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B (RE R AR TR B B FIER T80, AR T 2 T A S ) A ph 2 (0 HE T R0 %

ASCSEEIT T EBRE PN 50 N ER o T E N RS I RIREE (FFR “aittEIFRIAEE"), BT
HMAF ) AWS Cloud9 B, k) App Engine P, [ H Z R HE P& 10, ERNH
DevCloud " Coding A 7] WebIDE 121 25 JL-F 2 BT IR B 2%, A% 5 A shib FE 1
NI T 2 N RS T R PR B (A% 0oo6] Bl AR, AT AR 3 H DR i s e A1 3 A%
Sl (1) P EEBEIFRAE, (2) #EX B RS IRAERLE, (3) it EAE T RIS, K5 328 (46
BRI AL S BB s, AR L DRt — 0 el 4 R (1) AT
BRI, (2) MARICE I RIAES, (3) BRBGHAEE IR, (4) ERBIEE I RIEE. Hit 4 18
FEH, SEAFAE 2 AT )45 7 SR FEE I R B

T I — Z 5 R S A e BN P28, FRAT AR = T R R MR 4 N R R R
e (1) B, (2) BEMA, (3) BRetkS (4) Wtk A TIRE FidEHA RN BAES S5 RIE
X, AV =L, TR 1 (EHE K Cloud Studio BIRALEE R =T R 38 181 A 18T T
(a) ZET AR E N Web MIFRTAALTT A, (b) $F2& s 00 B AKARRS 1 W A3 11, () 25T H.3) 4 KL
ARG G 55 R 2, DA (d) S FE FC A 2548 / Re AT LIS AT I B 2 S5 DGR ROR, S 22 1 A58 IR 55
(10 2 B ANHOUL 2 T P AR 2 i 28] 2 R J2 T P 50 i PR 1 A ol 3 A AV B e % A R B AT 1 TR,
DRI R R, AR “hE =7 ZOTe g IR, 50 S HE B EE B R AR R 5 Mk %

IESCE ARG R WS 55 2 7, AR E PR E N E R s TR IR AL, 998 45— 2R TF R IREL )
FEEARHE, PR 2B 3 K (M EAEE I RIE) BB R e, BT R, 7558
3 WIRIEH 2 THEIT RIS R B R RS, FEE 4 TR ERA TR M Cloud Studio =it HIFK
WEE. 3 5 TR A SCHEEAK.
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FERRZRWINGE S, B R i M B LI i = o 5k B Sk Bl JUAE#SHE LR T B ST R
WEE, WA Z AN A F LA TR RIAEAE N B S0 55 BATRAIL (R4 R a1
R A AERBERPT R EATNE R, 20 FIT RS AR B I 23 S B Sh AL RE A
REIRAGES. B, PRRE SR AR S, WTRERBNARLAE . T THRAESUE WAL,
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TR R GE. [, FI P A AN M 2 5 AR A A Aty AESE, A BEfr AT 34, BIIRBUT A
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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 Grafana (18] Prometheus 191, Jenkins (201, Jaeger [21]
Editor-style development CodeAnywhere Cloud IDE (22] Jupyter Notebook (23]
environments Coding WebIDE (12] ShiftEdit 24, NeutronDrive [2°]

Google App Engine (GAE) (9], AWS Elastic Beanstalk [26],
Application-level Heroku (27 Google Firebase [28], Red Hat OpenShift [29],
development environments Huawei DevCloud 11, Codio [39], Sina App Engine (SAE) (311
Baidu App Engine (BAE) [32]| Leancloud [33], AppScale [34]
AWS Lambda [35] Google Cloud Functions (36]

Microsoft Azure Functions 371,

Function-level development
IBM OpenWhisk [38] Aliyun Function Compute (1o],

Managed development environments

environments
Tencent Cloud Function 3%, AuthO WebTasks [40] Kubeless [41],
Fission 2], Spotinst [43]
Integrated development environments AWS Cloud9 B]| Tsinghua Cloud Studio [*3]
Google AutoML Vision [44], IBM Watson IoT [45],
Domain-specific development 4 Paradigm Prophet [46] Aliyun PAI[47], Amazon Sagemaker [48],
environments JD Al NeuHub 49, Microsoft Azure Bot Service [59]

