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Container-Based Flexible Microservices Workflow Development Framework

LIU Yi-Tian, LIU Shi-Jin
(Nanjing NARI Information and Communication Technology Co. Ltd., Nanjing 210003, China)

Abstract: The traditional workflow framework enhances the design orchestration and manageability of process tasks, but
there are problems such as the lack of runtime expansion of the process engine, insufficient flexibility of task participants,
and large change costs of complex process forms. This paper presents a containerized flexible microservices process
development framework, combining domain-driven design, container-based microservices, dynamic organization key
points and other technical mechanisms to improve workflow implementation efficiency, reduce develppment costs, and
better solve the above problems. After the experimental analysis, the flexibility is enhanced and the cost is smaller, and
the effectiveness of the framework and method is verified in practical projects. .

Key words: domain-driven design; containerized microservice; dynamic organization key points

1 55 AR, 10 HL % Kubernetes (k8s). Docker 55

B S 1 A R R RS )
il 26 7 e R 7 34 5 37 A S P2 il
5 KPR35 4 1 (IR0 VS 72, T T T R
B M, R FR A, TR TR
BT AR T S A2 S 4

ZHARIRIEAAAAS BALFRE TS S T HRE,
ZHARTE AR L 1R PRI %A
FTT N AS L E VR, T SR R R R R 5
B R EHE R I S A I A — A

O B4 H: MR mEE LEERARA AR E (5246DR180001)

AR B 28 B R IR 55 B 2 B, 4
4 DEVOPS MBI &« FFEE K. tTREIERTE
W B PRI 5558 A5 22 4 SR RE I E AR K e .

HATE A AR 2 LB A TAR R E B R 5
Pegasus™. GridFlow", iX & T 1 i 5 EHELLIR T T I
FEAE 55 (¥ g HE AN B BE 7, B0 ) T BF 22 0H B, 5%
FRIZAT N SRIG AL B SCREAS 2 5 ARV 1 IR 55 8
FRTHIT 1, SCRR[4-6]0T 78 T = EE T A4 I A BR
AL TAERFAIE R 4 HOR, 1R 73T CPU A/

Foundation item: Science and Technology Program of Nanjing NARI Information and Communication Technology Co. Ltd. (5246DR180001)
CRR I R 2019-04-21; MBI [A]: 2019-05-20; R A): 2019-05-27; csa £ELL Hi R [R]: 2019-11-06

260 W7t JF & Research and Development

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn/1003-3254/7171.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.007171
http://www.c-s-a.org.cn

20194F 55284 %5 111

http://www.c-s-a.org.cn

i H AR SN A

TAR UL B SRR R, S5 R 78 B S 4 R 1
Ay B AR THAURE 51 B Ak 551k R, (EAS K& T
Fe ARG, B, 3 TARRME AR A & R AT &
A1 32 Y 7 T3 T i A — 28 1) R M Bk e, 2 R BLAE:
(1) b 55 3% Bl 1) i B A8 B o B R RE AR . AR RR
B R IE R A, (BB SCRIERTIN A2 2, 30T A i2
YERA TR AL TR A, (2) ARG B 5 5 & 0 [l ik
TR, SN 55 T KA. (3) W AR 51 21
BATIY R L, it RS SRS BRIER
VY AT E, (AR T ZN T ahigfk, BhREM A
ENACFERERLIR.

BRI ) R, AR SR AR AR A R 2 T4
SRR A BT B AR ST A HEZE, K Al 57 FH R Fhs 45
BRI, $7 53 953 WA A A% O T 1UUIR 55 . 12
Fr £ R SO 55 SR 55, S8 IR A R IUIRSS R B A,
R A TR, (5 I 55 B R R R A

FSEVE R RIS, B T AMb s AT A, B DU RFAE:
(1) SCRRHE T U 2 9 3 1) £ 26 R 38 3 A T
He IBAT R AR R MRS AR 5 (2) SCHFshas
Rl SS HROCHE i Vi, RYBERGIE S 54, SRR
FEE BN AR 12 AT I BT, (3) 456 I UIR &5 ) A5 4%
% 55 SR A AP 445 S e s

