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CHAPTER 2

SDK 2ol B aja]e} £ 78 th2 AmEgjojsle] £5 glo] AA517] $1aA M o] Python 714157 (virtual
Furt

environment)2 TTEA 78 AAF

$ python3 -m venv venv-backend-ai
S source venv-backend-ai/bin/activate
(venv-backend-ai) $

PyPIZ 3 H Zeto] I E ato] Hafa] S 42 g},

(venv-backend-ai) $ pip install -U pip setuptools
(venv-backend-ai) $ pip install backend.ai-client

ZH41 2] API keypairS t}-&-3} ZHo] g 4o] A4 gh

(venv-backend-ai) $ export BACKEND_ACCESS_KEY=AKIA...
(venv-backend-ai) $ export BACKEND_SECRET_KEY=...

ok A Heols Aas)Ey

(venv-backend-ai) $ backend.ai —--help

(venv-backend-ai) $ backend.ai ps

B} AR gL Fefol ol 4%, FEE oA W 7 g &nsh) v
2.1 A|2+s}7|

2.1.1 Mz|5}7]
Linux/macOS

We recommend using pyenv to manage your Python versions and virtual environments to avoid conflicts with
other Python applications.

Create a new virtual environment (Python 3.5.3 or higher) and activate it on your shell. Then run the following
commands:



https://github.com/pyenv/pyenv

Backend.Al Client SDK for Python Documentation, £A| {7 19.03.2

pip install -U pip setuptools
pip install -U backend.ai-client-py

Create a shell script my-backendai-env. sh like:

export BACKEND_ACCESS_KEY=...
export BACKEND_SECRET_KEY=...
export BACKEND_ENDPOINT=https://my-precious—-cluster

Run this shell script before using backend.ai command.

Windows

We recommend using the Anaconda Navigator to manage your Python environments with a slick GUI app.

Create a new environment (Python 3.5.3 or higher) and launch a terminal (command prompt). Then run the fol-
lowing commands:

python -m pip install -U pip setuptools
python -m pip install -U backend.ai-client-py

Create a batch file my-backendai-env.bat like:

chcp 65001

set PYTHONIOENCODING=UTF-8

set BACKEND ACCESS_KEY=. ..

set BACKEND_SECRET_KEY=. ..

set BACKEND_ENDPOINT=https://my-precious-cluster

Run this batch file before using backend.ai command.

Note that this batch file switches your command prompt to use the UTF-8 codepage for correct display of special
characters in the console logs.

Verification
Run backend.ai ps command and check if it says "there is no compute sessions running" or something
similar.

If you encounter error messages about "ACCESS_KEY", then check if your batch/shell scripts have the correct
environment variable names.

If you encounter network connection error messages, check if the endpoint server is configured correctly and
accessible.

2.1.2 3 E oA
£7] 2E MY

He 2=

This is the minimal code to execute a code snippet with this client SDK.

import sys
from ai.backend.client import Session

with Session() as session:
kern = session.Kernel.get_or_create('python:3.6-ubuntulg8.04")

(TF= oTATel A%
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code = 'print ("hello world")'
mode = 'query'

run_id = None

while True:

result = kern.execute(run_id, code, mode=mode)
run_id = result['runld'] # keeps track of this particular run loop
for rec in result.get('console', [1]1):
if rec[0] == 'stdout':
print (rec[1l], end='"', file=sys.stdout)
elif rec[0] == 'stderr':

print (rec[l], end='"', file=sys.stderr)
else:
handle_media (rec)
sys.stdout.flush()

if result['status'] == 'finished':
break

else:
mode = 'continued'
code = ''

kern.destroy ()

You need to take care of client_token because it determines whether to reuse kernel sessions or not. Back-
end.Al cloud has a timeout so that it terminates long-idle kernel sessions, but within the timeout, any kernel
creation requests with the same client_token let Backend.Al cloud to reuse the kernel.