WeChat IOT service [51], Baidu IOT platform [52], Ubidots (53]

2.1 %1% AFREXERFLE

TR, T EAANINDSGE, MRS IR IEEA EAREGER P B EREIT R, AR R
LAMP, Bl Linux #/E R4 + Apache Web 5585 + MySQL ¥ /% + PHP/Python W 1. HEAAkH, F
RETBEF LI RMRESHRET AR (1) ERARAREHEITRRE, WFREHE. REEiT
S (2) B SS, W . RAF . HE S X R A BEhE . SRS, (3) FaEHEK
KA (4) S SRR ENARS; (5) REMA SR (6) HFE SFFEEN

Tk BATHED — AN AR S5 IO B A i T 3, 6E I FH AR 2% BE A% 3R A5 5 R T B e AR e 4 1) 25428
{H2 TAERPE RN B4 FERMEEE R R, HERT TR, 1B R RS I KA S i L
FAHLSLF B AR AT B 22 B 5 R, N B = BT R (LS R R A8 20 BGRRI
PREE, W8 3K Visual Studio % Xcode. Apache Eclipse 55) [SCRE, THE TR & ) FE 5L ] #E 2%
TERCJZ T AR, [T 45 5y 206 = )2 R B A A s vt

2.2 2 £ HERBLEFFENYE

HEHE, REZHELF AN BRI A S, S8R RS2 B riEm
SCHUR I, T R — RITTIRA = ALK, B A4 & o 24 AR ERA P B AR T e 3 A A 54—
— BRI AL HESRUN N JE RSB I, A7 RFRAR 1 R 55 BT R AR AT R HERE, 4k 1T
KA. ARAERF T BAE G AR AL DX R I, 25 DTdik 2 i R 7 SEBRATZ BT ALES, L4 3k Kubernetes
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Owsl O web app-py
e <& app.py - v IMEE
o T Bws 1
» Ocli from flask import Flask

Q v = web app = Flask(__name__)

app.py

requiremel @app.route('/")

5 README.md ef hello(): v & HIR

return "G4, Wil
Cloud Studio ! ™

if npame_ == ' main__':
app.run

Lot U OB AN

python3 app.py

—> web python3 app.py
* Running on http://0.0.0.0:5000/ (Press CTRL+C to quit)

NELRE &% o IENS

& rpeafs #1511 UTF-8  Pythol
(@

I'____________________'i
Pl virual | S |
Developer | machine Virtualization |
| |
Create I I
L i |
Edit : Vlrtu'al |
Delete y Web | machine |
) . socket | | {7 |
Browser |-& i Terminal | |
% HTTPS|! | il < Resource |
u(nu - ; Storage pool :
: :
L |

1 (MK E) Coding AT WebIDE HIBREEFLINE. (a) FRARASE,; (b) BAZGE

Figure 1 (Color online) Coding WebIDE, an editor-level development environment. (a) Screenshot; (b) basic architecture

SRS B TR FF UL X 40047, 78 ol S AR 142 P%); Spark AEHHSLT 6 AR G
Tl 5t 6657 FRSEAL I Databricks 247 1 2 #A JLHZ357G; Gitlab S5 3 109 A ZIF R IR 8L,
AN 2 IF R IR BB Yok

BRI PR 5 R85 R U 25 G P R 25T AR B Ao R 36— B4 10 JR B R 82 e, (ELIZE
R4, F AAFE U RO ALSWERM S AE. B AT TR IRSFER I 3k, BHERE KB 53
T, TERAE T BRI R B IR B 4 <SNED TR, TARRKRAR D, ERKAIR .

