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Foreword

The idea to create an international organization of researchers interested in Mem-
brane Computing (MC) was launched in the beginning of 2016, by prof. Gexiang
Zhang, from Chengdu, China, and the proposal was received with a real enthu-
siasm in the MC community. In particular, during the 14th Brainstorming Week
on Membrane Computing, held, as usual, in Sevilla, Spain (1-5 February 2016),
the organization of the International Membrane Computing Society, IMCS, was
carried out and the participants in the Brainstorming have joined the Society,
discussed the organization, approved by consensus the boards and the leadership.

The main goals of IMCS are two: (i) facilitating and promoting the com-
munication/cooperation inside the MC community, with a special emphasis on
the communication between the European researchers/groups and the Asian re-
searchers/groups, in particular, with those from China, so active in the last years,
and (ii) to promote MC to young researchers.

The Structure of IMCS and the Constitution of IMCS are presented below and
they contain all details concerning the planned ways to implement these goals.

Of course, the success of our Society depends very much on the extent in which
each of us will feel that this is our Society, on the level of enthusiasm each of us
will invest in this initiative.

Knowing the MC community, knowing the efficiency and devotion of our Chi-
nese friends, I am fully optimistic in this respect.

One of the tools for achieving the mentioned goals, especially the first one, is
the present Bulletin of the IMCS. It is conceived as a working material, dynamically
growing (and gradually posted on web at the address http://membranecomputing.
net/IMCSBulletin), with two issues per year also printed, in June and December,
with all texts of the respective period collected.

There is no rigid contents template – although our bulletin follows in principle
the style of the classic already Bulletin of the European Association for Theoretical
Computer Science, EATCS. Any material which any MC researcher considers of
interest for the community, helping in achieving the goals of IMCS, is very much
welcome and can be submitted at any time to the bulletin editor (myself for a
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while) or to any member of the Bulletin Committee. The bulletin is a working
support of IMCS, with the copyright remaining with the authors of each material
included.

*
The realization of this first issue of the Bulletin of IMCS owns very much (i)

to all contributors, (ii) to the webmaster, Andrei Florea, andrei91ro@gmail.com,
and to the MC research group in Politechnica University in Bucharest, led by prof.
Cătălin Buiu, where the bulletin is hosted, and (iii) to prof. Gexiang Zhang, the
President of IMCS, to his group, and to the University in Chengdu, China, where
the bulletin is printed.

*
A special thought is due to the patriarch of the Romanian Computer Science,

Professor Solomon Marcus (1925–2016), a great friend of Membrane Computing,
present in many of our meetings, who passed away in March, 2016. At the beginning
of February, he immediately and enthusiastically accepted the proposal to be a
honorary member of IMCS, so we will have him close to us in this position for
a long time – actually, also many of the problems he formulated during the MC
meetings remain with us, reminding him. The bibliography of computer science
papers by Solomon Marcus ends this bulletin and could help in continuing his
heritage.

Gheorghe Păun
June 1, 2016
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Letter from the President

Dear IMCS Members,

Greetings to you all.

Congratulate us on the foundation of our own society, International Membrane
Computing Society (IMCS), during the 14th Brainstorming Week on Membrane
Computing (BWMC 2016), which was held in Sevilla, Spain, in February, 2016. I
would like to take this opportunity to thank all the participants in BWMC 2016
for their enthusiasm, support and efficient work. A very special thanks is given to
prof. Gheorghe Păun, prof. Marian Gheorghe and prof. Mario J. Pérez-Jiménez
for their hosting the fruitful discussion on the creation of IMCS.

I am very happy to see the appearance of the first issue of the IMCS Bulletin.
A most heartfelt thanks is expressed to the Bulletin Chair, prof. Gheorghe Păun,
the committee members and the contributors for their hard and efficient work.

Here I would like to share my ideas which motivated the creation of the IMCS.

In 2014, when I recollected the important events in the history of membrane
computing for my Chinese book, I found that three of them can be regarded
as the most influential events, except for the proposal of this new research area
by prof. Gheorghe Păun in 1998. They are the launch of the three conferences:
BWMC, CMC and ACMC. The three events have greatly expanded the P system
community.

So I was thinking whether we could do more to push MC forward faster? One
day, the exciting idea of creating an international society occurred to me.

The necessity and significance are self-evident. A nonprofit academic organi-
zation can promote the development of membrane computing, the communica-
tion/cooperation inside this community, and the attraction of young researchers.
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I have discussed this idea with prof. Gheorghe Păun, prof. Marian Gheorghe and
prof. Mario J. Pérez-Jiménez. After several rounds of discussions, the operation
lines gradually became clear and finally the dream became true.

Since the IMCS was created, in February, the board members have launched
the following activities:

(1) Design organization structure: As shown in this Bulletin and in the IMCS
web site (http://121.42.188.253:8000/), the organization structure has been
perfected, which is a cell-like P system of degree 19, called IMCS Governance
P System (GPs). The skin membrane contains the regions IMCS Board and
five regions delimited by five elementary membranes: honorary president (prof.
Gheorghe Păun), honorary members, institution members, student members,
and individual regular members. The IMCS Board consists of Advisory Board
and Executive Board with four individual positions: President, Vice Presi-
dent, Treasurer, and Secretary, and six Committees: Bulletin, Website, PR,
Publication, Conferences, and Awards committees.

(2) Design logo and pin: The IMCS logo and pin, shown in the Constitution
of this Bulletin, have been discussed and agreed by the board members. Both
the logo and pin are cell-like P systems.

(3) Draft constitution: The draft of the Constitution for discussion is drawn up
and presented in this Bulletin. Any comments, suggestions, corrections and
supplements are very welcome.

(4) Register IMCS: The official registration of the IMCS is progressing gradually
in China.

(5) Perform work: The four individual executive members, president, vice pres-
ident, secretary and treasurer, have been working on pushing the IMCS for-
ward, as you can see the report from the Treasurer and frequently receive the
emails from the Secretary. The six committees have their Chairs and members.
Their works done or in progress are briefly introduced as follows:
– Bulletin committee has finished the editing and publication of the first

issue of the IMCS Bulletin, as it is.
– Website committee has established the web site, which can be accessed

through the IP address (temporary): http://121.42.188.253:8000/, with the
framework and some details.

– PR committee has carried out fruitful work.
– Publication committee has started the arrangements for the second edi-

tion of The Handbook of Membrane Computing.
– Conference committee has integrated the steering committees of two

membrane computing conferences: International Conference on Membrane
Computing (CMC), Asian Conference on Membrane Computing (ACMC),
and is considering their further integration.

– Awards committee has worked out the rules of functioning, which are
described in this Bulletin. Any comments, suggestions, corrections and sup-
plements are very welcome.
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The IMCS can benefit members at all levels.

The IMCS gives the birth to and feed this Bulletin, which regularly brings
news occurring in this community to you, as well as open problems and answers,
tutorials, surveys, and bibliographies.

The IMCS web site serves every one to access various electronic sources related
to membrane computing. The communication/cooperation among members in the
MC community becomes much easier. Student members could obtain the chances
to attend BWMC, CMC, and ACMC (co)funded by the IMCS and the organizers.

Under the auspices and with the support of IMCS, some local MC societies
might be created in some countries or regions. There are three prizes to be annually
awarded including The PhD Thesis of the Year, The Theoretical Result of the Year,
and The Application of the Year.

On behalf of the IMCS, very special thanks go to the Honorary President, hon-
orary members, board members, committee Chairs and members for their strong
support, hard work and high efficiency to advance the IMCS.

Every one who is interested in membrane computing is cordially invited to join
us.

I was deeply saddened to learn of the passing away in March of our honorary
member, Professor Solomon Marcus, a Romanian academician, the patriarch of
the Romanian Computer Science. He will be with us forever.

Gexiang Zhang
Chengu, China

June 5, 2016
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The Board of IMCS
The Executive Board:

President: Gexiang Zhang, China, zhgxdylan@126.com, gexiangzhang@gmail.com

Vice President: Alberto Leporati, Italy, alberto.leporati@unimib.it
Treasurer: Tao Wang, China, wangtao2005@163.com
Secretary: Tao Song, China, taosong@hust.edu.cn, songtao0608@hotmail.com

Bulletin Committee Chair: Gheorghe Păun, Romania, gpaun@us.es
Website Committee Chair: Xiangxiang Zeng, China, xzeng@xmu.edu.cn
PR Committee Chair: Marian Gheorghe, U.K. m.gheorghe@bradford.ac.uk
Publication Committee Chair: Linqiang Pan, China, lqpanhust@gmail.com
Conferences Committee Chair: Claudio Zandron, Italy, zandron@disco.unimib.it
Awards Committee Chair: Mario Pérez-Jiménez, Spain, marper@us.es

The Advisory Board:

Erszébet Csuhaj-Varjú, Hungary – Chair, csuhaj@inf.elte.hu
Yu (Kevin) Cao, U.S.A.
Svetlana Cojocaru, Rep. Moldova
Marian Gheorghe, U.K.
Xiyu Liu, China
Vincenzo Manca, Italy
Giancarlo Mauri, Italy
Radu Nicolescu, New Zealand
Taishin T. Nishida, Japan
Mario Pérez-Jiménez, Spain
K.G. Subramanian, India
Jun Wang, China
Xingyi Zhang, China

Honorary President:
Gheorghe Păun, Romania

Honorary Members:

Solomon Marcus , Romania
Arto Salomaa, Finland
Grzegorz Rozenberg, The Netherlands
Kamala Krithivasan, India
Oscar H. Ibarra, U.S.A.
Takashi Yokomori, Japan
Tom Head, U.S.A.
Jürgen Dassow, Germany
Lila Kari, Canada
Cristian S. Calude, New Zealand
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Bulletin Committee
Gheorghe Păun, Romania – Chair, gpaun@us.es
Henry N. Adorna, Philippines, hnadorna@dcs.upd.edu.ph, ha@dcs.upd.edu.ph

Catalin Buiu, Romania, catalin.buiu@acse.pub.ro, cbuiu27@gmail.com

Matteo Cavaliere, U., mcavali2@staffmail.ed.ac.uk
Gabriel Ciobanu, Romania, gabriel@iit.tuiasi.ro, gabriel@info.uaic.ro

Michael J. Dinneen, New Zealand, mjd@cs.auckland.ac.nz
Svetlana Cojocaru, Rep. Moldova, svetlana.cojocaru@math.md
Rudi Freund, Austria, rudi@emcc.at
Marian Gheorghe, U.K., m.gheorghe@bradford.ac.uk
Ping Guo, China, guoping@cqu.edu.cn, guoping cqu@163.com

Thomas Hinze, Germany, thomas.hinze@b-tu.de
Florentin Ipate, Romania, florentin.ipate@gmail.com
Tseren-Onolt Ishdorj, Mongolia, tseren-onolt@must.edu.mn, itseren@gmail.com

Alberto Leporati, Italy, alberto.leporati@unimib.it
Vincenzo Manca, Italy, vincenzo.manca@univr.it
Taishin T. Nishida, Japan, nishida@pu-toyama.ac.jp
Agust́ın Riscos-Núñez, Spain, ariscosn@us.es
José Maria Sempere, Spain, jsempere@dsic.upv.es
Petr Sośık, Czech Rep., petr.sosik@fpf.slu.cz
K.G. Subramanian, India, kgsmani1948@gmail.com
György Vaszil, Hungary, vaszil.gyorgy@inf.unideb.hu
Sergey Verlan, France, verlan@u-pec.fr, verlan@univ-paris12.fr

Claudio Zandron, Italy, zandron@disco.unimib.it
Xingyi Zhang, China, xyzhanghust@gmail.com
Zhiqiang Zhang, China, zhiqiangzhang@hust.edu.cn

