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‘ Microservice applications are complex!

Optimizing complex microservice application is challenging

Reference: Alibaba microservice call trace . . . L
Reference: Uber microservice visualization

Reference: Netflix microservice visualization



What could be a good request routing?

Region 1

Request  Region2

(Get)
Reque

Request
(Post)

Network RTTs
* Geo-distributed regions (Region1,2,3)
* Locality within the region (B2, B3)
* Network congestion

Cost
* Bandwidth (egress cost)
 Compute (VM cost)

Different requests
* Different resource implication
« Different call graph

Multi-hop implication



Survey: Istio users' cross-cluster routing today

ik The survey will be publicly available in UIUC ServiceLayerNetwork website!

Multi-cluster services =>

Optimal routing nontrivial

Respondents are still relying on

relatively simplistic load balancers.

They want to optimize routing to

minimize latency and cost.

Up to 50 or more clusters
50% multi-cluster services

Which load balancing policy do you use ' I Would cross-cluster routing optimization be

for multi-cluster services? There iS a gap! useful?

Locality weighted I EEE 12
Locality failover |GG
Round robin I °
Least response time |GGG 3
Leastrequest NG 4
Consistent hashing I 2
Random [ 2
DNS based route [N 1

To improve request latency [INNNENGGGEEEEEE 8
To optimize cloud bandwidth cost |G 13
Toimprove load balance NG 13
To optimize cloud compute cost [IIIINEGEGEGEGEEEE 11
Not useful in our envrionment [N 4

Maybe. Currently manually configured Wl 1



Optimal request routing!

* Current approach:

Request routing is much more subtle problem than today’s load
balancers and traffic management

* Goal:
Globally optimal request routing based on administrator intent.




‘ | thought this problem was solved!?

We already have fancy autoscaler, load balancer, and traffic management !?

Advanced

Autoscaler Load balancers Traffic management
traffic management

100% Q Cluster 1 || Cluster 2
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*locality failover
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It does not consider
* network RTTs (advanced traffic management does)

* network costs
» different requests
* multi-hop implication

*Advanced traffic management: Google’s Traffic Director, Meta‘s ServiceRouter [Saokar et al, OSDI '23]



SLATE: Service Layer Traffic Engineering

Optimizing global request routing becomes a traffic engineering problem!
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E.g., Microsoft’s SWAN [Hong et al, SIGCOMM’13], Google’s B4 [Jain et al, SIGCOMM’13]



Design Goals of SLATE

Automatically optimizing global request routing

o Fast reaction to changes in load and latency

o Ease of expression for multidimensional operator intent

» Tradeoffs between cost/latency/availability

olInstant pluggability into existing deployments

o service mesh, fleet of load balancers, RPC library.




SLATE Architecture
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‘ SLATE Global controller | |
Modeling latency as a function of load
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Use Cases

Use case 1: Instantly reacting to fluctuations in load.

Use case 2: Optimizing Egress Cost in dynamic microservice topologies.

Use case 3: Classifying and handling different call graphs and request types.




‘ Use case 1: Microburst in cluster 1

How should we distribute requests across replicas in different regions?
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Use case 1: Microburst in cluster 1

o Local Load Balancing (LLB): Route requests to instances within the local cluster.
o Multi-Cluster Load Balancing (MCLB): Route requests to instances across all clusters.
o SLATE: Route requests to the remote cluster if the local cluster does not have an underutilized

replica and the remote cluster has one. Otherwise, route to the local cluster.
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‘ $/msin use casel

What’s the value of the latency in your case?

Latency is more important Cost is more important
S/ms=1 $/ms=0.0001 $/ms=0
101 11000 101 11000 101 11000
Ingress Ingress Ingress Ingress Ingress Ingress
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‘ Use case 2: Minimize egress cost

Service Ratings is not available in cluster 1.
How to make optimal cut? * Service degradation/failure

* GDPR

* security policy, etc.

Reviews

Ingress Product

us-west

Details

Call size: 100KB  Egress cost: $/GB

Call size: 50KB Call size: 10KB

Reviews

us-east

Ingress
Details
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Use case 2: Minimize egress cost

Experiment with Analytics Application

Policy Bandwidth Cost Mean Latency (s)

MCLB $1.03 1.904
Locality Failover S2.21 4.9185

SLATE $0.19 0.5828
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‘ Use case 3: Per-request decision

Request type 1 Request type 2
* Compute heavy * Compute light
* Network light * Network heavy
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Status and Future plan

* Challenges
* Latency modeling
* Call graph prediction at per-request level

* Make the system more compatible
* Supporting more than two clusters
* Running more diverse applications

* Deliverable
* Open source
* Making it more reliable and pluggable
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Demo for use case 1

microburst and latency optimization (4min)