2.3 F3H mIEREFLIFE

T P e ST U IR <A AR, IR BN T 2 XK s EEE IR IR,
TR [H) 56 J5 S ABE R R B i, FRATTEE— 2B e A4y v R DU

£ 1 K wWEREEFLIFE. Ll Coding A A WebIDE MR, W 1 o, HAT RS 5 I

(RO AS AR G 4 A 017 A2 DRI SCAER, RIS g 4R X, RO v &mdziil 6. H SR E
ThRe DX, A MALEL IMERASRIIREX. EIRAEm TH RN AR 55 1) Web £ELEACHS S B DI RE, 1M1 R FH AR
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A R N SIS 2 e 380 ik 55 i o ) R 4002 i, N R 0L 24 i PR 0 R B R0 SIS I A o 380 P )
YEAE. A HUL, SCHL Web Shell 5 Web SCAFgmH 88 BIANF 2 AL TE T, Web Shell ZESRARA H ZE S
AR I TR B, M4 HTTP PR E B IR . TEIEB RIS %t 190, FRANREIR i Hb
MRS A RS KEFERIR . B, #H—1 WebSocket WSl 3 F PASTH7 IR 2% 28 A% 1 i 2 8] 4 ik 1]
AT IR, RFEAE DGR APT (B SwFEEE 1), FF 8 Re 8 31 AN R i S B 201 Web Shell F A%
i (61,

Y AT TE R PRI 32 AR 05 AE T S AR (5B T3 B0 Web R, BRLH Web g et
5 Web Shell /245 5 SCILH, 7 H @ AFERZ B4E X P IRAAE AT (8 . Web Shell 5 Web %4 %
(W20 & — M B 2 I I T T R T oK, R gm B R4 TF R M O+ 20 imAT, FLAT i IR
M3 B R AE T Q0B 12 Web 45 B FRBE S5 HoAth & F T R 385 I

G TR T RN I R SR TR E B P 6 SCRrRe 1. — ok, JLFRERLE 2
FBCRIASERA TR, B FHEE A A R — /NG APTE, K2 HUE G B e A It kE F L,
SETF R TR B G N B SRR, A, A A L LA, R TR L, A
KA T2 SSH mREL Tk, %A K HLEIE IDE (JERRIT RIAER) gl 328
FRAE 77, G0 BRI AR L W7 SO AR

%2 K NARIEEFLIFE. LA App Engine (GAE) L, W& 2(a) Fix, Bl —MIF
R FEESITHEMNHANT G, iR EER ISR LT HathE N, T 8RR )2 1 3 A
Wt D) 5o I A A i WA 1621, BEHE—25, #E°N DevCloud ST Nz iH 58 AR 553738 bR AL (144
B E S RATKE, R4 G R R AT R, F P aT LUl Web ZnfEds N, AT DLE
e FARARID, T R GNE H LA AR TG RN S R 2R

FEE ORI AL 2R G5, FEXS G0 — S AT B FOAR A 00 2E i J& 11 0 B FH B A8 R A B
Wk Tt AT RE. SRR, T iR R E T KA R Web R4S . Web Shell F1J5 b %
R RERIMLI S8 AN FRIE F 10 75 A N S B R R B i R G280, i 2(b) Fiows, &
X App Engine £1%) Python S FIFEARZERI AT DL AP ES 7. 28 1 #6702 H 7 1 Python S SEH,
HRFEE AR, B Python MERINUHFFEA— A R0 RG41K. Python FEIUNLIS AT EA B AT
B2 SR v R e R O30 B M T8, RSOk R REELHE Python (1) RS0 R AR = J7 FE,
WAL P RS, R ORIIE T B R I DhRe A 2B bl 0. 28 2 S Rt i — &
TIFEE RS FICIRAS e APT M. FEE RS WBIEF i . WA, TOIREmEE APT K4
BRI P ga e APT i 25 FH P B FH T 46 &, A0 I 40350 URL HISARAE SRy Ab 2.

N R AFEE T A EE I AN bR &5 PaaS (Platform-as-a-Service) 7E z V15 N FH IR S5 K PR
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<@+ App Engine Dashboard SHOW INFO PANEL
B Das
Mz  Deshbonrd Version 20180730t160435 (100%) ~
2 Servic
Summary ~ lhour | 6h | 12h | 1day = 2d 4d 7d | 144 | 30d
B  Versio
Summary
B instance Count/sec Feb 20, 2019 10:32 PM
E Taskq
@  Cronjobs
o Security scans

Firewall rules /
9:45 10 0115
uotas

[CEI
2

@ Total requests: 1.08

B Blobstore

Debug | Source
£  Memcact

Instance summary v
Q  search .

