Why Layered Software Architectures
Do Not Scale Well

Toon Koppelaars
Real-World Performance
Oracle Server Technologies

ORACLE’



Safe Harbor Statement

The following is intended to outline our general product direction. It is intended for
information purposes only, and may not be incorporated into any contract. It is not a
commitment to deliver any material, code, or functionality, and should not be relied upon
in making purchasing decisions. The development, release, timing, and pricing of any
features or functionality described for Oracle’s products may change and remains at the
sole discretion of Oracle Corporation.

ORACLE

REAL-WORLD PERFORMANCE

ORACLE

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |



About Me

* Part of Oracle eco-system since 1987

— Have done and seen quite a lot of application development
— Database design, SQL and PL/SQL

* Big fan of “Using Database As a Processing Engine”
— Not just as a persistence layer

Applied

* Member of Oracle’s Real-World Performance Group 2’]%23;82255

Professionals
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Why Layered SW-Architectures Do Not Scale Well

What Is a Layered Database _
5 min Software Performance 10 min
Architecture? Core Principles

2

What Are Its
Implications?

What Do We Mean
By “Do Not Scale 5 min
Well”?

15 min

How Do The
Implications Affect | 15 min
Scalability?
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Database Performance Core Principles

* The Oracle database is a process based architecture

* To perform efficiently each process requires:

1. togeton CPU asap
2. to have as much work as possible when (finally) on CPU
3. to experience as few involuntary context switches as possible
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Database Performance Core Principles

1: Get On CPU

Oracle
Foreground
Process

Idle

Idle
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Database Performance Core Principles

1: Get On CPU Database call

1dl L oracle OS scheduler needs to
© rocess get this process on CPU
Idle
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Database Performance Core Principles

1: Get On CPU

* To determine acceptable CPU utilization take a probabilistic approach to
the subject.

—If a CPU is 50% busy the chance of getting scheduled (immediately) is 1 in 2
—If a CPU is 66% busy the chance of getting scheduled is 1 in 3
—If a CPU is 80% busy the chance of getting scheduled is 1in 5
—1If a CPU is 90% busy the chance of getting scheduled is 1 in10

* If not scheduled immediately = spend time on the run-queue

* Variance in user response time becomes noticeable at about 60-65%

— This has been observed in production and laboratory conditions for many years
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Database Performance Core Principles

1: Get On CPU

R = S/ (1_ U) Random arrival R=S/(1-U)
25
Response time v 20
Service time £ -
Utilization% o
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&
o
5
R —S = queue-time eo—-o—0—0—0—0—o0—0—0 00"
0
for resou rce to 0 50 10 60 30 100
become available % in-Use (Busy-rate)
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Database Performance Core Principles

2: Have As Much Work As Possible When On CPU

Ten database calls One database call
Oracle - Oracle
Foreground SCheduled 10 times Foreground
Process 10 Voluntary sleeps Process

10 Context SW|tches
(sys CPU)
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Not all CPU operations are created equal

Operation Cost in CPU Cycles 10° 10° 102 103 104 10° 10¢

“Simple” register-register op (ADD,OR,etc.) El
Memory write
Bypass delay: switch between
integer and floating-point units
“Right” branch of “if” EN
Floating-point/vector addition N
Multiplication (integer/float/vector)

Return error and check

L1 read (3-4 |
TLB miss
L2 read 10-12
“Wrong” branch of “if” (branch misprediction) 10-20 |
Floating-point division [10-40 |
128-bit vector division
Atomics/CAS [ 15-30 |
C function direct call [ 15-30 |
Integer division [ 15-40 |
C function indirect call [ 20-50 |
C++ virtual function call | 30-60 |
L3 read
Main RAM read [ 100-150 |
NUMA: different-socket atomics/CAS
(guesstimate)
NUMA: different-socket L3 read
Allocation+deallocation pair (small objects)
NUMA: different-socket main RAM read
Kernel call
Thread context switch (direct costs) EIX
C++ Exception thrown+caught

Thread context switch (total costs,
including cache invalidation)