2 BEEHERURSS TAER KHELE &1
A 2 B AL T BT8R T SR HE 2

Fytu 1| . 38 PR R 5 Ak 2 TR % #BDL Docker 541%
TR, FAEEEI B SR 5T, T3 KSS %
1k 2 B B L I 1 0 B B 25 3 e 8%
SRR (AT 5 HE AR 4 I T

(1) A OIS G T I St IR 25 I 9 R )
ST AR, S v T B RS T 2 4 SRS )
ANKUBR 7 1] 5761,

v
) |
e e e TS 2L A A by A St e ey T T e T T AR TR TR
| (DU E s3I A
o e S AR A
oy || ORI RAA I R SRR
EW ¥ | 73 R P e !
/f| Eureka || Eureka || Eureka | . ﬁ%}:‘l&l%lm@ | |
e e e e ! A i)
H T/ ﬂ - el htal kit R e T R e : HEGGAE !
HTTRHTTPS,  3ipt  gegms/ i dng | | o || ank : L — |
MQTT, ‘:\%Qfﬂ NGINX 7 v/ |i[FEEEER | [FER HIBER
"]
i2ZII0) F5 i 0 i Kmiem;;; 322:((2517,133
/ — ] master T N
Keepalif-|, - T — — " i Kubernetes1.08|
ved %ngjﬁ i | AR | [L'.M’M,Mlx% |--[ﬁ%ﬁfm!ﬁi§ﬂvﬂ@ KS8S JDK1.8
b 2F ¥ i T - P A
\ I N 1.3, - N T
oo B8 1eien T S e — m—
Keepalived £l nginx 7] A =D : R IR R A - -
- - 5= i1
I BRI | (R | (R |
' St e i
| [P | (B mns | [Bsms || [ORACLERAC), W
| IASERS A R |

B 1 25 2 TR 26 R TT o HE 2 4

(2) BT Mk 55 LA 25 28 607 =03 as 17 R v 31
Spring Cloud Netflix E}lrekam YN EcT v e
BN 75 08 o R 45 R WA 42 B0 Rk 4 R TR 5%, S
Docker 25 #% M AR 55 B IR 55 7K1 ot &2 B 4.

(3) BUBRIMR 55 $2 LI T RBAC [ 451, 3¢
Flb S ZEE, APEE. AOEE., RREH,
e B,

(4) TAERMIRSS TR AL T Web ] HAL I AR 22
B RAT . Wi, Hod TR A fpL A AL
BRAREHE A BRI WESIRAS LA H
UL R, H 5 T AR IR S5 HE 4 2R AR A
FH P AT B B AT

(5) M AU AR 25 $R AL T Web 182818 47 i 4T85
RIS, SCREEUR IR W&, gmiBae i
B PS5 RABRAY R IR R P ) AR A A Y
PR, Jor, k455 AR AR L 5 R 1 &, R30I
JiE P G 2 BRAIR 1) 290 2 S 0 SR, R P S 2 2 AR R
5 FHGRE , SCRAISAT IR g, B 2 i B R $2 it
M55 T I AR BB TR AS IR SR @ M il Pl L .

(6) W IR 55 R AL 60 5 B B 1E N IR T A TUTR
2511 URL 4 2% k45 1 & 4%, 5 4% CPU. A7 2%
SE TR S MR AR T R AR AR I 25 48 45 SR
B, MR AR 55 0 IR A A S gk AT S I 5 e
S A a4z ).

Research and Development i 7 & 261

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20194F 452845 45111

3 EACRMERR ST TARRIT ARSI

—NER TARRA A B 3 A TR e
AR TARFRAAT T R H SR, HESh 5T
i A PR i 5 e Bk 35 2SR A Sy €, D 4K
A 5 BRI AR AR AT T IS B, HEZLp T
USRS, A AR A TAR R ThRE, HEZE rh 2
T MR R AR B AT S I S5 AR TR T
A 2 [8) AR SEAR IR B TR ALt R a1 2 s,