Billing status
.3 Qattinae Enabled {Daily spending limit: Unlimited) Change

Quotas reset every 24 hours. Next reset: 18 hrs
<l

()
‘ Request /Response

Y

A 4
Urls F
Python Stdlibs
W
Process App
Images F
A i

(b)
2 (MERFE) 23 App Engine (GAE) NRARIEEFLIME. (a) EMFTEEE; (b) EALEGE

Figure 2 (Color online) Google App Engine (GAE), an application-level development environment. (a) Screenshot;
(b) basic architecture

B 75 1) b AR RS, AL X 2 TS L A i oS00 1 2 WL A AN BE AR 4R . AAR AR Python App
Engine 96, ‘€ LLT 3 BURJZREEFARELS & 10740 % il i S S ATIN © HEAl B0 1 TR SR 55
FELRIEARSE L. B, ML Python WL A RS RS, BEAE N ZH 5T LB 4F
P 5% 0 R TSR 2. LR, A 30 PAY 5 ) R it 1t LA A IR 285 O A Al 55 (0 7 2 e 4 T8 P SR A,
— R LR T A ENIEE R e, RN T S SN gAML fn, MR
BT RN H AR A B ACRS (AR 2R A B, Herp oy AR AN 5y MR Ze iR DI RE; [RIIN 4
B BB DIRE, R A B BE R 2.

P BATE T AR S EBAAE 3 AT 555G, K v SR 2K i FE IR AR T AR AL,
I8 — HIRESEBEAT P BE AT, 1A R B S fit 1 LU SR O 2 is 4R B R 4 AR EL G AR U T
B, RBESAMTRE B — KD, LU, BRI I SR 0 08 A 55 AL 2 i e RS I 2 A 12
11T B R = B AT AT, 198 TR Tl E I dedn JA iR 55 T4, fom, MARILE o4
A DASEBLBHIR RS R R L 22 R K 22 AR S L DR RS P SIE I 4 AR AR oK, FLs B 7 SO I A
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W, SOEH L Web 8 BLFHEACH M B TT A, TR R SRR 1 1 F 88 AN 27 1) i 2 A

WAFZEAE X RAFAESE, DR TR BT LI AR AL K RESTul 8¢ RPC #1164, [, A KEH
WHEHEHE BT RE BRI, WidyE HTTP . 4E5r e W ARSS . 4E3 S BAS . 4T S E i 1R
BE. A4, BORERE SIS N A A A E B AT E T AR AR 2 1 HAL, (AP R R OR g AL
—— FFRFEFEAEA MR E A A ) R G AL B B R B AT R AR X2
THPFEE IR A e B AR, A8 fa] 53 A8 L 4 45 (10T A AN R I AT 2 2 e A 3 4 1t

%3 K BREEBEFALIE. D Lambda. BT = RBOHEARER, HAZO BRI
TR S5 TS 105661 £ R YT R RS AR BE, I N T 5 BRI 5% 4 S Al i, 1 v T
R EH. X — BRI, b RN ROy — AL R, 1 9IT R AN IS Y iR A B A
H R BT T AR PR B S R B 8] B SR AT, R4S R BOR T R S R E T Tl
TR, R BOSEH BRSO Y BT SO B B2 N E 1 5 B as SR LA, BV RTAT I
gk

Wk 3(a) B, WAERT B 2 B 80 50T 6, JF R AT LR 12 57 i 2 48 BB AR IO s B, BEE R
Bk A . R RBHUTERIFEMEAT HE. K 3(b) #E— 2% 1 I B 2R B0t H-F G AL
R —NBE R R B I A SR 2 1 e B B B RIS € APT AR SS b, Z )5 BOERAE 73[R0 AN S0 e
KA. WRRZFLP R, BYehiz APL IR G5B RAR A7 il RO s B e 8l IR o8l o 5
At IR R U B, FRSRIUT SEBIRA R L 5 2R, foeJa R R BE 4 2R, (R0 M il P ol itk 51 2
PATIZRRE. WRE TP A, APT IRS5RS i s B S N B BAF, B S ik oy s 7 20
BEHENZ Al A AT, P R 2 A A T B BT ST AT R B R AT 5 BE IS AT 7 A T RR 5 1 1A
ZRIRET R, T G 2 A PR T AT RE AR R R G