Website Committee

Xiangxiang Zeng, Xiamen, China – Chair, xzeng@xmu.edu.cn
Cătălin Buiu, Bucharest, Romania, cbuiu27@gmail.com
Luis Valencia Cabrera, Seville, Spain, lvalencia@us.es
Hong Peng, Xihua, China, ph.xhu@hotmail.com
Xingyi Zhang, Anhui, China, xyzhanghust@gmail.com
Gaoshan Deng, Xiamen, China
Andrei Florea, Bucharest, Romania, andrei91ro@gmail.com
Luis Felipe Maćıas-Ramos, Seville, Spain, lfmaciasr@us.es
David Orellana-Mart́ın, Seville, Spain, dorelmar@gmail.com
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PR Committee

Marian Gheorghe, Bradford, U.K. – Chair, M.Gheorghe@bradford.ac.uk
Petros Kefalas, Sheffield, U.K. (International Faculty, Greece),

kefalas@city.academic.gr

Savas Konur, Bradford, U.K., S.Konur@bradford.ac.uk
Maciej Koutny, Newcastle, U.K., maciej.koutny@newcastle.ac.uk
Jianhua Xiao, Nankai, China, jhxiao@nankai.edu.cn

Publication Committee

Linqiang Pan, Wuhan, China – Chair, lqpanhust@gmail.com
Marian Gheorghe, Bradford, U.K., m.gheorghe@bradford.ac.uk
Alberto Leporati, Milan, Italy, alberto.leporati@unimib.it
Gheorghe Păun, Bucharest, Romania, gpaun@us.es
Mario Pérez-Jiménez, Seville, Spain, marper@us.es
Gexiang Zhang, Chengdu, China, zhgxdylan@126.com

The main tasks of the Publication Committee are (1) to explore the possibility
to initiate a series of MC monographs/collective volumes, (2) to establish a MC
international journal, (3) to advise the organizers of CMC, ACMC, BWMC, MC
workshops in what concerns the special issues of journals, (4) to help translating
MC books in Chinese.

The Publication Committee can become the Editorial Board of the MC series
of books, but, of course, the journal should have a much larger Editorial Board.

Conferences Committee

Claudio Zandron, Milan, Italy – Chair, zandron@disco.unimib.it
Henry Adorna, Quezon City, Philippines
Artiom Alhazov, Chişinău, Rep. of Moldova
Bogdan Aman, Iaşi, Romania
Matteo Cavaliere, Edinburgh, Scotland
Erzsébet Csuhaj-Varjú, Budapest, Hungary
Rudolf Freund, Wien, Austria
Marian Gheorghe, Bradford, U.K. – Honorary Member
Thomas Hinze, Cottbus, Germany
Florentin Ipate, Bucharest, Romania
Shankara N. Krishna, Bombay, India
Alberto Leporati, Milan, Italy
Taishin Y. Nishida, Toyama, Japan
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Linqiang Pan, Wuhan, China – responsible of ACMC
Gheorghe Păun, Bucharest, Romania – Honorary Member
Mario J. Pérez-Jiménez, Sevilla, Spain
Agust́ın Riscos-Núñez, Sevilla, Spain
Petr Sośık, Opava, Czech Republic
K.G. Subramanian, Chennai, India
György Vaszil, Debrecen, Hungary
Sergey Verlan, Paris, France
Gexiang Zhang, Chengdu, China

Awards Committee:

Mario Pérez-Jiménez, Seville, Spain – Chair, marper@us.es
Marian Gheorghe, Bradford, U.K., m.gheorghe@bradford.ac.uk
Giancarlo Mauri, Milan, Italy, mauri@disco.unimib.it
Gheorghe Păun, Bucharest, Romania, gpaun@us.es
Linqiang Pan, Wuhan, China, lqpanhust@gmail.com

Rules of functioning:

1. Prizes to be awarded annually: (1) The PhD Thesis of the Year, (2) The
Theoretical Result of the Year, (3) The Application of the Year.

2. Each prize consists of diplomas for each co-author, one copy of the Hamangia
thinker1 and one voucher for a discount in the registration fee for the first of
BWMC, CMC or ACMC to take place after the prize was voted; the discount
will be fixed by the organizing committee of the meeting; in case of several
authors, they will choose the one of them to benefit of the voucher.

3. Any registered member of IMCS can be nominated and can receive any of
the three prizes. In cases (2) and (3), the prizes are awarded to the authors
of a paper or of an application, with at least one of authors being a member
of IMCS. The members of the Awards Committee cannot receive any prize,
neither they can be coauthors of papers or applications which receive one of
prizes (2) and (3).

4. If the Awards Committee considers necessary, each year at most one of the
prizes can be awarded ex aequo, to two winners.

5. Any registered member of IMCS can propose a candidate for any prize, by
sending to any member of the Awards Committee the relevant information
(and any additional information requested by the Awards Committee). Im-
plicitly, the Awards Committee can itself make nominations.

1 A Neolithic age clay sculpture, about 4000 years BC, found in Romania – see the
image at the next page.
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6. The nominations for the year Y should reach the Awards Chair before 20 of
January of the year Y+1. The Awards Committee members decide the winners
by the middle of February, and the prizes are awarded at the first edition of
BWMC, CMC or ACMC where the winners participate in.

7. The members of the Awards Committee and the rules of functioning can be
changed every year, after March 1, at the proposal of the Chair person or of
any member of the IMCS Board, subject to a vote in the IMCS Board.

The IMCS prizes are mainly meant to reward the excellency in MC research,
equally focusing on theory and applications, and to encourage young researchers.

The prizes are not subject to competitions, they do not identify the best PhD
thesis or paper or application, they just point that a certain work/result is of a
high value. This does not imply that other works/results are not so. We cannot
rank scientific results like in sport, in a mathematical sense.

We only want to call attention to certain works – thus also calling attention to
MC and to IMCS.

The prestige of a prize will be given by the prestige of the winners, also on
their evolution in time, during their careers.

To reach these goals, we have to be conservative, exigent, transparent in our
nominations and, especially, in selection.

Nominations for the prizes for 2016 are waited for until January 20, 2017, and
can be sent at any time, electronically, to any member of the Awards Committee
(preferably with a CC to all members).



Constitution of the International Membrane
Computing Society – IMCS

Article 1: Name

(1.1.) The name of the Society shall be International Membrane Computing
Society, abbreviated IMCS.

(1.2.) The logo of IMCS is the one in the figure below. It should appear in all
relevant places, such as IMCS web page, posters, calls, on the cover of the
Bulletin of IMCS, etc.

Article 2: Objects

(2.1.) The society shall be a nonprofit academic organization, having as its goal
to promote the development of membrane computing (MC), internationally,
at all levels (theory, applications, software, implementations, connection with
related areas, etc.).

(2.2.) A special attention will be paid to the communication/cooperation inside
MC community, to connections with other professional scientific organizations
with similar aims, and to promoting MC to young researchers.
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(2.3.) IMCS will publish proceedings, journals or other materials, printed or
electronically, as it sees fit.

(2.4.) IMCS will organize yearly MC meetings, such as the Conference on Mem-
brane Computing (CMC), the Asian Conference on Membrane Com-
puting (ACMC), the Brainstorming Week on Membrane Computing
(BWMC), as well as further workshops/meetings, as it sees fit.

Article 3: Membership

(3.1.) There are four categories of members: Honorary Members, Regular
Members, Student Members, and Institution Members.

(3.2.)The Honorary Members are elected by the IMCS Board (email voting, major-
ity rule). Regular membership is open to all persons interested, on completing
a membership form.

(3.3.) Student Members can be undergraduate, master, and PhD students, and
they are eligible for various facilities IMCS is planning for students.

(3.4.) Institutions which want to join IMCS and support it can become Institution
Members. Any support/sponsorship from an institution will be acknowledged
in an appropriate way in IMCS publications.

(3.5.) Any member, of any kind, is supposed to know and accept the Constitution
of IMCS.

Article 4: Structure

(4.1.) The structure of IMCS and its governance are as specified in the next figure.
The figure also specifies the ten Honorary Members with whom the Society
starts (February 2016).

(4.2.) Gheorghe Păun, the founder of MC, is appointed Honorary President of
IMCS.

(4.3.) The work of IMCS is organized and conducted by the Board of IMCS,
consisting of the Executive Board and the Advisory Board. The Advisory
Board should have between 10 and 20 members, hence in total the IMCS Board
should contain between 20 and 30 members,

(4.4.) The Executive Board consists of four individual positions: President,
Vice President, Treasurer, and Secretary, and six Committees: Bul-
letin, Website, PR, Publication, Conferences, and Awards Commit-
tee. Each of these six Committees has a chair person. The Advisory Board
also has a chair person.

(4.5.) The four individual positions from the Executive Board, the six chair persons
of the Committees, the members of the Advisory Board, and the chair of the
Advisory Board are elected by the IMCS Board (email voting, majority rule).
Each chair of a Committee appoints a number of Committee members as he/she
sees fit.

(4.6.) All the elected positions are elected for one year. After one year, a change of
an elected person can be proposed by the President or the Vice President of the
IMCS Board, by the person itself (resignation), or by two thirds of members
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of the IMCS Board, and it is voted in the IMCS Board (email voting, majority
rule). If there is no change proposal, then the person who occupies any position
in the IMCS Board continues in the same position, for one further year.
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Article 5: Duties and competencies

(5.1.) The IMCS Board President represents the Society in relation with any
external entity, organizes/coordinates the activity of the IMCS Board, initiates
voting in the IMCS Board, chairs any panel/meeting of the Society.

(5.2.) The Vice President helps the President in all his/her activity, represents
the President when he/she is not available (e.g., in chairing panels/meetings).
Every year, the President and the Vice President present a common report
about IMCS activity, first circulating it by email in the IMCS Board and, after
possible corrections, posting it in the IMCS web page.
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(5.3.) The Treasurer takes care of the income and expenses of IMCS, and each
year presents a report in this respect to IMCS Board. This report is analyzed
and voted in the IMCS Board (email voting, majority rule).

(5.4.) The Secretary is responsible to keep a track record of the IMCS: member-
ships, reports, voting results, etc.

(5.5.) The Bulletin Committee takes care of editing the Bulletin of IMCS, first
accumulating information/materials in an electronic format and then printed,
if needed/requested, with a periodicity to be decided by the IMCS Board.

(5.6.) The Website Committee takes care of the IMCS web page, whose structure
should be decided by the IMCS Board.

(5.7.) The PR Committee is responsible with developing relationships with other
similar organizations and promoting IMCS on various scientific forums, adver-
tising its activity on specialised networks and at international events.

(5.8.) The Publication Committee supervises the publication of proceedings, spe-
cial issues of journals, collective volumes edited under the auspices of IMCS.
Two particular goals of this Committee are to initiate a specialized journal,
International Membrane Computing Journal, and a specialized series of mono-
graphs.

(5.9.) The Conference Committee works as a steering committee for the two
MC yearly conferences, CMC and ACMC, looking for venues, suggesting (in
cooperation with the organizing committees) program committees and invited
speakers, possible sponsors and publications.

(5.10.) The Awards Committee collects nominations and decides the winners of
three yearly IMCS Prizes: (1) The PhD Thesis of the Year, (2) The
Theoretical Result of the Year, (3) The Application of the Year. The
Awards Committee has its Rules of functioning, which are voted by the IMCS
Board (email voting, majority rule).

Article 6: Voting

(6.1.) Each member of the IMCS Board (between 20 and 30 members) has one
vote.

(6.2.) A voting, on any subject, can be initiated by the President, the Vice
President, or by two thirds of the IMCS Board members.

(6.3.) The message proposing a vote should specify the issue to be decided in such
a way that the alternatives YES and NO are clear. The message should be
sent to all members of the IMCS Board, the voting messages of the members
should also be sent to all members (full transparency). The voting should last
30 days. If a member is not replying in the first 15 days, the initiator of the
vote should contact him/her once again. If a member is not replying even to
the second message, then his/her vote is considered abstaining.

