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Abstract

A Watson-Crick Petri net is a model that enhances a Petri net with the Watson-Crick complementarity feature adapted from

DNA molecules. The transitions of a Watson-Crick Petri net are labelled with pairs of symbols, and a firing sequence of

transitions of the Watson-Crick Petri net is considered as successful if and only if it produces complete double-stranded

sequences of symbols. In this research, the closure properties of Watson-Crick Petri net are determined under several

operations such as concatenation, union, intersection and concurrent composition. Some new definitions of the closure

properties are defined. Also, the generative power of Watson-Crick Petri net languages under the closure properties are

discussed by some examples and theorems. It is shown that the family of Watson-Crick Petri net languages is closed under

concatenation, union, intersection and concurrent composition.

Keywords

Author Keywords: Closure properties; Petri net; Language; Watson-Crick

KeyWords Plus: CONTROLLED GRAMMARS; AUTOMATA

Author Information

Reprint Address: Jan, NM (reprint author)

Univ Teknol Malaysia, Dept Math Sci, Fac Sci, Utm Johor Bahru 81310, Malaysia.

Addresses:

[ 1 ] Univ Teknol Malaysia, Dept Math Sci, Fac Sci, Utm Johor Bahru 81310, Malaysia

[ 2 ] Int Islamic Univ Malaysia, Kulliyah Informat & Commun Technol, Dept Comp Sci, Kuala Lumpur 53100, Malaysia

E-mail Addresses: nurhidayamj@gmail.com; fwh@utm.my; nhs@utm.my; sherzod@iium.edu.my

Funding

Funding Agency Grant Number

UTM   

Ministry of Higher Education (MOHE)  13H18 

Research Management Centre (RMC), Universiti Teknologi Malaysia (UTM)  13H18 

MOHE through IIUM Research Initiative Grant Scheme  RIGS16-368-0532 

International Islamic University Malaysia (IIUM) through IIUM Research Initiative Grant Scheme  RIGS16-368-0532 

View funding text    

Citation Network

In Web of Science Core Collection

0
Times Cited

Create Citation Alert

14 

Cited References

View Related Records

Use in Web of Science

Web of Science Usage Count

1 1 

Last 180 Days Since 2013

This record is from:

Web of Science Core Collection

- Conference Proceedings Citation Index-

Science 

Suggest a correction

If you would like to improve the quality of

the data in this record, please suggest a

correction.

Web of Science InCites Journal Citation Reports Essential Science Indicators EndNote Publons Kopernio Sign In  Help  English 

Tools  Searches and alerts  Search History Marked List

  Add to Marked ListFull Text from Publisher Save to EndNote online 

 1  of  1 

Learn more

Search Search Results

http://apps.webofknowledge.com.ezproxy.um.edu.my/home.do?SID=F4Fi4L3zCJqGgHLk77I
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&author_name=Jan,%20NM&dais_id=4251843&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000443958400128-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&author_name=Heng,%20FW&dais_id=1992860&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000443958400128-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&author_name=Sarmin,%20NH&dais_id=185339&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000443958400128-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&author_name=Turaev,%20S&dais_id=781075&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000443958400128-2')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&field=ED&value=Mohamad,%20D
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&field=ED&value=Akbarally,%20AB
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&field=ED&value=Maidinsah,%20H
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&field=ED&value=Jaffar,%20MM
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&field=ED&value=Mohamed,%20M
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&field=ED&value=Sharif,%20SR
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&field=ED&value=Rahman,%20WEZWA
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&field=TS&value=Closure+properties&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&field=TS&value=Petri+net&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&field=TS&value=Language&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&field=TS&value=Watson-Crick&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&field=TS&value=CONTROLLED+GRAMMARS&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&field=TS&value=AUTOMATA&uncondQuotes=true
javascript:hide_show('reprint_pref_org_exp_link_1', 'inline');hide_show('show_reprint_pref_org_exp_link_1', 'none');hide_show('hide_reprint_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_1', 'inline');hide_show('show_research_pref_org_exp_link_1', 'none');hide_show('hide_research_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_2', 'inline');hide_show('show_research_pref_org_exp_link_2', 'none');hide_show('hide_research_pref_org_exp_link_2', 'inline')
mailto:nurhidayamj@gmail.com
mailto:fwh@utm.my
mailto:nhs@utm.my
mailto:sherzod@iium.edu.my
javascript:hide_show('show_fund_blurb', 'inline');hide_show('show_fund_blurb_link', 'none');hide_show('hide_fund_blurb_link', 'inline')
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=PCTAdd&product=WOS&SID=F4Fi4L3zCJqGgHLk77I&component=pct&forwardTo=None&qid=3&doc=1&colName=WOS&num_cited=0');
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d3%26log_event%3dyes%26product%3dWOS%26SID%3dF4Fi4L3zCJqGgHLk77I%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000443958400128&search_mode=CitedRefList&SID=F4Fi4L3zCJqGgHLk77I&parentProduct=WOS&parentQid=3&parentDoc=1&recid=WOS:000443958400128&PREC_REFCOUNT=14&fromRightPanel=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d3%26log_event%3dyes%26product%3dWOS%26SID%3dF4Fi4L3zCJqGgHLk77I%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000443958400128&parentProduct=WOS&parentQid=3&search_mode=RelatedRecords&SID=F4Fi4L3zCJqGgHLk77I&parentDoc=1
javascript:;
javascript:;
javascript: void('InCites')
javascript: void('JCR')
javascript: void('ESI')
javascript: void('EndNote')
javascript: void('PUBLONS')
https://kopernio.com/?utm_source=WOS_home&utm_medium=web&utm_campaign=kopernio_wos_product&ref=wos
javascript:void(0);
javascript:void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)
http://apps.webofknowledge.com.ezproxy.um.edu.my/WOS_CombineSearches_input.do?product=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CombineSearches
http://apps.webofknowledge.com.ezproxy.um.edu.my/ViewMarkedList.do?action=Search&product=WOS&SID=F4Fi4L3zCJqGgHLk77I&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript:;
javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com.ezproxy.um.edu.my/WOS_GeneralSearch_input.do?product=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=GeneralSearch
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&search_mode=GeneralSearch&qid=3&SID=F4Fi4L3zCJqGgHLk77I&page=