1

<@

n

b <A

15 SR "
1L

B2 BRI (9 bk X R ik

L 2 R 2 THE T TR T S ke 7, 2 S B
S TAE I RHEB T 5 AR T

(1) S AP0 5 50 252 5 0 M 5
SUBREAR, FIE TR BT, 3625 T U R
B 4 R (2) ST TR BT S5 AR A T 1
LB SR, W B E R S, WS
5 S LU P, 1 SR SR e 8 2
T JF V7 26 B IR SR A 12 8 b
. (3) S AT T Vb S S, S A
2R P 0l 5 R 0

HRAE 1R TF 0, 7 BT 3 A L T A

ALY

NRES

=

APF: (1) 2 TR IR R 55 ) T AR R TR A B )

(2) 3 T3 PR L 0 25 1) 0 8 AL 4 SR S
HIRE R A (485 RTLAR (3) 25 Aol P U 5 1 28
PR e AR ). §
31 BTRERHMERSRETRBTL

B B 25 F 25 L R, S T BT U A
AU (A TE Ll 55 0 QR R L SRR AR Y
B RSP 2 R PR A, B R 3 .
S G BRI RN (1) BT 4 R
A5 SR R th ok, U R 4 A A8 1 T
W R ETFC Sk R RARS: (2) BERA B
ST L, 35 T A0 R R
B MR g RRT AR AR T
2 H G LR Il 55 75 SR MO RS P £ A MY,

262 i H K& Research and Development

S P 2 AR R 5 BB 0 o 55 SRR A IR SR A 4k
Y i ], 2 AR TRY 5 P P s R, A 3R Y
o LT 0 g B SR, SNl 55 S O A G
AR SR R AE B i QR R Y, FE VAR
T SRR A e R AR I R A i AR, S BT
VO A IR X SRR S B e E S T K

[ s |

T e e DR

~
ERERR —{ 7R |
K3 USRI

3.2 ETBEANRMARSHRIEENXBLIREFE
BRSNS E

i B AR 5 52 1 1 22 A0 RBP4 B 1 RE,
F SRR T X AN 22 4 S 1) 8 — B WIE, SE 3 T
ETHPEDESHNR, KR, YRS vi g, Ja
i A 68 R0 BT IR A F IR 48 T S DR PR AR A2 A,
K 4(a) FoR. M55 2 AR 8 20 TWT AEY

[ ]
[TAZU] [FHLR]-[THL A

U A R A
(b) ZHEZ 54k 5

[ e ol e Jof thae |

(a) WA _
[ 4, SRR TGS VR L A X

LS S U 55 T U SIS Actividd S,
Activiti 65 T THEVAZRE . SBATHE. (155 8. &
B T SRR S HE O, HESE L5 O
Ve AT JE, SRR S0 TR R 25, 70 VPR R
B IRRE SN2 55 W BRI 304 8 —ANE 3
395 AT D K0 25128, S 7 2T 38 PR IR 25
LA ED K IR 2 LS5 LB, S VFHifE
HHE AR 1 55 LV T 3 55, 1 4(b) BT
T R TRER, 2R SR TR TR FL G
LU, T4 50 B R 2 S 106 8 A A S T
(255 i 1 FRL P, R T 388 2 5 2 4 B 55 1
VB . HE SR ISON M LR X, il e s
HiiR T B 2 o TR 0 (036 R, JER R R
KT 2 41D 50 T 5, 26 A A9 30 T
TFAEG, IR O TR R, 0 S R, 3

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20194F 55284 %5 111

http://www.c-s-a.org.cn

i H AR SN A

1 user Rz s 5%, LU AR, formtemplate 7R
KPR overlay RN HICHE 11, stateld 7 %
FRAIRES . event IR FAF, action TN FAF 712,

{"resourceld™: "", "properties": { "process_id": "", "name":
"mIEE "1 "childShapes": [{"resourceld": ",

"properties": {"user": [{"ralelD": ", "raleName": ""}]

I "overlay™: {"key™: "', "keytext": "."}, "event": [{

"event": "start","action": ""}], "name": "", "formtemplate":
[{"name™: "","id": "","fields": {"stateld": ""}}]}11}

