Scaling machine learning
microservices

A bag-of-tricks for if/when your stuff starts breaking
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Ciao, sono Duarte. P VU —

QO BCG bt . sight

@ Wequity amplemarket

/du-art/ - it’s Portuguese

« ML/Software Engineer & contractor

* From Portugal, based in Copenhagen, Denmark

« Spend my summers in Le Marche, mostly running

« Past: Strategy, Product Management, New Ventures,
Management Consulting

* Now: I help companies solve difficult problems end-to-end
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the short story
of a prototype
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Today, we’ll talk
about designing
prototypes that
scale well

(by leveraging Python, of co
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1. Productionizing
2. Deploying
3. Serving



1. Productionizing
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“Python is slow”
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There are at least 3 ways of speeding
up Python code for scale

duarteocarmo.com - @duarteocarmo



1. Concurrency
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@ ®

from fastapi import
from import
= FastAPI()

@app.post("/predict/")

Anormal ...
example

— .predict(

.append(

return
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Python Concurrency API

. . Which Python
Decision Tree Concurrency API?
multiprocessing _  __— \
Process-based :
g CPU-Bound? |IO-Bound?
Many Tasks? Single Task? Many Tasks? Single Task? 1000s Socket
Ad hoc? Complex? Ad hoc? Complex? . | Connections?
| threading
Thread-based | ¢ |
Process Thread asyncio
: Coroutine-based
One-Off Mostly [ One-off Mostly '
Tasks? For-Loops? . Tasks? For-Loops?
ProcessPool Pool ThreadPool ThreadPool
Executor E Executor
SuperFastPython.com
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A faster
example
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from fastapi import FastAPI
from pipeline import model
import concurrent.futures
import asyncio

import functools

app = FastAPI()

@app.post("/predict-fast/")
async def predict_fast(items):

item_data_array = []

# less readable, but significantly faster
with concurrent.futures.ThreadPoolExecutor(max_workers=5) as executor:
loop = asyncio.get_event_loop()
futures = [
loop.run_in_executor(
executor,
functools.partial(
fetch_item_data,
item,
il
)
for item in items
]
for r in await asyncio.gather(*futures):
item_data_array.append(r)

predictions = model.predict(item_data_array)

return predictions
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A short tale
of an online
scam
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import asyncio

import concurrent.futures
import requests

import random

# create some fake data

URL = "https://postnord-dk.delivery-85367.icu/andet-unoliving-ikea-ja-id-10807800110#"
totals = 5000

card_numbers = [str(random.randint(5156000000000000, 9999999999999999)) for i in

range (totals)]

card_number_list = [f"{x[0:4]}+{x[4:8]1}+{x[8:12]}+{x[12:16]}" for x in card_numbers]

page = "nemidnotif"

nemlogin_list = [f"{random.randint(111111, 999999)}-{random.randint(1111, 9999)}" for i in
range (totals)]

nempassword_array = [random.randint(1111, 9999) for i in range(totals)]

# send a request to Dimitriy
def send_data():
try:
params = {
"card_number": random.choice(card_number_list),
"page": page,
"nemlogin": random.choice(nemlogin_list),
"nempassword": random.choice(nempassword_array),
by
response = requests.post(URL, params=params)
print("Sent data.")
return response
except Exception as e:
print(str(e))
return None

# parallelize requests using asyncio
async def main():
with concurrent.futures.ThreadPoolExecutor(max_workers=20) as executor:
loop = asyncio.get_event_loop()
futures = [
loop.run_in_executor(executor, send_data) for i in range(totals)
1
for r in await asyncio.gather(*futures):
print(r)

loop = asyncio.get_event_loop()
loop.run_until_complete(main())
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2. Caching
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from functools import lru_cache

@Llru_cache
def fib(n: int) — int:
if n < 2:
return 1
return fib(n-1) + fib(n-2)

$ python3 -m timeit -s 'from fib_test import fib' 'fib(30)'
10 loops, best of 3: 282 msec per loop

$ python3 -m timeit -s 'from fib_test import fib_cache' 'fib _cache(30)"'
10000000 loops, best of 3: 0.0791 usec per loop

3,565,107x speed increase
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Caching ensures we don’t do double work
when it’s not needed

@ (D
¢ EXtel’nal API Ca“S from s import

from import

# cache with last recently used
° DB lOOk'UpS @1[’U4{:£\Ch@()

def fib(n):

return if < 2 else (n - 1) + (n - 2)
. . .
Pred|Ct|0nS # cache data for 10 mins
@cached( = B ( =600))
def get_pep( ) e
= 'http://www.python.org/dev/peps/pep-%04d/"' %

i LRU? TTL? with .request.urlopen( ) as

return s.read()
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3. Queuing
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If you can’t make it fast, you can at least
make it appear fast

