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Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a1

a2

HomeInvoker�

a1:�invoker0�

a2:�invoker1



2.�각�컨트롤러가�리소스를�나누어�가짐

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 0

Invoker1 0

Invoker0 0

Invoker1 0

a1

a1

a1

a1

a2

a2

a2

a2

만약�리소스가�하나도�없다면

a1



2.�각�컨트롤러가�리소스를�나누어�가짐

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 0

Invoker1 0

Invoker0 0

Invoker1 0

a1

a1

a1

a1

a2

a2

a2

a2

a1

랜덤하게�전달

a1



2.�각�컨트롤러가�리소스를�나누어�가짐

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 0

Invoker1 0

Invoker0 0

Invoker1 0

a1

a1

a1

a1

a2

a2

a2

a2

a1

컨테이너가�생길�때까지�대기

a1

Rescheduling



2.�각�컨트롤러가�리소스를�나누어�가짐

다른�컨트롤러의�스케쥴링을��

고려할�필요가�없음



Apache�OpenWhisk의�스케쥴링

1.�Hash를�통해�액션이�실행될�위치를�결정�

2.�각�컨트롤러가�Invoker의�리소스를�나누어�가짐



Docker의�성능이��
OpenWhisk에�미치는�영향



Docker�daemon�벤치마크�결과

docker�run�->�rm

10�TPS�

500ms�~�1.3s�까지�소요



Docker�daemon�벤치마크�결과

docker�run�->�rm

10�TPS�

500ms�~�1.3s�까지�소요�

요청을�Sequential하게�처리



Docker�daemon�벤치마크�결과
pause�->�unpause

37�TPS�

50ms�~�400ms�까지�소요



Docker�daemon�벤치마크�결과

run�-�rm:�500ms�~�1300ms�

pause�-�unpause:��50ms�~�400ms�

Daemon이�요청을�sequential하게�처리�



1.�액션간의�간섭

Invoker0�
(resource:�4)

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B



1.�액션간의�간섭

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0



1.�액션간의�간섭

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

A�액션�실행완료



1.�액션간의�간섭

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

B�액
션�
실행



1.�액션간의�간섭

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

A의�Warmed�컨테이너�삭제



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

컨테이너�생성



1.�액션간의�간섭

Invoker0�
(resource:�4)

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

컨테이너�생성



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

코드�초기화



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

B�액션�실행



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

B�액션�실행완료



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

A�액션�실행



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

A�액션�실행
B의�Warmed�컨테이너�삭제



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

컨테이너�생성



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

컨테이너�생성



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

코드�초기화



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

A�액션�실행



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

A�액션�실행�완료



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

B�액
션�
실행



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

B�액
션�
실행

A의�Warmed�컨테이너�삭제



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

컨테이너�생성



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

컨테이너�생성



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

B

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

코드�초기화



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

B

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

B�액션�실행



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

B

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

B�액션�실행

액션�실행시마다�컨테이너의�삭제와�생성이�발생



1.�액션간의�간섭

Invoker0�
(resource:�4)

B

B

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�0

B�액션�실행

다른�Invoker들은�idle한�상태



1.�액션간의�간섭�-�이상적인�케이스

Invoker0�
(resource:�4)

A

A

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�2

A�액션만�실행

B

B

B

B

B�액션만�실행



1.�액션간의�간섭�-�이상적인�케이스

Invoker0�
(resource:�4)

A

A

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�2

A�액션만�실행

B

B

B

B

B�액션만�실행

컨테이너의�삭제/생성이�발생하지�않음



1.�액션간의�간섭�-�이상적인�케이스

Invoker0�
(resource:�4)