BT E I RO I R T BHE 4 ANTTTH. B e, RSB BoE € TR I SN
B GWAEE « IS PR g, FLR, R SEASR I 1 ik 5545 55 TR 2 Atk v i 1Y) BN Z4E 47 471
8, T DLKERS A BE YR AR T e R S5 G B 7 FRR, F R LR 5 ATE R AR 2 PN F 3
SRR, BRI ACE mAE R, feda, P R 29 sebn il P I B AT 9%, B i el Bt iy
TR 6 3 42 R 5P U P BR3P B S I R 50 9, F BRARiERTIRE 1.33 T8/ /3K, It
FIE bR YA AR 5 1845 H e SE T 5.

BRAURILE T RIS tAF AR 3 N JTTH B . &5, BAREHE— B T =i SR 4 5 7 5,
ELN 2 5 I AT R Bl TRTACAE I TR BRI IR B = . FK, (AL G005 A S (0 = 1 SR AR
A EARIERS B BB EIT RO &, SRR T RAE T S R HE SR 2 v SN TR H  J 3— ATIRAS B
BRI, H AT ME LA RE R 3 0 v A R AT TR BT A pR K, I AR EE N A SE
IR &a, RBGETE T RO GIEATRDHN B, &5 B BARAHED T B KM R R,
BB BObr e 22 AR K, F P T e AR AN | ~F 6 96 8 3G BRI A% HE R 1081,

£ 4 K EREREFLIFE. 02 Hilmedt 2 SR AR R T S
Cloud9, Wl 4 iR, HKBAEAR K-S Coding WebIDE Bk, AN R )2 ¢ i 2 Hh 7 A7 I Th RE XN
TNV TSN AR ST IT A G BT RE, 453/ SCRE Web Wi s Rk, AR R A7 AR 00045
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weSzm 0 =2

< #5452 (1) > test > testfn2 A LATEST W/ B e
TRES RS RS BRER BEES
v
EiE o+ TR
&
o
® test-fn2 _
o [OF:=->2 OSSEfE Riga e pra=dnig
L ]
&
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@
® 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%ed%ba%ac&citycode=citycode&cityid=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 q

Load balance

Obje(itosdt;r age ¢ : ¢ Invoke function
API services ’7
Table storage j—‘ { . Isolated network}
(metadata) | yyrige events, ! 1‘1:::(()]1,:1:529 v environmemi
v .
Message Resource Funcnpn
queue scheduling | : CXECulioN
. ; 4
Read evemsT T r?s%quurggs
Asynchronous ‘
event dispatch Invoke function

(b)
B 3 (MBMEE) MEZRHHETE. (a) EAFEEE; (b) EARME

Figure 3 (Color online) Aliyun function compute service. (a) Screenshot; (b) basic architecture

T E i) Lambda pR%Y B (e85 BEETE Cloud9 T RIS H IR, Cloud9 fEIRES, 46 Lambda
(IS AT Mo 4E VI I F P AE = o R AL, WIS P S Cloud9 BRT S, 18I A ) APT
WG F T H A5 Lambda pR&L. eREIHGE S, Wi AR 22 B8 AT s B B AT AT DL 1Y
REFWALH IR R, IR R P A& ), P BTz 20 R /2 Lambda BRECT AR 2 B 1 K.
ERBFEE T KRR 4 DO 55k, RN M % S B DhRe, Wt
I BERIAEIR « mse A 2 NUMESE. JLIR, S8R T R R R BB E I R R L, SEBl T 2
R RE B R IAEE SR, FHIR, EAE Web i S I 4&4t 1 i 22 52 H A Re AN S TR Th e, Be AL
Iride A B R T AR ARt S iR 4R, e s T AR e B W RO T RE. B E, B S G iRt
J7 W HA AR o T7 58, anoREHE AT 422 4 T LA L BLAS % S BoRARM TR FEEE S, N 7 (8 F P T
RIJREFINFE  FInfE ) = o S
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AWS Cloud9 File Edit Find View Go Run Tools Window Support Preview Run Share

