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O: Idle core

Response Latency
Invocation #1

—> f{}QQ_b @5390
@ - ]({}QC)_b @ 1 sec

Small data Invocation #2

omm IntelliSys Lab G oER 2 25.29 Apri 2022 | Lyon, France 9



Q: Busy core

Harvesting & Acceleration () e core

Large data Response Latency

Invoke Invocation #1

US; / E@g’ - f{}QQ# ®5sec
- \ @ - ]({}QO_> @1390

Small data Invocation #2

o u - IntelliSYS Lab O B Z 9599 Apri 2022 | Lyon, France 10



G: Busy core

Harvesting & Acceleration () e core

Large data Response Latency

Invoke Invocation #1

Li Eeggs f{}@@#@53e0
- \ @ - ]({}QO_> @1390

Small data Invocation #2
t .
--------------- N
#1 ."".‘ /_\
3 E \o
f1OOE: = &) s
#2 /

1@ = @ e

S s s s s EEEms

=s= [ntelliSys Lab O B Z 9599 Apri 2022 | Lyon, France 11



CPU cores
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Performance stops growing when supplying more resources!
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Realistic Harvesting & Acceleration
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Realistic Harvesting & Acceleration

Latency can be reduced with supplying harvested resources!
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Realistic Harvesting & Acceleration

Latency can be reduced with supplying harvested resources!
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O Idle core
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O Idle core

General Rebalance Cases dle memory

# Function index
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Dynamic Decisions

Perspective of a serverless platform:
- Varying functions

il IntelliSys Lab O Z’%ﬁﬁ 25-29 April 2022 | Lyon, France

21



Dynamic Decisions

Perspective of a serverless platform:
- Varying functions
- Varying invocations per functions
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Dynamic Decisions

Perspective of a serverless platform:
- Varying functions
- Varying invocations per functions
- Varying input data per invocation
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Dynamic Decisions

Perspective of a serverless platform:
- Varying functions
- Varying invocations per functions
- Varying input data per invocation
- Every invocation requires an allocation decision
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Dynamic Decisions

Perspective of a serverless platform:
- Varying functions
- Varying invocations per functions
- Varying input data per invocation
- Every invocation requires an allocation decision
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A series of sequential allocation decisions
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Dynamic Decisions

Perspective of a serverless platform:
- Varying functions
- Varying invocations per functions
- Varying input data per invocation
- Every invocation requires an allocation decision

&7

A series of sequential allocation decisions

Markov Decision Process (MDP)
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Deep Reinforcement Learning

Perspective of a serverless platform:
- Varying functions
- Varying invocations per functions
- Varying input data per invocation
- Every invocation requires an allocation decision

&7

A series of sequential allocation decisions

Markov Decision Process (MDP)

o7

Deep Reinforcement Learning
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Deep Reinforcement Learning

Rewards
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Freyr Workflow
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Freyr Workflow

| Embedding | | Scoring —| ,7 Selection —|
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State information from the platform and the function
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Freyr Workflow
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Proximal Policy Optimization (PPO)
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Freyr Workflow

| Embedding | | Scoring —| ,7 Selection —|
—>{ Inflight invocations ]—>

Platform  [[£H[——>  AvailablecPU >
—>[ Available Memory ]—>

ma Avg CPU peak

Function —> Avg memory peak
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Concatenate

Critic network

Safeguard
- Filter invalid allocation options
- Return resources when detecting a potential full usage
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Freyr Architecture
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Freyr Architecture
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Freyr Architecture
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Freyr Architecture
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Freyr Architecture
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Freyr Architecture

Invoker submits the
results and usage to
database for further
predictions

[Func req 1 .J [Func req N .J

Controller - Freyr
Load Balancer DRL Agent
JRRSIEIT X5 e ‘ allocation T
=: Database Siaie » KV Storage
: T Distributed Message Queue
(results, usage) (Pub/Sub)
R B ¢ ‘ (CPU, mem) allocation

e o SEESEEEENCrU
Container B 8 Vem

=+ = IntelliSys Lab

THE >
O E AT 25-29 April 2022 | Lyon, France

40



Experiment

Setup
- 13 VMs, each with 8 CPUs and 32 GB memory
- One user client, one frontend, one controller
- 10 Worker nodes

Baselines
- Fixed RM
- Greedy RM
- ENSURE

Fixed RM: default OpenWhisk as well as in existing serverless platforms
Greedy RM: heuristic
ENSURE: Suresh, Amoghavarsha, et al.

"Ensure: Efficient scheduling and autonomous resource management in serverless environments."

(ACSOS 2020)
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Response latency: function invocation end-to-end latency
Slowdown: relative performance compared to user-defined resources.
Larger than1.0 means degradation, less than 1.0 means speedup
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- —— Greedy
i | ENSURE
- ~ —— Freyr ; |
10 20 30 1 2 3
Response Latency (s) Slowdown

Response latency: function invocation end-to-end latency
Slowdown: relative performance compared to user-defined resources.
Larger than1.0 means degradation, less than 1.0 means speedup
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Negligible performance impact

S 1 Ji - - - Greedy
1 £7 - ———- ENSURE
] ~ —— Freyr , |
0 S 0
10 20 30 1 2 3
Response Latency (s) Slowdown

Response latency: function invocation end-to-end latency
Slowdown: relative performance compared to user-defined resources. Larger than1.0 means
degradation, less than 1.0 means speedup.
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® Default + Accelerate
Harvest % Safeguard
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Slowdown: relative performance compared to user-defined resources. Larger than1.0 means
degradation, less than 1.0 means speedup.
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® Default + Accelerate
Harvest % Safeguard
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Slowdown: relative performance compared to user-defined resources. Larger than1.0 means
degradation, less than 1.0 means speedup.
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Slowdown: relative performance compared to user-defined resources. Larger than1.0 means
degradation, less than 1.0 means speedup.
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® Default
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Slowdown: relative performance compared to user-defined resources. Larger than1.0 means
degradation, less than 1.0 means speedup.
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Safeguard guarantees SLOs of
harvested function invocations!
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Slowdown: relative performance compared to user-defined resources. Larger than1.0 means
degradation, less than 1.0 means speedup.
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