A

A

A

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0

hash(B)�=�2

B

B

B

B

컨테이너가�100%�재사용�됨



1.�액션간의�간섭

액션의�실행시간:�2ms�



1.�액션간의�간섭

액션의�실행시간:�2ms�

컨테이너�생성�삭제:�500ms�~�1300ms�



1.�액션간의�간섭

액션의�실행시간:�2ms�

컨테이너�생성�삭제:�500ms�~�1300ms�

실제�실행시간:�2ms�+�1300ms�=�1302ms�



1.�액션간의�간섭

액션간의�간섭으로�인해�



1.�액션간의�간섭

액션간의�간섭으로�인해�

최대�650배�가량�느려짐�



1.�액션간의�간섭

액션간의�간섭으로�인해�

최대�650배�가량�느려짐�

이후의�모든�실행도�함께�느려짐



2.�앞선�실행을�기다리지�않음

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

hash(B)�=�0



2.�앞선�실행을�기다리지�않음

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

실행시간:�20ms

hash(B)�=�0



2.�앞선�실행을�기다리지�않음

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

실행시간:�20ms

hash(B)�=�0

HomeInvoker가�아닌�곳으로�전달



2.�앞선�실행을�기다리지�않음

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

실행시간:�20ms

hash(B)�=�0

컨테이너�생성



2.�앞선�실행을�기다리지�않음

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

실행시간:�20ms

hash(B)�=�0

컨테이너�생성



2.�앞선�실행을�기다리지�않음

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

실행시간:�20ms

hash(B)�=�0

A 코드�초기화



2.�앞선�실행을�기다리지�않음

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

실행시간:�20ms

hash(B)�=�0

A 코드�실행�

(500~1300ms)



2.�앞선�실행을�기다리지�않음

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

실행시간:�20ms

hash(B)�=�0

500ms�+�20ms�=�520ms

A 코드�실행�

(500~1300ms)



2.�앞선�실행을�기다리지�않음�-�이상적인�경우

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

실행시간:�20ms

hash(B)�=�0



2.�앞선�실행을�기다리지�않음�-�이상적인�경우

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

실행시간:�20ms

hash(B)�=�0

스케쥴링을�하지�않고�기다림



2.�앞선�실행을�기다리지�않음�-�이상적인�경우

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

실행시간:�20ms

hash(B)�=�0

20ms�후�실행�완료



2.�앞선�실행을�기다리지�않음�-�이상적인�경우

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

실행시간:�20ms

hash(B)�=�0

액션�실행�요청



2.�앞선�실행을�기다리지�않음�-�이상적인�경우

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

실행시간:�20ms

hash(B)�=�0

액션�실행



2.�앞선�실행을�기다리지�않음�-�이상적인�경우

Invoker0�
(resource:�4)

A

A

B

A

Invoker1�
(resource:�4)

Invoker2�
(resource:�4)

Action�A

Action�B

hash(A)�=�0�

실행시간:�20ms

hash(B)�=�0

액션�실행

20ms�+�20ms�=�40ms



2.�앞선�실행을�기다리지�않음

520ms�vs�40ms�



2.�앞선�실행을�기다리지�않음

520ms�vs�40ms�

13배�더�느림



2.�앞선�실행을�기다리지�않음

실행시간�<=�500ms�인�경우,�

ColdStart�보다�이전�실행을�기다리는�것이�낫다



2.�앞선�실행을�기다리지�않음

실행시간�<=�500ms�인�경우,�

ColdStart�보다�이전�실행을�기다리는�것이�낫다

https://cwiki.apache.org/confluence/display/OPENWHISK/Autonomous+Container+Scheduling+v1

https://cwiki.apache.org/confluence/display/OPENWHISK/Autonomous+Container+Scheduling+v1


