= @ SELECT STATEMENT
=4 SORT (CORDER BY)

5.

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0

HASH (GROUP BY)
= P HASH JOIN
E} O m Access Predicates

- ACTOR,ACTOR._ID=FILM_ACTOR.,ACTOR_ID

B E TABLE ACCESS (BY INDEX ROWID)
- u@ INDEX (RANGE SCAN)
E} O m Access Predicates
. ACTOR.LAST_MAME LIKE 'A%
=8 (3% Filter Predicates
: - ACTOR.LAST_MAME LIKE 'A%
----- EI@ INDEX (FAST FLILL SCAN)

CBIECT_NAME CARDIMNALITY
13
13
13
154
ACTOR &
IDX_ACTOR_LAST MAME 6
IDX_FK_FILM_ACTOR_ACTOR 5462

CO5T

T T T




What's the actual algorithm?

OPERATION OBIECT_M CARDIMALITY CRSE
= SELECT STATEMENT
=4 SORT (CORDER BY)
. =4 HASH (GROUP BY)
=P HASH 101N
E}f_','l't%.. Access Predicates
- ACTOR,ACTOR._ID=FILM_ACTOR.,ACTOR._ID
B E TABLE ACCESS (BY INDEX ROWID) ACTOR.
. 508 INDEX (RANGE SCAN) ID%_ACTOR_LAST_MNAME
Bﬁﬁ.. Access Predicates
- ACTOR.LAST_MAME LIKE 'A%
E} (3% Filter Predicates
: - ACTOR.LAST_MAME LIKE 'A%
----- EI@ INDEX (FAST FULL SCAN) IDX_FK_FILM_ACTOR._ACTOR 0462 4

=i
LN = == =
ds L L La
L N TN i I Y

la 'O o
(]
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What's the actual algorithm?

OPERATION OBJECT_MAME INAETESCOST

=@ SELECT STATEMENT 13
=4 SORT (CORDER BY)
. B4 HASH (GROUP BY)
=P HASH 101N 154
= (Jts Access Predicates
e ACTOR, ACTOR_ID=FILM_ACTOR.ACTOR_ID
=B TABLE ACCESS (BY INDEX ROWID) ACTOR 5
= 04 INDEX (RANGE SCAN) IDX_ACTOR_LAST _MNAME 5 1
E} G_ Access Predicates
| b ACTOR.LAST_NAME LIKE 'A%k
=8 (3% Filter Predicates
= - ACTOR.LAST_NAME LIKE 'A%
----- n@ INDEX (FAST FULL SCAM) IDX_FK_FILM_ACTOR_ACTOR 5452 4

[T E RN

[y
L
a

rJ
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What's the actual algorithm?

Imperative

Actual operations order

2

ACTOR.ACTOR_ID=FILM_ACTOR.ACTOR _ID
R TaBLE ACCESS (BY INDEX ROWID)

O Access Predicates
; ACTOR.LAST_MAME LTKE 'A%’
=¥ Filter Predicates
“er ACTOR.LAST_NAME LIKE 'A%

IDX_FK_FILM_ACTOR_ACTOR

1. Access ROWIDs from Index given the predicate
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What's the actual algorithm?

0
. L. ACTOR.ACTOR_ID=FILM_ACTOR.ACTOR_ID
‘ . : =E] TABLE ACCESS (B INDEX ROWID) ACTOR.
‘ =168 INDEX (RANGE SCAN) IDX_ACTOR_LAST_NAME
=+ Access Predicates

ACTOR.LAST_MAME LIKE 'A%
=¥ Filter Predicates
ACTOR LAST MAME LIKE 'A%

Actual Operatlons Or—der _ .0 INDEX (FAST FULL SCAN) IDX_FK_FILM_ACTOR_ACTOR

1. Access ROWIDs from Index given the predicate
2. Access other columns from the same row in the table
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What's the actual algorithm?

Imperative

: ACTOR.ACTOR_ID=FILM_ACTOR. ACTOR_ID
E .TAE.EACCESSG!Y]]‘I.‘.EIRQW]D] ACTOR
: E G‘.Accesspredmtes
‘.. ACTOR.LAST_NAME LIKE 'A%
2 U?Hherpredmhes
‘. ACTOR.LAST_NAME LIKE 'A%

J€§ INDEX (FAST FULL SCAN) ID¥_FK_FILM_ACTOR_ACTOR

5462

Actual operations order

1. Access ROWIDs from Index given the predicate
2. Access other columns from the same row in the table
3. Load foreign key relationship index into memory
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What's the actual algorithm?

