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Microservices are Pervasive
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Throughput Improvement
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Example Shopping Application
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@ Where should optimization
resources go? Recommendation

Reference: OnlineBoutique, https.//github.com/GoogleCloudPlatform/microservices-demo



Identifying High-Impact Service Optimizations
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Reference: OnlineBoutique, https.//github.com/GoogleCloudPlatform/microservices-demo



Identifying High-Impact Service Optimizations

2X: In-memory
KV Storage?

Cer |

Question to answer: “What throughput can the application sustain

if developers optimize the Cart service from 10K Req/s to 20K Req/s?”



Distributed Tracing Only Captures Current Execution

Call graph for checkout request: Cart E’:[ Product ]
[ Frontend ]—>[ Checkout Currency
Payment

Current execution!
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Slowpoke is a system for accurately quantifying the effect of a hypothetical
optimization on end-to-end throughput for microservice applications.



Using Slowpoke

Inputs: (1) A target service X.
(2) A hypothetical optimization. E.g., reducing the processing time of 500ms by 50%.
(3) A workload.

Output: End-to-end throughput as if optimization was implemented (Y req/s)
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Output: ~6800 Req/s (from ~3900 Req/s)



Using Slowpoke

Inputs: (1) A target service X.

(2) A hypothetical optimization. E.g., reducing the processing time of 500ms by 50%.

(3) A workload.

Output: End-to-end throughput as if optimization was implemented (Y req/s)
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Two Executions and One Performance Model
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Applying Causal Profiling to Microservices is Hard
Thread-1 Target: f
Coz (SOSP’15
( ) Thread-2 l l—» O Pauses

Coz would slow down threads in concurrent

Target service: Cart

[ Frontend ]—P[ Checkout

services for the same request.

Identifying which threads to slow down incurs high runtime overhead.

Slowing down these threads at the right time requires careful synchronization.
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Key Insight: Slowpoke Slows Down All Non-target Services
Thread-1 Target: f
Coz (SOSP’15
oz ) Thread-2 .—» O Pauses

Slowpoke slows down all non-target services with distributed slowdown coordination!
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Slowing Down All Non-target Services

Reql Reg2 ResplA(T) RespZA(T+3)
Ae
(a)Original | — |
Execution Be —1
Ce : :
Ae
(b)Optimized Y
Execution Be ,
C. 1 :
1 1
A. 1 1
(c)Slowed-down ——
Execution Be — —
. I

14



Bottleneck Equivalence
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Modeling Bottleneck Equivalence Using Linear Programming

Slowpoke generalizes to: Maximize end-to-end throughput

e Multithreaded services
Constraint - A

e Dynamic call graphs Subject to { Constraint - B

e Different types of bottlenecks, e.g., mutexes. Constraint - C
E.g., CPU usage <= CPU quota
Ae
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Execution Be - Linear program (opt)
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Ideal Slowdown Scenarios
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Naive Batching Introduces Idle Time

One batch
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18



Slowpoke Uses Distributed Slowdown Coordination
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Data Plane: Instrumented Libraries
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Data Plane: Poker
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Evaluation

How accurate is Slowpoke’s throughput prediction?
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Evaluation Overview

Benchmarks Services LOC
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Prediction Results for Four Applications
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Prediction Results for Synthetic Benchmarks
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C2—Chain (length 2)
C9—Chain (length 9)

F7—Fan-out (width 7)
D5—DAG (5 services)

F3—Fan-out (width 3) T8—Unbalanced tree
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D7—DAG (7 services) M5—Dynamic cycle B*—target is bottleneck
M4—Dynamic chain  M3—Dynamic cache N*—target is not bottleneck

M7—Dynamic tree H*—HTTP, g*—gRPC R/S*—concurrent/sequential

108 Benchmarks x 10 Optimization Percentages

Root mean squared error: 1.89%
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More Results in the Paper
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