10000 - 1 million

Distance which light travels
while the operation is performed




Database Performance Core Principles

2: Have As Much Work As Possible When On CPU

Ten database calls One database call
Oracle 2 Oracle
Foreground :I Scheduled 10 times Foreground
Process J Process

10 Context Switches |
(sys CPU) )

10 Operating system
entries and exits
10 Oracle code

entries and exits
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Database Performance Core Principles

3: Minimal Number of Involuntary Context Switches

Too many processes

DB call DB call DB call

Oracle
Foreground
Process

OS scheduler )
de-schedules processes
while they still have more
CPU work to do =
involuntary context

switch /

Oracle
Foreground
Process

Oracle
Foreground
Process
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Database Performance Core Principles

Impact of Too Many Processes

16000

14000 __— — 1 Proc/Core

12000 / """ 10 Proc/Core Avg

TX/s 10000 / ________________________________ 50 Proc/Core Avg

8000 T =/
099" L / ............................................................

4000 T
2000 ........
0 -

# of CPUs
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Database Performance Core Principles: Summary

* The Oracle database is a process based architecture

* To perform efficiently each process requires:
2. to have as much work as possible when (fin
3. to experience as few involuntary context switches as possibl
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Why Layered SW-Architectures Do Not Scale Well

What Is a Layered Database
Software V Performance
Architecture? Core Principles

2

What Are Its
Implications?

What Do We Mean
By “Do Not Scale
Well”?

How Do The
Implications Affect
Scalability?

ORACLE

REAL-WORLD PERFORMANCE

ORACLE

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |

16



What is a Layered Software Architecture?

= Most common architecture
= "n-Tier" architecture

= Standard for most Java EE
applications

ol A

5 T .‘S’Y
N DNEN N[O
e v N ' g [

= Widely used by architects,
designers, developers past
two decades
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What is a Layered Software Architecture?

ity ;_.;"‘-_( Presentation Layer = Organized into horizontal layers

‘-__———_-"*

?mr, Business Layer = Each layer performs specific role

:E‘g;a Model Layer )

Most consist of 4-5 major layers

L

- .
* Persistence Layer |
= Layers generally include

presentation, business logic, model,

| | Database Layer persistence, and database
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Layered SW-Architectures Use Frameworks

* ADF
* Spring

* Eclipse

* Hibernate
* JDBC

.
tas 7 Database Layer
- &

Frameworks have their own sub-layers

* There are many others...
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Why Layered Frameworks?

Frameworks abstract the uninteresting

work away for developers
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‘ Transformation

WE GAVE UP
FINDING PROPER

; NAMES FOR THE
Business Rules LIVERE Al A

SINCE THEN WE JUST
NAME THEM AFTER

Business Processes THEIR ARCHITECTS

(N "
Persistence

A GOOD ARCHITECT LEAVES A FOOTPRINT
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Alternative Deployment Models

I! II\

Presentation Layer

———.'1'

?’?}r Business Layer

gg‘ﬂ Model Layer Application

- :
-~ Persistence Layer

T Database I--ayer
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Alternative Deployment Models: Traditional

| #nd use+ Jﬁrowse%s
1Y M| prasentation Layer

———"1'

?”)r Business Layer

ty M Presentation Layer

Al Model Layer

- Persistence Layer

- -
- Persistence Layer

. II d

+ 4 Database Layer

-
Database server @ 7 Database Layer
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Alternative Deployment Models: Nowadays With Javascript

[ &y M Presentation Layer

1% ™ Presentation Layer

e

?’?}r Business Layer

\ ~
"}~ Business Layer

’n Model Layer

e

gg‘ﬂ Model Layer

- :
-~ Persistence Layer

T Database I--ayer

~ Persistence Layer

| Tl

-
Database server @ 7 Database Layer
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Alternative Deployment Models: Nowadays With Javascript

I! Il\

—*"1'

Presentation Layer

?")r Business Layer REST

A Model Layer

- Persistence Layer

— ~—mmm

_ [ qg

4 Database Layer

-
Database server @ 7 Database Layer
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Why Layered SW-Architectures Do Not Scale Well

What Is a Layered Database
V Software V Performance
Architecture? Core Principles

2

What Are Its
Implications?

