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Abstract: Differential equations are playing more and more important role in modern

science and technologies, engineering. On solving and integrability analysis of differential

equations, our research group developed a dozen different off-line related software based on

Maple. On the basis of these Maple packages, Maple and some open-source technologies,

an online automated computing platform for equations called Emathema was proposed

and implemented. Emathema can provide convenient and efficient online computing and

graphing services for users. On this platform, users can not only solve nonlinear algebraic

and differential equations using external Maple packages, but also execute almost all

simple symbolic computations related to equations in the interactive mode. For each input,

Emathema outputs the computing result visually.

Key words: symbolic computation; online computing platform; Maple package;

differential equation

ÂvFÏ: 2016-09-28

Ä7�8: I[g,�ÆÄ7 (11435005)

1��ö: 
 W, I, a¬ïÄ), ïÄ���O�ÅÎÒO�9ÙA^.

E-mail: yangle20081982@163.com.

Ï&�ö: 7Õ±, å, �Ç, ïÄ���ÎÒO�!êÆÅ�z. E-mail: ypliu@cs.ecnu.edu.cn.



1 3 Ï 
 W, �: Emathema: 3���§gÄ¦)²� 21

0 Ú ó

¯¤±�, 3�ÆïÄÚó§Eâ+�, 'X: êÆ!Ôn!)ÔÆ!)�Æ!7K

Æ!í�Æ!Ê�ÊU!�¬Æ±9Ù¦+�, Ø�ïÄ<
�ó§Eâ<
3ó�¥I

��¦)A½a.��§, cÙ´êÆÔn�§. �XO�ÅEâ9O�Å�êXÚ�Øä

uÐ, <��O�Uå��J,
, �©�§�A^+��Ïd��
4��ÿÐ. 8c, �

©�§®¤�y�êÆ¥A^+��2, ïÄ��¹��êÆ©|��. éõÆö/ÏO�

Å�êXÚ (CASs)���êí�Úy²�­�óä, #�ïÄ¤JØäZy. AO/, �


�E��5�©�§)Û)����ê�{�U�), X: ·Ü�ê{!V­��{9ÙC

/Úí2!ý�¼ê{9ÙC/Úí2��. ·�ìèÄu MapleA�¢y
þã¤k�

�{, Ù¥�A^^��gÄí�Ñ��5�©�§A½a.�)Û). �,kÜ©Ó1¢

�¿¦^ù
A^^�, ��éuéù
^�kI¦�^r+N
ó, ù
^���|^Ç

é$.

pé��p�uÐ¦�3�êÆO�Ú3����5�61. Cc5, mu3��

O�^�®²¤�
ú@�ïÄ9:. Ø��ïÅ�½úi®ïuÑ¦��3�O�

^�½��^�, Ù¥, 3��ÆO�^��)± IAMC[1], WebMathematica[2], IPython[3],

Distributed Mathematica[4]��L�©ÙªÎÒO�XÚ, ±Grid-Elimino[5]��L���O

�^�, ± AsirPad[6]��L�¡�£Ä���3�O�XÚ±9�£.O�Ú� Wolfram

Alpha[7], 
3��êÆ��^��) ActiveMath[8], Maple T.A.[9], DMAS[10]��. ��K|

¤
QÄu Maximaïu
3���ÀzO�XÚ iMathema[11]. 8c, ·�éTXÚ�3

ØäÿÐÚ�õ¥.

�X<��ÆO�Uå�ØäJ,, �©�§�A^����5�2�, 8c, lg

,�Æ��¬�ÆA�¤k�Æ�+�Ñ�5�9©uæ^�©�§�{¦)¯K. IS

þ®�)
A�;���©�§�Õ[12-13], IS!IS���¥%�ïá
;���©�

§ïÄ¥%[14-15]. �©�
ÑÖ�1����ïÚó§Eâ<
, 3·�cÏó��Ä:

þ, Äu Command-line Maple Ú�
 Maple A^^��ïu
��3���§gÄ¦)²

� Emathema. 3T²�¥, ^rØ
�¦^®i\� MapleA^^�¦)��5�©XÚ,

��3�p�ªe?1��§k'�A�¤k�{üO�Ú±ã. ,	, ��$1 Maple¥

�Ä�·-. ÚIS	®k�3�O�^��', TO�²��ä;�5, ´8cÕäAÚ

��§gÄ¦)²�. ,	, T²��¦^.¡lÐ, ^r�IÏL Web èAì=��¯Ú

¦^T²�¦)¯K, ØI�3�ràSC?ÛÎÒO�XÚ. Ød�	, T²��|±ò

3��ü�L§Ú§S$1(J�Ñ� Maple� Worksheet©�¥, ø^re1�Y¦^.