Hjx| RS

You first need to upload the files after creating the session and construct a opt s struct.

import sys
from ai.backend.client import Session

with Session() as session:
kern = session.Kernel.get_or_create('python:3.6-ubuntulg8.04")

kern.upload(['mycode.py', 'setup.py'l)

code = "'

mode = 'batch'

run_id = None

opts = {
"build': 'x', # calls "python setup.py install"
'exec': 'python mycode.py argl arg2',

}
while True:
result = kern.execute(run_id, code, mode=mode, opts=opts)
opts.clear()
run_id = result['runId']
for rec in result.get('console', [1):

if rec[0] == 'stdout':

print (rec[l], end='"', file=sys.stdout)
elif rec[0] == 'stderr':

print (rec[1l], end='"', file=sys.stderr)
else:

handle_media (rec)
sys.stdout.flush()

if result['status'] == 'finished':
break

else:
mode = 'continued'
code = '’

kern.destroy ()

2.1. A2 7
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Inside the while-loop for kern.execute () above, change the if-block for result [ 'status'] as follows:

if result['status'] == 'finished':

break
elif result['status'] == 'waiting-input':
mode = 'input'

if result['options'].get('is_password', False):
code = getpass.getpass()

else:
code = input ()

else:
mode = 'continued'
code = "'
A common gotcha is to miss setting mode = 'input'. Be careful!

E|D|C|o] 23 CHR 7

The handle_media () function used above examples would look like:

def handle_media(record):
media_type = record[0] # MIME-Type string
media_data = record[1l] # content

The exact method to process media_data depends on the media_type. Currently the following behaviors are
well-defined:

* For (binary-format) images, the content is a dataURI-encoded string.
» For SVG (scalable vector graphics) images, the content is an XML string.

e For application/x-sorna-drawing, the content is a JSON string that represents a set of vector
drawing commands to be replayed the client-side (e.g., Javascript on browsers)

Asynchronous-mode Execution

The async version has all sync-version interfaces as coroutines but comes with additional features such as
stream_execute () which streams the execution results via websockets and stream_pty () for interac-
tive terminal streaming.

import asyncio

import Jjson

import sys

import aiohttp

from ai.backend.client import AsyncSession

async def main():
async with AsyncSession() as session:
kern = await session.Kernel.get_or_create('python:3.6-ubuntulg8.04"',
client_token='mysession')

code 'print ("hello world")'

mode = 'query'

async with kern.stream_execute(code, mode=mode) as stream:
# no need for explicit run_id since WebSocket connection represents it!
async for result in stream:

(Th= oTATel A%
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if result.type != aiohttp.WSMsgType.TEXT:
continue
result = json.loads(result.data)
for rec in result.get('console', []):
if rec[0] == 'stdout':
print (rec[l], end='", file=sys.stdout)
elif rec[0] == 'stderr':
print (rec[l], end='', file=sys.stderr)
else:

handle_media (rec)
sys.stdout.flush()

if result['status'] == 'finished':
break

elif result['status'] == 'waiting-input':
mode = 'input'

if result['options'].get('is_password', False):
code = getpass.getpass()

else:
code = input ()

await stream.send_text (code)

else:
mode = 'continued'
code = "'
await kern.destroy()

loop = asyncio.get_event_loop()
try:
loop.run_until_complete (main())
finally:
loop.close()

HA 1.50] 37},

2.1.3 E20|HE HM

This module is the first place to begin with your Python programs that use Backend.AI API functions.

The high-level API functions cannot be used alone — you must initiate a client session first because each session
provides proxy attributes that represent API functions and run on the session itself.

To achieve this, during initialization session objects internally construct new types by combining the
BaseFunction class with the attributes in each API function classes, and makes the new types bound to it-
self. Creating new types every time when creating a new session instance may look weird, but it is the most
convenient way to provide class-methods in the API function classes to work with specific session instances.

When designing your application, please note that session objects are intended to live long following the process’
lifecycle, instead of to be created and disposed whenever making API requests.

class ai.backend.client.session.BaseSession (¥ config=None)
The base abstract class for sessions.

class ai.backend.client.session.Session (* config=None)
An API client session that makes API requests synchronously. You may call (almost) all function proxy
methods like a plain Python function. It provides a context manager interface to ensure closing of the
session upon errors and scope exits.

Admin
The Admin function proxy bound to this session.

Agent
The Agent function proxy bound to this session.

2.1. A2 9
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Image
The Image function proxy bound to this session.

Kernel
The Kernel function proxy bound to this session.

KeyPair
The KeyPair function proxy bound to this session.

Manager
The Manager function proxy bound to this session.

Resource
The Resource function proxy bound to this session.

ResourcePolicy
The ResourcePolicy function proxy bound to this session.

VFolder
The VFolder function proxy bound to this session.

close ()

Terminates the session. It schedules the close () coroutine of the underlying aiohttp session and
then enqueues a sentinel object to indicate termination. Then it waits until the worker thread to self-

terminate by joining.

class ai.backend.client.session.AsyncSession (* config=None)

An API client session that makes API requests asynchronously using coroutines. You may call all function
proxy methods like a coroutine. It provides an async context manager interface to ensure closing of the

session upon errors and scope exits.

