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Data-driven dynamic scheduling method for
semiconductor production line
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Abstract: This paper investigates a framework of data-driven scheduling method for semiconductor production line.
Based on optimized scheduling data samples, this framework applies machine learning algorithm to obtain the dynamic
scheduling model. Using this model, we determine the approximate optimal scheduling strategy for the production line
under the current production status. On this basis, we propose a method based on feature selection and classification to
generate a dynamic scheduling model, and provide a realization by means of a hybrid algorithm of feature selection and
classification as such: production attributes are primarily selected by using a filter selection algorithm, and then the wrapped
selection and classification algorithm is employed to produce the scheduling model. On a real semiconductor production
line, the proposed framework is tested by using the dynamic scheduling models realized by 6 different algorithms. The
performance data of algorithms and the production performance using different scheduling methods are compared and ana-
lyzed. The data shows that the data-driven dynamic scheduling methods are superior to the method with simple dispatching
rule, and satisfy the real-time scheduling requirements for the production line. In the case with large size of sample data,
the application of the proposed method is even preferable.
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1 ÚÚÚóóó(Introduction)
��N)��´��Ä�XÚ,�3X�«Ø(

½Ï�(XÅì��!;:ó���\!�ÀÏC�
�),���)6Ä,�c¤¦^�/�Z0NÝüÑ
Òk�U����,ù«Ï¢�¯�u)�NÝ¯
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NÝ�ÏL3«�ª¢y: 1)H{�ý,=ÏLH{�
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U�NÝüÑ��)��NÝüÑ[2]; 2)rzÆ
S(reinforcement learning),§´�«Ã���3�Æ
S,ÏLÁ&NÝüÑ��EXÚ�¸���p5¢
y,�EXÚ�âÙJøNÝüÑ�)�XÚ5U�
"�A�øü½¨v,Ä�NÝ�¬µd�"¿éN
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�NÝ5K.êâ°Äe�Ä�NÝ®k�
Æö�
�'ïÄ,~X, Shiue�<[5]JÑ�«Äug|�N

� ²�ä�NÝ5K¢�ÀJÅ�; Tsai�<[6]J

Ñ�«¡��gÄ��N�E�m�ÄuRFID
�¢�NÝXÚ,§éÔö��?1A�ÀJ¿ïá

��ÄuSVM�Ä�NÝ�.; Olafsson�<[7]J

Ñ�«ÄuGAÚûüä�Ä�NÝüÑÀJ�{;
Li�<[8]Kæ^BP ²�ä!��£8�.Úâf+
�{ÆS��,l¼�g·ANÝ5K�ëêÆS
�.,±·AÄ�NÝI�; Qiao[9]ÚMa�< [10]©O

æ^BPSO–SVMÚK-NN�{¢y��N)���
Ä�NÝ.ù
©zJÑ
�«k���{,�ØJ
uy§�Äu���Ó�µe,�©òÒ��NÄ�
NÝµeÐmïÄ,3dµeeïÄõ«NÝ�{�
8¤,^r��âI¦\±ÀJ.

2 êêêâââ°°°ÄÄÄeee���������NNN)))������ÄÄÄ���NNNÝÝÝµµµ

eee(A framework of data-driven dynamic
scheduling system for semiconductor pro-
duction line)
��N)��NÝ¯K�£ã�{P, D, F},Ù

¥: P�)��5U�I�8Ü, F���N)��)

�á5(A�)�8, D�3)�G�Fe÷vPCq

�`�NÝüÑ8Ü(½NÝëê|Ü).du��N
)��E,,)�á5�õ,3NÝûü�,�
Jp
NÝ�Ç,�I�	'��)�á5(A�),=±)�
á5(A�)�8F�é�,ÏLA�ÀJ,lF¥ÀÑ

Ü·�)�á5(A�)f8SF ;,�A^êâ�÷�
{,¢ydSF�D�¯�N�,=?¿�½�|)�
á5(A�)f8,òé�÷vXÚ5U�ICq�`
�NÝüÑ.

�âdg�,¤�O�êâ°Äe���N)�
�Ä�NÝXÚ�µeXã1¤«.