. =M HASH (GROUP BY)
=P HASH JOIN 154
=t Access Predicates

0
ACTOR.ACTOR_ID=FILM_ACTOR. ACTOR_ID
‘ . = TABLE ACCESS (BY INDEX ROWID) ACTOR & 2
‘ - -0 INDEX (RANGE 5CAN) IDX_ACTOR_LAST_MNAME & 1
& Access Predicates

o ACTOR.LAST_NAME LIKE 'A%’

=G Filter Predicates
‘. ACTOR.LAST_NAME LIKE ‘A%

Actual operations order ' Larmper e

1. Access ROWIDs from Index given the predicate

2. Access other columns from the same row in the table
3. Load foreign key relationship index into memory

4. Put both data sets in hashmaps and join them
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What's the actual algorithm?

= HASH (GROUF BY) 13
= P HasH JoIN 154
E G‘ Access Predicates

0
. ACTOR.ACTOR_ID=FILM_ACTOR.ACTOR_ID
‘ . E B ThBLE AcCESS (BY INDEX ROWID) ACTOR. & 2
‘ - -0 INDEX (RANGE 5CAN) IDX_ACTOR_LAST_MAME 6 1
E G‘AccessP‘redG:tes

iw.  ACTOR.LAST_NAME LIKE 'A%
= Uﬁ' Filter Predicates
i ACTOR.LAST_NAME LIKE 'A%

Actual operations order e e

Access ROWIDs from Index given the predicate
Access other columns from the same row in the table
Load foreign key relationship index into memory

Put both data sets in hashmaps and join them

Create another hashmap to group rows

Ui 9 N =
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What's the actual algorithm?

=8 SE|ECT STATEMENT 13 9
-4} SORT (ORDER BY) 13 g

- @) HASH (GROUP BY) 13 )

=P HasH Jom 154 7

E 05 Access Predicates

0
. ACTOR.ACTOR_ID=FILM_ACTOR.ACTOR_ID
‘ . E B ThBLE AcCESS (BY INDEX ROWID) ACTOR. & 2
‘ - -0 INDEX (RANGE 5CAN) IDX_ACTOR_LAST_MAME 6 1
E G‘AccessP‘redG:tes

iw.  ACTOR.LAST_NAME LIKE 'A%
= Uﬁ' Filter Predicates
i ACTOR.LAST_NAME LIKE 'A%

Actual operations order e e

Access ROWIDs from Index given the predicate
Access other columns from the same row in the table
Load foreign key relationship index into memory

Put both data sets in hashmaps and join them

Create another hashmap to group rows

Sort the result

O LA W =
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Declarative vs
Imperative

Would you have chosen the
same algorithm?




E.g. Apparently, it's faster in this
case to load 5462 rows into
memory than seeking 6 counts
individually...
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Big O Notation

Hash join: O(N)

(N = film_actors (bigger table))

Nested loop join with indexes:
O(log M x log N)

(M = actors, N = film_actors)

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0



Big O Notation

Hash join: O(N)

(N = film_actors (bigger table))

Nested '\pOY join with indexes:
O(log M x log N)

(M = actors, N = film_actors)
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t depends!
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What you think you have

Big O Notation
100
Q0
80

70

60

50

40

30

20

10

0

e I i e T T ¥ - = N N 5 TR e Bl oS o Y T I Ao T T R i B |
B I 5 B B o o v Tt T« B~ o~ o~ o~ ' O . T T T ]

e [\| e (1) Oflog N} ===—0{N) O(N log N)

=
o

=
Y]

o o W0
| e

O(NA2)

o o4 o 0D
= 03 0O o

= = I~
[ T = B

100

103

106
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What you may really have

Big O Notation

100

S0

80

70

60

50

40

30

20

Y T T oV T+ e < LY = IO T o T+ - IR~ Y e N B 5 Vs
Lo T e B o B o A o o A 5 O N 5 - o~ R o T O I T T O T I e T i T

e [\| e (1) Oflog N} ===—0{N) O(N log N) O(NA2)

[
]
—

103

106
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What you may really have

Big O Notation
30
25 / I
20
15
10
5
0 _____..:—
™ T M~ O oy WO d N o = = = oy W C d N o ~— = | o m W O Y wm o0 «— = ™~ O o W
— Lo | ™ — o ™ T oy 0 ) = = = = uy 'y ury w0 u s M~ = == M= od oD o9 o {=1] T :_ ':'_.|- o
M 0[1) Olog N} O[N] s O[M Iz N D[N 2]  — 27N Q[N