Bl s USSR KB AL E X
HE SR 4 (LU R A B BT, S R R AR A

jar B0 b A% BRI S W AF B R R, TR
S A ST, R JVM classloader HIZIASACRENL

i, SEBL T AR BRI A IS AT I RIS AT, G 1

SRAE T THRIHIAR I AT I 42 PR R S,
33 GEALEMRS NS B MAEER

o LA P S AR, 1% 5 T A A 4
LA A 5 TS PG5 B 47 3 A R 0
B B 5 D P 2 LR 5, A S H RE S S
S T M 1 A 0 B 5 2 R R 5
HEAT WY, 4 130 O Docker 20889, BB
e B MR 25 T 0125 LT 6 201 T 46 2 B O 25 1
o 5 W o 7 0 2 4 W
i TR L R SR 05 (1) T G R 454
VRSB 5 SR SRR yaml S, 19 KSS B2
7588 AL, JA IR SRAE B 55 1 2 Docker 2831
CPU. WAE. W% . 10 ks i %, LUK IR % F 1y
7 1 25, 35185 B AT H B AT 0 s 2

SRRSO, Dy 1 I G R I B YT R U A 38 A A A

4, YE SN TR B T M R I TR (2) 3
T 60 o 4 5 45 5 B 5 B B 1 23 B AL
982 ST, Hor A AR 1 SR T A B
S 449 BT TR R B WS STV T
B o 25 [0 45 T ML), 44 T T 3 5 SR 7 2 4
AT EL T, MR % 22 00 HE o 28 0 24 o AL TR AT
BRI, TR 52 2 =1 3R

4 ZM 5B 5 VA

N T SR A SR H A AR S5 AR IR T R AE
B, AE— N ELSEI IR R HEAT T SR (0 RN 7. 5
BIFREEEH 3 & 8 1% 32 GB WAFHITRMIAR 25 % (SAS5248L)
SRR, o HOHE R R LS B, W OCTOIR %S IR%%

TEMRIRSS . ARG « BURMURSS . B IR )
TS5 IR IR 55 R A A B0 38, 2 A B A B 2R
WO 3. Bl AN IR 35 R AR L ) A Rl SR B 2
A G0 R D K B A e A 2 e s 2 PR R 55, O
%S LA K8S #1581 Docker 75 33 AT,

PODI

[ kel | wdms ||
| & |— Fx

Docker

TAEMURSS

POD F| A3

|_rovaky |

POD Rl A4

Bl6 T MEFpUIR 55 i 2 d o Pk i

FRE SE R, 55 L BN R 1 A
T A BRI A A B, R AR A,
R AR 7% 3 A L 32 DR 25 8 B AR 2R P B Y
AT T BB A VT I R RUR . H iR i sh
iy L N G O R O S N PN
Wbt MAF SR, WEHAT . ARSEEZh IR,
Rrfziiie g XRE AR s 7 jrs.

{"resourceld": "e8ae0e5f42..","properties": { "process_id":
"DDIXSQDLC","name": "HHiEG1EER & BImIg,
"childShapes": [{"resourceld": "sid-C8292D15-*",
"properties"; {"name": "F45", "id": "StartNoneEvent"}}, {
"resourceld": "sid-38E52D90-CB92-*",
"properties”: {"user™: [{" rolelD": "bf1bd3afa828..",
“roleName”: “F T, EE"}, “overlay”: {“type”: “starter”,
“key": “b2b420c...,3926ebc2d...,...", “keytext”: "B {HEEF,
B, "name": AT ERTIE"
"formtemplate”: [{"name": "{G{EEIE R FRE",
"id": "3d5fb90e0...", "fields"; {"stateld"; "e16028df.."}}1}},
{ "resourceld”: "sid-3925FC7A-*",
"properties": { "name": "4 S] B
"resourceld": "sid-890313DA-*",
"properties": {"user": [{"rolelD": "bflbd3afas..",
"roleName " : "HEEEF"N, "name": "HILEHE"
I, 1“resourceld”: “sid-F4772913-*", "properties": {"user":
["rolelD ": "d540ebc2..", "roleMame™: "B{EZF"1..10,
{“resourceld”: “sid-50F95270-*", "properties": {"user": [{"
rolelD ":"cc73a7d0a...", “roleName": "IAE ZF 1], "name": "IF
EHIT"H, {“resourceld”: “sid-58EE-*", "properties": {"name": "
£, {"resourceld"; "sid-2C201182-*", "properties":
{"name": "IIF#" "servicetaskclass":
"aaddldc...*!lcom.nariit.bpm.AutoChangeStateForDDIXRWD "}