ã 1 êâ°Äe���N)��Ä�NÝXÚµe
Fig. 1 A framework of data-driven dynamic scheduling

system for semiconductor production line

��µe©�üÜ©: l�ÔöÜ©Ú3�$1
Ü©,Ù¥,l�ÔöÜ©�))¤��êâ��ý
�.!��êâ¥ÚÅìÆS�¬,^±)¤3�N
Ýì¤¦^�NÝ�.;3�$1Ü©K�))��

¢�G�êâ�æ8Ú3�NÝì. �Ü©�äN�
õU©O�:

��N)���ý�.: §´��¡�é���
�N)���ý�.,��âMES¥�êâÄ�)
¤,(�
�.¥é�9ÙG��¢S)��ÓÚ.
$1�ý�.��NÝ±Ï(X4 h½8 h))¤�©�
êâ��{F, D′, P ′},Ù¥: F�)��G�êâ, D′

�)��æ^�ÿÀNÝüÑ|Ü, P ′�æ^NÝü

Ñ|ÜD′�)���.$1��NÝ±Ï¼���

�5U�I,X:��|^Ç!Ñ¡Ç!£ÄÚê
MOV, Turn�. �âNÝ8I,çÀÑd8Ie��Z
êâ��,l/¤ÆS��{F, D}.

ÅìÆS:Ä�NÝ�{áu©a�{,�âêâ
��,ÏLÅìÆS)¤NÝ©a�.(=NÝ�.),
ø)��NÝì¦^. 8ckéõÅìÆS�{�ø
¦^,X<ó ²�ä(ANN)!K–NNC��{!|±
�þÅ(SVM)!4�ÆSÅ(ELM)�{�.

3�NÝì: 3�NÝì�¹
��NÝ�.¥,
NÝ�.dÅìÆS¼�. 3�NÝì�âNÝ8
I(X:Ñ¡Ç�`!��|^Ç�`½nÜ�I�
`)ÀJ�A�NÝ�.,���c)��G�eC
q�`�NÝüÑ|Ü.

3 ÄÄÄuuuAAA���ÀÀÀJJJÚÚÚ©©©aaa���{{{���������NNN)))���

���ÄÄÄ���NNNÝÝÝ���...)))¤¤¤ (Generation of sche-
duling model for semiconductor production
line based on feature selection and classifica-
tion methods)
����N)��G�dÃõA�êâ(G�ê

â)L«,�
~�Ø�Z�A�êâ�Z6¿Jp¢
SA^�ÆS�Ç,I�?1A�ÀJ.A�ÀJ�
±æ^`z�{,X¢D�{(GA)!�?�âf+�
{(BPSO)!�[ò»�{(SA)�. A�ÀJ�{�â
Ù��Y©aÆS�{(Ü��ª,�©¤3a: i\
ª(Embedded)!LÈª(Filter)ÚµCª(Wrapper). Ù
¥,i\ªA�ÀJ�{òA�ÀJ�{i\�©a
�{¥;LÈªA�ÀJ�{ÕáuäN�©aÆS
�{,ÙµdIO��dêâ8¦�;µCªA�À
J�{ò©a�.�©a°Ý��A�ÀJµ�I

O.�d,�©JÑ
ÄuA�ÀJÚ©a�{��
�N)��Ä�NÝ�.)¤µe,Xã2¤«.

Ä�NÝ�.)¤©�üÜ©: )�A�ÀJÚ
NÝüÑ©a. Ù¥)�A�ÀJ�¹
LÈªA�
ÀJ�{(X:¢D�{+&E�!�âf+�{+p&
E�)!µCªA�ÀJ�{(X:¢D�{+4�ÆS
Å!�âf+�{+|±�þÅ�)Ú·ÜªA�ÀJ
�{(=ü«�{�(Ü),�ªÑÑ)�A�f8,X
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æ^µCªA�ÀJ�{,�¬ÑÑ©a�{¥��

�{ëê;NÝüÑ©a�{�À^�«©aÆS
�{,eÀ^µCªA�ÀJ�{�,KA�A�À
J�{¥�©a�{��,^r�±gd|Ü¦^.

Ñ\ÿÁ��uÿ¤���NÝ(©a)�.°ÝUÄ
÷vI¦,eØ÷v,KI�#N��{ëê½N
�Ôö��#?1ÆS;X÷vI¦,KÑÑNÝ
�.,A^u)��3�NÝì¥.

