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Optimizing complex microservice application is challenging

Microservice applications are complex!

Reference: Alibaba microservice call trace Reference: Uber microservice visualization
Netflix runs on microservices 

Reference: Netflix microservice visualization 2



What could be a good request routing?
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Network RTTs
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• Locality within the region (B2, B3)
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Different requests
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Cost
• Bandwidth (egress cost)
• Compute (VM cost)



Survey: Istio users' cross-cluster routing today

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

Multi-cluster services => 

Optimal routing nontrivial

The survey will be publicly available in UIUC ServiceLayerNetwork website!

There is a gap!

They want to optimize routing to 

minimize latency and cost.

Respondents are still relying on 

relatively simplistic load balancers.
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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.
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I thought this problem was solved!?
We already have fancy autoscaler, load balancer, and traffic management !?

Traffic managementLoad balancers Advanced 
traffic management

*Advanced traffic management: Google’s Traffic Director, Meta‘s ServiceRouter [Saokar et al, OSDI ’23]
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It does not consider
• network RTTs (advanced traffic management does)
• network costs
• different requests
• multi-hop implication

Autoscaler
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*locality failover



SLATE: Service Layer Traffic Engineering

TE server

Given

Objective

Subject to

Capacity of link from i to jTraffic demand from s to tMinimize max link utilization

Traffic volume of (s,t) flowcarried over link (i,j) is > 0Ingress flow equals demand
Egress flow equals demand

Flow conservation

Utilization cap

𝑥!"#$ > 0

0 ≤ 𝑢∗≤ 1

E.g., Microsoft’s SWAN [Hong et al, SIGCOMM’13], Google’s B4 [Jain et al, SIGCOMM’13]

Optimizing global request routing becomes a traffic engineering problem!
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Design Goals of SLATE

oFast reaction to changes in load and latency

oEase of expression for multidimensional operator intent
• Tradeoffs between cost/latency/availability

oInstant pluggability into existing deployments

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

Automatically optimizing global request routing

8



service B service C

Cluster 
controller

service A

us-west

SLATE Architecture

East-west

o Start/end time
o Load info

o RPS, #inflight req, call sizes

Admin intent 
($/ms)Global 

controller

service A service B service C

us-east

Cluster 
controller

East-west

Inter-cluster pings

Flow

Collecting span info from data plane

Running request optimization

Pushing down optimized routing rule

Data plane (SLATE WASM)
o Optimized routing rule
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service A

us-west

SLATE Global controller

Admin intent 
($/ms)Global 

controllerOptimized routing rule
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Modeling latency as a function of load

A -> B west east

west 90% 10%

east 0% 100%

service B …

us-east

90%

10%

…
service B

Linear programming



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.
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Use case 1: Microburst in cluster 1

Product

Reviews

Details

Ratings

Product

Reviews

Details

Ratings

us-west

us-east

Ingress 

Ingress 

How should we distribute requests across replicas in different regions?

*Istio bookinfo application 12



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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request matches type X, send 60% of requests to the local
cluster and 40% of requests to another remote cluster".
(2) Cluster level controller collects performance metrics and
telemetry from individual instances within a cluster. With
collected data, it predicts expected service time for each ser-
vice (not instance) and periodically reports them to global
controller. This intermediate layer lowers the computation
burden of predicting service time on individual instances.
Also it reduces the amount of data to be transferred over
clusters by only delivering service time prediction value not
entire collected metrics.
(3) Request router (data plane) lies in request critical path,
i.e., in the data plane of the service layer. It has two roles.
One is to collect real time data and report it to its cluster
level controller. The other is to execute the actual request
routing action (as dictated by the higher level controller). In
addition to executing intent from the cluster controller, the
request router could also make local optimization decisions
it pleases, such as immediate tra�c shift against microbursts,
request prioritization, etc.
The pipeline of aggregating cross-cluster information,

computing TE decisions, and disseminating them to data
planes cannot be instantaneous, and will, at the very least,
su�er from network delays. Overhead in computing TE can
vary depending on the complexity of search space, but the
hierarchical design contributes to signi�cantly reduce the
search space for the cross-cluster TE optimization from in-
stance level to cluster level, enabling faster computation of
TE decisions as workload changes. Eventually, we expect
the end-to-end latency for updating new routing rules to be
faster than autoscaling solution and e�ective in optimizing
resources and reacting to microbursts. Furthermore there is
the possibility for a request router to decide locally to shift
tra�c based on microbursts, immediately, without talking
to the central controller since software data plane could be
highly �exible.

