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Abstract: With the development of information technology, the model of graduate

student management has changed. In terms of the service target, the existing graduate

student cultivation management system of East China Normal University (ECNU) was

primarily targeted at school administrators. With the promotion of a “student-centered”

educational concept, however, the existing system proved unable to meet student re-

quirements. With the expansion in enrollment, the scale and growth rate of data in the
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systems are ever increasing. The data used by the graduate student management system

has changed from a small set of simple data to a large set of complex data on teaching

behavior. Based on the above reasons, ECNU has adopted an open source framework,

such as AngularJS and Spring Boot, to complete the system’s independent development.

In terms of architecture, the system aims to use micro-services architecture to automate

continuous deployment for developing an intelligent graduate student information platform

that provides graduate students, teachers, and administrators with personalized services

and can be quickly iterated by developers.

Keywords: cultivation management; student-centered; micro-services
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Fig. 1 Traditional architecture with three layers of MVC
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Fig. 2 The overall service chart of the cultivation system
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Fig. 3 The overall structure of the new graduate student cultivation system
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Fig. 4 The architecture of the graduate student cultivation system based on micro-services
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ì, ¿3ØI���ÿ N, ±B!�¤�. äN5`, ÏLMï HPA ^u�� Pod B�3

1 � 10 �m, HPA¬ÏLgÄO\½~�B��êþ, 5�±¤k Pod �²þ]
|^Ç3

50% ±S. ÏLù���, Ä�N�
K1, #XÚ3ÑÖ�a��U×��A^r��¦,

JpXÚ­½5, 4�;�
¸��¹eÑÖ�$�¯K.

3.4 F��i��

XÚ�ÜÝ�ï
�@���F�XÚ——ELK, ^u8¥+nF�. ELK ´ 3 �

m
^�� �, ©OL«Elasticsearch!Logstash!Kibana[11]. äNL§: k¦^ File-

beat!MetricBeat Â8F�, ¿Dx� Logstash, Logstash òF�LÈ)Û=�, 2�¿u�

Elasticsearch; Elasticsearch ©Û�;F�, ��¦^ Kibana� Logstash Ú Elasticsearch ©

Û�F�(JJølÐ�ã/z.¡, òêâÐ«®o, å�¢�uÿ!�yS�!uy

bug ��^.

3.5 muÄ:��

gÄzÄ:���)X Git ��è����Eâ!Jenkins[12]�±Y8¤óä±9

Docker �NìEâ. äNL§: �uÙ��#����, mu<
Äk¦^ Git MïI\í

x� GitLab, X git tag ��Ò; GitLab ¬>u Jenkins, Jenkins K¬Ï��1ÑÖìkI�

uÙ�?Ö; �X�1ÑÖìl GitLab ¼��#©|,cà¦^ npm, �à¦^ Maven, �1

?È!ÿÁ!�ï, ����¤ Docker º�íx� Kubernetes.
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4 XÚ¢y

du�Ìk�, �!±Ï��.!��L§�.!m�À��.�~, é��XÚ��

O�¢y?1�[`².

4.1 Ï��.

��XÚ¥�,
õU, ~X�a�m��!NÊ�"Ø�, I��â�Ö�6§?Ð

é�'<
uxÏ�. ±m��m��ÚNÊ�"Ø�~5`²äN��Ö6§.

1�, 3ïÄ)�+n<
��m��m��, ��'m��+n<
uxe�w�m

��m!:.

1�, 3NÊ�"Ø?\“"1¥”�G���, Ï�KI"1�<
c "1, ¿w�

J������"1?Ð, X�X�Ö"ØÏL!��ïÄ)�"Ø�'�&E.

1n, �âNÊ�"16§, ���1O½ö�Äû��, Ï�J������"1(

J, Ó���"1¤�9��'<
ux�E, X®²SüÒ���§��NÊ¤õ!I�

KI�Ò�uxÏ��E.

�
U
| ±þI¦, Ï�ÑÖ¢y
ü�'�õU, ±|±(¹��E½�õU:

� �O(¹��E��, =3�E��¥���c�ÚeU
�¯�Cþ, ~XÆ)6¶!

ÆÒ!=\�X�&E��; � ½Â(¹�Ï�<+, �O¿¢y��U
l�cXÚ¥¼

�ÆÒ!óÒ!�X�&E�Å�, (Ü�E�����Ï��Ú, ½ I�uxÏ��^

r.

�éØÓ�ÖI¦, Ï��¬�e�uxüÑ´: 1�, éu;:�E(�E�½���

�m3,���S), ��ÏLe�íx�^r; 1�, éu�;:a�E, k��3êâ¥

¥; 1n, ^rÏL quartz[13] (��NÝµe), �±gC½Â�Eíx��mm�, z��L

ù��mm��, Ï��¬�ä´Äke�I�ux�^r.