K7 s R R g X

FERL A 2 3R SRR, BB TR I 3l %t
T MR ORE, IR I A VAR ) )
P22 43, FFEE T A BB P B U7 IR 4% 1, RS AR

Research and Development fiff 70 & 263

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

I WA

http://www.c-s-a.org.cn

20194F 452845 4111

FEGBULAC, LSRR IS AT I SRR 5 L 1k 7 il 2
nlel 8 frn. K2k TR IR ARG ShHE 1, WA
IEESN S 5 SORBRA LG8 i, HEURHE R 52
SRR UL A T SRR R AT LT D B L, IR
o T A3 e R AT R ) P AR AR BRI, SRR IS B
S 5EWMGE LA R B SR, AR T
TR TSI 5 T ARG THIT R A 35% LL k.

i R 2 ¥ ]
Fp Feb

"""""""" S ||
|
U]

K jEt

K8 A AZIRE R SR R A PR AR

FEISAT I AR 45 Gl M 55 2k RE 302k Ao 46 i, e

5 loadrunner FEAU & 3000 (08 & K lE iRl
o (RAE. Kk, S HCSRRRIT S, e A
0 O A R U A 3 B IR
CPU M AF 5 2, 15 4080 5 B 32 8 N CPU
FIPIAE 5 A1, 24 CPU B AETH 5 I 3A ] 80%
B, B A AR AR, BN | A TR S 1 58,
¥ CPU BRI 12 T4 5 FI AR T 30% I, M o P 45
[y 1 A7 B8 P 5 S, L3 G DRy M O -39 7 3
AT (0 8 S A A, LB B B 5 R R
M (1 BB O RO S5 s b, 2% 1,

R 1 BREETERE S

300 F P FERPATIB TR FE 52 30 7051 H91H

Docker 25 %% Ml 5% 14 B

CPU% MEMY% &5 (M/s) Wi iR [A] (s) FHR0 3554 45 2R M |

39.8 59.5 2.06 1.15 5.329 0

WS AR, ARG S TARRIT R AMEZE e
SRR 5 50 P2 I e 75 B AT 76 B8 TR 55 A 45, (RAE T
T G825 U 25 AR AT e L R i 0 R0 3 T A,
B AL T — L8 e, A1 /I R F) 82 T B HE SR Y
2 SRR I S S, M T B AEXE T, A 1R T A ().
H A, RAEROIR S TARRUT KM CAE R N R A 2k G
{5 R LR Gt P SR, BUAS T L FR S P R

5 SR

ARSCRFFE T 40 TAEFIHEGR B . AT IR 30
Ty A B UIR 25 38 47 I B S5 H R, 76 LI Al
b, Bt T AT IR SRR T R MRS, 4 T 3

264 7 H K& Research and Development

FATUR IR B 0 R 5 O BACTD LI R A e, 3
T 58 PR R 45 B0 B L S A
B S L M I 25 0 7 B o 5
W S 2 52 G 5, R T A 2 2 %
SARSTHUHAR. 5, UAR 7 R 45 A e R A
GE R B P SR TS B, 2t T R R % T A
S S HE A 4 S FF SO VA, BT 5 . AR VA 2L
AT SRR W, REARIRTE T A R B
55 TR PR FF SRR B R0 K, 96 T
A 0 TR TS U 4 24T R b 4 ),
T oL £ SR T AT S R R
R S (O A

\

S0k

1 Bernstein D. Containers and cloud: From LXC to docker to
kubernetes. IEEE Cloud Computing, 2014, 1(3): 81-84. [doi:
10.1109/MCC.2014.51]

2 Deelman E, Singh G, Su MH, et al. Pegasus: A framework
for mapping complex scientific workflows onto distributed
systems. Scientific Programming, 2005, 13(3): 219-237.
[doi: 10.1155/2005/128026]

3 Guan ZJ, Hernandez F, Bangalore P, et al. Grid-flow: A
Grid-enabled scientific workflow system with a Petri-net-
based interface. Concurrency and Computation: Practice and
Experience, 2006, 18(10): 1115-1140. [doi: 10.1002/cpe.988]

4 Netto HV, Lung LC, Correia M, et\al. State machine
replication in containers managed by Kubernetes. Journal of
Systems Architegture, 2017, 73: 53-59. [doi: 10.1016/].sysarc.
2016.12.007]%  *

5 [t B, 22, KA. CWFlow: SCREVEIR B I& RLAE FH 1)
= TAERAESR. TE R E M (ARRHERR), 2013, 53(3):
415-420.