2/14/2019 Web of Science [v.5.32] - Web of Science Core Collection Full Record

http://apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=3&SID=F4Fi4L3zCJqGgHLk7… 2/3

(from Web of Science Core Collection)

Publisher

AMER INST PHYSICS, 2 HUNTINGTON QUADRANGLE, STE 1NO1, MELVILLE, NY 11747-4501 USA

Categories / Classification

Research Areas: Mathematics; Physics

Web of Science Categories: Mathematics; Physics, Applied

See more data fields

  1  of  1 

Cited References: 14

Showing 14 of 14 View All in Cited References page

Title: [not available]

By: Cassandras, C. G.; Lafortune, S.

Introduction to Discrete Event Systems  Published: 2008

Publisher: Springer Science & Business Media, New York, NY, USA

Times Cited: 726  

Title: [not available]

By: Czeizler, E.

Bull. European Assoc. Theor. Comput. Sci.  Volume: 356   Pages: 190-199   Published: 2006

E. Czeizler

Times Cited: 2  

On the descriptional complexity of Watson-Crick automata

By: Czeizler, Elena; Czeizler, Eugen; Kari, Lila; et al.

THEORETICAL COMPUTER SCIENCE  Volume: 410   Issue: 35   Pages: 3250-3260   Published: AUG 28 2009

Times Cited: 11  

Petri Net Controlled Grammars: the Case of Special Petri Nets

By: Dassow, Juergen; Turaev, Sherzod

JOURNAL OF UNIVERSAL COMPUTER SCIENCE  Volume: 15   Issue: 14   Pages: 2808-2835   Published: 2009

Times Cited: 5  

Petri Net Controlled Grammars: the Power of Labeling and Final Markings

By: Dassow, Juergen; Turaev, Sherzod

ROMANIAN JOURNAL OF INFORMATION SCIENCE AND TECHNOLOGY  Volume: 12   Issue: 2   Pages: 191-207   Published: 2009

Times Cited: 9  

Petri Net Controlled Finite Automata

By: Farwer, Berndt; Jantzen, Matthias; Kudlek, Manfred; et al.

FUNDAMENTA INFORMATICAE  Volume: 85   Issue: 1-4   Pages: 111-121   Published: 2008

Times Cited: 3  

Concurrent turing machines

By: Farwer, Berndt; Kudlek, Manfred; Roelke, Heiko

FUNDAMENTA INFORMATICAE  Volume: 79   Issue: 3-4   Pages: 303-317   Published: 2007

Times Cited: 5  

Petri net languages

By: Hack, M.

Technical Report  Published: 1975

Publisher: Massachusetts Institute of Technology

Times Cited: 3  

Title: [not available]

By: Linz, P.

An Introduction to Formal Languages and Automata  Published: 2001

[C]

Publisher: Jones and Bartlett Publishers, Inc.

Times Cited: 44  

Title: [not available]

By: Peterson, J. L.

Jour. Comput. System Sci.  Volume: 9   Pages: 223-252   Published: 1977

Times Cited: 5  

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=3&parentDoc=1&qid=4&SID=F4Fi4L3zCJqGgHLk77I&colName=WOS&page=1
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitingArticles&parentProduct=WOS&parentQid=4&parentDoc=1&REFID=287589496&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitingArticles&parentProduct=WOS&parentQid=4&parentDoc=2&REFID=538413807&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitedFullRecord&isickref=WOS:000268763600007
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitingArticles&parentProduct=WOS&parentQid=4&parentDoc=3&REFID=268066914&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitedFullRecord&isickref=WOS:000273177900004
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitingArticles&parentProduct=WOS&parentQid=4&parentDoc=4&REFID=287073482&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitedFullRecord&isickref=WOS:000277059200006
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitingArticles&parentProduct=WOS&parentQid=4&parentDoc=5&REFID=293700600&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitedFullRecord&isickref=WOS:000259929900009
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitingArticles&parentProduct=WOS&parentQid=4&parentDoc=6&REFID=92482375&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitedFullRecord&isickref=WOS:000250413700005
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitingArticles&parentProduct=WOS&parentQid=4&parentDoc=7&REFID=80798878&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitingArticles&parentProduct=WOS&parentQid=4&parentDoc=8&REFID=476353417&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitingArticles&parentProduct=WOS&parentQid=4&parentDoc=9&REFID=290115317&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F4Fi4L3zCJqGgHLk77I&search_mode=CitingArticles&parentProduct=WOS&parentQid=4&parentDoc=10&REFID=502173443&excludeEventConfig=ExcludeIfFromNonInterProduct