B [B] https://12e5e¢ B [New]-Running 2, @

- " ¥ Watch Expressions
= v 0 Ting / Browser - (5] [} Stop Comn pressk

cont Home | About Us | Products | Sitea) VA WS
o Contact Listening on http://0.0.0.0:8

temy

oo ewoueico | L%

Home

This is home Vari... Value Type
page.Lorem Ipsum is

simply dummy text of ¥ Breakpoints

the printing and index.php:5
typesetting industry. ini_set('display_err
Lorem Ipsum has

$90IN0S8Y SMVY

10B6nqeQ

bash - "ip-172-31 index.php Immediate (Java
<?php
// Comment these lines to hide errors

1
2
3
4 // error_reporting(E_ALL);
5
6

L] ini_set('display_errors', 1);

7 require 'includes/config.php':
Sl reauinre. “inciudes fFlinctione it Spaces: 4 1 Output  Immediate
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Figure 4 (Color online) Amazon Cloud9, an integrated development environment (screenshot)

P IFEE T R H 2 — K 8 R (FnE S A w)) £35S REL, JF RIS g
715 8 B AR G E K RE N BB, X S BUR BT E T AR T A T TR =, JF HAFE) fz
()7 i O SHE A PEARAIR, 5 5 A 3 AT AR AR EE. 53 4b, SRR TT R A B B RN 44 5
A R AT, 5T RE BT EA D EEEN KR

TENFELRAN E 2L I3 3¢, 3 FAFiE W BL 1 241 [ R 5 UK B 308 T R A8, T2 B4 K38
NTHERE . PR S SUSR PR IT A 755K, EEINAR K Cloud AutoML Vision 1 & 2t A & B 7>
FIT KRG, VLK IBM IRARYIER I R IF AT 6.

2.4 fEGRHFLRIFMEEIHIPE

20 YK LA T A A D S A AT R e sy, SR T HF AN REAR S Hh B 4208 T = VSR AR 55
TR UL R 3 BN AIAENG], 2052 MK Visual Studio SFER Xcode MK
Eclipse, EAEUT 4 ANI7HARMEE N 2 THHITRKI K. 556, D ITRAE S LR K H i,
REHUGOLT 5 EEPIT A 00T T T RIS BRI FA BOl &, —IRIUT R RIAT. R, =
TSNP W S RS 73 A1 SRR AN R UL BT IR, 107 22 W T AR B8 — OB AT A2 LA G, L B
BREAFBEIR. AR, FE RGBT MRS S S 5 T, X = U SR AT Aok, RS M e it Se TR &k 2h
BEARAG . JTRHE D TR . R EAE TSRS 2 fod ok, Hid S IR VP &S
RV RG VT, EEAMEEA TR, &5, SENHTFAHZ T T, BA IR 2% IR 8
I 7] T2 BT AR T LA 5 2258 8 S IR 55 A FH - 90 S i .

I PHAEAL G AT A AR o n] DU A G — A 5 UML BRSO 2 — A KB (T R0 &) %K
PRIV LS R AT BT (7] 25 50X — TR, SCR (75, 76) 918 12T UML & ik B T R 5
vt AR R L B B B E 2T E, TRl T R T AR R BT A A T, UML/Designer. Mei
5 17 0f DAR R DR 2 A B0 0 B P A 2 BRIALAT, VA0 H SR Pk R 5 4 5N BB T A B %A
BN RGO R M I, SRt 5 8 I B S F LR TR A Mo 2 B RSB B e, A
T & RIS 4T 3R N SEILE S R G426 5 £ . Huang 55 78] £1%F Web S TFR AR, 2

1127



MBS mUH RN RS TT R ARSI 35 2 Hdia it 1]

T Web $8 2 7045 2007 HOT R BE I REE DAL A AEXT RAE Web M T BT R ANE R Tk, 3
R [79~81] Z3 AEERE U ST R GE . Web IS gntle, it 1A R AR U R 85
Bragdon 55 82§10 R AT ARG TS0t i g7 58, 3208 7 BL RS 9L igT &
B LIEA. ERHT I TAER T 2t RO AR B 5 SE A — iR A B, (BARARE
iR R SN P R 55 T 3 4 T W PR A AR A, AT S AR e R 4 o P e e .