6 X, EFAE, XBICF. ZIEE TSR 1 A 230 L
VETRAESE. ML TRE, 2019, 45(3): 7-13.

7 Spring cloud Netflix. https://spring.io/projects/spring-cloud-
netflix.

8 XIl—H, X3t ATiAk Web BTHER. TTHEALR SN, 2015,
24(10): 80-84. [doi: 10.3969/.issn.1003-3254.2015.10.013]

9 Xl —H, AR, Rt SRR 5% 2 Ay i I I HESE.
HENLRSRH, 2018, 27(10): 70-74. [doi: 10.15888/j.cnki.
¢s5a.006568]

10 X—H, x|t 8k, #H, 5%, FAVERUIR S ISR, THE LR
48, 2017, 26(10): 139-143. [doi: 10.15888/j.cnki.csa.
006006]

11 RSP, %GR, £ o4tk S BP 4 W 45 S0 A5 A
Xf b Sis FAT AT, BRI EE D R 224 (B AREBHER), 2013,
38(6): 61-67. [doi: 10.3969/].issn.1007-855x.2013.06.010]

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1109/MCC.2014.51
http://dx.doi.org/10.1155/2005/128026
http://dx.doi.org/10.1002/cpe.988
http://dx.doi.org/10.1016/j.sysarc.2016.12.007
http://dx.doi.org/10.1016/j.sysarc.2016.12.007
https://spring.io/projects/spring-cloud-netflix
https://spring.io/projects/spring-cloud-netflix
http://dx.doi.org/10.3969/j.issn.1003-3254.2015.10.013
http://dx.doi.org/10.15888/j.cnki.csa.006568
http://dx.doi.org/10.15888/j.cnki.csa.006568
http://dx.doi.org/10.15888/j.cnki.csa.006006
http://dx.doi.org/10.15888/j.cnki.csa.006006
http://dx.doi.org/10.3969/j.issn.1007-855x.2013.06.010
http://dx.doi.org/10.1109/MCC.2014.51
http://dx.doi.org/10.1155/2005/128026
http://dx.doi.org/10.1002/cpe.988
http://dx.doi.org/10.1016/j.sysarc.2016.12.007
http://dx.doi.org/10.1016/j.sysarc.2016.12.007
https://spring.io/projects/spring-cloud-netflix
https://spring.io/projects/spring-cloud-netflix
http://dx.doi.org/10.3969/j.issn.1003-3254.2015.10.013
http://dx.doi.org/10.15888/j.cnki.csa.006568
http://dx.doi.org/10.15888/j.cnki.csa.006568
http://dx.doi.org/10.15888/j.cnki.csa.006006
http://dx.doi.org/10.15888/j.cnki.csa.006006
http://dx.doi.org/10.3969/j.issn.1007-855x.2013.06.010
http://dx.doi.org/10.1109/MCC.2014.51
http://dx.doi.org/10.1155/2005/128026
http://dx.doi.org/10.1002/cpe.988
http://dx.doi.org/10.1016/j.sysarc.2016.12.007
http://dx.doi.org/10.1016/j.sysarc.2016.12.007
https://spring.io/projects/spring-cloud-netflix
https://spring.io/projects/spring-cloud-netflix
http://dx.doi.org/10.3969/j.issn.1003-3254.2015.10.013
http://dx.doi.org/10.15888/j.cnki.csa.006568
http://dx.doi.org/10.15888/j.cnki.csa.006568
http://dx.doi.org/10.15888/j.cnki.csa.006006
http://dx.doi.org/10.15888/j.cnki.csa.006006
http://dx.doi.org/10.3969/j.issn.1007-855x.2013.06.010
http://www.c-s-a.org.cn