ÏLþã�O, �����E��+n�±÷vd3��ÖCz, éuÙ¦IÏ���

Ö, X���!�mý´, �±E^T�¬, ü$�èþ, ¢ypSà$ÍÜ�8I, JpX

Ú���o5.

4.2 ��L§�.

��L§�¦#XÚò± <ó�o���Y!��Oy��Ö=£��þ, äN5

`, Ò´, 3XÚ¥JøU�?Æ�(½�[�Ý)�o���Y, ¿�¤���Y�Æ)��

Oy�N�.

#XÚ�¢yÚ½: k�¤������o; ,����Y¬��E�����;

����Xl���Y���Oy�©�üÑ, [z���Y��Ý(X�?Æ�!;�O

y�), l
¢y��Oy�gÄz©�. äN5`, Xã 5 ¤«, ¢y
��Ä�a

(Abstract) Cultivation, §'é Discipline(Æ�)!EducationMode(ÆS/ª)!SpecialPlan(;

� O y)!Unit(� X)!CultivationProcedure (� � � !)!CourseSpecfication (� § �

�)!TextSpecification (£ ã � ( � �); Ì N � Ö CultivationTemplate (� � �

�)!CultivationScheme (���Y)!CultivationPlan (��Oy) ©OU« Cultivation, Ù

¥, �� CultivationTemplate �±�õ� CultivationScheme 'é, �� CultivationScheme

�±�õ� CultivationPlan 'é.
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CultivationTemplate

Discipline

category
major
minior

discipline

1

dependency-
Cultivation

1

Unit

depertment
school

unit

1

cultivationProdures
*

CultivationProcedure

id
descripition
record_order
cultivationProcedure
Category

*

CultivationScheme

Cultivation
(Abstract)

id
title
createName
createTime
degreeLevel
degreeType
description
isDeleted
staff
state

educationMode

1

specialPlans

*

textSpecifications

*

TextSpecification

id
descriprion
deitable
record_order
title

SpecialPlan

name
code

EducationMode

name
code

CultivationPlan
cultivationScheme

1

courseSpecifications *

CourseSpecification

id
addable
minCourse
minScore
courseCategory
relCourseSpecAndRepo

ã 5 ��L§�¬aã

Fig. 5 Class diagram of the module for the cultivation process

4.3 m�À��.

m�+n�¦XÚ��'�ÚJøõU.¡, õU6§ãXã 6 ¤«, äN�õU`²

9�Ú`²XL 1 ¤«. I����#I¦: 1�, �âïÄ)�"ØÏL���Oy¥�

�§, XÚgÄ)¤m���§!ý�<ê, ±øïÄ)�!�X�¤m�ü�; 1�, ØÓ

aO��§KIü ØÓ, ú��m�dú��m�ü (XóÆX!é	Ç�Æ�)KI,

;��m�d�XKI; 1n, NÊ�"Ø�Ú½�±�â¢SI¦O\½~�. éu1�

�I¦, #XÚ�O
��'�UÜ�^rJøm��§�í�õU; éu1��I¦, #

XÚ�O
�����õU, +n<
�UI���a^r���; éu����I¦, #

XÚ¢y
 3 �¢Na: AuditRecord("1P¹)!CourseRequest(NÊ���)Ú^u��

"1Ú½� AuditFlowStep("1Ú½). ¢y
����"16§, ù«�O�Ð?3uÙ

¦õU�UE^ AuditRecord Ú AuditFlowStep ?1"1.

lã 6 ��, Äu��Oym��äN¢y´, k�â²��"1ÏL��z�Æ)�

��Oy, )¤�ïÄ)�+n<
½�XïÄ)�Öí���§±9ýOþ��<ê; �

�, ïÄ)�+n<
½�XïÄ)�Ö�âí��&E, ?6m�Oy��'&E, Xþ

��m!Æ)©a��(��)!3Æ)Ó')��, þ�/:K´8\�ü�+n¥, ��

�±?\m��Î¥�Î�ÆÏ¤m�§.
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ã 6 m�+n6§ã