Docker의�성능이�OpenWhisk에�미치는�영향

액션�1개 액션�100개



Docker의�성능이�OpenWhisk에�미치는�영향

액션�1개:�14,000�TPS 액션�100개:�90�TPS



Docker의�성능이�OpenWhisk에�미치는�영향

액션간의�간섭으로�인해�실행시간이�평균�17초까지�늘어남



Docker의�성능이�OpenWhisk에�미치는�영향

TPS가�약�155배�가량�줄어듬



시스템의�성능�결정�불가

100명의�유저가�1개�액션�사용

TPS:�20,000



시스템의�성능�결정�불가

100명의�유저가�1개�액션�사용

TPS:�20,000

100명의�유저가�10개�액션�사용

TPS:�6,000



시스템의�성능�결정�불가

100명의�유저가�1개�액션�사용

TPS:�20,000

100명의�유저가�10개�액션�사용

TPS:�6,000

100명의�유저가�100개�액션�사용

TPS:�30



시스템의�성능�결정�불가

100명의�유저가�1개�액션�사용

TPS:�20,000

100명의�유저가�10개�액션�사용

TPS:�6,000

100명의�유저가�100개�액션�사용

TPS:�30

100명의�유저가�10개�액션�사용

TPS:�6,000



시스템의�성능�결정�불가

100명의�유저가�1개�액션�사용

TPS:�20,000

100명의�유저가�10개�액션�사용

TPS:�6,000

100명의�유저가�100개�액션�사용

TPS:�30

100명의�유저가�10개�액션�사용

TPS:�6,000

200명의�유저가�10개�액션�사용

TPS:�2,400



시스템의�성능�결정�불가

100명의�유저가�1개�액션�사용

TPS:�20,000

100명의�유저가�10개�액션�사용

TPS:�6,000

100명의�유저가�100개�액션�사용

TPS:�30

100명의�유저가�10개�액션�사용

TPS:�6,000

200명의�유저가�10개�액션�사용

TPS:�2,400

750명의�유저가�100개�액션�사용

TPS:�30



시스템의�성능�결정�불가

동일한�환경에서도�

실행되는�액션의�수와�

실행하는�유저의�수에�따라�

성능이�달라짐



시스템의�성능�결정�불가

언제�Scale-out할지,�

얼마나�서버를�늘릴지�결정�불가�

Resource�Planning�불가



성능�이슈�극복하기



성능�이슈�극복하기

- 액션�별로�별도의�큐를�사용�

- 액션의�실행과�컨테이너의�생성을�분리�

- 신규�컴포넌트�도입



기존�방식�-�액션간�간섭

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 1

Invoker1 2

Invoker0 2

Invoker1 2

a1 3.�실행

1.�Hash(a1)�=�0

2.�a1�실행�요청�



기존�방식�-�액션간�간섭

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 0

Invoker1 2

Invoker0 2

Invoker1 2

a1

1.�Hash(a2)�=�0

2.�a2�실행�요청�
a2 3.�실행



기존�방식�-�액션간�간섭

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 0

Invoker1 2

Invoker0 2

Invoker1 2

a1 3.�실행

1.�Hash(a2)�=�0

2.�a2�실행�요청�
a2 3.�실행

a1의�실행이�지연되면,�a2의�실행도�지연됨



액션�별�메시지�큐�도입

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1 3.�실행

a2 3.�실행

a1

a2



액션�별�메시지�큐�도입

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

a1

a2

�a1�실행�요청�



액션�별�메시지�큐�도입

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

a1

a2

�a2�실
행
�요
청
�



액션�별�메시지�큐�도입

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

a1

a2

�a2�실
행
�요
청
�

한�액션의�지연이�다른�액션에�영향을�주지�않음



Pull�기반�스케쥴링

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

�a2�실
행
�요
청
�

각�컨테이너가�메시지를�직접�가져감

a1

a2

Long�poll



Pull�기반�스케쥴링

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

�a2�실
행
�요
청
�

컨테이너의�위치를�신경쓰지�않아도�됨

a1

a2

Long�poll



Pull�기반�스케쥴링

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

�a2�실
행
�요
청
�

컨테이너의�재사용률이�최대가�됨

a1

a2

Long�poll



기존�방식�-�컨테이너의�생성이�실행에�영향

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 0

Invoker1 2

Invoker0 2

Invoker1 2

1.�Hash(a2)�=�0

2.�a2�실행�요청�

3.�컨테이너�생성�



기존�방식�-�컨테이너의�생성이�실행에�영향

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 0

Invoker1 2

Invoker0 2

Invoker1 2

a2

1.�Hash(a2)�=�0

2.�a2�실행�요청�

3.�컨테이너�생성�

4.�액션�실행



기존�방식�-�컨테이너의�생성이�실행에�영향

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 0

Invoker1 2

Invoker0 2

Invoker1 2

a2

1.�Hash(a2)�=�0

2.�a2�실행�요청�

3.�컨테이너�생성�

4.�액션�실행

컨테이너�생성시간이�액션�실행�시간에�포함됨



기존�방식�-�컨테이너의�생성이�실행에�영향

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 0

Invoker1 2

Invoker0 2

Invoker1 2

a2

1.�Hash(a2)�=�0

2.�a2�실행�요청�

3.�컨테이너�생성�

4.�액션�실행

생성이�지연되면�실행도�지연됨



컨테이너의�생성과�액션의�실행을�분리

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

�1.�a1�실행�요청�

1.�컨테이너�생성�요청



컨테이너의�생성과�액션의�실행을�분리

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

2.�컨테이너�생성�요청

�1.�a1�실행�요청�

1.�컨테이너�생성�요청



컨테이너의�생성과�액션의�실행을�분리

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

2.�컨테이너�생성�요청

�1.�a1�실행�요청�

1.�컨테이너�생성�요청

3.�컨테이너�생성



컨테이너의�생성과�액션의�실행을�분리

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

2.�컨테이너�생성�요청

�1.�a1�실행�요청�

1.�컨테이너�생성�요청 a1

3.�컨테이너�생성

4.
�액
션
�실
행



컨테이너의�생성과�액션의�실행을�분리

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

a1

2.
�액
션
�실
행

�1.�a1�실행�요청�



컨테이너의�생성과�액션의�실행을�분리

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

a1

2.
�액
션
�실
행

1.�컨테이너�생성�요청�1.�a1�실행�요청�



컨테이너의�생성과�액션의�실행을�분리

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

a1

1.�컨테이너�생성�요청

2.�컨테이너�생성�요청

3.�컨테이너�생성

�1.�a1�실행�요청�



컨테이너의�생성과�액션의�실행을�분리

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

�1.�a1�실행�요청�

a1

1.�컨테이너�생성�요청

2.�컨테이너�생성�요청

a1

3.�컨테이너�생성4.�액션�실행



컨테이너의�생성과�액션의�실행을�분리

Controller0 Kafka
Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

�1.�a1�실행�요청�

a1

1.�컨테이너�생성�요청

2.�컨테이너�생성�요청

a1

3.�컨테이너�생성4.�액션�실행

컨테이너의�생성이�기존�실행에�영향을�주지�않음



Kafka

신규�컴포넌트�도입�-�ETCD

Controller0

Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 0

Invoker1 0

Invoker0 2

Invoker1 2

a1

a2

a1

a1

각�컨트롤러는�자신에게�할당된�리소스�기준으로�스케쥴링



Kafka

신규�컴포넌트�도입�-�ETCD

Controller0

Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

a1

a1

ETCD
ETCD에�주기적으로�리소스�상태�기록



Kafka

신규�컴포넌트�도입�-�ETCD

Controller0

Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

a1

a1

ETCD
ETCD에�주기적으로�리소스�상태�기록

컨테이너�생성�전�

분산�트랜잭션



Kafka

신규�컴포넌트�도입�-�ETCD

Controller0

Invoker0

Controller1 Invoker1

Invoker0

Invoker1

Invoker0 2

Invoker1 2

Invoker0 2

Invoker1 2

a1

a2

a1

a1

ETCD
ETCD에�주기적으로�리소스�상태�기록

컨테이너�생성�전�

분산�트랜잭션



Kafka

신규�컴포넌트�도입�-�ETCD

Controller0

Invoker0

Controller1 Invoker1

Invoker0

Invoker1

a1

a2

a1

a1

ETCD
ETCD에�주기적으로�리소스�상태�기록

컨테이너�생성�전�

분산�트랜잭션



신규�컴포넌트�도입�-�Scheduler

Controller0
Scheduler

Invoker0

Controller1 Invoker1

a1

a2

a1

a1

Kafka를�대체하는�큐를�직접�구현



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition2

Kafka�토픽은�파티션으로�이루어짐



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition2

파티션은�parallelism의�단위



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition2

a1

a1

컨슈머�수와�동일한�수의�파티션�필요



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition2

a1

a1

컨슈머�수와�동일한�수의�파티션�필요

a1 요청을�가져가지�못함



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition2

a1

a1

파티션은�동적으로�변경이�어려움�
(변경시,�수초간�단절�발생)

a1 요청을�가져가지�못함



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition300

a1

a1

미리�충분히�크게�늘려�놓아야함

.�

.�

.
.�

.�

.