What Do We Mean
By “Do Not Scale
Well”?

How Do The
Implications Affect
Scalability?
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Implications of Layered SW-Architectures

1. Primitive use of SQL towards the database
2. Chatty behavior towards the database

3. Long reservation times of connections from connection pool
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1: Primitive Use of SQL Towards the Database

* In layered software approach, SQL is invisible

* Almost always SQL is hidden from developers - R
— Object oriented domain models are used :
— Developers invoke methods on objects
— Objects map to tables via framework for persistence layer

* These frameworks produce single-row, single-table SQL

Direct access to all tables

ORACLE
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You’ll Never See This: Set-Based SQL | 2

update ORDERLINES ol set ol.DISCOUNT = greatest(ol.DISCOUNT - 10, ©)

where ol.ORDER# = 1 order#
and ol.STATUS = "OPEN’
and exists(select 'high-risk!'’
from ORDERS o =
where o.ORDER# = 1 order# and o.LIMIT > 20090)

T

If order L_ORDER# is a high-risk order, then decrease the References >1 table
discount percentage on all its (still open) order lines. Affects >1 row

Direct access to all tables

Why not?
Because layered frameworks
aren’t capable of generating this

ORACLE
29
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You'll Al See: Row-by-Row, Single Table A h
ou ways See: Row-by-Row, Single Table Approac
begin “: ”
o . if-then-else-loop” code
i e 4! Single-row data access ] PL/SQL here for convenience
from ORDERS o
where o.ORDER# = 1_order#;
1 high_risk := (1_limit > 2000); ! . . imiti
L igh_ris (1_1limi ) Business |OgIC ] .Prlmltlve data access
if 1 high risk (single table, row-by-row)
then
for r in (select * from ORDERLINES ol where ol.ORDER# = 1_order#) <[ Row fetChing (data aCCESS) ]
loop
if r.STATUS = 'OPEN' : :
Business | " % Business logic ]
k)gic if r.discount > 1@ then 1_discount := r.discount - 10; else 1 _discount := 0; end if;
update ORDERLINES ol set o0l.DISCOUNT = 1 _discount .
where ol.ORDERLINE# = r.orderline#; Row-by-row updatlng (data access)
end if;
end loop;
end if;
end;

@ SNal—gl ORACLE
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Do You Have Row-by-Row? Just Check Your AWR’s...

SQL ordered by Executions

%CPU - CPU Time as a percentage of Elapsed Time
%10 - User I/O Time as a percentage of Elapsed Time
Total Executions: 264,754,563

Captured SQL account for 51.3% of Total

Enmesions | e Proomes Jum prEmel Shieeie ) U | o] ot oot ool

ORACLE

4,428,782 4,416,496
3,984,410 3,984,402
3,644,892 3,644,799
3,600,643 3,600,300
3,410,561 3,410,467
3,154,501 3,154,312
3,140,508 3,140,114
3,116,220 3,115,952
3,077,007 3,077,004
2,929,431 2,929,430
2,929,413 2,929,401
2,800,813 2,800,512
ORACLE

REAL-WORLD PERFORMANCE

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

7,839.34 12.9
5,939.65 17.3 e fq1j38zxwk35x
2,063.83 30.2 254 ajzh9ql11a8wad
1,823.46 20.2 0 8k9s18v6c6g22
1,718.03 28.6 9 Opyjdmfrzmtég
913.85 36.8 2.2 c8dasrdjjddSr
494 .44 37.9 0 430vvx7gpt6t3
564.03 27.1 40.3 7phddk8yy5zk0