Admin
The Admin function proxy bound to this session.

Agent
The Agent function proxy bound to this session.

Image
The Image function proxy bound to this session.

Kernel
The Kernel function proxy bound to this session.

KeyPair
The KeyPair function proxy bound to this session.

Manager
The Manager function proxy bound to this session.

Resource
The Resource function proxy bound to this session.

ResourcePolicy
The ResourcePolicy function proxy bound to this session.

VFolder
The VFolder function proxy bound to this session.

2.1.4 S2o|AE HH
Backend.AI API A o] =
A7 g2 27427} 9l U ok
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thedt Ze BANSES AT 4 AUtk
e BACKEND_ENDPOINT
¢ BACKEND_ACCESS_KEY
¢ BACKEND_SECRET_KEY
e BACKEND_VFOLDER_MOUNTS
O AAES /EGe ST

o] A E = Jupyter ¢ Z2 1212 AHE&6H= -9, BACKEND_VFOLDER_MOUNTS H4= 7MAEEHE &

ai.backend.client.config.get_env (key, default=None, clean=<function <lambda>>)
H oA AAES 7Y A o] 52 tlwAtelRt § WA] "BACKEND_" fFolE 20iA]
ZobR1l, §LOoH "SORNA "2 oA Fobgth
ufj 7 ¥ 4
* key (str)-4d7 olF
* default (Optional[Any]) - ¥ ol Hi-gsh= gho] glS o Whehs] = 7123t
* clean (Callable[[str], Any]) — A single-argument function that is applied to the

result of lookup (in both successes and the default value for failures). The default is
returning the value as-is.

BE2tgk clean 3t45 A A A 2|9 4t
ail.backend.client.config.get_config()

Returns the configuration for the current process. If there is no explicitly set APTConfig instance, it will
generate a new one from the current environment variables and defaults.

ai.backend.client.config.set_config (conf)
A Z=AA QA A AR e A S Ay

class ai.backend.client.config.APIConfig (%, endpoint=None, ver-
sion=None, user_agent=None, ac-
cess_key=None, secret_key=None,

hash_type=None, vfolder_mounts=None,

skip_sslcert_validation=None)
Represents a set of API client configurations. The access key and secret key are mandatory — they must be

set in either environment variables or as the explicit arguments.
o 7 4
¢ endpoint (Union[URL, str, None]) — API A/ 9] F4
» version (Optional[str])—API Z2EZ HZ&

* user_agent (Optional[str]) — User-Agent HTTP 3|52 L= A&} o
O £AH

* access_key (Optionall[str])— API access key

* secret_key (Optionall[str])— API secret key

+ hash_type (Optional[str])- API @ Q1% A% A4 S5 95 4]
FAE F
* vfolder mounts (Optional[Iterable[str]]) - Kernel.

get_or_create () &t Zo] Al A4 APl 2& A b5 = HAE 7HEEH 9
S5 (HtEA] 23219 access key7F A7 = HL 7Hs3F A olojol &)
DEFAULTS = {'endpoint': 'https://api.backend.ai', 'hash_type': 'sha256',
access key ¢} secret keyZ A 2|5t 7] =2 gk

2.1. A2 11
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2.2.1 ofA|

2 AT B AHFHEL —n, ——help AAE AHGSIo] 7 BYolo] AR £ UL HTGHIAL.

’backend.ai ps

o Y A The BPolol Fe MH YTk

’backend.ai admin sessions

ZHckst A Al

o

517

& 3R bribon Ae 93 1 Qo] e gHloR Wil =g v 4B o Sl
2e A SetolIET A0 2 AHE FRATES A A

backend.ai run --rm -c 'print ("hello world")' python

th& WHol i Python AHE H931 . /myscript.py TR ALH FEES 7 oholA] Mgk o
—exec AR A shell Heiol2 o] §5te] AT,

backend.ai run --rm --exec 'python myscript.py argl arg2' \
python ./myscript.py

7t571E 8% M A3

2 &3 o]= Python TensorFlow A4S 7H4 GPU 0.57]8 &80l S X A5to] TQ-a1, 11 QtoflA ./
mygpucode .py & AP

backend.ai run --rm -r gpu=0.5 \
python-tensorflow ./mygpucode.py

——rm A §lo] run Y-S AYSH7 Y start Eéa ARERE A of 22 ] At Al mle] AAE ARE
(712 302) &t A< Hds U 1‘“’*741 EH71 I M-S backend.ai ps FH R 29T 4 Jl5Y
ot B3P o1E &85t 1 S /‘ﬂ/‘q IDE o] gl FrdHTh Al IDE o2 7 2ol o
Alde AR S5 = sy