(6.4.) ”Majority rule” means that at least half of the IMCS Board have voted
(YES, NO, or abstaining) and the decision is made according to the number of
YES and NO votes which is higher. In case of a draw, the vote of the President
is decisive – unless if the President does not decide to repeat the vote, maybe
changing the object of the vote.
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(6.5.) All ambiguities and uncovered cases should be clarified by discussions in the
IMCS Board and, if decided so, proposed as amendments to the Constitution.

Article 7: Panels

(7.1.) On the occasions of IMCS annual meetings, like BWMC, CMC, and ACMC,
panels should be organized, chaired by the President, the Vice President or,
in their absence, by another member of the IMCS Board designated by the
President, to discuss current issues of the Society.

Article 8: Finance

(8.1.) Income: possible membership fees, as decided by IMCS Board, donations,
sponsorhips, conference registration fees, participation to research projects.

(8.2.) Expenses: IMCS prizes, students support, Bulletin of IMCS hardcopy, main-
taining web pages, sponsoring MC conferences – all these and anything else,
under the control of the IMCS Board.

Article 9: Amendments

(9.1.) Amendments to IMCS Constitution can be proposed by any member of the
IMCS Board, at any time. Any amendment should be discussed and voted in
the IMCS Board (email voting, majority rule) and then, if accepted, published
in the IMCS web page, thus being available to all members of IMCS.

Article 10: Dissolution

(10.1.) The dissolution of IMCS should be done in two steps: first, a vote in the
IMCS Board is organized (email voting, two thirds majority), and, if the disso-
lution proposal passes, a general vote is organized, where all regular members
participate (email voting, two thirds majority; in order the vote to be valid, at
least half of the members should vote).

(10.2.) If the Society decides to get dissolved, all remaining assets shall be donated
to a similar organization, at the choice of the IMCS Board.

Article 11. Provisory statement
The present Constitution will get provisionally valid by being voted (by email,

majority rule), in March 2016, in the IMCS Board, as this Board was constituted
by consensus during BWMC 2016 and soon after that. Then, it will be published
in the IMCS web page and, as soon as possible, in 2016, it will be voted by all
individual members of IMCS (email voting, majority rule). The vote will last one
month and to voting will participate all individual members of IMCS, students or
regular, registered until the last day of the previous month.





Report from the Treasurer

Dear IMCS Members,

In response to the President’s suggestion, I am giving this report to let you know
the financial situation and under what financial support the society is proceeding.

Donation and Support:

– Thirty copies of Hamangia thinker as a gift associated with the diplomas of the
three IMCS annual prizes are donated by Gheorghe Păun.

– Printing the hard copies of IMCS Bulletin and the IMCS official registration are
supported by Gexiang Zhang.

– The development and maintenance of IMCS web site costs, about 2,500 CNY
(about 340 Euro), are supported by Gexiang Zhang.

Expenses:

– The production of the IMCS pin, together with the 3D colorful design of the
IMCS pin and logo, cost 5,500 CNY (about 750 Euro). Each pin costs about 2.5
Euro.

Money-Collecting:

– The pin will put on sale from July 2016 to collect money to support IMCS. The
price of each pin is 5 Euro (about 40 CNY).

Tao Wang
June 5, 2016





News from MC Research Groups

NICSG: Nature-Inspired Computation and Smart
Grid Lab in China

Gexiang Zhang

School of Electrical Engineering
Southwest Jiaotong University
Chengdu 610031, P.R. China
zhgxdylan@126.com

1 Overview

The Nature-Inspired Computation and Smart Grid Lab (NICSG, http://www.
nicsg.net), led by Professor Gexiang Zhang, School of Electrical Engineering,
Southwest Jiaotong University, Chengdu, China, is an active research group. There
are about 30 members including 10 PhD students and 18 master students. NICSG
aims at the frontier researches of three interactive areas: natural computing, smart
grid and robotics. Natural computing involved in NICSG mainly focuses on mem-
brane computing, evolutionary computation and DNA computing. The highlight
of the NICSG researches are the practical applications. The ambitious goal is to
find a “killer” application for membrane computing.

2 Current researches on membrane computing

Our current researches consist of five aspects: automatic design of membrane com-
puting models, membrane-inspired optimization algorithms, membrane computing-
based mobile robots, modeling ecological systems by using population dynamics P
systems, and membrane computing models-based fault diagnosis methods. Their
further descriptions are as follows:

(1) Automatic design of membrane computing models (ADMCM): To solve the
programmability problem of membrane computing models, ADMCM aims to
propose a series of methods to automatically design a P system in response
to the users’ requirements, and further to develop a membrane computing
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toolbox with an input of the requirements of a P system and an output of a
successful/available P system, like the toolboxes of neural networks, genetic
algorithms and wavelet transform. This work is being advanced by collabo-
rating with Prof. Mario J. Pérez-Jiménez and Prof. Marian Gheorghe. Until
now, two methods have been presented: evolutionary design and mathematical
reasoning.

(2) Membrane-inspired optimization algorithms: To build a bridge between P sys-
tems and practical applications, the proper combination of a P system and
evolutionary computing ideas is used to develop a single/multi-objective op-
timization algorithm to solve various engineering problems. To date, we have
presented two ways: the combination of a cell-/tissue-like P system framework
with various evolutionary operators, and an optimization spiking neural P sys-
tem. This study has been pushing forward by cooperating with Prof. Marian
Gheorghe.

(3) Membrane computing-based mobile robots: This research aims to construct an
autonomous mobile robot system by using P systems, such as robot path plan-
ning with membrane-inspired optimization algorithms, membrane controller
design with (enzymatic) numerical P systems for mobile robots, robot soft-
ware/hardware platform. This is a joint work with Prof. Ferrante Neri, Prof.
Marian Gheorghe and Prof. Florentin Ipate.

(4) Modeling ecological systems by using population dynamics P systems: Our
group currently focuses on the modeling of giant pandas with population dy-
namics P systems, collaborating with Prof. Mario J. Pérez-Jiménez, the giant
panda expert, Dr. Dunwu Qi, at the Chengdu Research Base of Giant Panda
Breeding, and Prof. Ferrante Neri.

(5) Membrane computing models-based fault diagnosis methods: A spiking neural
P system incorporating fuzzy logic, called a fuzzy reasoning spiking neural
P system, is introduced in order to develop a model-based fault diagnosis
method. This method has been successfully used to diagnose the faults occur-
ring in electric power systems. We have been collaborating with Prof. Mario
J. Pérez-Jiménez to advance this study.

3 Research results and progress

For the sake of convenient reference, the main publications related to the five
research directions mentioned above are listed in the reference section. In what
follows, a very short description on the research results and progress [1] is pre-
sented.

(1) Automatic design of membrane computing models (ADMCM): Evolutionary
design of P systems for computing n2 and several specific polynomials are
achieved in [3, 4, 5] by tuning syntactical ingredients. A preliminary discus-
sion on the design of minimal P systems was also provided in [3]. In [2], a
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mathematical reasoning method for designing a general polynomial with nat-
ural number coefficients was described.

(2) Membrane-inspired optimization algorithms: A cell-like P system framework,
one-level membrane structure (OLMS) [6], and a tissue-like P system frame-
work [7] were introduced to combine various types of evolutionary opera-
tors/algorithms. The function of a P system in a membrane-inspired optimiza-
tion algorithm was discussed in [8]. More details and more references on this
topic can be found in [4]. In [9, 10], an optimization spiking neural P system
was proposed to solve knapsack problems and power system fault diagnosis
problem.

(3) Membrane computing-based mobile robots: The mobile robot system based on
membrane computing models consists of three studies: path planning with dy-
namic OLMS [11], membrane controller designed by using enzymatic numerical
P systems [12], and software and real robots realization (in progress).

(4) Modeling ecological systems by using population dynamics P systems: This
work can be referred to [1] and [13].

(5) Membrane computing models-based fault diagnosis methods: A fuzzy reasoning
spiking neural P system with trapezoidal fuzzy numbers was presented to show
how to use a P system to diagnose faults in electric power systems. More details
can be found in the survey paper [14].
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Interlocal Research Group on Molecular and
Membrane Computing at Brandenburg University
of Technology (Cottbus) and Friedrich Schiller
University (Jena)

Thomas Hinze

Brandenburg University of Technology, Institute of Computer Science
Postfach 10 13 44, D-03013 Cottbus

Friedrich Schiller University Jena, Ernst-Abbe-Platz 1–4, D-07743 Jena

www.molecular-computing.de

1 Mission and Ambition

Coping with dynamical structures turns out to be both a challenging task but
also a crucial clue in understanding, fine-grained modelling, and utilisation of bi-
ological and biologically inspired information processing. Principles of molecular
computing are mainly based on modifiable spatial and topological arrangements in
different forms, contexts, and scales. Intramolecular structures of DNA, RNA, and
proteins constitute their functionality as data carrier and storage medium along
with a dedicated set of biochemical reaction schemes. Moreover, adaptive and flex-
ible reaction networks identified in living organisms enable an effective response to
environmental stimuli. Here, the set of underlying chemical reactions can change
over time by dynamical composition and re-assembly of molecular interactions.
Evolution and swarm behaviour are typical outcomes. All these phenomena have
in common dynamical structures as an essential part of its function. Our group
is motivated by identification, representation, simulation, utilisation, employment,
and implementation of resulting systems. To this end, we combine appropriate
modelling techniques, especially P systems, with practical application scenarios
and elaborated case studies. Providing an additional value for computer science,
systems biology, engineering, bioinformatics, biomimicry, and bionics, several dis-
ciplines can sustainably benefit from the interdisciplinary approach along with
unconventional ideas and smart solutions.

2 Organisation

We focus on a high degree of independency and self-reliance of all team members
and collaborators. Interested young researchers and students are always welcome
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to join our group which is geographically distributed over a variety of hosting in-
stitutions, enterprises and places in which research meets a promoting atmosphere.
In a cooperative manner, we establish small or medium projects enhancing cross-
fertilisation and synergy effects among all involved persons. By guidance in ac-
quisition of scholarships and financial support, initial funding initiatives can make
available necessary resources. Project partners from applied sciences complement
our interlocal team.

3 Current Team

PD Dr.-Ing. habil. Thomas Hinze (thomas.hinze@b-tu.de) acts as senior uni-
versity lecturer and independent research fellow at Brandenburg University of
Technology Cottbus, Germany. In addition, he has a position as guest researcher
at the Friedrich Schiller University Jena, Germany. He co-ordinates the activities
of the interlocal group. Currently, the entire group consists of 10 members located
at different places.

Dr. Jörn Behre (joern.behre@ifr.ac.uk) studied general chemistry at the
University of Cologne and received his PhD at the Jena University. In the mean-
time, he is responsible for a systems biology project at the Norwich Institute of
Food Research.

Dr. Konrad Grützmann (konrad.gruetzmann@uniklinikum-dresden.de),
bioinformatician, received his PhD at the University of Jena as well. After that, he
became a research associate at the Helmholtz Centre for Environmental Research
for around two years. A short while ago, he started a project leader position at
the Dresden University Hospital.

Dr. Uwe Hatnik (uwe.hatnik@eas.iis.fraunhofer.de) graduated from the
Dresden University of Technology as a computer scientist. His specialty in hard-
ware design became apparent during a career in industry for AMD and Global-
foundries. Nowadays, he joined the Fraunhofer Institute of Integrated Circuits.

Dr. Sikander Hayat (Sikander Hayat@hms.harvard.edu) attended the mas-
ters course in Molecular Engineering before finalising his PhD at the University
of Saarbrücken in the field of medical bioinformatics. Within several postdoctoral
stages, he became a research associate at the Harvard Medical School.