3,076.86 16.8 4 8yf3smf28ubk5
2,009.00 23.2 1
3,124.07 19 3
1,099.73 20 1

2f6fcbhhg478n
fsawc6c853385

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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JDBC Thin Client UPDATE
JDBC Thin Client INSERT
JDBC Thin Client SELEC”
JDBC Thin Client INSERT
JDBC Thin Client SELEC”
JDBC Thin Client SELEC”
JDBC Thin Client SELEC”
JDBC Thin Client UPDATE
JDBC Thin Client UPDAT
JDBC Thin Client UPDATE
JDBC Thin Client SELEC”
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Implication 2: Chatty Behavior Towards the Database

* This follows from first implication about row-by-row/single-table SQL

* Chatty = Many roundtrips between application and database servers

ORACLE
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“Chatty” Applications

" ) 4 v )
Decr EF >

percenta;

Many roundtrips
between
processes/machines
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Again, Check Your AWR’s

Load Profile

Instance Activity Stats

» Ordered by statistic name

SQL*Net roundtrips to/from client

DiLd

290,410,469

ORACLE
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23,473.70

DB Time(s): 30.5
DB CPU(s): 9.2
Background CPU(s): 1.2
Redo size (bytes): 16,944,137.9
ad (blocks): 332,564.8
nges: 88,4149
cad (blocks): 1,059.0
prite (blocks): 3,247.4
Bquests: 1,032.0
- pquests: 1,872.5
12.10 \vB): 8.3
Write 10 (MB): 25.4
IM scan rows: 0.0
Session Logical Read IM: 0.0
Global Cache blocks received: 2,960.8
Global Cache blocks served: 2,719
[User calls: 50,490.2 |
Parses (SQL): 16,556.7
Hard parses (SQL): 37.8
SQL Work Area (MB): 26.2
Logons: 0.7
Executes (SQL): 21,400.0
Rollbacks: 29.4
Transactions: 1,939.9

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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Implication 3: Long Reservation Times of Connections

* Your SQL is simple (row-by-row/single-table), and therefore fast

* Network is slow compared to your SQL

* You do a lot of layered-SW execution to get business logic done
— Depending on your framework-stack: this is also noticeable compared to your SQL

ORACLE
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What Is Your Connection Doing?

Noticeable

Fast (simple SQL) ]

Network Applicat@n etwork Database

conn = Datasource.getConnection

-. [ conn.close()

End User

<€

Breakdown during connection reservation
L H I B B B BEH B = B

Time Line

ORACLE

ORACLE
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Breakdown of Your Foreground Session Time

Breakdown during connection reservation N

Lh---------ﬂ

Time Line

15% busy
85% idle

We see this more in the real world
Very high idle-time % in foregrounds

<2% busy |
>98% idle NG

ORACLE

ORACLE
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Implication of High Idle % in Foreground Session

* So your SW-architecture keeps database session busy only 2% of time

2% busy J
98% idle NG

* What does that imply?
— You would need 50 sessions to get one DB-core busy (= 50 connections in conn.pool)

— If you have 32 cores in your database server:
- You would need 1600 sessions to get all cores busy

* This is assuming that all your DB Time is DB CPU!
—You likely need even more connections/sessions

ORACLE
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Looks Familiar?

Host N — Piatiorm | _CPU .
ﬁ‘ S mples: 19 busy-rave

rac1.mycompany.aws Linux x86 64-bit
_srapld [ StapTime
Begin Snap: 17-Apr-18 10:00:32 2112 [ Implies: 0.7% busy-rate
End Snap: 213 17-Apr-18 13:26:44 2131
Host Name CPUs
XXXX . XXXX. XX XXX Linux x86 64-bit

“Snapld | SnapTmo
Begin Snap: 93142 28-Aug-18 00:00:24 6218
End Snap: 93143 28-Aug-18 00:15:27 6233

(#cores / # sessions) * 100%

ORACLE
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Recap: Implications of Layered SW-Architectures

1. Primitive use of SQL towards the database

2. Chatty behavior towards the database

3. Long reservation times of connections from connection pool, resulting in
high idle-time percentages of database foreground sessions

ORACLE
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Why Layered SW-Architectures Do Not Scale Well

What Is a Layered Database
V Software V Performance
Architecture? Core Principles

2

What Are Its
Implications?