·����8I´ïu��3��õU
��ÎÒO�XÚ.

1 Emathema ��n�Eâ´�

1.1 Emathema ��n

Emathema ´��3�� B/SO�²�, Ù�n�ã 1 ¤«.

Xã 1, Emathema ?1�ÆO��L§�V)Xe: Emathema O�²��ÑÖìàS
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ã 1 Emathema ?1�ÆO���n

Fig. 1 How scientific computations are executed in Emathema
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�, X: Maple!Mathematica!Maxima�; 1�, äk`��3��ÀzA5, =¤kO�(

Jþ±�Àz/ªÑÑ; 1n, äkûÐ�ªö�XÚ²�!ª��!ªèAìA5. 8c,

^r�ÏLA�¤k�Ì6èAì, X Chrome, Firefox, IE, Safari, Opera �5�¯Ú¦^T

²�; 1o, 3�XÚ, ����/¦^.

1.2 Eâ´�

ïu���pª�3�O�^�, ÄkI�ÄÙÑ\·-ÚÑÑO�(J��ª.

ÏL���þ©z·���: 3��O�^�¥ÊHæ^XeA«Ñ\�ª: � ±�

5iÎG��ª?1Ñ\, Ñ\¯$. �Ü©Ì6�ÎÒO�^�, X: Command-line

Maple!Mathematica Kernal!Maxima �.��Ñ\æ^
d�ª; � ±�pª�ª?

1 WYSIWYG (¤�=¤�)�ª�Ñ\, ��æ^ XML Ú�ªL?1úª	*���. ó

�L�ªe� Maple Worksheet!Mathematica Notebook!WxMaxima (Maxima �ã/z.

¡) þ¦^
�g��ªL?1úª	*���, �nö��ªLkéõ[!þ��É, ?

1O��¬òT��úª=��iÎG�2?1?n; � Ù¦Ñ\�ª, �)�ÑÑ\��

Ñ£O�(Ü��ªÚÃ�Ñ\�Ã�£O�(Ü��ª�. ÏL�ÑÑ\�'��B, �

duêÆúªvk5��Ö{, ��óéJ;�, 4´ÚåÜÂ, ��A��Ñ£OÚ�Ï

?nJÝé�; Ã�Ñ\�,B|, ��Ñ\���êÆL�ªJE£½(��E,�, Ã

�£O�O(Ý²weü. oN
ó, �ª � ��C.�ÎÒO�^��SØ, ���Bu

?1Ù¦�Ïö�, � Emathema À�
�ª �.

3��O�^�¥ÊHæ^XeA«ÑÑ�ª: � �5iÎG�/ª, DÑ�

Ý ¯, � Ø � *. � Ü © Î Ò O � ^ �, X: Command-line Maple!Mathematica Ker-

nal!Maxima �.��ÑÑæ^
d�ª; � ã¡�/ª, �*, �Ñ¤�°, DÑ�Ý

�ú. 3 MathML IO[17]�2��É�c, d�ªÓÌ�/ ; � iÎæë�/ª, Ã{

�{*/w«(JE,�úª. 61�ÎÒO�^� Command-line Maple!Mathematica

Kernal!Maxima 3·-1¥���ÑÑ (2D ASCII) æ^
d�ª, T�ªeþI!eI!