Fig. 6 Flow chart for starting new courses

LLL 1 mmm���+++nnn���õõõUUU`̀̀²²²������ÚÚÚ`̀̀²²²

Tab. 1 Description of functions and roles for starting new courses

???ÖÖÖ SSSNNN ���ÚÚÚ ���ÚÚÚ¤¤¤333ÜÜÜ���

m��� ��m©�m!(å�m �'P� ïÄ)�

�â��Oym� �â��Oy�½��§)¤m�Oy �'P� ïÄ)�!�X

�â�§¥m� <ó�½m�Oy �'P� ïÄ)�!�X

m��Î �Î®m�§�¹ �'P� ïÄ)�!�X!��

ü�+n �â®m�§?1ü� �'P� ïÄ)�!�X

À�´#XÚ¥Æ)�Ú��­��õU. #XÚ�Æ)À�!õU`²9�Ú`²XL

2 ¤«, Ì�Ly�: � À��+n, I(�À�êâ�S���; � ïÄ)�+n<
��À

���a�m!:, X1�ÓÀ��m!1�ÓÀ��m!ò��m�; ���yÆ)¦@�

¤À�, æ^“k�k�”��K; � À�&E¦^�B, ä�Uì��OyÀ�ÚUì�§¥À

��õU.

LLL 2 ÀÀÀ���+++nnn���õõõUUU`̀̀²²²������ÚÚÚ`̀̀²²²

Tab. 2 Description of functions and roles for selecting courses

???ÖÖÖ SSSNNN ���ÚÚÚ ���ÚÚÚ¤¤¤333ÜÜÜ���

À��� ��m©�m!(å�m!À�é�!À�Óg �'P� ïÄ)�

À�ò� �â��OyÀ�½�â�§¥À� Æ) /
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Äu±þI¦, #XÚ�5z/�O
ü�\�øÆ)À�, ©O´�â��OyÀ�Ú

�â�§¥À�. �â��OyÀ��äN¢y´, Æ)?\“U��OyÀ�”�¬, XÚÐ«

Ù��Oy, ®m�§3À��ãS¥y“À�”\�, ®À�§3ò��ãS¥y“ò�”\�,

Ù¦�ã9Ù¦�§KJø�w�§���\�. �â�§¥À�, Ä��yXÚÃ�, ùpd

u�Ì¤�, Ø�Lõ`².

À���øÀJ��§�õ, ��kÜ©9��§äkp¿u!�§�À�¯K. Ï
, #

XÚ/�
=��“¦à”L§, ¿Äu¢S�Ö?1
U?, )û
Ó��mãS�þ^rÓ�

À�, XÚ��¯]�-O�JK, ¿�æ
À�&ES���. äN¢yL§: ÄkÏLÚï

Ä)��p, òÀ�©6, XXÚ¥ú��Ú;���mm�À���m, �3ú��À���

¬k,�ã,
�§�À�¯K; ,�, �éþã¯K, òÀ�)Í�Æ)À���§��Æ)

ü�Õá¿1�Ü©, ÏL¦^�Eè���ª¢yüÜ©�m�Ï&, ü�Ü©Ì��9Æ)

À�P¹L�m��?L, äNiã`²�L 3. L 3 ¥, Æ)À�Ü©Ø�9?ÛE,�À�

Ü6, ==3Æ)À�P¹L¥�TÆ)\\�^À�P¹, ¿òÀ�G����“À�¥”, Ó

����Eè�¥ux�^Æ)À�¯�. �§��Æ)Ü©¢y���ü�§§S, TÜ©U

ì�½��m±Ïl�Eè�¥�ÂÆ)À�¯�. éuz�±ÏS*	��À��?, §�z

�m��?�1Xe6§.

(1) ÏL SQL �éçÀÑm��?L¥T�?��À¶�, Ù¥�À¶����<ê~�

®À<ê.

(2) ¦^ SQL �é, �â“k�k�”�KòÆ)À�P¹LUìÆ)À��mü�, ÀÑ

À�G��“À�¥”�c�À¶�êP¹.

(3) ÏL SQL �é, 1þò�£P¹�À�G����“®À”.

(4) �#m��?L¥T�?�®À<ê.

(5) 3�m±Ï(å��, �§��Æ)Ü©òÆ)À�P¹L¥¤kÀ�G�E�“À�

¥”�P¹���“�À¥”.

LLL 3 mmm������???LLL!!!ÆÆÆ)))ÀÀÀ���PPP¹¹¹LLLiiiããã`̀̀²²²

Tab. 3 Description of the course schedule table and record table for selecting courses

LLL¶¶¶ iiiããã

m��?L id , �§ id, ��<ê, ®À<ê, KIP�, Æc, ÆÏ, <ê'~(��)!3Æ)),

�?¶¡

Æ)À�P¹L id, Æ) id, m��? id, À�G�(®À!À�¥!�À¥), À��m, ò��m, À

�ö�<, ò�ö�<

e�þ, ÏL�Ö
©��ª, XÚòÀ�ö�=C�ÉÚ�ö�, �§��Æ)Ü©�±

�â�ÖI¦gÌ���Â�E�ªÇ. �?1
©c, �éÓ��§�?�À�ö�Ñ�9�

ä��#m��?L�®À<ê, êâ¥�¯Ö�¦�U��¿1uå�À�ö�UìG1�

�ª?1NÝ�1. �Ö
©��, õ�À�ö�ém��?L�õgö�� ~��g, l


;�
�þ¯Ö��XÚ5Uü$��U5.