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition2 a1

Partition3

모든�파티션�담당



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition2

a1

Partition3 a1

파티션을�나누어�가짐



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition2

a1

Partition3 a1

a1 파티션을�나누어�가짐



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition2

a1

Partition3 a1

a1 파티션을�나누어�가짐



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition2

a1

Partition3 a1

a1

특정�파티션을�특정�컨슈머에게�할당



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition2

a1

Partition3 a1

a1

Consumer�Rebalancing�



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition2

a1

Partition3 a1

a1

Consumer�Rebalancing�

Consumer(컨테이너)가�추가될�때마다�발생



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition2

a1

Partition3 a1

a1

Consumer�Rebalancing�

컨슈머�개수에�비례한�시간이�걸림



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition200

a1

a1

파티션�200개를�rebalancing하는데�50초�이상�소요

.�

.�

.
.�

.�

.



신규�컴포넌트�도입�-�Kafka를�쓰지�못한�이유

Kafka

a1

partition1

partition200

a1

a1

Routing(Rebalancing)을�우리가�결정할수�없음

.�

.�

.
.�

.�

.



신규�컴포넌트�도입�-�Scheduler

Controller0
Scheduler

Invoker0

Controller1 Invoker1

a1

a2

a1

a1

Kafka를�대체하는�큐를�직접�구현



신규�컴포넌트�도입�-�Scheduler

Controller0
Scheduler

Invoker0

Controller1 Invoker1

a1

a2

a1

a1

실행요청에�대한�메시지�큐�역할�

컨테이너의�생성�시점을�결정�

Routing에�대한�full�control을�가짐



결론

액션별�메시지�큐�도입� 액션간�간섭�문제�해결�



결론

액션별�메시지�큐�도입�

Pull�기반�메시지�전송�

액션간�간섭�문제�해결�

컨테이너의�위치를�고려하지�않음�



결론

액션별�메시지�큐�도입�

Pull�기반�메시지�전송�

액션의�실행과�컨테이너의�생성을�분리�

액션간�간섭�문제�해결�

컨테이너의�위치를�고려하지�않음�

컨테이너�생성이�실행을�지연시키지�않음�
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액션의�실행과�컨테이너의�생성을�분리�

ETCD�기반으로�리소스�공유�및�분산�트랜잭션�

스케쥴러�컴포넌트�구현

액션간�간섭�문제�해결�

컨테이너의�위치를�고려하지�않음�

컨테이너�생성이�실행을�지연시키지�않음�

리소스를�글로벌하게�관리�

Routing에�대한�Full�Control을�가짐
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90�TPS 14,000�TPS
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오픈소스�컨트리뷰션



Apache�OpenWhisk�-�Youtube�채널

https://www.youtube.com/watch?v=cgictUeK-Vk&feature=youtu.be�

Tech�Interchange�Call�

�-�전세계�커뮤니티�멤버들의�화상회의�

�-�매�2주마다�진행�

�-�이슈나�신규�기술�등을�공유

https://www.youtube.com/watch?v=cgictUeK-Vk&feature=youtu.be
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신규�스케쥴링�proposal�공유

https://cwiki.apache.org/confluence/display/OPENWHISK/System+Architecture

https://cwiki.apache.org/confluence/display/OPENWHISK/System+Architecture


신규�스케쥴러�구현



신규�스케쥴러�컨트리뷰션



Apache�Committer/PMC�자격�획득



요즘은
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Q�&�A



Thank�You