�g���{*, �È©ÎÒ!4�±9Ù¦(��E,�úª¿Ø{*; � DÑiÎ

G©�, w«��úª. æ^ù«ÑÑ�ª, QU¯�DÑ, �U�*w«��êÆL

�ª. 8ck ASCIIMathML[18]
!MathJax[19]ùü«61Eâæ^
d�ª, ¿oN¤k

Ì6èAì. Ï
, Emathema æ^
�ª �, Ó�A^
 ASCIIMathML Ú MathJax, Ù



1 3 Ï 
 W, �: Emathema: 3���§gÄ¦)²� 23

¥ ASCIIMathML ^u�Àzw«¥MiÎG, 
 MathJax^u�Àzw« LaTeX�ª�i

ÎG.

Ø
éÑ\!ÑÑ�ª?1ÀJ±	, 3®kÎÒO�^��Ä:þïu���p

ª�3�ÎÒO�^��IéÎÒO�^����?1ïÄ. ·��m©Ò­Àªö�

XÚ���Eâ. é Maple 
ó, Äu Maple.�SØ, Ì�kü«�ªU� Command-line

Maple ?1�p: � Java+OpenMaple�� Java �, d��e¬Mï�� Maple session¬{,

,� Maple engine é�=��1Ü© Maple�Ä�·-; � PHP+Command-line Maple, d

����Cu Maple.�, �±�¤ý�Ü© Maple$�. ·�é±þü«�ªþ?1
}

Á, k¦^ OpenMaple �� Java �±9 Struts 2 µe�ï
��Ï^�O�XÚ, d�uy

éu±ã, OpenMaple ���õU'�f, ùÜ©ó�k��YUYïÄ. �� � ��*Ð

5�r, T��e Maple	ÜA^^��Web���´¢y. d	, Emathema ¢y�� � �

�{Ø=|± Maple, Ó��|± Mathematica!Maxima. nÜ�Ä��, Emathema À
�

� �.

Emathema ´��=��A�¢��pªO�²�, æ^
 AJAX[20]ÉÚÏ&�ª,

AJAX #N�¡“S·/”�ÑÖìux�¦, ¿¼�O�(J, 3���¥ÑÑ, �Ñ
Ó

ÚÏ&�ª�A��£�#�¡!Ï&�mL�!ØUÛÜJ�êâ�Øv. �du�

) AJAX �E,, ·��dÚ\
���þ?� JavaScript¥ jQuery[21]. jQuery oNõ«Ì

6èAì, ��{z AJAXA^�muL§. jQuery �æ
 Emathema3ØÓ�èAì¥þ

U�~¦^.

2 Emathema �ã/^r.¡9ÙõU

8c, Emathema �.�Ì�¦^
 Command-line Maple, Äu Maple9 Maple	ÜA

^^�, Emathema Ø
U¦^®i\� MapleA^^�[22-25]¦)�ê9�©�§|	, �

UJø{ü�êO�Ú±ãÑÖ. éuz��Ü{�Ñ\, �A�O�(JþU3�/

�ÀzÑÑ. ^r�I3ë��G�e/ÏèAì, ¿�Ø�u��Úö�XÚ²�ÒU

¦^ Emathema �¤kõU. �X“{ü!´^”��K, Emathema Ø=��
��8¤.

¡ (3��·-1.¡), ��Ù¥�Ü©A^^�Jø
Õá�ã/z^r.¡ (GUI). �

u�Ì, �©±eÜ©�0�8¤.¡ (�ã 2).

ã 2 Emathema �8¤.¡

Fig. 2 The integrated user interface of Emathema
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Ü (Computing, Plotting, Error Checking, Clear, Export Input as Worksheet, Export Output
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Tab. 1 Functions of each button

UÜ¶¡ £ã

Computing �Ñ\´O�a·-½�Ïa·-�, :ÂdUÜ=����A�(J

Plotting �Ñ\´±ãa·-�, :ÂdUÜ=�ÑÑ�A�ã/

Error Checking dUÜ^5uÿ^rÑ\�·-´ÄÜ{, ¿òuÿ(JÑÑ

Clear ­�e.èü¥�À�, ¿��·-Ñ\«�¥�·-

Export Input as Worksheet �ò3�Ñ\�Ñ� Maple � Worksheet©�¥, �e1�ø^r�Y¦^

Export Output as Worksheet �ò§S$1(J�Ñ� Maple � Worksheet©�¥, �e1�ø^r�Y¦^

38¤.¡e, Emathema �õUÌ�de.èü5��, Te.èü��
 any, none Ú

�
®�i\�A^^�¶¡�õ�À�.

