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Taming Tail Latencies in Event-Driven Web Services
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—Xxperimental Setup

Intel i7-4790K, 4 physical cores with hyper-
threading, 32 GB DRAM, 240GB SSD

Wrk2: A customized Load Testing Tooal,
simulate real-world workloads

é redis

(1 Gbps Network)

.mongo
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Applications

Benchmarks |/O Type #Requests Description
Etherpad lite N/A 20K Real time word processor.
Todo Redis 40K Online Task Manager.
Lighter Disk 40K Blogging Engine.
Let’s Chat MongoDB 10K Web-based Chat Application.
Client Manager MongoDB 40K Online Address book.

Github Repo: https://github.com/nodebenchmark/benchmarks
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var count = N;
fs.readdir(”/data”, function dir(err, files) {
files.foreach(function file(f, index) {
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Step 1: Latency Reconstruction

var count = N;
fs.readdir(”/data”, function dir(err, files) {
files.foreach(function file(f, index) {
var fname = ..;
fs.readFile(fname, function read(err, data) {
count -= 1;
if (count == 0)
sendResponse () ;
})i
})i
})i
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Etherpad: Queue and Exec. latency increases in tails, and
I/O latency is not dominant for this particular application.
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Client Manager: Queue and Exec. latency dominate in tails,
but unlike Etherpad I/O plays a notable role in the requests.
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Client Manager: Queue and Exec. latency dominate in tails,
but unlike Etherpad I/O plays a notable role in the requests.
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Breakdown Within Compute

Non-tail
Application IC GC JIT Native
Etherpad Lite  0.3% 1.9% 0% 97.8%
Todo 1.8% 0.5% 0% 97.7%
Lighter 49% 4.7% 0% 90.4%
Let’s Chat 2.1% 3.9% 0% 93.4%
Client Manager 3.2% 3.1% 0% 93.7%
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Latency

———————————————————

\
/0 1 . Exec. || Compute Time
! Queue xec | P

[ GC Interrupt (IC Miss] (JIT Engine] (User Code]
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Breakdown Within Compute s

[ GC Interrupt [ IC Miss] [JIT Engine ] [ User Code ]

Non-tail
Application IC GC JIT | Native

Etherpad Lite  0.3% 1.9% 0%
Todo 1.8% 0.5% 0%
Lighter 49% 4.7% 0%
Let’s Chat 2.1% 3.9% 0%
Client Manager 3.2% 3.1% 0%




Breakdown Within Compute
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Latency ]
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110 [ Q . |
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_________________

[ GC Interrupt

[ IC Miss] [JIT Engine ] [ User Code ]

Non-tail Tail
Application IC GC JIT Nativef IC GC JIT Native
Etherpad Lite  0.3% 19% 0% 7.0% 41.9% 0% 51.1%
Todo 1.8% 0.5% 0% 0.6% 31.0% 0% 68.4%
Lighter 49% 4.7% 0% 4.4% 453% 0% 50.3%
Let’s Chat 2.7% 3.9% 0% 3.6% 484% 0% 48.0%
Client Manager 3.2% 3.1% 0% 39% 703% 0% 25.8%
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Application

Etherpad Lite  0.3% 1.9%
Todo 1.8% 0.5%
Lighter 4.9% 4.71%
Let’s Chat 2.71% 3.9%

Client Manager 3.2%
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0%
0%
0%
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[ GC Interrupt

[ IC Miss] [JIT Engine ] [ User Code ]

Non-tail
Application IC |} GC j JIT | Native GC J JIT Native
Etherpad Lite  0.3% 0% 51.1%
Todo 1.8% 0% 68.4%
Lighter 4.9% 0% 50.3%
Let’s Chat 2. 7% 0% 48.0%

Client Manager 3.2%
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[ Sever-side ]
Latency

———————————————————

\
/O E| Queue. | Exec. || Compute Time

Breakdown Within Compute

[ GC Interrupt [ IC Miss] [JIT Engine ] { User Code ]

Non-tail Tail

We should focus optimization efforts on Garbage
Collection and Generated Native Code

Let’s Chat 2.71% 0% §93.4% 0 3.6% §48.4%) 0% 48.0%
Client Manager 3.2% §3.1%} 0% §93.7%§ 3.9% §70.3%8 0% 25.8%
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Step 3: Tall Latency Optimization

» Leveraging the turbo boosting _
x Tail L
capability of modern CPUs DY ail Latency _____ .

Optimization

» Key: wisely choose what to boost ... A Quole
TTTTT [\ M Boosting

» GC Boosting

> Boost GC

(
» Queue Boosting Event Queue' -, Q

> Boost when the system is “busy”

o VM
P Use event queue stats as “hints ¢ ﬁ M
VM Optimization w
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Optimization 1: VM Optimization (GC Boost)

Non-tail Tail
Application IC § GCJ JIT Native| IC § GC § JIT | Native

Etherpad Lite  0.3% §1.9%8 0% 97.8% | 7.0% §41.9%§ 0% §51.1%
Todo 1.8% 0% 97.7% | 0.6% §31.0%4 0% § 68.4%
Lighter 4.9% 0% 90.4% | 4.4% §45.3%4 0% § 50.3%
Let’s Chat 2.7% 0% 93.4% | 3.6% §48.4%) 0% §48.0%
Client Manager 3.2% 0% 93.7% | 3.9% §70.3%8 0% §25.8%




Optimization 1: VM Optimization (GC Boost)
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Optimization 1: VM Optimization (GC Boost)

- Non-tail Tail
> rvations:

Obse atons Application IC § GCJ JIT Native| IC §| GC J§ JIT INative
Etherpad Lite  0.3% 0% 97.8% |7.0% 841.9%8 0% §51.1%
. . Todo 1.8% 0% 97.7% | 0.6% 831.0%8 0% § 68.4%
> GCs are infrequent, little overall energy overhead Lighter 40% 0% 904% | 4.4% Nas 3 oo 15039
Let’s Chat 2.7% 0% 93.4% | 3.6% 848.4%H 0% §48.0%
Client Manager 3.2% 0% 93.7% | 3.9% §70.3%8 0% §25.8%

> IPC during GC is relatively high: ~1.3

» Implementation

> User-space DVFS embedded in Google V8: enter boosting at GC prologues and exit

boosting at GC epilogues

> More benefits if we have access to fine-grained per-core DVFS mechanism
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Optimization 2: Queue Boost

» More general compute acceleration: Boost when the system is “busy”

» How do you detect that”?
» Rely on two queue-related heuristics:

> # of events in the queue

> Processing time of the head-of-line event

Queue
Monitor

!

» Implementation:

» Periodic Sampling: Every 1 ms
» Dynamic Thresholding

P Sample the average value of event number and
per event processing time

> Amplify the average value to decide a dynamic
threshold by 2-3x
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nedew

Node.js uniquely combines event-driven
programming model and managed language
runtime, presenting new landscape and
challenges to tail latency optimizations.

Event-dependency graph (EDG) and event-
critical path (ECP) critical to deconstruct tall
latency in Node.|s.

Intelligently leverage existing hardware features,
turbo boosting in particular, to reduce latency
with little to none energy overhead.
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