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0




What you may really have

«Works on my machine» 8_8

Big O Notation

30

25 / I
20 /

¥ M O 00 W O ™ Wy 00 w1 = M O 0 W o o wy 0 i 5 M~ O o WD
o o o =T o ST 9 W W ow W M~ M~ P~ P~ o) O o O O Oh O >

= ==
—

N 0[1) Oflog N) O(N) == O{N log N} O[N"2) e O 2N} O(N!)
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More info
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http://bigocheatsheet.com/

Statistics

Here's an interesting
thing to think about:

HIstograms




Statistics

Histogram

Amount

180

160

140

120

100

a0

&0

40
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Statistics

Predicate 1
amount -2000 2000

Predicate 2
amount 5000 9000

Amount
180

160
140
120
100
80
&0

40
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Statistics

Predicate 1
amount

40

20 ("
Q - — | — I
e & & &
§ & ' S S
& 4 & F o

by

F &§ & & & & & &
§ @ F & F £ T 2 @

i

-2000

5000

2000

9000
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Statistics

-- Not very selective predicate
WHERE amount BETWEEN -2000 AND 2000

Histogram

amount 5000 9000
Amount
o = - - | m s -
> & B S S F OF OF O OF F F O&F F
§ g § § § § @‘? § § Fyys 40000 $
§ é’ § @ § é’ § é‘ § § § &F @ § a? §
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Statistics

Histogram

amount -2000 2000

-- Very selective predicate
WHERE amount BETWEEN 5000 AND 9000

140

120

100

a0

B0

40

20

0

Ly

§
&
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i

§ & & & & & & &
F & &F & & & & & 3
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Amount

&
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Statistics

Accessing the index is only worth
the pain it it helps reduce the
result set
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Statistics

Accessing the index is only worth

the pain if it he

DS reduce the

resul

[ Set

Otherwise, just read from the table

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0



Statistics

The database knows all these things.
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Statistics

The database knows all these things.

« How many rows are returned from a table?
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Statistics

The database knows all these things.

« How many rows are returned from a table?
 From a query?
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Statistics

The database knows all these things.

« How many rows are returned from a table?
 From a query?
« How much does it cost to access the disk?
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Statistics

The database knows all these things.

« How many rows are returned from a table?
 From a query?

How much does it cost to access the disk?
The cache?
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Statistics

The database knows all these things.

« How many rows are returned from a table?
 From a query?

How much does it cost to access the disk?
The cache?

How often is this query run?
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Statistics

The database knows all these things.

« How many rows are returned from a table?
 From a query?

How much does it cost to access the disk?
The cache?

How often is this query run?

How often is the table accessed?
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Statistics

The database knows all these things.

« How much memory do we have?
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Statistics

The database knows all these things.

« How much memory do we have?
« How many processes are running in parallel right now?
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Statistics

The database knows all these things.

« How much memory do we have?
« How many processes are running in parallel right now?
 |sthe operating system doing anything?
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Statistics

The database knows all these things.

« How much memory do we have?

« How many processes are running in parallel right now?
 |sthe operating system doing anything?

« How does the query perform with this bind variable?
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Statistics

The database knows all these things.

« How much memory do we have?

« How many processes are running in parallel right now?
 |sthe operating system doing anything?

« How does the query perform with this bind variable?
Are we running on an HDD or SSD or Flash or RAM?
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Statistics

The database knows all these things.

« How much memory do we have?

« How many processes are running in parallel right now?
 |sthe operating system doing anything?

« How does the query perform with this bind variable?
Are we running on an HDD or SSD or Flash or RAM?
How many locks do we have on our rows?
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Expression trees

Fverything nas a cost
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Expression trees

How does SQL work?

1. Aparsed SQL string produces an expression tree
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Expression trees

How does SQL work?

1. Aparsed SQL string produces an expression tree
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Expression trees

How does SQL work?

1. Aparsed SQL string produces an expression tree

2. Multiple expression trees are equivalent: They can be
transformed into each other
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Expression trees

How does SQL work?

1. Aparsed SQL string produces an expression tree
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Expression trees

How does SQL work?

1. Aparsed SQL string produces an expression tree
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Expression trees

How does SQL work?

1. Aparsed SQL string produces an expression tree
Jression trees are equivalent: can be

(2 * A) - B
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Exnression trees
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Expression trees

How does SQL work?