Benny Höckner M.Sc. (benny.hoeckner@b-tu.de, Böblingen),
Patricia Sauer M.Sc. (schulpat@b-tu.de, Berlin),
Peter Sauer M.Sc. (peter.sauer@b-tu.de, Cottbus),
Korcan Kirkici B.Sc. (korcan.kirkici@mailbox.tu-dresden.de,

Freiberg), and
Lea Weber B.Sc. (weberlea@b-tu.de, Cottbus) have been PhD students or

scholars complementing our current team.

4 Publications and Teaching

More than 70 publications including two German patents and two text books
resulted from the activities of our team together with further collaborators and
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former team members. Please consult www.molecular-computing.de (english ver-
sion) → Publications for details and download links.

There are two ongoing courses at master level (summer term 2016) related to
the field of Membrane Computing organised by our team: The lecture and prac-
tical training Molecular Algorithms (Friedrich Schiller University Jema, 3 ECTS
credit points, http://users.minet.uni-jena.de/~hinze/mr16/index.html) at-
tracted 16 participants. The seminar Molecular Computing with 5 attending stu-
dents (Brandenburg University of Technology Cottbus, 4 ECTS credit points,
http://www.informatik.tu-cottbus.de/~hinzet/mc-sose16/) addresses de-
gree programmes of engineering.





Research Group of Theoretical Computer Science
at Silesian University in Opava

Contact:
Petr Sośık
Institute of Computer Science
Silesian University in Opava
Bezručovo nám. 13
74601 Opava, Czech Republic
petr.sosik@fpf.slu.cz

Team introduction

The Research Group of Theoretical Computer Science is a part of the Insti-
tute of Computer Science, Silesian University in Opava (http://www.slu.cz/
fpf/en/institutes/the-institute-of-computer-science). Members partici-
pating in the P systems research include Luděk Cienciala, Lucie Ciencialová, Jozef
Kelemen, Alica Kelemenová, Miroslav Langer, Venkata P. Metta (2014-2015), Petr
Sośık, Šárka Vavrečková and PhD students Jan Drast́ık, Vladimı́r Smolka.

Research interest and collaboration

Our research interest covers P colonies and their extensions, catalytic P systems,
tissue P systems, P systems with active membranes, P systems with proteins on
membranes and spiking neural P systems. An overview of (mostly recent) results:

P colonies. We participated in the P colonies research from its beginning. In
2004 J. Kelemen and A. Kelemenová co-authored the introductory paper on P
colonies [1] together with Gh. Păun. Several of our papers on P colonies were
published soon jointly with E. Csuhaj-Varjú, G. Vaszil and our colleagues L. Cien-
ciala, L. Ciencialová [2,3,5-7]. P colonies were presented in The Oxford Handbook
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of Membrane Computing [4] by A. Kelemenová. The investigation including possi-
ble applications of P colonies proceeds by L. Cienciala, L. Ciencialová, M. Langer
and M. Perdek, covering modularity for robot control [8] and two-dimensional
P colonies for hydrology simulation [9-11]. P colonies were presented in a Czech
written monograph [27] by L. Cienciala in 2015.

Catalytic P systems. Universality of catalytic P systems in connection with
minimal number of rules was studied by P. Sośık, M. Langer and R. Freund in
[12-13].

Tissue P systems, P systems with active membranes, P systems with
proteins on membranes with focus on their complexity issues were studied by
P. Sośık and coauthors A. Păun, A. Rodŕıguez-Patón, M. J. Pérez-Jiménez [14-19].

Spiking neural P systems. Universality of spiking neural P systems was studied
in [20, 24], application in sorting in [21], parallel programming in [22] and complex-
ity questions in [23]. We edited the special issue of Essays Dedicated to Gheorghe
Păun on the Occasion of his 60th Birthday in the Springer Festschrift series [25].
We organized the 15th International Conference on Membrane Computing, CMC.
2014 in Prague and P. Sośık was the program co-chair and the co-editor of the
LNCS Proceedings of this event [26].

Teaching and Training

P systems form part of a program of advanced courses of formal languages and
multi-agent systems for master and doctoral students. They were and are used as
a topic of several master and doctoral theses. This topic appears also in regular
scientific meetings of our PhD students.
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1 Presentation

The Research Group on Natural Computing (RGNC, http://www.gcn.us.es)
belongs to the Department of Computer Science and Artificial Intelligence of the
Universidad de Sevilla. The RGNC consists of 12 members, including 10 PhDs.
Mario J. Pérez-Jiménez is the head of the group, a Full Professor in Computer
Science and Artificial Intelligence, and a member of the Academia Europaea (The
Academy of Europe), section Informatics.

2 Research interests

The scope of RGNC’s research activities lies within the interplay between Com-
puter Science, Mathematics, Biology and Population Dynamics, specifically fo-
cusing on the development of enabling technologies based on bio-inspired formal
methods – more precisely, Membrane Computing.

The main research lines where the group is involved are the following:

• Bio-inspired Models of Computation. Application of new computational
paradigms inspired by living Nature to the setting of novel frontiers in effi-
ciency. Characterization of the conjecture P ̸= NP in these unconventional
models of computation.

• Ecological Modelling. Development of probabilistic and multi-environment
models of real ecosystems based on bio-inspired models of computation. Devel-
opment of software tools that allow ecologists to easily use our models.

• High Performance Computing with Graphics Processing Units (GPUs). De-
velopment of high-throughput simulation tools for bio-inspired models by using
massively parallel architectures such as GPUs. Management of GPU clusters
inside the group.
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• Computational Systems Biology. Application of bio-inspired models to the
modelling of cellular systems such as signalling pathways involved in the un-
controlled proliferation of tumour cells and in the communication between bac-
terial cells.

• Engineering-related models. Wide range of applications to various engineering
areas, including engineering optimization, power system fault diagnosis, con-
troller design of mobile robots, or complex systems involving data modeling
and process interactions.

The group contributions cover both theoretical results (characterization of com-
plexity classes, formal verification of designs, etc) and practical applications (mod-
elling of real phenomena, development of software tools, etc). In particular, RGNC
has developed modelling frameworks and GPU-based simulators (a description
and links to our open source projects P-Lingua, MeCoSim, and PMCGPU can be
found at http://www.gcn.us.es/?q=software). In 2014, members of the RGNC
submitted a project to become a CUDA Research Center, which was awarded by
NVIDIA given the “vision, quality, and impact of the research leveraging CUDA
technology”.

The group has made a significant contribution to the area of Membrane Com-
puting since the beginning of the 21st century, being involved in hundreds of pub-
lications (books, journal papers, book chapters, conference communications, etc.),
with many members actively participating in the main conferences related with
the area, continuously along the years.

The RGNC has been involved in many research projects focusing on Membrane
Computing as the main topic since 2003, supported by Spanish and Andalusian
governments, as well as by the National Natural Science Foundation of China,
among others. The group has organized 13 of the 14 editions of the international
conference known as Brainstorming Week on Membrane Computing (all but its
first edition, taking place in 2003).

2.1 Collaborations

The RGNC has a long tradition of cooperating with researchers from all over the
world. Such joint works have proven to be fruitful, yielding research projects and
coauthored publications. Here is a selection of research groups with whom RGNC
members have interacted in the last years (indicating name and head of the group).

Grupo de investigación en Inteligencia Artificial, U.P. Madrid, Spain (A.
Rodŕıguez-Patón);

Grupo de Computación Natural, U.P. Madrid, Spain (J. Castellanos);
Research Group on Computation Models and Formal Languages, U.P. Valencia,

Spain (J.M. Sempere);
Computational Biology and Bioinformatics Research Group, Universitat de les

Illes Balears, Spain (F. Rosselló);
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Leiden Center of Natural Computing, Leiden, The Netherlands (Gr. Rozen-
berg);

School of Electrical Engineering and Computer Science, Bradford, U.K. (M.
Gheorghe);

Nature-Inspired Computation and Smart Grid Lab, Southwest Jiaotong Uni-
versity, Chengdu, China (G. Zhang);

Huazhong University of Science & Technology, Wuhan, China (L. Pan);
School of Electrical and Information Engineering, Xihua University, Chengdu,

China (J. Wang);
Center for Radio Administration and Technology Development, Xihua Univer-

sity, Chengdu, China (H. Peng);
College of Computer and Communication Engineering, China University of

Petroleum (T. Song);
Department of Computer Science, Xiamen University, China (X. Zeng);
Dipartimento di Informatica, Sistemistica e Comunicazione, Univ. di Milano-

Bicocca, Italy (G. Mauri);
Models of Natural Computing Group, University of Verona, Italy (V. Manca);
LACL, Département Informatique, Université Paris Est, France (S. Verlan);
Faculty of Informatics, Eötvös Loránd University, Budapest, Hungary (E.

Csuhaj-Varjú);
Institute of Computer Science, Romanian Academy, Iassy, Romania (G.

Ciobanu);
Computational Biomodelling Laboratory, Abo Akademi University, Turku, Fin-

land (I. Petre);
Institute for Computer Languages, Vienna University of Technology, Austria

(R. Freund);
Membrane computing research group, University of the Philippines Diliman,

Philippines (H. Adorna);
High Performance Heterogeneous and Parallel Computing Lab, NTNU, Norway

(A.C. Elster);
Department of Computer Science, University of California, USA (O.H. Ibarra);
College of Biological Sciences, University of Minnesota, USA (P. Venturelli);
Dept. of Biology, Tufts University, Medford, MA, USA (J.M. Reed).

3 Teaching & training

Since 2003, 14 PhD theses on topics related to Membrane Computing and DNA
computing have been defended in the group. We also had in several occasions
external PhD students (coming, e.g., from Ireland, China or Malaysia) doing long
training stays within the group.

PhD courses related to Natural Computing started officially in Sevilla in 2003.
Currently, the group is in charge of four courses on the new Department’s Master
program (launched in 2010), where different matters related to Natural Computing
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are taught: Bioinspired computing, Computational methods in Artificial Life, Sim-
ulation and computational analysis in Systems Biology, and Intelligent techniques
in Bioinformatics.
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University of Verona

Vincenzo Manca

1 Contact

Research Group in Bioinformatics and Natural Computing
Web page: http://bioinformatics.di.univr.it/
Address: Department of Computer Science

Università degli Studi di Verona
Dipartimento di Informatica Cà Vignal 2
Strada Le Grazie 15
37134 VERONA, Italy

2 Mission Statement

Life is the most complex process of the universe, where are involved mechanisms at
different phenomenological levels. The relationship between life and computation
appears always intrinsic and essential, because information drives the complexity
of biological systems, and it seems to give an orientation to the logic producing life
forms, that are the products and, at the same time, the instruments of evolution. In
this perspective, the research developed in our group is centered on informational
and algorithmic methods for analysis, classification, and interpretation of physio-
logical and pathological life phenomena. The methods used cover a wide spectrum
of mathematical and computational aspects, going from discrete mathematics, nat-
ural computing, probability, statistics, information theory, formal languages, and
numerical analysis.

Components:

• Vincenzo Manca, Full Professor
vincenzo.manca@univr.it, http://profs.scienze.univr.it/∼manca/,
http://www.di.univr.it/?ent=persona&id=173
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• Ferdinando Cicalese, Associated Professor
ferdinando.cicalese@univr.it,

http://www.di.univr.it/?ent=persona&id=9257

• Rosalba Giugno Associated Professor
rosalba.giugno@univr.it

URL at the previous affiliation: http://www.dmi.unict.it/ giugno/

• Giuditta Franco, Assistant Professor
giuditta.franco@univr.it,

http://www.di.univr.it/?ent=persona&id=2967

• Zsuzsanna Lipták, Assistant Professor
zsuzsanna.liptak@univr.it,

http://www.di.univr.it/?ent=persona&id=8756

• Vincenzo Bonnici, Post-doc, Teaching Contract
vincenzo.bonnici@univr.it,

http://www.di.univr.it/?ent=persona&id=8845

• Luca Marchetti, with Cosbi-Microsoft, Teaching Contract
luca.marchetti@univr.it, marchetti@cosbi.eu,

http://www.di.univr.it/?ent=persona&id=4905

• Alberto Castellini, Post-doc
alberto.castellini@univr.it,

http://www.di.univr.it/?ent=persona&id=4048&lang=it

Vincenzo Manca is director of CBMC (Center of Computational BioMedicine),
a common structure with the Departments of Computer Science and Medical De-
partments (Pathology and Neurosciences).