3 =HENABRSZFLRIMEN 4 MERES

BT bR =R KRB R, JA TR LTS W 2 2 0 SR T IR 55 T AR B SR R e
%, WAL BEA . BRI, T EORUE, W B RO D . TF R AR OR L |
TFR T THIHOR AR - FH P S TR BOACE. T Ti B AT 20 79 1) iR B — g

3.1 ERE

DM EIF R A BR BRI Bk, =N T IRFATF RIS 2, UHR 24 (R
By SRS 77 b S TR 52 A ) TR A ) A AR 224 (7R BB AR AE M 382 TR =5 BABTT 1l
S5 AR BB ). Foak, J2 A 1 A g R i R 22 AT R P Re. Wi 2R A P HE I R AL Re AN, 35
TR AR A, WA RBCRART AR, [k, an e g i R AL RE & . 230K
ZHF AL T i RAS, MIBIRIR R Z R I B A 4E T AR . e, 2N T
I KA G AR, FUONFE SRS EAS @I SR E BB, B 5 HA, A% 5 bk [FI 5 EF
Yrgr,

SIFE I KA AT LI BRI R L) 2 ET, RATWLE R BRI K2
AR BB AR ST 1 R A 22 4, EARPERE S 2 A VR A A Mk DA [R] B SHe i, (L5 R 1 2 il X — B AR
BN RE. XTSRRI (40 VMware 831 fil VirtualBox [84), 5Bl Intel/AMD $2 {5 R4 fE
PCEAR (VT B9, FEARUE 22 4 PR 1 [R I Be 0 A RS2 T P 1 BE. Linux DAL= A 7 A B &
ORI E 1 (40 Xen 89)), IR IFAS AL B WURIR 2, (B4 Linux PRZACA (1 BRI 178t
Linux PIZEEHEH) Namespace, CGroups 87 ZEBEREHEI AR, #F Docker 1 Rocket 2525 28 B FEAE 7 1 45 B
N L AT AYERE B Linux SEFEZH AN, 1k Linux 20FE AFEUT JRAR O MEBEIZ AT, O8RS AT 8 S 1) 2 2
MR, B, R T — TR SR E N R ER RSB BITRYH “Google gVisor” 58]
BN AR ATIETE EHL A A, St T ambR s 5, vl DU HAUA R BCE ML ERAE 24, A
I AHEE T Docker A1 Rocket SUAPHE T — 5 [V RE A 321

3.2 ®BEi

BEAAF BT D U E IR I S RS BB E R, ATRI: S B RS HATE
FRDRL R R Bk A, I HL Ak B 1032 55 o0 0 17 S AL 25 T ). AR U, FRATTKS BT WL 22 21 1 32 B kL
FE NI 4 ANl (1) BOHBIFEERLEE, Wi G EC2 R A4 5t L0 1 B4 (2) 4%
FOERLE, 0453k Kubernetes & HLFN 25 28 460 (390 (3) #4IATLE R, W4 K App Engine 5%
Heroku REMSFEE AR 1B 5 BUHEZE IR, (4) H AT S4B R B RSB AUy B, &R 310
ik AWS. B TR Azares FiTH Z B R =5 R o tHFF G BT 2 3R

3.3 HHEM
I FEIP RS R R EEAE 3 AN (AMURT A LERE). B RS x RNE RelL, 7

1128



HEB FERE B 49E W

AR S5 I A4S € WU B, L as A > TEE R THEALALGE . IS, HUGR i 4L IDE
TR HR AR REAL, AT SRS« BRARANZN G 190, EL A el H AT i . SCIRANILIE. AN A
SN IR 55 T R A B R R AL, B AN SR IR 55 Ja f T s B A, 3 LR 1R ) O
VEVER, AT D s i 9k 8h 101 b T OT A A5 & S B AN D Re B AR 0 RE i s S5 A7 ).

