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Table 1 Mainstream cloud computing development environments

Classification Systems (sorted mostly by popularity)
Home-brewed development environments LAMP [15]
Spontaneously maintained Google Kubernetes, Docker, OpenStack,
standard components Hadoop, Spark, Gitlab [16] Mesos [17],
by communities Grafanallg], Prometheus [19], Jenkins [201, Jaeger (21]
Editor-style development CodeAnywhere Cloud IDE (22]) Jupyter Notebook (23]
environments Coding WebIDE [12] ShiftEdit [24], NeutronDrive [25]
Google App Engine (GAE) [°], AWS Elastic Beanstalk [26],
Application-level Heroku [27]) Google Firebase [28], Red Hat OpenShift [29],
development environments Huawei DevCloud 1], Codio 39, Sina App Engine (SAE) [31],

Baidu App Engine (BAE) (321 Leancloud [33], AppScale [34]
AWS Lambda [35] Google Cloud Functions (36]

Microsoft Azure Functions [37],

Function-level development
IBM OpenWhisk [38] Aliyun Function Compute 191,

Managed development environments

environments
Tencent Cloud Function 39, AuthO0 WebTasks 49, Kubeless [41,
Fission [42], Spotinst [43]
Integrated development environments AWS Cloud9 18], Tsinghua Cloud Studio [13]
Google AutoML Vision (44 IBM Watson IoT [45],
Domain-specific development 4 Paradigm Prophet [46] Aliyun PAI (47] Amazon Sagemaker 48]
environments JD AI NeuHub [49) Microsoft Azure Bot Service [59],

WeChat IOT service 51, Baidu IOT platform [52], Ubidots [53]
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Figure 1 (Color online) Coding WebIDE, an editor-level development environment. (a) Screenshot; (b) basic architecture
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Figure 2 (Color online) Google App Engine (GAE), an application-level development environment. (a) Screenshot;
(b) basic architecture
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< #5450 () > test > testfn2  BEAS LATEST \/ HpEE ]
B s sk e BEEH
v
arE + rETER
-
L]
® test-2 ~
-~ Of:z--=:- [ol:uti RiEBaE peai=inig
=< "
A
This template provides packaged services in the cloud market through
[::] such as free weather report, air quality report, and dressing index.
You must activate the weather report service provided by service pro
~ by getting the app code of the service in the console.
= See cloud market: https://market.aliyun.com/products/57126001/cmapi@
[ J import logging

import urllib, urllib2, sys

- def handler(event, context):
host = 'http://jisutqybmf.market.alicloudapi.com’
path = '/weather/query’
method = 'GET'
appcode = 'your appcode’
querys = 'city-%e5%8c%97%e4%ba%ackcitycode—citycodelcityid=cityid&
bodys = {}
url = host + path + "?' + querys
request = urllib2.Request(url)
request.add_header('Authorization’, 'APPCODE ' + appcode)

(a)

Function compute ’ CLI/SDK/Web ‘

Create/ Delete Request
function
v v
Load balance ‘
Object storage
) (code) 8 ¢ ¢ Invoke function
j—‘ API services
T
Table storage | . solated network
(metadata) |rite evenls} Acquire environment
v | Tesources :
Message Resource Functl_o n
queue scheduling SEEIEn
¥ Acqui 1
quire
Read events | FeSOUrces
Asynchronous
event dispatch Invoke function

(b)
3 (MEMFEE) MEZRETETE. (a) ERFAEEE; (b) BEAXRGE

Figure 3 (Color online) Aliyun function compute service. (a) Screenshot; (b) basic architecture
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FEPHL AR REE], R Rt P P B R, P B2 201 ¢ Lambda B8 450RT DA 2= it 13K
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I RPN . mse 2 NUMESE. HaR, - 7 NS R RICE TF RIS MR &S, seil 7 2
RLE HITF ROABESCRE. TR, 'E7E Web iy S B2 BE T 1 22 52 FH (I 3 Th RE A0 S FH TR S Th g, ReA 2L
Ts P R R AR AR IS @ B, e R T O I R e B s R T R S, B 5P ARt
J5 B A AR YT JOER M R4 2 4 T RBE L LB ST ROARAR A T IR R A T 5 T
RINFET N « SEIEEE (1 2 vt B
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AWSCloud9 File Edit Find View Go Run Tools Window Support Preview Run Share -Q‘
Q B [B] https:/12e5e W [New]-Running 3% o g
5
é dg O Browser - [ [l Stop Comp ™ Wateh Expressions g
s Home | About Us | Products | < Expression Value  Typ: g
§ i Contact ;;;temng on http://0.0.0.0:8 5
“ temy Document root is /home/ec2-us ¥ Call Stack %
S er/environment ) 3
inde: %ms s Function File
read >
Home - s
R Local Variabl a2
g
This is home Vari... Value Type 8
page.Lorem Ipsum is 8
simply dummy text of ¥ Breakpoints =
the printing and index.php:5 &
ing i ni_set("display_er <]
typesetting industry. - g

Lorem Ipsum has

bash - "ip-172-31 index.php Immediate (Java

1 <?php

2

3 // Comment these lines to hide errors
4 // error_reporting(E_ALL);

5 ini_set('display_errors', 1);

6

7 require 'includes/config.php':
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Figure 4 (Color online) Amazon Cloud9, an integrated development environment (screenshot)
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Figure 5 (Color online) Examples of Cloud Studio’s basic building blocks
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Figure 6 (Color online) Process orchestration of Cloud Studio (screenshot)
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Figure 7 (Color online) Automatic system monitoring of Cloud Studio (screenshot)
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Figure 8 (Color online) Run-time system architecture of Cloud Studio
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Cloud computing development environment: from code logic to
dataflow diagram
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Abstract Cloud applications possess excellent flexibility and scalability; however, they often require develop-
ers to master various cloud computing techniques and build networked systems from scratch, which is difficult
and complex for most developers. Recently, there has been considerable growth in development environments
that support the partial or complete life cycle of cloud applications because of the growing demand for cloud
applications and services from all sectors of the national economy. On the basis of the study of multiple main-
stream development environments for cloud applications, we classify them into three categories: home-brewed
development environments by users, spontaneously maintained standard components by communities, and man-
aged development environments by public clouds. The third category (managed environments) is further divided
into four generations: editor style, application-level, function-level, and integrated development environments.
Through in-depth mining of a series of typical cases, we summarize the four major evolution trends of the de-
velopment environments for cloud applications: virtualization, lightweight, intelligence, and visualization. Using
our implemented development environment, named Cloud Studio, we explore possible forms and paradigms of
development environments for cloud applications in the future, especially transformation in terms of core concept:
from micro-level code logic to macro-level dataflow diagram. We believe that implementing Cloud Studio can
effectively reduce requirements on cloud application developers, accelerate development progress, and promote
formation of the core competence of China’s cloud computing industry.

Keywords cloud computing, development environment, software engineering, data flow diagram, application
development
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