VM was the founder of Bachelor and Master Curricula in Bioinformatics in
2006, and 2016 (Bioinformatics and Medical Bioinformatics, respectively, see Sec-
tion 4).

3 Research Topics (Life and Medical Sciences)

- Infogenomics (Computational Genome Analysis): Manca, Franco, Bonnici, Giugno,
Castellini
- Infodynamics (Metabolic P Systems in Computational Systems Biology): Manca,
Marchetti, Castellini
- Algorithmic bioinformatics: Lipták, Cicalese
- String algorithms with biological applications: Lipták
- Systems Biology (Biomedical Network Modeling and Analysis): Giugno, Bonnici

Publications (a selection in journals, last 6 years)
- Castellini, Manca, Zucchelli, Busato: Bioinformatics 2014, Natural Computing
2014, Molecular Biosystems 2012
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- Manca, Marchetti: Bioinformatics 2014, BioSystems 2012, Computer Mathemat-
ics 2012
- Castellini, Franco, Manca: BMC Genomics 2012
- Bernardini, Brijder, Cavaliere, Franco, Hoogeboom, Rozenberg: Natural Com-
puting 2011
- Franco, Manca: Natural Computing 2011
- Castellini, Franco, Pagliarini: Natural Computing 2011
- Manca, Marchetti: J. Foundation of Computer Science 2011
- Manca, Marchetti, Pagliarini: Int. J. Natural Computing Research 2011
- Castellini, Franco, Manca: Natural Computing 2010
- Manca, Marchetti: J. Logic and Algebraic Programming 2010
- Manca, Pagliarini, Zorzan: Natural Computing 2010
- Apostolico, Erdös, Lipták, Pizzi: Journal of Discrete Algorithms 2012
- Cicalese, Erdös, Lipták: Journal of Discrete Algorithms 2012
- Burcsi, Cicalese, Fici, Lipták: Int. J. of Foundations of Computer Science 2012
- Burcsi, Cicalese, Fici, Lipták: Theory of Computing Systems 2012
- Hazelhurst, Lipták: Bioinformatics 2011
- Bonnici, Giugno: IEEE/ACM Transactions on Computational Biology and Bioin-
formatics 2016
- Privitera, Distefano, Wefer, Ferro, Pulvirenti, Giugno: Database, The Oxford
Journal of Biological Databases and Curation 2015
- Alaimo, Giugno, Pulvirenti: Frontiers in Bioengineering and Biotechnology 2014
- Bonnici, Giugno, Pulvirenti, Shasha, Ferro: BMC bioinformatics 2013
- Alaimo, Pulvirenti, Giugno, Ferro: Bioinformatics 2013
- Romano, Giugno, Pulvirenti: Briefings in Bioinformatics 2011
- Mongiovi, Di Natale, Giugno, Pulvirenti, Ferro, Sharan: J. of Bioinformatics and
Computational Biology 2010

7 PhD students (VM supervisor) in the last 10 years (all working in Italian
and European Research Centers)

3 PhD students (RG supervisor) in the last 5 years, 27 Master Theses in the
last 5 years

VM was a member of 12 Steering/Programme Committees in the last 3 years
(CMC, ACMC, Iwinac, Icaris, JapanNC, TPNC)

FC was a member of 4 Programme Committees (CPM, SPIRE, ICTCS, FCT)

GF was a member of 4 Programme Committees in the last 3 years

ZL was a member of IWOCA 2013 (International Workshop on Combinatorial
Algorithms), PC-member 2013 StringMasters 2013 (Workshop on String Algo-
rithms), Organizing Committee 2013
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RG was a member of 11 Program Committees (ACM GECCO, KDIR, SISAP,
EVOBIO, IEEE ICPR, PRIB, GDM, CIBB, BIOKDD, DEXA, GBR)

RG is a co-director of J. T. Schwartz International School for Scientific Research
on Bioinformatics and Computational Biology (Sponsored by IEEE Society).

International cooperations
- Karmanos Cancer Institute (Detroit - USA, Aliccia Bollig-Fisher)
- Ostrava University (Check Republic, Ivan Zelinka)
- South Florida University (USA, Natasha Jonoska)
- Manchester Interdisciplinary Biocentre (Faculty of Life Sciences, Jean-Marc
Schwartz )
- National Laboratory for Scientific Computing (LNCC) di Petròpolis - Rio de
Janeiro
- LIACS - Leiden Institute Advanced Computer Science (the Netherlands, G.
Rozenberg)
- Bielefeld University, Germany
- King’s College, London, UK
- University of the Witwatersrand, Johannesburg, Sudafrica
- University of Stellenbosch, Sudafrica
- Rényi Institute for Mathematics, Hungarian Academy of Sciences, Budapest,
Hungary
- Eötvös Lornd University, Budapest, Hungary
- Laboratoire I3S, Université Nice Sophia Antipolis, France
- Computer Science, New York University (D. Shasha)
- Institute of Oncology Research, Bellinzona, Switzerland (F. Bertoni)
- Computational Biology, Department of Computer Science, University of Toronto
(G. Bader)
- School of Computer Science, Tel-Aviv University (R. Sharan)
- Molecular Virology, Immunology and Medical Genetics, The OHIO State Uni-
versity (C. Croce).

4 Teaching Activity

VM founded in 2006, at the University of Verona, a Program in Bioinformatics (3
years) within the Italian University Discipline Class “Informatics” (the first one
in Italy), and in 2016 he founded, in the same University, the master program
“Medical Bioinformatics” (2 years) in the same University Discipline Class (the
first one in Italy). The most frequent curricula in Bioinformatics, in Italy and in
Europe, are within biological curricula, therefore, the challenge of these curricula
is the search for new approaches (mathematically and computer science based) to
the study of life. (The book V. Manca, Infobiotics: Information in Biotic Systems.
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Springer, 2013, 400 pp., was devoted to promote this point of view in teaching
mathematical and computer science chapters.)

In academic year 2015/2016 there were more than 200 students enrolled in
Bioinformatics in Verona.

The group of Bioinformatics supports a great number of courses at different
levels for the programs of Informatics and Bioinformatics, as mentioned below:

Informational Methods (VM, GF)
Theory of Algorithms (FC)
Fundamental Algorithms for Bioinformatics (FC)
Programming Laboratory for Bioinformatics (RG)
Programming Laboratory (VB)
Computational Analysis of Genomic Sequences (ZL)
Discrete Models in Biology (VM)
Complexity Theory (FV)
Algorithms for Bioinformatics (ZL)
Natural Computing (VM, GF)
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A Survey of Membrane Computing Results
Published Between CMC14 and CMC15

Marian Gheorghe

School of Electrical Engineering and Computer Science
University of Bradford
Bradford BD7 1DP, UK
m.gheorghe@bradford.ac.uk

1 Introduction

Membrane computing research has expanded so rapidly that it is very difficult
to provide always an up-to-date source of information regarding the latest devel-
opments in this field. It is usually the case that we point to the main P systems
website as a last resort for such information. Even that place, especially the page on
publications1 stops providing updates after 2013. However, the website provides
access to the proceedings of the main research events, International Conference
on Membrane Computing (CMC), Brainstorming Week on Membrane Comput-
ing (BWMC) and the Asian Conference on Membrane Computing (ACMC). This
survey paper is aimed at giving an overall picture of the key developments in mem-
brane computing after 2013 up until CMC15, 2014. This includes papers published
at various conferences, workshops, symposia, others than CMC, BWMC or ACMC
appeared in journals or specialised volumes.

2 Publications and Results

2.1 Books

In [29] Vincenzo Manca presents a thorough account on the use of discrete mathe-
matics and computational models in understanding fundamental principles of life
as they are revealed in biology and biochemistry.

1 http://ppage.psystems.eu/index.php/Papers#Papers
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Pierluigi Frisco, Marian Gheorghe and Mario J. Pérez-Jiménez are the editors
of the first comprehensive book on the applications of membrane computing in sys-
tems and synthetic biology [17]. The book is divided into eight chapters, including a
broad spectrum of applications. In Chapter 1, Infobiotics workbench - A P systems
based tool for systems and synthetic biology, by J. Blakes, J. Twycross, S. Konur, F.
J. Romero-Campero, N. Krasnogor and M. Gheorghe, it is provided a comprehen-
sive overview of an integrated software platform, the Infobiotics Workbench, and of
its usage for the specification, simulation, verification and parameter optimisation
of models based on membrane systems. In Chapter 2, Statistical model checking of
membrane systems with peripheral proteins: Quantifying the role of estrogen in cel-
lular mitosis and DNA damage, by M. Cavaliere, T. Mazza and S. Sedwards, it is
described a methodology and a software platform for integrating a membrane sys-
tem simulator with a statistical model checker. In Chapter 3, Molecular diffusion
and compartmentalisation in signal transduction pathways: an application of mem-
brane systems to the study of bacterial chemotaxis, by P. Cazzaniga, D. Besozzi, D.
Pescini and G. Mauri, are studied intracellular diffusion processes by using a class
of stochastic membrane systems, called τ -DPP. In Chapter 4, Membrane systems
based models for specifying dynamical population systems, by Ma. A. Colomer-
Cugat, M. Garćıa-Quismondo, L.F. Maćıas-Ramos, M. A. Mart́ınez-del-Amor, I.
Pérez-Hurtado, M. J. Pérez-Jiménez, A. Riscos-Núñez and L. Valencia-Cabrera, it
is presented a class of probabilistic systems for studying the population dynamics
of ecosystems. In Chapter 5, Membrane systems and tools combining dynamical
structures with reaction kinetics for applications in chronobiology, by T. Hinze,
J. Behre, C. Bodenstein, G. Escuela, G. Grünext, P. Hofstedt, S. Hayat and P.
Dittrich, there are addressed three relevant studies in chronobiology proving their
convergent results. In Chapter 6, Biochemical networks discrete modelling inspired
by membrane systems, by J. Jack, A. Păun and M. Păun, a version of Gillespie
algorithm is presented and comparisons between this model and others based on
differential equations and Gillespie method are performed on a number of case
studies. In Chapter 7, MP modelling for systems biology: two case studies, by L.
Marchetti, V. Manca, R. Pagliarini and A. Bollig-Fischer, a class of determin-
istic membrane systems, namely metabolic P (MP) systems, are described. The
modelling capabilities of such models, expanding from metabolic systems to more
general dynamical systems, and the power of a regression algorithm allowing the
identification of MP models from the time series associated with observations are
studied. In Chapter 8, Modelling and analysis of E. coli respiratory chain, by A.
Ţurcanu, L. Mierlă, F. Ipate, A. Ştefănescu, H. Bai, M. Holcombe and S. Coakley,
there are presented a more general modelling approach, based on agent systems,
and a method to derive a class of membrane systems specifications, called kernel
P systems. This process is illustrated by a prototype model of E. coli respiratory
chain.



MC Results Published Between CMC14 and CMC15 49

2.2 Journal Publications

A special issue of the Fundamenta Informaticae journal, dedicated to the founding
fathers of the Bucharest School of Theoretical Computer Science (C. Calude and
M. Gheorghe, editors) [1], contains two papers on membrane computing topics,
K. Krithivasan, Gh. Păun and A. Ramanujan – On Controlled P Systems, 451
– 463, and R. Nicolescu, G. L. Gimel’farb, J. Morris, P. Delmas and R. Gong -
Regularising Ill-posed Discrete Optimisation: Quests with P Systems, 465 – 482,
and two papers, one on networks of evolutionary processors, P. Bottoni, A. Labella
and V. Mitrana – Accepting Networks of Evolutionary Picture Processors, 337
– 348, and another one on interactive systems, I. T. Banu-Demergian and Gh.
Ştefănescu – Towards a Formal Representation of Interactive Systems, 313 – 336.