5 ¢ �

ÿÁ�¸� Centos7 ÑÖì, �� 8 �Ìª� 2.40 GHz � Intel Xeon CPU E5-2630 �¡,

S�� 16 GB, ^�Nþ� 4 TB, =�� 7 200 r/s. Ì�ÿÁØÓ¿u�¹e�Ö
©��


©ùü«�ª�5U.

1�|¢�´, 9��§ê c � 12(uÀ��9��§ê3 10 –14 �), �§ê t ©O�
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100!200!500!800!1 000, ^u�[ý¢À�ep¿u��¹ÚÿÁÀ����¯�¦��

A�m. ¢�¥, 3�½�§ê c �¹e, z��§�1 c×10 gÀ��¦, ^u�[ý¢�¹e

Æ)ØäM#�À�ö�. ¢�æ^¤k�¯�¦�²þ�A�m5ïþØÓ�ª�5U. ¢�

(JXã 7 ¤«. dã 7 ��, ÃØ�§ê t ���õ�, �Ö
©�ª�5U²w`u�
©

�ª, ��X�§ê t O�, ü«�ª5U�m��É�5��. �â cÀ��¹, uÀ��z

cïÄ)#)<ê3 6 000 <�m, ¿u�¦êþ��3 800 ±S. lã 7 w, 3 t = 800 �, �


©�ª��A�m��´�Ö
©�ª�A�m� 4.5 �.

2 000

1 500
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500

0
100 200 500 800 1 000

t
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( c = 12)

/m
s

1 555

1 264
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385
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ã 7 ¢��¢�(J

Fig. 7 The results of experiment No.1

1�|¢�´, 3�§ê t � 800 ��¹e, 9��§ê c ©O� 4!8!12!16!20!24,

^u�[ØÓ9��§ê, ÿÁù«�¹eÀ��£^r�¯�¦��A�m. ¢�¥, ü«�

ª©O��z«�¯�¦3�§ê c!�§ê t ��¹e, z��§�1 c×10 g. ¢�(JX

ã 8 ¤«. dã 8 ��, ÃØ�§ê c ���õ�, �Ö
©�ª�5U²w`u�
©�ª,

��
©�ª��A�m��´�Ö
©�ª�A�m� 4.5 �.

1 500

1 000

500

0
4 8 12 16 20 24

c

/m
s

274 266 288 259 236 251

1 174 1 150 1 149 1 156 1 182 1 141

( t=800)

( t=800)

ã 8 ¢��¢�(J

Fig. 8 The results of experiment No.2

nÜ±þ©Û, �Ö
©�À�ö�ÃØ3Û«¿uþe, ÃØ��õ�9��§ê, Ñ`

u�
©�ª�G1ö�. 3ÿÁ|µe, �
©�ª��A�mk 1 s ±þ��¹, ^rN�

��; �Ö
©�ª��A�mÑ3 500 ms ±S, kXéÐ�^rN�. Ï
, #����XÚ

�À��Ö, òÀ�
©¤ü�Õá¿1�Ü©, �±k�/ü$�¯�A�m, JpXÚ�5

U.
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6 o (

�ÑÖe�òDÚ�&EXÚ
©¤õ�©Ñ�ÑÖ, ±¢yù
ÑÖÕá?1mu!+

nÚS�. �©|^ù«e��ª, �O¢y
#��uÀ��ïÄ)��XÚ. l�Ö�O�

Ý5w, Äu“±Æ)�¥%”��Ong, �7#�Ö�., lÆ)Ú���À�gÌïu, ¿

©÷v
#����ÖI¦, �B
Â8!|�!�;!|^ïÄ)����Æ+nêâ±9

�Æ1�êâ, �»
��A^XÚ�m�êâ�l. lXÚe�Ú¢y��Ý5w, #���

ïÄ)��XÚÄu�ÑÖe�, |±gÄz±YÜÝ, ¢y
���^rJø�5zÑÖ!U

¯�S��ïÄ)�¦ÑÖ²�. lEâ�Ý5w, #XÚ)û
�XÚ�A�ú!£Äà�

¯ØoN�¯K, 4�/J,
^rN�, ¿Jp
XÚ�¦^�Ç.
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