ã 2 ÄuA�ÀJÚ©a�{���N)��Ä�NÝ�.)¤

Fig. 2 Generation of a scheduling model for semiconductor production line based on feature selection and classification methods

4 ÄÄÄuuuGA–SAGA–ELM���ÄÄÄ���NNNÝÝÝ���...���
¢¢¢yyy(Implementation of a dynamic schedul-
ing model based on GA–SAGA–ELM)
du��N)��E,,A�£ãõ,ùp,(

ÜLÈªA�ÀJÚµCªA�ÀJÚ©a�{¢

yÄ�NÝ�.,=kæ^LÈªA�ÀJÐÚG
Ø�Ü©Ã'½P{A�,�3�Ü©k�A�,
2òçÀ��A�f8��Ñ\ëêD4�µCª

A�ÀJ�{,?�ÚÀJA�f8. ÏLù«�
{Q�±ÀJ�`�f8,q\¯
$��Ý,·
^u��N)��ùaE,��EXÚ.duæ^
¢D�{(GA)��A�ÀJ�{,�±l�þÿÀ
A�¥|¢¤k�U��`A�f8[11–12];�
;
�¼�ÛÜ�`),ò¢D�{��[ò»�
{(SA)�(Ü,±Jp¢D�{ÛÜ|¢Uå,
ELMqäkÔö�Ý¯!�z5Ð�`:,Ïd,
�©À^GA–SAGA–ELM·ÜªA�ÀJÚ©a
�{5ïáÄ�NÝ�.,ÙµeXã3¤«.

TµeÄu��N)���ý�.,ÏLH{
�ýØÓ�NÝüÑ,æ8��N)��êâ,l
ïáNÝ�.ÆS¤I����,ò��©�Ô
ö��8TE1ÚÿÁ��8TE2. Ù¥,Ôö��^
uNÝ�.�Ôö,ÿÁ��^uÿÁÔö¤��
�NÝ�.�©a°Ý.�NÝ�.�©a°Ý÷
v�¦�,K(½¤¼��NÝ�.´�ª�NÝ
�.. äN��{Xe:
Ñ\: Ä�NÝ�.���TE(�))�á58

ÚNÝüÑ), GA�{�ëê—–«+5�sizepop!
��VÇPc!CÉVÇPmÚ��?z�ê

MaxGen; SAGA� { � ë ê—–« + 5 � �
sizepop′!��VÇP ′

c!CÉVÇ�P ′
m!��?z

�ê�MaxGen′!ò»Ð©§Ý�T0!§Ýe%X

ê�k; ELM�{ëê—–Û¹� ²��êN!Û

¹� ²��-¹¼êg(x).
�{�ÑÑ�:)�á5(A�)ÐÀf8SF ∗!

�`)�á5(A�)f8SF!ELM©a�.ÑÑ
���V .
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ã 3 ÄuGA–SAGA–ELM���N)��Ä�NÝ�.)¤µe

Fig. 3 A generation framework of scheduling model for semiconductor production line based on GA–SAGA–ELM

GA–SAGA–ELM�{6§Xe:

1) é)�á5(A�)8?1�?�?è(=
/10L«T)�á5�À¥,�.Ôö�ò\±�
Ä,/00K��),Ð©zGA«+;

2) é«+¥��N(=/ÚN)?1)è,�â
)�á5(A�)f8��ÐÚ�{���;

3) ÏLO�p&Eµd)�á5(A�)f8�
`�,������?z�MaxGen,ÑÑ)�á

5(A�)ÐÀf8SF ∗,�1Ú½4);ÄK²LÀ
J!��!CÉ/¤#«+,�£Ú½2);

4) òÚ½3)¼��)�á5(A�)ÐÀf8
SF ∗¥�)�á5?1�?�?è,Ð©zSAGA
�{,�)«+5��sizepop′,��VÇP ′

c,CÉ
VÇ�P ′

m�;

5) é«+¥��N(=/ÚN)?1)è,¼�
�`)�á5(A�)f8�ÿÀ),?�Ú�{�
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�TE�ê,,�ò��©�Ôö��TE1ÚÿÁ

��TE2;

6) Ð©zELM�{,�)Û¹� ²��êN ,
Û¹� ²��-¹¼êg(x)�Å��Ñ\��Û
¹�m�ë���ωÚÛ¹� ²�� �θ;

7) òÔö��TE1¥��`)�á5(A�)f
8��Ñ\�Cþ,NÝüÑ��ÑÑ�Cþ. O
�ÑÑ���V ,/¤ELM©a�.. ÿÁ��
TE2µ�z^/ÚN/¤©a�.�©a°Ý,O
�/ÚN�·AÝ�;

8) XJ����S��êMaxGen′,ÑÑ�`
)�á5(A�)f8SF ,ÄK^�[ò»{�G�
=£ö��)#«+,²LÀJ!��!CÉ,�£
Ú½5),��÷vª�^���.