G. Zhang and his collaborators have published on membrane-inspired evolu-
tionary algorithm (MIEA) with tissue P systems [52], automatic design of cell-like
P systems for 42 [35], spiking neural P systems for fault diagnosis of electric power
systems [49], automatic design of minimal cell-like P systems for n2 [49], spiking
neural P systems for optimization [55], survey on the interactions of membrane
computing and evolutionary computation [53], dynamic behavior analysis of MIEA
[51], automatic design of P systems for arithmetic operations [13] and MIEA for
distribution network reconfiguration [54].

G. Ciobanu and collaborators have studied indexed multisets in the context
of multiset rewriting systems, using indexes to capture the number of the step in
which a rule is applied or an object is produced [2]. It is shown that the evolution
of a multiset rewriting system is accurately reflected by its indexed version and
this result is extended to maximal parallelism. Situations in which indexed rule
application can be postponed are analysed, and an equivalence relation based
on such situations is introduced. The notions of cause and of causal chains are
defined, and it is shown how adding indexes allows us to decompose evolution
into independent causal chains. They introduced and studied Scenario Based P
(SBP) Systems in order to model computation inspired by metabolic pathways
and networks [14]. Starting from the classical definition of P systems with symbol
objects and multiset rewriting rules, regular expressions able to capture the causal
dependencies among different executions of the rules are used. For SBP systems
it is defined the synchronisation degree and based on it and on the types of the
rules that are used, their computational capabilities are studied.

V. Manca’s group has published several papers on the use of MP models. A
paper on the use of MP systems for modelling biological systems [30], a paper
on morphogenesys through membrane systems [32] and another on the use of an
evolutionary approach on the use of time series for biological networks [12]. In
addition to these, the group has also published [28], [31] and [11]. In [28] it is
shown that simple MP grammars can generate very complex oscillatory systems
having features that are essential in complex biological systems. A validation of
MP regression algorithms is obtained in [31], by means of the dynamics of circular
functions. The MP regression is able to automatically reconstruct classical math-
ematical definitions of sine and cosine, related to the geometrical and analytical



50 M. Gheorghe

form of these functions. MP regression is applied to the analysis of a gene ex-
pression dynamics in breast cancer [11]. An MP grammar of eight variables (gene
clusters) is deduced that reveals a deep regulatory mechanism exerted by a cluster
of genes. This information was essential in discovering a specific role of E2F2 in
the observed cancer process.

“Milano team” has published a paper on enzymatic numerical P systems [26],
in which some previously known universality results for systems working in the all-
parallel and one-parallel modes are improved. In particular, it is shown that linear
production functions, each depending upon at most one variable, suffice to reach
universality for both computing modes. As a byproduct, some small deterministic
universal enzymatic numerical P systems have been proposed.

The team has also continued to study space complexity issues related with
P systems with active membranes. In particular, in [4] it has been proved that
arbitrary single-tape Turing machines, working at least in linear space, can be
simulated by uniform families of P systems with active membranes with a cubic
slowdown and quadratic space overhead. This result is the culmination of a series of
previous partial results, finally establishing the equivalence (up to a polynomial) of
many space complexity classes defined in terms of P systems and Turing machines.
This line of research has then continued by investigating the computing power of
P systems working in sub-linear space; this required to introduce a new, weakier
version of uniformity, in order to avoid cheating (in the sense that the Turing ma-
chine that builds the P systems also solves the instances of the decision problem in
the first place). In [25] it has been proved that uniform families of P systems with
active membranes using logarithmic workspace, in addition to a polynomial num-
ber of read-only input objects, can efficiently simulate polynomial-space Turing
machines, and thus characterise the complexity class PSPACE. Since PSPACE
was already known to be characterised by P systems working in polynomial space
[4], this new result implies — perhaps counter-intuitively — that the latter systems
are exponentially wasteful. Further, the large part of the computation can be car-
ried out by P systems just by moving the objects between their regions, without the
need to rewrite them. This result also provides the first scenario where P systems
are not equivalent to Turing machines with respect to their space complexity.

Considering P systems with active membranes working in polynomial time,
the team has investigated the role of membrane hierarchy nesting depth. In fact,
it is known that polynomial-time P systems with active membranes characterise
PSPACE by exploiting membranes nested to a polynomial depth, which may be
subject to membrane division rules. On the other hand, when only elementary
(leaf) membrane division rules are allowed, the computing power decreases to
PPP = P#P, the class of problems solvable in polynomial time by deterministic
Turing machines equipped with oracles for counting (or majority) problems. In
[24], a variant of intermediate power has been investigated, limiting membrane
nesting (hence membrane division) to constant depth, and it has been proved that
the resulting P systems can solve all problems in the counting hierarchy CH,
which is located between PPP and PSPACE. Further, for each integer k ≥ 0, a
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lower bound to the computing power of depth-k P systems has been provided. A
clear direction for further research is establishing whether a new characterization
of CH is possible by P systems with active membranes of constant depth.

In the Autumn 2013, in a paper published in the Romanian Journal of Informa-
tion Science and Technology [46], Petr Sośık demonstrated that a non-semilinear
set can be generated with (purely) catalytic P systems with two (resp. three) cata-
lysts and 54 rules. Later, the same author together with Miroslav Langer improved
the result to 32 rules [48].

The journal Information Sciences published in 2014 the paper “Computational
power of cell separation in tissue P systems” [47] by P. Sośık and L. Cienciala,
showing that polynomially uniform families of tissue P systems with cell separation
can solve in polynomial time no harder problems that those from PSPACE.

L. Pan and his collaborators proposed a variant of spiking neural P systems
[45], where the neurons contain only spikes, while the rules are moved on to the
synapses; at any step, when the number of spikes in a given neuron is “recognized”
by a rule on a synapse leaving from that neuron, the rule is enabled; a number of
spikes are consumed in the neuron and a number of spikes are sent to the neuron
at the end of the synapse. They introduced two new working modes of spiking
neural P systems: (i) neurons can locally synchronize [44], and (ii) an enabled rule
can be applied for any possible number of times, non-deterministically chosen [56].
They published a paper on P systems without the assumption that the execution
of each rule takes exactly one time unit [43], in which a time-free solution to
SAT problem using P systems with active membranes was presented in the sense
that the correctness of the solution does not depend on the precise timing of the
involved rules.

Gh. Păun and his collaborators have published papers on the latest devel-
opments in membrane computing [18], on the relationships between membrane
computing and reaction systems [41], on “catalytic borderline” between universal-
ity and non-universality of P systems [39], on controlled P systems [42] and on
spiking neural P systems [45, 44] – see also L. Pan’s group publications.

The Research Group on Natural Computing of the University of Seville (a.k.a
“Sevilla Team”) has published a paper in Plos One [15], which introduces a stan-
dardized protocol to develop models in the framework of Population Dynamics
P systems. The team has also published two works concerning tissue P systems
with cell separation: one is related with the role of the direction [27], and the
other one is about a first P-Lingua based simulator [37]. Moreover, a time-free
solution to SAT using active membranes was published in [43]. Finally, the head
of the team, Mario J. Pérez-Jiménez, published a paper entitled “The P versus
NP problem from the Membrane Computing view”, related with the talk given at
the Academia Europaea, Bergen meeting [38].

Finally, one signals a paper on solving an optimisation problem in the frame-
work of membrane systems [36].
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2.3 Conference and Workshop Publications

The 10th Conference on Computability in Europe, CiE 2014 (E. Csuhaj-
Varjú and K. Meer, co-chairs) [9] included a special session on bio-inspired com-
putation with two invited papers on membrane computing and related topics (H.
Fellermann and N. Krasnogor – Chemical Production and Molecular Computing
in Addressable Reaction Compartments, 173 – 182, and C. Zandron – Exploiting
Membrane Features to Compute, 393 – 402). The Conference proceedings included
also a paper on membrane computing, Z. E. Csajbók and T. Mihálydeák – Maxi-
mal Parallelism in Membrane Systems with Generated Membrane Boundaries, 103
– 112, and two papers on related topics, R. Brijder and H. J. Hoogeboom – Graph
Polynomials Motivated by Gene Rearrangements in Ciliates, 63 – 72 (invited paper
to the above mentioned session) and E. Formenti, L. Manzoni and A. E. Porreca
– Fixed Points and Attractors of Reaction Systems, 194 – 203.

The 12th International Conference on Unconventional Computation
and Natural Computation, UCNC 2013 (G. Mauri, A. Dennunzio, L. Manzoni
and A. E. Porreca, editors) [34] included six papers, E. Csuhaj-Varjú and G.
Vaszil – On the Power of P Automata, 55 – 66, H. Fernau, R. Freund, S. Ivanov,
M. L. Schmid, K.G. Subramanian – Array Insertion and Deletion P Systems, 67
– 78, A. Ramanujan and K. Krithivasan – Control Languages Associated with
Tissue P Systems, 186 – 197, A. Alhazov, E. Boian, S. Cojocaru, A. Colesnicov,
L. Malahov, M. Petic and Y. Rogozhin – A P System Parsing Word Derivatives,
246 – 247, R. A. B. Juayong, N. H. S. Hernandez, F. G. C. Cabarle and H. N.
Adorna – Relating Transition P Systems and Spiking Neural P Systems, 259 – 260,
and on an abstract model of protein-protein interaction derived from membrane
computing, where it is shown that this can simulate all computable functions by
using a small number of components, not so complex proteins (having at most
lengths two, where length is an abstract measure of complexity), and operations
inspired by endocytosis (pino, phago) and exocytosis (exo) [5]. Two more papers
refer to related topics, L. Manzoni and A. E. Porreca – Reaction Systems Made
Simple, 150 – 161, and S. Gómez Canaval, J. Ramón Sánchez and F. Arroyo –
Simulating Metabolic Processes Using an Architecture Based on Networks of Bio-
inspired Processors, 255 – 256.

The 13th International Conference on Unconventional Computation
and Natural Computation, UCNC 2014 (O. H. Ibarra, L. Kari and S. Kopecki,
co-chairs) [19] included three papers on membrane computing matters, G. Bel
Enguix and B. Nagy – Modeling Syntactic Complexity with P Systems: A Preview,
54 – 66, A. Castellini, G. Franco, V. Manca, R. Ortolani and A. Vella – Towards
and MP Model for B Lymphocytes Maturation, 80 – 92, and K. Jiang, Y. Zhang
and L. Pan – On String Languages Generated by Sequential Spiking Neural P
Systems Based on Maximum Spike Number, 203 – 215, and a paper on related
topics, A. Alhazov, R. Freund and Y. Rogozhin – Five Nodes Are Sufficient for
Hybrid Networks of Evolutionary Processors to Be Computationally Complete, 1
– 13.
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The 8th International Conference on Bio-Inspired Computing: The-
ories and Applications, BIC-TA 2013 (Z. Yin, L. Pan, X. Fang, editors) [50]
contains a contribution on kernel P systems [20].

The 2014 IEEE Congress on Evolutionary Computation includes a con-
tribution on evolutionary algorithms and PM systems on the inference of deter-
ministic chaos [33].

In the proceedings of the Sixth Workshop on Non-Classical Models for
Automata and Applications, NCMA 2014 (S. Bensch, R. Freund and F. Otto,
editors) [10], it is included one paper on membrane computing [48] – see the Journal
Publications Section above.