1. Aparsed SQL string produces an expression tree

2. Multiple expression trees are equivalent: They can be
transformed into each other

3. Each expression tree has a corresponding execution
plan and an associated, estimated cost

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0



Expression trees

How does SQL work?

1. Aparsed SQL string produces an expression tree

2. Multiple expression trees are equivalent: They can be
transformed into each other

3. Each expression tree has a corresponding execution
plan and an associated, estimated cost

4. The «best» plan (= lowest estimated cost) is chosen
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Expression trees

How does SQL work?

1. Aparsed SQL string produces an expression tree

2. Multiple expression trees are equivalent: They can be
transformed into each other

3. Each expression tree has a corresponding execution
plan and an associated, estimated cost

4. The «best» plan (= lowest estimated cost) is chosen

5. The actual execution cost is compared with the
estimate to improve future estimates
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EFxnression trees

plan a} An associated, estimated cost
4. The «ol fi» plan (= lowest estimated cost) is chosen

5. The acial execution cost is compared with the
estimate to improve future estimates
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EFxnression trees

plan a} An associated, estimated cost
4. The «ol fi» plan (= lowest estimated cost) is chosen

5. The acial execution cost is compared with the
estimate to improve future estimates
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Expression trees

Special treat:

Oracle 12c can abort and switch

execution plans «in flight». T
called «Adaptive Execution P

NIS IS

dls».
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Production is here

Big O Notation
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Your estimate / dev environment is here

Big O Notation
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What will | talk about?

PY S_Q!_ LS a\AL
» SOLis productiv
e SQL is fast
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What will | talk about?
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Why do | talk about SQL?

Now that you know
all of this...

What do you prefer?




This?

Map<Film, Map<Integer, Map<LocalDate, BigDecimal>>> result
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {

Map<Integer, Map<LocalDate, BigDecimal>> dailyPerStore =
result.computeIfAbsent(film, k -> HashMap<>());
(Inventory inventory : film.getInventories()) {

Map<LocalDate, BigDecimal> daily =
dailyPerStore.computeIfAbsent(
inventory.getStoreld(), k -> HashMap());

(Rental rental : inventory.getRentals())
(Payment p : rental.getPayments())
daily.compute(
p.getPaymentDate(),
(k, v) -> v == ? p.getAmount() : p.getAmount().add(v));
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Or, this?

title, store id, payment date, SUM(amount)
film

inventory (film_id)

rental (inventory id)

payment (rental _id)
film id, store id, payment_date
title, store_id, payment date
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Why do | talk about SQL?

.F-l Rafael Winterhalter E

Knowing Java performance fairly well is a nice
trait, but not knowing my database well enough
still punches me in the face once a week.

4 10 A d a8 ARE
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Why do | talk about SQL?

SQL is the only ever successtul,
mainstream, and general-
purpose 4GL (

And it is awesome!
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https://en.wikipedia.org/wiki/Fourth-generation_programming_language

Why doesn't anyone else talk about SQL?

\ () [
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Can | write SQL in Java?

1- B
.Trom(ACTOR)

Result<Record2<String, String>> Pesultn n
.join(FILM_ACTOR)

dsl().select(
.Dn(ACTGR.ACTGH_ID.eq(FILM_ACTGR.ﬂCTGR_ID))|

ACTOR.FIRST_NAME,
ACTOR.LAST_NAME)

.wWhere(ACTOR.FIRST_NAME.like("A%"))

.fetch();
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Can | write SQL in Java? — Yes. With jO0Q
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Can | write SQL in Java? — Yes. With jO0Q

memegenerator.net
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Can | write SQL in Java? — Yes. With jOOQ

TAKEIMY MONEY



So what's the key takeaway?

1. Canyou do it in the database?

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0



So what's the key takeaway?

1. Canyou do it in the database? Yes
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So what's the key takeaway?

1. Canyou do it in the database? Yes
2. Can you do it in the database?
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So what's the key takeaway?

1. Canyou do it in the database? Yes
2. Canyou do it in the database? Yes
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So what's the key takeaway?

1. Canyou do it in the database? Yes

2. Canyou do it in the database? Yes
(... after visiting my 2 day SQL training)
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http://www.jooq.org/training

So what's the key takeaway?