5 êêêâââééé'''©©©ÛÛÛ(Data analysis)
5.1 ¢¢¢���¯̄̄KKK888���ÀÀÀ���(Selection of problem sets)

¢�é�´þ°,7¡�Eúi��^5, 6s
7¡·Ü)��,�k800õ���!²þWIPê�
8�¡±þ. �©l)��á5Ú\ó«á5��
ÝÀÑ67�)�á5?1©ÛïÄ[13],:é�z
*Ñ«Ú1�«NÝüÑ|Ü?1�	,ùp,é
�«�ÿÀ�NÝ5K8�½Xe:

1) �z*Ñ«: GR(è�²�NÝ5K)!LB
(K1þïNÝ5K);

2) 1�«: GR(è�²�NÝ5K)!�áóS
�m`kNÝ(SPT)!��tµ�m`kNÝ(LS).

NÝ8I:

Ó�nÜ�Ä±e4�5U�I:7¡o£Äþ
(MOV All)!Ñ¡Ç(TP)!7¡²þ£Äþ(Turn)!
��oN|^Ç(OEE).

Ä�NÝ�{�)�©¥¤�O�GA–SAGA
–ELMÄ�NÝ�{Ú�K|®uL�ü«�{,
�):

1) ÄuA��8�Ä�NÝ�{: ELM,
KNN[9], SVM[10];

2) ÄuA�f8�Ä�NÝ�{: GA–SAGA–
ELM, GA–KNN[9], BPSO–SVM[10].

5.2 ¢¢¢���ëëëêêê������ (Setting of experiments para-
meters)

1) ELMÚGA–SAGA–ELM�{ëê��.

GAÚSAGA�«+5��50�,��VÇ�
0.8,CÉVÇ�0.05,��?z�ê�50�; SA�
e%Xê�0.912,Ð©§Ý�100; ELMÛ¹� 
²��ê�20�,-¹¼ê�Sigmoidal¼ê.

2) KNNÚGA–KNN�{ëê��.
GA�«+5��50�,��VÇ�0.8,CÉV

Ç�0.05,��?z�ê�60�; KNN¥ëêK =7.
3) SVMÚBPSO–SVM�{ëê��.
âf+�{(BPSO)�Ð©«+�50�,Ð©z

âf�Ý��[−10, 10],�ωa = 0.8, ωf = 0.2,
��?z�ê�15g;|±�þÅ(SVM)Ôöë
êC, γ4��Cmax = 500, Cmin = 0, γmax = 1,

γmin = 0.

5.3 êêêâââ(((JJJ©©©ÛÛÛ(Results analysis)
1) )��5U�I.
^6«Ä�NÝ�{Ú6«éuª|Ü�{

�12«�{é)��þWIPê�u83000¡�20^
êâ��()�G�)?1�ýÿÁ,æ8NÝ±Ï
S�5U�I,L1´20^��ê3ù«�{�^
e,)��5U�I²þ�'�.

L 1 6«Ä�NÝ�{�6«éuª|ÜNÝ
�{3)��5U�I²þ�'�

Table 1 Comparison of average performance
indexes under 6 dynamic scheduling
methods and 6 combined heuristic
scheduling methods

NÝ MOV All/ Turn/
�{ Ú (Ú·¡−1)

TP/% OEE

ELM 96218.50 1.106 0.99 0.3262
GA–SAGA–ELM 96368.55 1.106 0.98 0.3265

KNN 96235.25 1.106 0.99 0.3263
GA–KNN 96336.55 1.107 0.99 0.3263

SVM 96234.85 1.106 0.98 0.3265
BPSO–SVM 96170.75 1.106 0.99 0.3264

GR GR 92028.60 1.059 0.93 0.3161
GR SPT 93117.55 1.070 0.92 0.3213
GR LS 94368.55 1.085 0.94 0.3222
LB GR 96136.90 1.105 0.95 0.3265
LB SPT 95088.20 1.093 0.95 0.3254
LB LS 96336.55 1.107 0.99 0.3263

�Z5U�I� 97411.80 1.163 1.00 0.3336
��5U�I� 91930.30 1.036 0.86 0.3179

dL1�±wÑ,�'uéuªNÝ�{, 6«Ä
�NÝ�{U3�½�4«5U�IþÑ¼��`
�(J,�`³��²w. Ù¥3MOV AllÚOEE
�¡, GA–SAGA–ELM�{�`,3Turn�¡,
GA–KNN�{�`, TP�¡,KBPSO–SVM�{5
U�`. l�±wÑ6«Ä�NÝ�{þU�Ð
/��)��NÝ,ÄuA�f8�NÝ�{q
`�uÄuA��8�NÝ�{.