Three conference papers published by Ciobanu’s team at various conferences
are mentioned below. In [6] it is studied the computational power of mobile mem-
branes, proving an optimal computability result: three membranes are enough to
have the same computational power as a Turing machine. Regarding the computa-
tional complexity, it is presented a semi-uniform polynomial solution for a strong
NP-complete problem (SAT problem) by using only endocytosis, exocytosis and el-
ementary division. In [7] the sodium-potassium exchange pump is studied. Inspired
by the functioning of this pump, it is introduced and studied a threshold-based
type system in a bio-inspired formalism. Such a system can avoid errors in the
definition of the formal model used to model certain biologic processes. For such
a system a subject reduction theorem is proved. Inspired by the cell motion ex-
pressed by endocytosis and exocytosis, in [8], it is proposed a class of membrane
systems which uses elementary membrane division and mobility of membranes. It
is shown that this class of mobile membranes using only elementary division and
mobility can provide a semi-uniform polynomial solutions for the 4QBF problem,
ascending to the fourth level in the polynomial hierarchy.

Gh. Păun and collaborators have published on the universality of P systems
with one catalyst [16] and on matter and anti-matter in membrane systems [3].
Some open problems for numerical P systems have been published in [40].

Sergiu Ivanov, Elisabeth Pelz, and Sergey Verlan constructed a series of small
universal Petri nets. The size of a Petri net was considered to be the tuple in-
cluding the number of places, the number of transitions, the number of inhibitor
arcs, and the maximal degree of a transition. Various techniques of reducing these
parameters were proposed exhibiting several trade-offs. For the first time explicit
constructions of universal 2- and 3-register machines were given as well as of a
generalized counter automaton with 8 registers and 7 states. Given the similarity
between Petri nets with inhibitor arcs and transition P systems with cooperative
rules and inhibitors, the obtained results can be directly translated to the corre-
sponding variant of membrane systems: places correspond to symbols, transitions
correspond to rules and the degree of a transition corresponds to the size of a
rule. Hence, the obtained results can be seen as a contribution to the study of the
universality of P systems of small size. The work was published in two papers. The
first paper, S. Ivanov, E. Pelz, S. Verlan – Small Universal Petri Nets with Inhibitor
Arcs, concerned exclusively with deterministic models, was included in the infor-
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mal proceedings of the 10th issue of the conference Computability in Europe,
CiE 2014 (E. Csuhaj-Varjú and K. Meer, co-chairs). The full version of this arti-
cle can be found at [21]. The second paper, S. Ivanov, E. Pelz, S. Verlan – Small
Universal Non-deterministic Petri Nets with Inhibitor Arcs [22], presented several
non-deterministic constructions, and was included in the proceedings of the 16th
Workshop on Descriptional Complexity of Formal Systems, DCFS2014
(J. Karhumäki, A. Okhotin, co-chairs) [23].
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Núñez, and Mario J. Pérez-Jiménez. A P-Lingua based simulator for tissue P sys-
tems with cell separation. Romanian Journal of Information Science and Technology,
17:89–102, 2014.
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mization Spiking Neural P System for Approximately Solving Combinatorial Opti-
mization Problems. Int. J. Neural Syst., 24(5):1–16, 2014.

56. Xingyi Zhang, Bangju Wang, and Linqiang Pan. Spiking Neural P Systems with a
Generalized Use of Rules. 2014.





A Bibliography of Numerical P Systems

Zhiqiang Zhang, Tingfang Wu

Key Laboratory of Image Information Processing and Intelligent Control,
School of Automation, Huazhong University of Science and Technology
Wuhan 430074, Hubei, China
tfwu@hust.edu.cn, zhiqiangzhang@hust.edu.cn

What follows is a bibliography of numerical P systems (NP systems, for short),
at the level of February 2016. This research area attracted much interest since it
was successfully applied in robot control, so that it might be useful to the reader
to have a comprehensive list of titles at hand, as complete as we were able to
compile it. For some of the papers it is indicated only the year, this meaning
that the information we had when compiling the list was that the paper was still
unpublished.

1. O. Arsene, C. Buiu, N. Popescu: SNUPS, A simulator for numerical membrane
computing. Intern. J. of Innovative Computing, Information and Control, 7,
6 (2011), 3509–3522.

2. C. Buiu, O. Arsene, C. Cipu, M. Pătraşcu: A software tool for modeling and
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19. Gh. Păun: Some open problems about catalytic, numerical and spiking neu-
ral P systems, Membrane Computing. Proc. 14th Intern. Conf., CMC 2013,
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ing FRSN P Systems with Real Numbers in P-Lingua on sequential and CUDA
platforms. 16th International Conference on Membrane Computing 2015 (G.
Rozenberg et al., eds.), LNCS 9504, 2015, Springer Berlin Heidelberg, 262–276.
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141. L. Pan, Gh. Păun, M.J. Pérez-Jiménez: Spiking neural P systems: A short
introduction and new normal forms, Advanced Computational Tehcnologies
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157. Gh. Păun: Spiking neural P systems. A tutorial. Bulletin of the EATCS, 91
(Febr. 2007), 145–159.
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164. Gh. Păun, M.J. Pérez-Jiménez, G. Rozenberg: Spike trains in spiking neural
P systems. Intern. J. Found. Computer Sci., 17, 4 (2006), 975–1002.



74 L. Pan, T. Wu, Z. Zhang
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Summary. A series of open problems and research topics are formulated, about numer-
ical and spiking neural P systems, initially prepared as a working material for a three
months research stage of the second and the third co-author in Curtea de Argeş, Roma-
nia, in the fall of 2015. Further problems were added during this period, while certain
problems were addressed in this time; some details and references are provided for such
cases.

1 Introduction

In membrane computing there are numerous open problems and research top-
ics in circulation, many of them also collected in systematic lists, compiled,
for instance, for the yearly Brainstorming Week on Membrane Computing, see
http://ppage.psystems.eu and www.gcn.us.es. Because the present list had
initially a working material character, we do not provide here complete references.
Furthermore, as the reader is supposed to be a researcher in membrane computing,
we do not give basic definitions either (but we give details for the new classes of
P systems considered). As a general reference we refer to the Handbook [8].

The list deals only with numerical P systems (in short, NP systems, [7]) and
spiking neural P systems (in short, SNP systems, [3]). Some problems are more
specific, many others are just general ideas, so that the first step in approaching
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them implies a formal definition (possibly, of new classes of NP or SNP systems).
We recall some details from several papers written in Curtea de Argeş during the
mentioned period of time.

2 Bridging NP and SNP

The two “exotic” classes of P systems (their “biochemistry” is not very closely
related to the biological one) have many common and, also, many different char-
acteristics. Of the first type is the fact that both of them process numbers and a
specific “production” of a cell is distributed among neighboring cells. Thus, it is
just natural to check whether features of one class can be extended to the other
class, and conversely. This proves to be a very fruitful idea.

Here are a few more precise suggestions of this kind.

A. NP with SNP features. Three main ingredients of SNP systems can be
exported also to NP systems: the tissue-like arrangement of membranes, the regular
expressions which control the application of spiking rules, and the replication of the
production to all the adjacent cells. However, further features can be considered –
only a few suggested below, so this is already a general research issue.

B. Passing from the cell-like membrane structure of usual NP systems to tissue-
like NP systems is just an extension which will also extend all computing power
results and computational complexity properties. As the distribution of the produc-
tion of a compartment is done with a precise identification of the target variables, a
simple (real-time?) mutual simulation between cell-like and tissue-like NP systems
is expected.

C. What about using, in the tissue-like NP systems, weights on “synapses”
instead of repartition coefficients? The simulation of NP systems with weights by
systems with repartition coefficients and conversely is a natural research topic.
What about using both repartition coefficients and weights on “synapses”? (This
might also have economic interpretations, thus bringing the model closer to the
initial motivation, the economics.)

D. Associating a regular expression with each evolution program seems to be a
non-trivial extension of the enzymatic control from [6]. (Note that we can compare
the values of two variables, even in terms of regular expressions, in the following
way: (x1x2)

∗x∗
2 can be interpreted as x2(t) ≥ x1(t), meaning that the value of x2

at time t is greater than or equal to the value of x1 at time t.) In what cases can
this intuition be confirmed? A good candidate is the descriptional complexity of
various NP systems, for instance, constructed for controlling robots.

E. While considering a regular expression looks like adding computing power,
distributing the production of a cell to all neighboring variables, replicated, on the
one hand, increases the total values of variables in the system, on the other hand,
removes the control possibilities provided by the repartition coefficients. Which
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is the power (and the efficiency) of NP systems with such a repartition protocol
remains to be checked.

F. Directly related to the previous idea is the following problem: what about
NP systems with an “egalitarian” repartition, i.e., with all distribution coefficients
equal in each evolution program/in each compartment/in the whole system? A
particular case is that of considering all distribution coefficients equal to 1. Are
such restricted NP systems still universal?

G. Continuing with the restrictions, what about considering NP systems with
only k ≥ 1 variables in the distribution protocols? Is any difference in power
between NP systems with k variables and those with k + 1 variables, for various
values of k? (It is expected that k = 1 is, indeed, a special case.) What about
NP systems with both egalitarian distribution and at most k variables in each
distribution protocol?

H. SNP with NP features. This is the “reverse” of problem A, again with
(at least) three basic directions: considering SNP systems with a cell-like membrane
structure, using a production function instead of spiking rules, and considering a
distribution protocol for communicating the produced spikes. What else, it remains
to imagine.

I. SNP systems with a cell-like membrane structure look “non-natural” from a
biological point of view, but it is mathematically interesting, especially in view of
the children-parent membrane interaction; remember that circularity is not allowed
in standard SNP systems.

This idea was explored in [14]; we recall some details.
A cell-like SN P system (in short, a cSN P system), of degree m ≥ 1, is a

construct
Π = (O,µ, n1, . . . , nm, R1, . . . , Rm, io),

where O = {a}, µ is a hierarchical membrane structure with m membranes, ni, 1 ≤
i ≤ m, is the number of spikes present in compartment i of µ at the beginning of
the computation, Ri, 1 ≤ i ≤ m, is the finite set of rules from compartment i, and
io indicates the output region (this is the environment if io = env).

Besides forgetting rules of the form as → λ, s ≥ 1, the sets Ri contain spiking
rules of the (extended) form E/ac → u, where E is a regular expression over O,
c ≥ 1, and u is a sequence of couples of the form (ap, tar), where p ≥ 1 and tar
is a target indication specifying the destination of the p associated spikes. This
target can be here, out, in, inj , where j is the label of a membrane, with the usual
meaning in cell-like P systems, or inall, with the meaning that the p spikes will
be sent, replicated, to all immediately inner membranes (each of them will receive
p spikes). Of course, in the case of non-extended rules, when only one spike is
produced by a rule, only one couple of the form (a, tar) will be used.

The computations in a cSN P system are defined as in usual SN P systems:
(at most) one rule in each compartment is applied, but the compartments work
in parallel, synchronously. The result can be obtained as the number of the spikes
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in region io in the moment when the computation halts, and this can be inside
the system or outside, when io = env. We denote by Nin(Π) the set of numbers
computed (generated) by the system Π in the internal mode. We will not consider
here also the external output in the form of the number of spikes sent out, as this
is a direct dual of the inner mode, but, like in SN P systems, we also consider as
the result of a computation the distance in time between the first two steps when
the system sends spikes out; this can be done by rules introducing couples (ap, out)
used in the skin region of Π, hence in this case the indication of io is omitted. We
denote by N2(Π) the set of numbers computed by Π in this sense, by means of
halting or non-halting computations. (By convention, number 0 is computed by a
computation which sends out spikes only once.)

It is important to note that in the previous definition we have imposed no
restriction on the number of produced spikes, that is, it can be greater than the
number of consumed spikes. Actually, we need rules for producing more spikes
than consumed, otherwise we cannot increase the number of spikes in the system
– unless if we use the replication target command inall.