• �^r3e.èü¥ÀJ“none”�, ^r�±¦^ Maple S��~��ê·-Ú±ã·

-, 'X expand!solve!pdsolve!integrate!gcd!plot!plot3d�·-, ��±¦^ Maple S

��^��, X with (linalg). d�ªe�|±1þO�, =3·-Ñ\«�¥, �^r�Ñ\Ø

¹�1�, ¤Ñ\�·-ò�À���¬�é5�1. ^r��1þ/Ñ\õ�¬�é (z�¬

�éd��½õ�ü�é|¤, ¬�éS´±©Ò½kÒ��©�Î, ¬S#N�1, �Ø#N

Ñy�1), ¬�é�m±��½õ��1��©�Î. ã 3 Ð«
��1?nO��~f.

ã 3 1þO��Ñ\!ÑÑ

Fig. 3 The input and output of batch tasks

þ ã ü � L § ¥ Ñ \ � S N � Ï L“Export Input as Worksheet”U Ü � Ñ � �

� Maple � Worksheet©�¥, ø^r�Ye1¦^. þãü�L§�Ñ�Worksheet©�

Xã 4 ¤«.
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ã 4 1þO��Ñ� Worksheet©�¥�SN

Fig. 4 The content of Maple Worksheet file exported from the results

• �^rÀJe.èü¥�“any”�, XÚ¬�â^rÑ\�with �éò�A�	ÜA^

§SN\S�, d�, ^r�N^®�Ö\S��?ÛA^§S¦)¯K, X�¦^·�ïu�

A^^�¦)�©XÚ�.

e¡± RATH ^�[22]�~5`²dÀ�e	ÜA^^��^{, X^ RATH 5¦)Xe

� Ito’s 5th-mKdV �§:

∂

∂x

(

6u5(x, t)+10α
(

u2(x, t)
∂2

∂x2
u(x, t)+u(x, t)

( ∂

∂x
u(x, t)

)2)

+
∂4

∂x4
u(x, t)

)

+
∂

∂ t
u(x, t)=0.

k^ with ·-�\ RATH A^^�, ,�N^ RATH �Ì�¬ rath 5¦)T�§, ÙÑ

\ÚÑÑ(J�ã 5 ¤«.

ã 5 8¤.¡¥A^^� RATH �¦^«~

Fig. 5 An example of using RATH under the integrated user interface
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Emathema ��ò§S�$1(J�Ñ� Maple � Worksheet©�¥, ø^re1Ú�Y

¦^. ã 6 ´:Âã 5 me��“Export Output as Worksheet”UÜ�Ñ� Worksheet©�.

ã 6 ò RATH �O�(J�Ñ� Worksheet©�«~

Fig. 6 A demo of Maple Worksheet file exported from results using RATH

• e.èü¥�Ù¦À�Ñ´;��®i\�	ÜA^§S���. 3ù
À�e, ^r

�N^�A�A^^�¦)¯K, X3 RATH À�e, ^r�N^^� RATH ¦)¯K. �Ò´

`, ?Û��	ÜA^§Sþ�3ü«À�e¦^, =anyÀ�Ú�A�A^§SÀ�.

,	, T²�´m��, ù�ïu<
�Y�Øä/ XÚ¥i\Ù¦A^§S, X·

�®ò¦)��5�ê�§|��
²;^�, X Gröbner Ä�{§S�, �À²�Çïu

� Charsets �[26]9 Epsilon§S¥[27]. �½xïÄ
ïu�Wsolve �[28]�i\ Emathema ¥,

^r�ÀJe.èü¥�“any”½“none”À�5¦^§�.

X, e¡N^ Charsets �, ¦^Ù¥� csolve ·-5¦)����5�ê�§ (|). ÙÑ\

ÚÑÑ�ã 7 ¤«.

ã 7 Charsets ��¦^«~

Fig. 7 A demo of using Charsets package
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