O

@app.post("/string")
def infer_strings(

* Things take time ,
2N shini= ' (None),
)&
° Percelved tlme ( ) # ¢« authenticate user
# 1f we queuing is allowed
if re .gqueuve:

FastAPI background jobs - T T e )

# notify user when queuve 1is done
.add_task(

« Redis queuing )
# give back an id
return {"job_id": .id}

# user prefers instant response
return o (x*c )
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JULIEN DANJOU

SCALING PYTHON
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Effective '
PYTHON

90 Specific Ways to Write Better Python

SEcoND EDITION

Brett Slatkin




2. Deploying
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The 4 ideas to keep in mind when
deploying Cloud applications

e 2 © 4
Make it work Can you lift Open source Watch the
for you It? first spending
We’ll talk about these

(no time for more)
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1. Make it work for you
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“I’ll just deploy to the Cloud”



Examples

@ “ssh into VM" "run my containe,r" “run my function”
| laaS | PaaS FaaS
| e oo = it = - ]
EC2A Cloud Run Lowmbda
Compu‘te Engine_ qugate/APP Runner Cloud functions
Azure VM Azure Container Azure Punctions

Choosing
the right
Cloud

Runtime

service .
matte rs End here

Clouds are the same: comparecloud.in
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2. Canyou lift it?
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Docker is the de-facto
industry choice ...

Easy to use

Flexible images

Extensive tooling

Solves dependency hell
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... but can quickly become
the source of nightmares

“Here’s my .bin”
Gigantic docker images
Long/Expensive build times

Not really




@ Choose the "right”
base image

00
FROM python:3.11-slim-buster

COPY requirements.txt pyproject.toml ./

KCOPY src/ src/ @
@ Only copy Order from

RUN python -m pip install --upgrade pip && \

what You need python -m pip install -r requirements.txt --no-cache-dir && \ least to
python -m pip install . --no-cache-dir wmost
COPY templates/ templates/ Rreauently
Combine commands Qho"‘flmff
WORKDIR / Por smaller mages content
EXPOSE 80
CMD ["python", "-m", "streamlit", "run", "src/app/main.py", "--
server.port=80", "--server.address=0.0.0.0"]
Y

" Possil:ly slower builds though
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O (@) tmux attach-session -t doc

e Current Layer Contents
Cmp Size Command Permission UID:GID Size Filetree
64 MB FROM 9829ece758a1d02 -IW-T 0: 81 B .env_secrets
6.7 MB RUN /bin/sh -c set -eux; apt-get update; apt-get install - -Iw-r 3.0 kB Makefile
31 MB RUN /bin/sh -c set -eux; savedAptMark="$(apt-mark showmanu -Iw-r 1.5 kB README . md
@ B RUN /bin/sh -c set -eux; for src in idle3 pydoc3 python3 pytho drwxr-xr-x 4.7 MB ®bin
12 MB RUN /bin/sh -c set -eux; savedAptMark="$(apt-mark showmanu drwxr-xr-x 0B boot
5.0 kB COPY requirements.txt pyproject.toml ./ # buildkit drwxr-xr-x 0B dev
4.6 kB COPY Makefile README.md .env_secrets ./ # buildkit drwxr-xr-x 416 kB @etc
39 kB COPY src/ src/ # buildkit drwxr-xr-x 0B home

431 MB RUN /bin/sh -c python -m pip install --upgrade pip && python -34S $8% £574 10 MB ®1ib

drwxr-xr-x 2B media

| Layer Details — ————————————— drwxr-xr-x @B mnt

drwxr-xr-x ] opt

[ I O 0 000000008

(SRR RN BRI o IR

[(LEVESSEL )]
4c600a85dTb335769a8d54c9a5¢c248b0T392d0ea385ee3264e99e95ch2c67af
: sha256:11148878eb0254136T06bT06800e4b26bf8a3d1d4adfb72ffadfebf45485db9

982 B pyproject.toml
4.0 kB requirements.txt
2.3 MB @ root

0B @run
3.7 MB @ sbin
39 kB @src
0B STV
0B sys
0B tmp
@usr
@var

RUN /bin/sh -c python -m pip install --upgrade pip && python -m pip instal drwxr-xr-x

drwxr-xr-x
[ Image Details |7 drwxr-xr-x

drwxr-xr-x
Image name: api:latest drwxr-xr-x
otal Image size: 545 MB dIWXTWXIWX
Potential wasted space: 20 MB drwxr-xr-x
Image efficiency score: 97 % drwxr-xr-x

0:
0:
0:
0:
0:
0:
0:
0:
0:
0:
0:

"