backend.ai rm <sessionID>

b2

ol

Jupyter Notebook® MM OtS D &

Th 8@ ©l= "mysession" 0|2} 0] 5213 Python Al A& =t} ojuf H--7]7t 5tal I EE viz A9Ys)

j=1 O

2= FUHT o]olA], 1T gte A A @H L "jupyter" AH| A0 Hisls 24 TEAE TCP ZE 99004 o
Ayt start Y52 A H A4 AlA0] Zﬂ*o}b =& /Wli%% Ho3zoz, ofgji-2 o]o]A app
S A3 @_ﬂﬂtﬂﬂoiaﬁ%‘ﬂﬁﬁé—? 4t
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backend.ai start -t mysession python
backend.ai app -p 9900 mysession Jjupyter

2 T AP = ARG A AT EQo]l2 H&o5H7|E 7|tk UTh Jupyter AJH] A
oj gl o] A= PHSAE o]& 0}04 H2ff Jupyter Notebook 2H7-& AH&5Hz0| ofid T4 =2 @éﬂﬂﬂ
HUt app B8& AW Ctr1+C ©&=7]8 T2 SIGINT A 1'd-& H iyt

g g ol= "mydatal"o]2t= o] 5O 7MY EHE AStAL T ¢Foll . /bigdata.csvite o5 wde

backend.ai vfolder create mydatal
backend.ai vfolder upload mydatal ./bigdata.csv

ThS ol "mydatal "]t 7P BT7h BAIE Python AAE sh EgUTh ZE Ad GAL Hoy
AEFE| QST o]oj A FRA -2 o] Y B I TV AP L /bigresult.txt D}%%"my atal" 7}t
EH 25 o=y}

backend.ai run --rm -m mydatal python ...
backend.ai vfolder download mydatal ./bigresult.txt

A QFol A AR o2 io] FESHE FHAHEHE /home /work /mydatal ofahis Ht e E 2] A
T2 AHE 4 YU (oln 712 84 24 Y E el /home /work U Th)

R=
HE s

(FH] F9dct

o
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MM A

08
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—
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2.3 14F 54 Q{0 A

2.3.1 Ta|A B

class ai.backend.client.admin.Admin

T2 GraphQL 215 &2 1 Wote= g o] 25 Alggdyrth

F31: Depending on the privilege of your API access key, you may or may not have access to query-
ing/mutating server-side resources of other users.

session = None
o G Fef 27t ALEE FefolAAE A QAT

2.3.2 OJO|ME gt

class ai.backend.client.agent.Agent
M= oo] M ES] et S £9]5H7] 1%t Admin. query () &=

1o
L
Ay
=z
R
rl
i
)

3 ol B

53t

i

o] BE HAESS ARG FQ1 APL access keyZ} THe|#F HbE 7HAaL glojof

session = None
o] Y4 Fef 27t A ZeolAE Al QAT 2
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2.3.3 74 st

class ai.backend.client.kernel.Kernel (kernel_id, owner_access_key=None)
ALt MAAES Tt A ot A28 Aledych

ofe] ]9 thF HAHolH R o] FX A4k MldoA=, destroy () ¥ restart () H
HEHAEE ALY vpAE dE oY oARE FRE U T TebA of g A ol|rt 5
SpE AL A A 2]SLE % 517] S TP ST A -g41-S Sa-stolof Stk A o]
A8 AU (5 FHolER WA JRA o)

session = None

o g4 Fe 2Tt AT SetololE Al QAT A

stream pty ()
Opens a pseudo-terminal of the kernel (if supported) streamed via websockets.

sl § 4] streamPty
HI31Zk a St reamPty object.

stream_execute (code=", * mode="query’, opts=None)

Executes a code snippet in the streaming mode. Since the returned websocket represents a run loop,

there is no need to specify run_id explicitly.
dt8l g A webSocketResponse

class ai.backend.client.kernel.StreamPty (session, underlying_ws)
A derivative class of WebSocketResponse which provides additional functions to control the terminal.