What Do We Mean
By “Do Not Scale
Well”?

How Do The
Implications Affect
Scalability?
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What Is Scalability?

- " "
[ As numbers here grow ]> End user browsers

[We’ll just deploy more of these ]> Application
server farm

At some point A
this guy will
become
bottleneck

[ And add more cores here ]> Database server

ORACLE

ORACLE
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What Is Scalability?

* Database will always become your first bottleneck

* Unless:

— You've architected data-affinity into your application so it’s “RAC-friendly”
or,

— Your application allows for sharding (i.e. has hierarchical database design), and
you’ve architected it as such

* In which cases you *can* also scale in the data-tier by adding servers

* However: majority of applications are not RAC-friendly, nor “shard-able”

ORACLE

ORACLE
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What Do We Mean By “Do Not Scale Well”?

* Since there is a cap on scaling your database server
* You had better make sure all database CPU cores are doing useful work

* Otherwise you will hit that cap sooner rather than later

ORACLE
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Why Layered SW-Architectures Do Not Scale Well

What Is a Layered Database
V Software V Performance
Architecture? Core Principles

What Are Its
Implications?

What Do We Mean
By “Do Not Scale
Well”?

How Do The
Implications Affect
Scalability?
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What It Boils Down To

* The industry-wide misconception, that moving business logic out of the

database, will save you database CPU cycles

update ORDERLINES ol set o0l.DISCOUNT = greatest(ol.DISCOUNT - 10, ©)
where ol.ORDER# = 1_order#
and ol.STATUS = 'OPEN'
and exists(select 'high-risk!’
from ORDERS o
where o.ORDER# = 1 order# and o.LIMIT > 2000)

* |t does not!
https://www.youtube.com/watch?v=8ji)Dflpw4Y

ORACLE
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begin
select o.LIMIT into 1_limit
from ORDERS o
where o.ORDER# = 1_order#;

1 high_risk := (1_limit > 2000);

if 1_high_risk
then

for r in (select * from ORDERLINES ol where ol.ORDER# = 1_order#)

loop
if r.STATUS = 'OPEN'
then
if r.discount > 1@ then 1_discount := r.discount - 10; else 1_discount := ©; end if;

update ORDERLINES ol set ol.DISCOUNT = 1_discount
where ol .ORDERLINE# = r.orderline#;

end if;

end loop;

end if;

end;

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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https://www.youtube.com/watch?v=8jiJDflpw4Y

Implication 1: Row-by-Row/Single-Table SQL
sQL €— _ﬁiuicu-drimmhem

* Every SQL statement submitted
from application server

— Has to move through a bit of code-stack

in Oracle kernel
— Before it arrives at SQL-engine

* Every result: has to do the
same in reverse

* This is also in video

ORACLE
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\

System nh’grr

e L

SQL*Net

Two-ta

Oracle

Linux

'
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So How Does This Affect Scalability?

* Database spends noticeable amount of time on executing code
— Inside database kernel, ...
— Yet, outside SQL-engine

* This is time wasted and will make the database become bottleneck sooner
* It’s better to submit one SQL-statement that processes n-rows than to

submit n SQL-statements that each process single row
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Implication 2: Chatty Behavior

* Going back and forth between application server and database server is

not for free

Network

Vo

End User

* : Process wakeup / schedule events (11)
Also known as: “thread context-switches”

Application

Network

X

[ Two processes ]

Database

* Process context switches cost CPU time in operating system
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How Expensive Is Context Switching?