1. Canyou do it in the database? Yes

2. Canyou do it in the database? Yes
(... after visiting my 2 day SQL training)

3. Canyou do it in your database?
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So what's the key takeaway?

1. Canyou do it in the database? Yes

2. Canyou do it in the database? Yes
(... after visiting my 2 day SQL training)

3. Canyou do it in your database? Yes
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So what's the key takeaway?

1. Canyou do it in the database? Yes

2. Canyou do it in the database? Yes
(... after visiting my 2 day SQL training)

3. Canyou do it in your database? Yes
(... unless you're using MySQL)

Copyright (c) 2009-2018 by Data Geekery GmbH. Slides licensed under CC BY SA 3.0



So what's the key takeaway?

1. Canyou do it in the database? Yes

2. Canyou do it in the database? Yes
(... after visiting my 2 day SQL training)

3. Canyou do it in your database? Yes
(... unless you're using MySQL)

4.  Should you do it in the database?
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So what's the key takeaway?

1. Canyou do it in the database? Yes

2. Canyou do it in the database? Yes
(... after visiting my 2 day SQL training)

3. Canyou do it in your database? Yes
(... unless you're using MySQL)

4. Should you do it in the database? No
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KIDDING!



So what's the key takeaway?

1. Canyou do it in the database? Yes

2. Canyou do it in the database? Yes
(... after visiting my 2 day SQL training)

3. Canyou do it in your database? Yes
(... unless you're using MySQL)

4. Should you do it in the database? Yes
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So what's the key takeaway?

1. Canyou do it in the database? Yes

2. Canyou do it in the database? Yes
(... after visiting my 2 day SQL training)
3. Canyou do it in your database? Yes
(... unless you're using MySQL)
4. Should you do it in the database? Yes
5. Do long talk titles attract attention?
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NoSQL? No, SQL!

How Modern SQL Databases
Come up with Algorithms
that You Would Have Never
Dreamed Of

AN
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So what's the key takeaway?

1. Canyou do it in the database? Yes

2. Canyou do it in the database? Yes

(... after visiting my 2 day SQL training)
3. Canyou do it in your database? Yes

(... unless you're using MySQL)
4. Should you do it in the database? Yes
5. Do long talk titles attract attention? Yes
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So what's the key takeaway?

1. Canyou do it in the database? Yes

2. Canyou do it in the database? Yes
(... after visiting my 2 day SQL training)

3. Canyou do it in your database? Yes
(... unless you're using MySQL)

4. Should you do it in the database? Yes
5. Do long talk titles attract attention? Yes
6. Will this talk ever ena?
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So what's the key takeaway?

1. Canyou do it in the database? Yes

2. Canyou do it in the database? Yes
(... after visiting my 2 day SQL training)

3. Canyou do it in your database? Yes
(... unless you're using MySQL)

4. Should you do it in the database? Yes
5. Do long talk titles attract attention? Yes
6. Will this talk ever end? Yes
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It you haven't had enough

Google «10 SQL Tricks»

and find the other talk's
transcript



https://blog.jooq.org/2016/04/25/10-sql-tricks-that-you-didnt-think-were-possible/

Thank you

Check out our trainings:

Coordinates
« Blog: (excellent Java SQL content)
o Twitter: / (more lame jokes)

E-Mail:
Bank account; CH57 8148 7000 O0SQL AWSM 7
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https://twitter.com/JavaOOQ
https://twitter.com/lukaseder
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Why this question?

Your question
was expected




Why this question?

But what about
Jnit tests?




Testing SQL

-

A word of truth

- R
Image credit: https://www.flickr.com/photos/bensonkua/6326968245 By Benson Kua. License CC-BY SA 2.0



https://www.flickr.com/photos/bensonkua/6326968245

Testing SQL

You don't need tests for SQL

T's easy,
free, decla

queries!

stateless, s
rative and |

ide-effect

Ust works —

ask a functional programmer
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Testing SQL

You do n

eed tes

'S for state

tra

nster (w

rites)

But that is not related to SQL.

You have to ir
state transfer wi

tegration-test
‘h any language!
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This is why you test things. Too many bugs!

Map<Film, Map<Integer, Map<LocalDate, BigDecimal>>> result
List<Film> films = nPlusOnelLoadAllFilms(); // TODO
(Film film : films) {

Map<Integer, Map<LocalDate, BigDecimal>> dailyPerStore =
result.computeIfAbsent(film, k -> HashMap<>());
(Inventory inventory : film.getInventories()) {

Map<LocalDate, BigDecimal> daily =
dailyPerStore.computeIfAbsent(
inventory.getStoreld(), k -> new HashMap());

(Rental rental : inventory.getRentals())
(Payment p : rental.getPayments())
daily.compute(
p.getPaymentDate(),
(k, v) -> v == ? p.getAmount() : p.getAmount().add(v));
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