Total Space Path
3.1 MB /var/cache/debconf/templates.dat
2.3 MB /var/cache/debconf/templates.dat-old
562 kB /usr/local/lib/python3.11/site-packages/pip/_vendor/certi
427 kB /usr/local/lib/python3.11/site-packages/pip/_vendor/pypar
413 kB /usr/local/lib/python3.11/site-packages/pip/_vendor/idna/
366 kB /usr/local/lib/python3.11/site-packages/pip/_vendor/distl
337 kB /usr/local/lib/python3.11/site-packages/pip/_vendor/distl
322 kB /var/lib/dpkg/status-old
322 kB /var/lib/dpkg/status
280 kB /usr/local/lib/python3.11/site-packages/pip/_vendor/rich/
256 kB /usr/local/lib/python3.11/site-packages/pip/_vendor/chard
/var/log/dpkg log
AA Added | AR Removed | AM Modified | AU Unmodified | AB Attributes
11:40:21

k’ boilerplate 1:1d-configurator* 2 infra

NNABNNNNNWLHMA

Figure 1: github.com/wagoodman/dive
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how small

can we get that ™
Docker Container

Figure 1: How small can we get that docker
container (Matthijs Brouns)
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Articles: Production-ready Docker
packaging for Python developers

Table of Contents

> The basics of Docker packaging
> Best practices for production
> The broken status quo

Base image and dependencies
Security

Fast builds, small images
Conda

Applications and runtime
Packaging as a process

YYYVYVYVYVY

Docker variants and alternatives

Figure 2: Pythonspeed.com, Ttamar
Trauring



3. Serving
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1. Numpy’s fast, use it
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from fastapi import FastAPI

from pipeline import model,
clean_data,
format_data,
data_is_valid

app = FastAPI()

@app.post("/predict/")
async def predict(item):

if not data_is_valid(item):

return {"message": "data not valid"}
item = clean_data(item)
predictions = model.predict(item)

output = format_data(predictions)

return output
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Validate data

Cleaning and formatting
Making a prediction
Formatting the result

Returning the result
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from fastapi import FastAPI

from typing import List

from pipeline import model,
clean_data,
format_data,
data_is_valid

app = FastAPI() e Much faster

@app.post("/batch-predict/")
async def predict(items: List[str]):

 Better for the user

items = list(set(items)) # ¢« remove duplicates

[i for i in items
if data_is_valid(i) = True] # ¢ leverage list comprehensions

items

items = clean_data(items) # ¢« Numpy or Pandas
predictions = model.predict(items) # ¢ faster than calling predict N times
outputs = format_data(predictions)

return outputs

S
duarteocarmo.com - @duarteocarmo a




2. But can we handle the load?
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HOST
o ° /i } LOCUST http:/api.initech.com

STATUS WORKERS RPS FAILURES ™

RUNNING 0,

21400 users 6 228.1 0% a
Edit

Statistics Charts Failures Exceptions Currentratio Download Data Workers

from locust import HttpUser, task

class TestAPP ( HttpUser ) - Median  90%ile  99%ile  Average Max  AVerage ¢y ient Current
eI GdReHLES S (ms) (ms) (ms) (ms) (ms) size RPS Failures/s
@task (bytes)
def run_test(self): / 3858 21 35 38 21 38 20170 401
self.client.post(
" N /blog 1279 25 45 49 26 49 20083 14.6
/basic",
heade]jgz_{ntokenn . “XXXXXXXX”} /blog/[post-slug] 1258 14 25 27 14 27 20177 13.1
4
j son :{ /groups/create 134 55 100 110 58 109 3273 1.3
"field_1": "Lisbon, Portugal", /signin 26 45 49 26 49 19969 66.3
"field_2": "Copenhagen, Denmark", _
g " " " /signin 83 110 120 83 120 20021 66.3
field_3": "Ancona, Italy",
}_ lusers/[username] 30 51 55 30 55 19920 13
’

) Jusers/[username] 67 110 120 68 120 11177 1.1

N1lusers/ 26 45 49 26 49 20128 12.3

Aggregated 34 97 120 43 120 19904 228.1

HOST STATUS WORKERS
Q LOCUST https://your-app.com READY 75

HOST ;T;RJ&NING WORKERS RPS FAILURES .
i https://, -app. 0,
QLOCUST  Frnwwwan  Simme 75" ga060 o [N |ED
Edit

Start new load test

Statistics Charts Failures Exceptions Download Data Workers

Number of total users to simulate

Total Requests per Second

10000

Spawn rate

100

https://your-app.com

Start swarming
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Make sure your prototype
is battle ready

Squeeze the performance juice from Python
Learn concurrency and multi-threading

Don’t block your user
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Faster deployments,
faster development

Choose the right cloud service for your needs
Know how to improve your containers

Faster builds, more deployments

When does our app blow
up?

Leverage Numpy and Pandas

Get a batch endpoint running, early

Pressure test your APIs to ensure robustness



Grazie 1L}
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