4 Case Studies
We present three distinct use cases that each illustrate op-
portunities where service layer TE has the potential of a
signi�cant improvement over the status quo.

4.1 Microburst reaction
Microservice load may �uctuate signi�cantly, and may do
so more rapidly than autoscaling can react. To quantify the
prevalence of microbursts, we used a dataset released by
Alibaba [25] consisting of 1,031 microservices. The traces
include call rate of each microservice at 1-minute granularity
over 12 hours. We de�ne a burst as a steep increase in load:
when the current load is at least 2⇥ the average load over the
last 5 minutes. We �nd that 25% of the Alibaba microservices
have � 1 burst per hour on average. There are variations in
the number of bursts and the shape of bursts which can soar
up to 40⇥ within 1-2 minutes and can last only 1 minute. It

Figure 3.Microburst simulation. The left and right graph shows
tail latency in bursty cluster and non-bursty cluster, respectively.
Maximum latency of LLB in bursty cluster (left) is 7900ms.
(LLB: Local Load Balancing, MCLB: Multi-Cluster Load Balancing)

is possible there are even smaller microbursts lasting less
than 1 minute which are hidden in this dataset.
Simulator. To demonstrate the above capability, we built
an event-driven simulator at the request granularity (i.e.,
not packet-level). It takes application topology as input with
con�gurable processing times at each node and network
latency between nodes. We simulate K8S’s Horizontal Pod
Autoscaler (HPA), with the scan interval and stabilization
window con�gured to their default values of 15 seconds and
5 minutes respectively, and use a 5 second delay to create
new pods (§2).We simulate amicroservice with tree topology
in a depth of three (similar to many call graphs in Alibaba
traces [25]). The microservices are replicated in two clus-
ters, modeling the inter-cluster app-level round trip network
latency and the intra-cluster network latency as a normal
distribution with a mean of 40ms3 and 1ms, respectively.
Each cluster runs its own autoscaler. One cluster, the bursty
cluster, uses one of the bursty Alibaba traces as its workload.
The non-bursty cluster is kept at a constant average load with
exponentially-distributed request inter-arrival time.4
Routing Algorithms.We implement a simple service layer
TE heuristic to handle microbursts that routes requests to
the remote cluster only if all replicas in the local cluster are
su�ering from high utilization and the remote cluster has
underutilized replicas. To make it realistic, available replica
information in one cluster is visible by remote cluster with
inter-cluster network latency. Our setup is such that the
processing time of a request is roughly equal to the net-
work latency of accessing a remote cluster, which makes this
simple heuristic work e�ectively. The simulator is a greatly
simpli�ed version of the design sketch in section §3. It does
not incorporate global controller running TE optimization.
The cross-cluster routing decision is based solely on simple
aggregated information about whether each cluster (local

3By comparison, AWS region-to-region network-layer RTT is 15-60ms.
4It would have been preferable to use a single real workload that spanned
multiple clusters, but the Alibaba data does not specify services’ clusters.
We therefore chose this setup to simulate the case that the second cluster
does not have microbursts correlated with those of the �rst cluster. While this
will not be true in all deployments, we do note that in the Alibaba trace
di�erent replicas of one service often experience bursts at di�erent times.
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$/ms in use case 1

Latency is more important Cost is more important

What’s the value of the latency in your case?
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Use case 2: Minimize egress cost
Service Ratings is not available in cluster 1.
• Service degradation/failure
• GDPR
• security policy, etc.

Product

Reviews

Details

Ratings

Product

Reviews

Details

Ratings

us-west

us-east

Ingress 

Ingress 

Call size: 100KB
Call size: 10KBCall size: 50KB

Egress cost: $/GB

How to make optimal cut?
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Use case 2: Minimize egress cost
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Policy Bandwidth Cost Mean Latency (s)

MCLB $1.03 1.904

Locality Failover $2.21 4.9185

SLATE $0.19 0.5828

Experiment with Analytics Application



Use case 3: Per-request decision

Product

Reviews

Details

Product

Reviews

Details

Ratings

US-west

US-east

Ingress 

Ingress 

Request type 1
• Compute heavy
• Network light

Request type 2
• Compute light
• Network heavy

Ratings
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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)
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