,��¡lÔö�.�m!ýÿ�m��¡5
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�	ù6«�{. L2´é10|Ôö���75^�
6«NÝ�{ÆS5UÚO,L3´é10|Ôö��

�350^�6«NÝ�{ÆS5UÚO.ØJwÑ,
6«�{þU÷v)��NÝ�¢�5�¦.

L 2 6«Ä�NÝ�{ÆS5UÚO(Ôö���75^)
Table 2 Learning performance statistics of 6 dynamic scheduling methods(training sample size=75)

)�á5 ²þý ²þýÿ° ²þÔö ²þýÿ
�{

f85� ÿ°Ý Ý'�/% �.�m/s �m/ ms

ELM 67 0.49 — 0.16 4
GA–SAGA–ELM 6 0.45 –8.16 186 2.25

KNN 67 0.44 — 0.09 4
GA–KNN 10 0.45 2.27 1.75 4

SVM 67 0.44 — 0.09 4
BPSO–SVM 25 0.46 4.55 877 2

L 3 6«Ä�NÝ�{ÆS5UÚO(Ôö���350^)
Table 3 Learning performance statistics of 6 dynamic scheduling methods (training sample size=350)

)�á5 ²þý ²þýÿ° ²þÔö ²þýÿ
�{

f85� ÿ°Ý Ý'�/% �.�m/s �m/ ms

ELM 67 0.59 — 0.65 4
GA–SAGA–ELM 5 0.64 8.47 2505 4

KNN 67 0.45 — 0.68 4
GA–KNN 8 0.56 24.44 368 4

SVM 67 0.50 — 0.623 58
BPSO–SVM 32 0.57 14 1965 45

)�á5(A�)²LA�ÀJ�,A�êþþ�
ÌÝ~�,Ù¥, GA–SAGA–ELMA�êþ~��
�²w,�,BPSO–SVM�{éA�êþ�~�§
ÝØ9Ù¦ü«�{,�®²3é�§Ýþü$

���P{§Ý.

lÔö��êþþw,������«�{�
ýÿ°Ýþ$u���õ����ýÿ°Ý,�Ñ
¤�ÆS�m��ü$. 3�����,A�À
J�`³¿Ø²w,ÄuA��8�NÝ�{�Ä
uf8�NÝ�{���ýÿ°Ý�C.~X,
KNNNÝ�{�ýÿ°Ý´0.44,²LA�ÀJ
�GA–KNNNÝ�.�ýÿ°Ý�0.45;ELMN
Ý�{�ýÿ°Ý´0.49,²LA�ÀJ�GA-
SAGA–KNNNÝ�.�ýÿ°Ý�0.45,�k¤e
ü. ���õ�,æ^ELM, KNNÚSVM 3«©a
�{,ÄuA�f8��{'ÄuA��8��{
3ýÿ°Ýþ©OJp
8.47%, 24.44%Ú14%.

l�.ÆS��mþw, GA–KNN�{`u
BPSO–SVM�{,=æ^LÈªA�ÀJ�©a�
{(GA–KNN)�Ä�NÝ�.ÆS�m�á,�Ù
ýÿ°Ý�$;æ^µCªA�ÀJ�©a�{

(BPSO–SVM)Ä�NÝ�.ýÿ°Ý�Ð,�Ù�
.ÆS��;�ö�(Ü�GA–SAGA–KNN�ý
ÿ°Ý�Ð,��.ÆS�¹ü��ã,ÆS�m�
�. Ïd,ïÆ:

1) 3Ôö������¹e,ïÆ¦^ÄuA
��8�Ä�NÝ�{;

2) 3Ôö���õ��¹e,ïÆæ^¦^Ä
uA�f8��{,·Üª�A�ÀJ�©a�{
`uµCªA�ÀJ�©a�{,µCªK`u
LÈªA�ÀJ�©a�{.

6 (((ØØØ(Conclusions)
�©ïÄ
�«êâ°Äe���N)��Ä

�NÝµe,�8¤�«ÄuÅìÆS�Ä�NÝ
�{,±d�Ä:,�O
�«ÄuA�ÀJÚ©
a�{�NÝ�.)¤�{,�Ñ
äN�{¢y
Ú�{8¤6§,¢y
Ä�NÝ�ü8IÚõ8
INÝ�Ú�9õ«Ä�NÝ�{�Ú�,Jp

�{�·^5Ú*Ð5.

�©¤JÑ�µe(Ü�K|JÑ�6«NÝ
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