A el Operation Cost in CPU Cycles
" register-register op (ADD,OR,etc.)
Memory write

Bypass delay: switch between
integer and floating-point units
“Right” branch of “if”
Floating-point/vector addition
Multiplication (integer/float/vector)
Return error and check

L1 read

TLB miss

L2 read

“Wrong” branch of “if” (branch misprediction)
Floating-point division

128-bit vector division

Atomics/CAS

C function direct call

Integer division

C function indirect call

C++ virtual function call

L3 read

Main RAM read

NUMA: different-socket atomics/CAS
(guesstimate)

NUMA: different-socket L3 read
Allocation+deallocation pair (small objects)
NUMA: different-socket main RAM read
Kernel call

Thread context switch (direct costs)

C++ Exception thrown+caught

Thread context switch (total costs,

including cache invalidation)

http://ithare.com/infographics-operation-costs-in-cpu-clock-cycles/
Distance which light travels
while the operation is performed

10°

102

200-500
300-500

Not all CPU operations are created equal

102 104 10% 10

S5000-10000

10000 - 1 million

30km

_-— -

What is the most
expensive CPU
operation?




So How Does This Affect Scalability?

* If you have tens of thousands context switches per second, that too
becomes noticeable in the Operating System

— Your database server CPU cores aren’t doing useful stuff here

We see database cores spending up to 60% of cpu-cycles
on OS context-switches and getting in/out database kernel

* It’s better to submit one SQL-statement that processes n-rows than to
submit n SQL-statements that each process single row
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Implication 3: Inefficient Use of DB Foreground Processes

* Having high context-switch rate combined with thousands of foreground
processes, makes things even worse...

* Keeps the operating system really busy
* Symptom is: high SYS-CPU compared to USER-CPU
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Check your SYS/USER CPU Ratio |Operating System Statisti

» "TIME statistic values are diffed. All others dis

. » ordered by statistic type (CPU Use, Virtual Me
~SnapTime ] Sessions -

16-Aug-18 14:00:27 | Statistic |  Value |

16-Aug-18 15:00:07 AVG_BUSY_TIME 176,324
AVG_IDLE_TIME 181,526

‘ AVG_SYS_TIME 60,176
SQL*Net roundtrips to/from client 96,798,185 27,038.44 AVG USER TIME 115,961
BUSY_TIME 42,359,746

- x = IDLE_TIME 43,610,329
Operating System Statistics sys e 14,484,500
USER_TIME 27,875,246

16-Aug 14:00:27 104.09
16-Aug 15:00:07 167.55 49.27| 3242 16.85] 50.7/3

ORACLE

%iowait

0.00
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Same Remedy Here...

* If you submit set-based SQL, you won’t need large connection pools

Breakdown during connection reservation
@ N " E T E " B ¢ Foreground 15% busy
Time Line
l¢ Breakdown during connection reservation N

B Gone B Gone [ Gone B Gone | i

5|

L e i Foreground 50% busy - better
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Summary of Reasoning and Its Implications

-
“We’ll adopt layered sw-
architecture to increase
developer productivity”

\

|s capped
Can only be so big -

L)

You actually need «
bigger DB-server

ORACLE

-/

All business
logic will be in
middle tier

\

" Your scalability h
stops sooner
N rather than later y

" This results in DB- )

server spending a lot
of CPU on stuff you

\ don’t care about Y

ORACLE
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—

d

Database becomes ]

“bit-bucket”

-~

\_

You now have,
1: Row-by-row SQL
2: Chatty app
3: High idle-% in db-
sessions

\

J
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Where Are You?

* Is all your SQL row-by-row?
* Do you have tens of thousands of SQL*Net roundtrips per second?

* Do you have large connection pools and substantial amount of SYS-CPU?

* If you are using a layered software architecture, then:
— Yes, yes, yes = you will not scale well

* Btw.: this is true irrespective of which DBMS you are using
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My App Makes Inefficient Use of Database, by Design
What Can | Do About It?

« > DBA?
— Find low-hanging fruit
— Check AWR’s, maybe sql-trace specific use-cases
— Investigate where DB Time is being spent, find opportunities to decrease that

- Developer? @‘ Selelr 2@

— Have your framework use SQL’s array-interface as much as possible

At least 10X, sometimes
- = Architect? 100X

Mostly gains in
order of tens of
percentage points

— Introduce real fix: on next application development effort, come up with architecture

that enables, manually coded, set-based SQL processing
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Thank You For Your Attention
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