3.4 TAML

SV EI R PTG — AN AR e B A FR bR, RIS RS BNV R L&A AT
LR F, AERE PR A 2 i B BRI, FE AT A I R R B RE S AR FHRR P 2 I AR L B
MRS . FRARHEN T TR . 7 E R 5 HAE, R 5 = 1HE N I R AR L 486 (Bl n 7
KM BEUH AR AR, AT B BAR S SOF IR 2 0, ARAERATH R B, B AT E R e T A
FEHWNF 3 M (1) %£%2K% IDE X, 11 Visual Studio 8t Coding WebIDE T H#{HE i Al A4 IR 53 ;
(2) BB XM AR, IR BE T 22 BT & [ Scratch R4E, 1RIE & F /D EMmAEEE; (3) HdR et
W, U Nodered 92 2G5 pr i AL B 5h i+ H 7 K.

4 Cloud Studio: EREHEEF LK IMERMGIETIRE

SERAFLE IR (Wi Cloud9) AFR T 2 TN I AR 55 1 A A 856 24 i A e e A JR KT,
{EAESEPRAE I AR, FATRIL (RMEIE B Cloud9) MARAFAE 2 AMEA BT ANILAL 131 77 .

(1) MASCIFI AR OT &, AR YR B 1A E)] Visual Studio H1 MFC (A28 2 rT LA S 45
&) MOREEE, X EERZIR TR R R 55—, TR S i e dn S AU, AR R R
SN EE N A D REON, T AR AR (BE R R &R

(2) RUHPFEE D+ FEEEAMER, FEIFRERGRE BOK ARBEREH, AEM. 5
e, IFHEE 5%,

(3) F T AU A B SRBE S 1), A P R 5 200 Bl — 5 RE UL, THAERIR LA, T2
BULAMBOR A =, JF B TR SN ae, B 2 F P K5

SR, FATAEER 3 TR ORI 4 DRSS HARRF BB E MR 0 m IR
MBE LR B « RS S R a5 1 S ARIE SR, BATWHHI (7KK %) Cloud Studio ETEALEE
BT RIAEG. BERMAERFEE T A E B B3R 3 M0 R, FATBH IR SEL T 4 BB EOR.
o, AN SRR HE P T R B I8, FRATEEEL T (1) BT HAR BN Web MR TT &
K, BEXT TR BERE O T R A B AR R R, BATHEAT 1 (2) d5 2 R B a) K AR A fe AL 1 S
A1, BEREF P IF R0 B 0 0 B8 2 B BT AR 2 (R R R, RATTSCBL T (3) T T ML A A
BRERRE DAL (4) NATERCHI A &8/ ENLIS AT BE . & — BUEREER/ERT ] Cloud Studio YR
AL R A A O ST RS T ODSERIROCR.

W Cloud Studio M5 1 2, TEIRIE— RS & tHFIT A RIARHERILE. nlEl 5 FroR, 1 o2 bnik
B N A A, LE AR (8] . HTTP SF0F S S HAE . i s 0F . Rl o e fFom & 3L
UGS RIARAE R KL, SCBLEIRAREE . R (et . Sz ] . SHURIE . WA VI B i RS+ A 4
B BEANE C0 45 [F) 45 5 B0 3 =7 IR S5 TG IE A, BT R B ERCA R B S5, I SAefl . Bl 4
145

W Cloud Studio AIZE 2 2, 7 E 5 — RANARHER O, I SCBEBOR (1) 2T AR K Web
FPE T AL TT AR AN RGBS A (2) 552 bR KA /AR ) 7 A 132 1 SR P, SEBLAT P A R mT A4

1129



MBS mUH RN RS TT R ARSI 35 2 Hdia it 1]

Standard input/Output
nsion | Message

@ Standard output E S wawo | Message
andard outpu Debug (hiip response HTTP ¢ 1| maigun Mall 1 sspsiser|  queue

Standard function

R w0 B o= IES

Image Format conversion  Flow control Parameter Logic control Authentication
processing validation

Third-party service adapters

Object storage Database Cache

B 5 (MPKHFE) Cloud Studio FR IR
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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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
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