2.3.4 KeyPair &=
class ai.backend.client.keypair.KeyPair (access_key)
Keypair&Z thHsH o

session = None
o] g4 227t AFGE SeolAE A QAT

2.3.5 OL|A B4

class ai.backend.client.manager.Manager
AlolE o] B vy A A o FefE e
B4 18.12¢] 7}

session = None

o] et ST AFEE SEOIAE Al d2=- A

2.3.6 714HEH sk
class ai.backend.client.vfolder.VFolder (name)

session = None
o G Fef 27t ALEE FefolAAE A QAT
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2.4 HAZ A

This module defines a few utilities that ease complexities to support both synchronous and asynchronous API
functions, using some tricks with Python metaclasses.

Unless your are contributing to the client SDK, probably you won’t have to use this module directly.

class ai.backend.client.base.APIFunctionMeta (name, bases, attrs, **kwargs)
Converts all methods marked with api_function () into session-aware methods that are either plain
Python functions or coroutines.

mro () — list
return a type’s method resolution order

class ai.backend.client.base.BaseFunction
The class used to build API functions proxies bound to specific session instances.

@ai.backend.client.base.api_function (meth)
Mark the wrapped method as the API function method.

24.2 24 API

This module provides low-level API request/response interfaces based on aiohttp.

Depending on the session object where the request is made from, Request and Response differentiate their
behavior: works as plain Python functions or returns awaitables.

class ai.backend.client.request.Request (session, method="GET’, path=None,
content=None, * content_type=None,

params=None, reporthook=None)
The API request object.

with async with fetch (**kwargs) as Response
Sends the request to the server and reads the response.

You may use this method either with plain synchronous Session or AsyncSession. Both the followings
patterns are valid:

from ai.backend.client.request import Request
from ai.backend.client.session import Session

with Session() as sess:
rgst = Request (sess, 'GET', ...)
with rgst.fetch() as resp:
print (resp.text ())

from ai.backend.client.request import Request
from ai.backend.client.session import AsyncSession

async with AsyncSession() as sess:

rgst = Request(sess, 'GET', ...)

async with rgst.fetch() as resp:
print (await resp.text())

Y3t JA] FetchContextManager

async with connect_websocket (**kwargs) as WebSocketResponse or its

) derivatives
Creates a WebSocket connection.

2.4, ALE YA 15
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7431 This method only works with AsyncSession.

Hk8l Y 4] webSocketContextManager

set_content (value, *, content_type=None)
Sets the content of the request.

set_Jjson (value)
A shortcut for set_content() with JSON objects.

attach_files (files)
Attach a list of files represented as AttachedFile.

class ai.backend.client.request .Response (session, underlying_response, *

async_mode=False)
Represents the Backend.AI API response. Also serves as a high-level wrapper of aiohttp.

ClientResponse.
The response objects are meant to be created by the SDK, not the callers.

text (), json () methods return the resolved content directly with plain synchronous Session while they
return the coroutines with AsyncSession.

class ai.backend.client.request.WebSocketResponse (session, underlying_ws)
A high-level wrapper of aiohttp.ClientWebSocketResponse.

class ai.backend.client.request.FetchContextManager (session, rqst_ctx, *
response_cls=<class
‘ai.backend.client.request.Response’>,

check_status=True)
The context manager returned by Request . fetch ().

It provides both synchronouse and asynchronous contex manager interfaces.

class ai.backend.client.request.WebSocketContextManager (session, ws_ctx, *,
on_enter=None,
response_cls=<class

‘ai.backend.client.request. WebSocketResponse’
The context manager returned by Request . connect_websocket ().

class ai.backend.client.request.AttachedFile (filename, stream, content_type)
A struct that represents an attached file to the API request.

ofj 7 A

e filename (str)— The name of file to store. It may include paths and the server will
create parent directories if required.

* stream (Any) — A file-like object that allows stream-reading bytes.

* content_type (str) — The content type for the stream. For arbitrary binary data,
use "application/octet-stream".

count (value) — integer — return number of occurrences of value

index (value[, start[, stop] ] ) — integer — return first index of value.
Raises ValueError if the value is not present.

2.4.3 02| Ecll2a=
class ai.backend.client.exceptions.BackendError
Exception type to catch all ai.backend-related errors.

with traceback ()
Exception.with_traceback(tb) — set self.__traceback__ to tb and return self.
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class ai.backend.client.exceptions.BackendAPIError (status, reason, data)
Exceptions returned by the API gateway.

with_traceback ()
Exception.with_traceback(tb) — set self.__traceback__ to tb and return self.

class ai.backend.client.exceptions.BackendClientError
Exceptions from the client library, such as argument validation errors.

with_traceback ()
Exception.with_traceback(tb) — set self.__traceback__ to tb and return self.

2.4, HAZ ymaA 17
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