J[ ILLINOIS

Cloud-Native Workloads in Datacenters

Jovan Stojkovic

CS 533




The Growth of Cloud Computing

New Computing Paradigms:

- Microservices E E E E

- Serverless or Function-as-a-Service (Faa$) v’ ™™ i " i "
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Microservices

o Large monolithic applications decomposed intfo many small
inferdependent services

o Each service implements separate functionality
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Benefits of Microservices

o Scalability
o Design simplicity
o HW management



Microservices are Widely Used

Actual Architecture

ire

v simplified and actual scheme (source)

Structure of microservices at Amazon. Looks almost like a Death Star but is way more powerful. 5



Step Further: Serverless Computing

o Maintain microservice-based software architecture

o Remove the resource provisioning burden from the users
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How Does Serverless Computing Work?
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Benefits of Serverless Computing

o Simple and modular programming
o Automatic resource scaling
o Pay-as-you-go billing model v



Serverless Computing is Also Widely Used

Serverless adoption by cloud provider S E RVE R LESS
75%

- Cloud-native paradigms are
: /_, becoming more and more important!
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Mismatch: Current Processors vs. Cloud-Native Loads

Current Processors Cloud-Native Environments
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Mismatch: Current Processors vs. Cloud-Native Loads

Current Processors Cloud-Native Environments

Beefy processors Small-sized services

11



Cloud-Native Services Have Small Footprints

O Cloud-native services much smaller than monolithic counterparts
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Cloud-Native Services Have Small Footprints

O Cloud-native services much smaller than monolithic counterparts

We do not need large caches, \4/\‘

branch predictors, etc. </>
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Mismatch: Current Processors vs. Cloud-Native Loads

Current Processors Cloud-Native Environments

Beefy processors Small-sized services; Low ILP
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Low ILP: Datacenter Tax Dominates Execution
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Low ILP: Datacenter Tax Dominates Execution

DeathStarBench Services

100
B

é 80

S 40

'§ We need to offload datacenter
& 40 tax from the CPU

S 20

(@)

~ 0 /SIS,

Average Service
7. AppLogic BTCP '? (De)Encr mRPC = (De)Ser = (De)Cmp B LdB



Mismatch: Current Processors vs. Cloud-Native Loads

Current Processors Cloud-Native Environments

Beefy processors Small-sized services; Low ILP

Monolithic cache coherence No writable data sharing
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Is Chip-Wide Cache Coherence Needed?

OServices use RPCs for the communication, no shared memory

<> <> <>
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Is Chip-Wide Cache Coherence Needed?

OServices use RPCs for the communication, no shared memory

RPC —=e

_/ Instead: slice the monolithic
724 iyTITiY coherence info many small | 111111

independent coherence

domains
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Mismatch: Current Processors vs. Cloud-Native Loads

Current Processors Cloud-Native Environments

Beefy processors Small-sized services; Low ILP

Monolithic cache coherence No writable data sharing

Optimized for long-running, Short-running services; lots of idle
predictable apps time + context switching
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ldle Time Dominates Service Execution

Cleusy Olidle
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ldle Time Dominates Service Execution

Cleusy Olidle
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ldle Time Dominates Service Execution
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As a Result: Frequent Context Switching

Need to frequently

=
=
P context switch! £ §

o)

Service invocation

o
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Pollution of Stateful Hardware Structures

O Frequent context-switches interleave executions of different services on
the same core

O Pollution of stateful structures: caches, TLB, branch predictors, etc,

=
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Pollution of Stateful Hardware Structures

O Frequent context-switches interleave executions of different services on
the same core

O Pollution of stateful structures: caches, TLB, branch predictors, etc,

§ Misses!
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Pollution of Stateful Hardware Structures

O Frequent context-switches interleave executions of different services on
the same core

O Pollution of stateful structures: caches, TLB, branch predictors, etc,

We need to preserve the
microarchitectural state
across context switches
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Mismatch: Current Processors vs. Cloud-Native Loads

Current Processors Cloud-Native Environments

Beefy processors Small-sized services; Low ILP

Monolithic cache coherence No writable data sharing

Optimized for long-running, Short-running services; lots of idle
predictable apps time + context switching

Maximize average performance Strict tail latency requirements
36



What Causes High Tail Latency?

O Contention - high tail latency
OQueueing and scheduling of service requests
OContext switching
OOn-package network

37



Service Requests Come in Bursts > Queueing

O Design of the queueing system can impact tail latency
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Service Requests Come in Bursts > Queueing

O Design of the queueing system can impact tail latency
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Overhead of Context Switching

RPS = Request-per-Second
5K RPS = 10K RPS -50K RPS
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Overhead of Context Switching
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Overhead of Context Switching

RPS = Request-per-Second
5K RPS = 10K RPS -50K RPS
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Overhead of Context Switching

RPS = Request-per-Second
-~—5K RPS =—-10K RPS --50K RPS
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Overhead of Context Switching

RPS = Request-per-Second
-~—5K RPS =—-10K RPS --50K RPS
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Contention in On-Package Network

Olnter-process communication due to RPCs and storage accesses
OLofts of on-package messages
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*

Multi-hop routes

Contention at links
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Contention in On-Package Network

O Contention at the on-package network hurts tail latency
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Contention in On-Package Network

O Contention at the on-package network hurts tail latency
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Cloud-native workloads on conventional
HW and SW systems > performance,
energy, and resource inefficiencies
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