We denote by NαcSNPm(forg, here, int, inall), α ∈ {2, in}, the family of
sets of numbers Nα(Π) computed by cSN P systems Π with at most m mem-
branes, using forgetting rules and target indications of the types here, int, inall,
together with indications in, out. We explicitly write only forg and the indications
here, int, inall because these features are powerful and they can be avoided in cer-
tain cases (this also happens in standard SN P systems with forg). When all spiking
rules E/ac → u have c greater than or equal to the number of spikes in u we write
NαcSN

′Pm(...) instead of NαcSNPm(...). When the number of membranes is not
bounded, we replace the subscript m with ∗.

Here are the results reported in [14]:

1. NincSNP4(here, int) = NRE.
2. NincSNP7(int) = NRE.
3. NincSNP7 = NRE.
4. NincSN

′P∗(int, inall) = NRE.
5. N2cSNP4(here, int) = NRE.
6. N2cSN

′P∗(here, int, inall) = NRE.

Several open problems and research topics were formulated in [14].
First, a large research area is open just by checking whether the results obtained

for usual SN P systems can be extended to cSN P systems. Many questions are of
interest: looking for small (as the number of membranes) universal cSN P systems,
adding anti-spikes, working in a parallel way also in the membranes, working
asynchronously, and so on and so forth. In [14] one starts directly with extended
systems (without delay). Which is the power of non-extended cSN P systems? In
this case we need a way to replicate spikes. In [14] inall it is used to that aim;
what else can be imagined? Look for restrictions which lead to characterizations
of sub-universal families of numbers (such as NREG) or of languages (in the case
of the external output; note that the spike train can be also a sequence of symbols
over an arbitrary alphabet).
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The languages generated by cell-like SN P systems were investigated in [13] –
many results were obtained, but also many questions remain to be further exam-
ined. We do not enter into details.

J. Replacing the spiking rules with a production function (of one variable if only
spikes are considered, of two variables if also anti-spikes are used; the interplay
with the annihilation rule is also of interest – useful seems to be to apply the
annihilation rule after computing the production, of both spikes and anti-spikes).
The production function can be a polynomial, as in usual NP systems, but we can
try to capture also other neural ingredients, such as the sigmoid function on which
the functioning of the biological neuron is based.

K. Using a distribution protocol, for SNP systems with “standard” spiking
rules looks easy: just associate distribution coefficients to synapses. This add “pro-
gramming” possibilities, hence simpler proofs than for usual SNP systems are ex-
pected.

3 Further Problems for NP

The investigations on NP systems reported so far only deal with the basic systems
and with the enzymatic ones, but there are many possibilities for considering fur-
ther classes. Some ideas were mentioned also before, a few others will be suggested
below, but the reader can imagine many more.

L. For instance, we can consider NP systems with restricted communication,
in the sense that the production of a compartment is distributed only to variables
from one or two levels out of the three used so far: here, down, up. For “one-way”
systems it is expected to obtain rather restricted families of numbers generated in
this way. Which cases still lead to universality?

M. A very natural idea is, instead of having the variables associated with
compartments, to move variables across variables by associating with them the
usual target indications here, in, out.

Numerical P systems with migrating variables (in short, MNP systems) were
considered in [17] in the following form:

Π = (m,H, µ, V ar, (Pr1, V ar1(0)), . . . , (Prm, V arm(0)), (xi0 , j0)),

where:

• m ≥ 1 is the number of membranes;
• H is an alphabet (of labels for membranes in µ);
• µ is a hierarchical (cell-like) membrane structure with m membranes labeled

with the elements of H;
• V ar = {x1, x2, . . . , xn} is a set of variables for the system;
• V ari ⊂ V ar, 1 ≤ i ≤ m, is a set of variables from V ar, initially present in

region i;
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• V ari(0), 1 ≤ i ≤ m, is a vector which indicates the values of the initial variables
in region i;

• Pri, 1 ≤ i ≤ m, is the finite set of programs in region i; each program has the
following form:

Fj,i(xp1 , . . . , xpk
) → cj,1|(xr1 , tar1) + . . .+ cj,q|(xrq , tarq),

where Fj,i(xp1 , . . . , xpk
) is the production function, cj,1|(xr1 , tar1) + . . . +

cj,q|(xrq , tarq) is the repartition protocol of the program and tar1, . . . , tarq ∈
{here, out, in}; the symbols here, out, in are called target commands or target
indications; all the variables xp1 , . . . , xpk

and xr1 , . . . , xrq are from V ar.
• xi0 ∈ V ar, j0 ∈ H.

The variables initially placed in membrane i have non-zero values speci-
fied by V ari(0), 1 ≤ i ≤ m. A variable equal to zero is simply supposed not
to be present in a membrane. This is called the NZP assumption. A program
Fj,i(xp1 , . . . , xpk

) → cj,1|(xr1 , tar1)+ . . .+cj,q|(xrq , tarq) can be applied only when
all variables xp1 , . . . , xpk

(“production variables”) are present in membrane i at
that time with non-zero values. By using the production function, the system
computes a production value which is distributed to variables specified by the
repartition protocol. An important observation is that variables involved in the
production function are reset to zero after computing the production value.

The application of programs is as usual in numerical P systems, with the fol-
lowing specific points. After the application of the program, the variables involved
in the repartition protocol are moved to the region indicated by the target com-
mand associated with them. Specifically, here means the variable will be placed
in the same region i where the program is applied; out means the variable will
be moved to the region immediately outside membrane i – this region can be the
environment in the case when i is the skin membrane; in means the variable should
be moved to a membrane immediately inside membrane i, non-deterministically
chosen.

When a program is applied, for a variable involved in the program there are five
cases to consider: i) if the variable appears in the production (it must be present in
the membrane for the program to be applied) and not also in the repartition proto-
col, then this variable is zeroed and removed from the membrane; ii) if the variable
appears both in the production function (with a non-zero value) and in the repar-
tition, then it is first zeroed, then the variable with the contribution received from
the repartition protocol is moved to the membrane indicated by the associated
target; iii) if the variable appears in the repartition protocol and is not present
in the membrane (hence it must not appear in the production function), then the
variable with its contribution received from the repartition protocol is moved to
the membrane as the associated target indicates; iv) if the variable appears in
the repartition protocol and it was initially present in the membrane but not in
the production, then the initial value plus the contribution it receives is moved
to the membrane indicated by its associated target; v) if the variable appears in
several repartition protocols, then, in order to avoid any conflicts/complications,
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we restrict to applying programs where the same variable has associated the same
target indication in all programs; then, each program separately changes the vari-
able as stated above and the variable, with the summed value, is moved to the
associated target.

After moving variables to the target membranes, all the values of the same
variable received from different membranes are added up, and the sum is the value
of this variable in the destination membrane. If the sum is zero, then the variable is
simply removed from the membrane. (Another possibility is to immediately move
variables with the value received from each program to the associated targets and
to sum the values at the destination.)

MNP systems can evolve in the all-parallel mode (at each step, in each mem-
brane, all programs which can be applied are applied, allowing that several pro-
grams share the same variable), in the sequential mode (at each step, only one
program is applied in each membrane; if more than one program in a membrane
can be used, then one of them is non-deterministically chosen), or in the one-
parallel mode (apply programs in the all-parallel mode with the restriction that
one variable can appear in only one of the applied programs; in the case of multiple
choices, the programs to apply are chosen in the non-deterministic way). In the
one-parallel mode, where more than one program can be applied in a membrane,
one can also impose the restriction that there is no conflict between the targets
associated with variables in the repartition protocols of the applied programs.

Besides programs as above (called non-enzymatic), numerical P systems also
have enzymatic programs of the form Fj,i(xp1 , . . . , xpk

)|ej,i → cj,1|(xr1 , tar1)+. . .+
cj,q|(xrq , tarq), where ej,i is a variable present in membrane i and different from
xp1 , . . . , xpk

and xr1 , . . . , xrq . Such a program is applied at time t only if ej,i(t) >
min(xp1(t), . . . , xpk

(t)). Note that ej,i(t) remains unchanged in the program where
it appears as an enzymatic variable; in other programs, ej,i can appear as a usual
variable in production functions or repartition protocols, and it can be “consumed”
or receive “contributions”.

If every program is enzymatic, we call the system purely enzymatic.
Using the programs in the way mentioned above, we obtain transitions among

configurations. A sequence of such transitions forms a computation. If no program
can be applied in the current configuration, we say that the system halts. When
the system halts, the value taken by the special variable xi0 in membrane j0 is the
number generated by the computation.

The set of natural numbers generated by a systemΠ working in the one-parallel
or sequential mode is denoted by Nα(Π), α ∈ {one, seq}, where one stands for one-
parallel, seq stands for sequential. We use NαM

0βNPD
m (polyn(r), V ark1 , P rok2),

to denote the family of all sets Nα(Π), α ∈ {one, seq}, β ∈ {E, pE,−} of numbers
generated by β numerical P systems Π with migrating variables (E = enzymatic,
pE = purely enzymatic; if the system is non-enzymatic, then β is omitted), with at
most m membranes, at most k1 variables, and at most k2 programs, with produc-
tion functions which are polynomials of degree at most n, with integer coefficients,
with at most r variables in each polynomial; D indicates the use of determinis-
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tic systems (we remove it when the systems may also be non-deterministic); the
superscript 0 means the system works under the NZP assumption. If this assump-
tion is removed, hence the variables can be present also with value zero, and the
programs can be applied if the variables are present in the membrane, does not
matter whether or not their values are zero (we say that we work without the
NZP assumption), then the superscript 0 is removed. If one of the parameters
m,n, r, k1, k2 is not bounded, then we replace it with ∗.

Here are part of the results proved in [17]:

1. NαM
0NP1(poly

1(1), V ar2, P ro2)− SLIN+
1 ̸= ∅, α ∈ {one, seq}.

2. SLIN+
1 ⊂ NαM

0NP1(poly
1(1), V ar∗, P ro∗), α ∈ {one, seq}.

3. NoneM
0NP1(poly

1(3), V ar∗, P ro∗) = NRE.
4. NseqM

0NP2(poly
1(3), V ar∗, P ro∗) = NRE.

5. NoneMENP1(poly
1(3), V ar∗, P ro∗) = NRE.

6. NseqMENP2(poly
1(3), V ar∗, P ro∗) = NRE.

Also the possibility to generate strings with these systems was explored in [17].

N. Associate a language to a computation in an NP system. For instance,
the values of a variable can form a string – in general, over an infinite alphabet
(like in [2]), or on a finite alphabet. For instance, we can consider the binary string
obtained by marking with 0 and 1 the odd and the even values of the distinguished
variable. We can also “read” the natural numbers modulo a given constant k ≥ 2,
so that we can obtain strings over an alphabet with k letters.

O. In particular, we can associate a language to an NP system by considering
an external output: we add a variable also to the environment, which gets parts
of the production of the skin compartment. This can be used both for computing
numbers and strings (in the latter case, following the suggestions from the previous
question).

NP systems used as string generators were considered in [16]. A string is asso-
ciated with a computation in a way somewhat similar to that adopted for spiking
neural P systems: one just considers a special variable out in the environment
which can appear in the repartition protocol of programs in the skin region of a
numerical P system. At each step its value is first reset to zero, then it receives a
new value. If at one step it receives several values from several programs, all these
values are added up and the sum is the value it receives at this step. If the value is
a number i between 1 to q, for some constant q, then the symbol bi is added to the
generated string. If at any step variable out receives a value which is greater than
q or smaller than 0, then this computation aborts, no result is associated with it.

In order to define the generated string, we need to define its end. This is clear
in the case when the computation halts (no further program can be applied), and
this can be taken as a definition of successful computations in purely enzymatic P
systems. In non-enzymatic and in (non-purely) enzymatic systems the computa-
tions never halt, and then we define the end of the string by means of a signal, e.g.,
the step when the system sends out value 0. Because for purely enzymatic systems
we have halting at our disposal, in this case we avoid sending out value 0, that is,
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this case is simply ignored. (For a general definition, however, a decision should
be made also for value 0 sent out. A possibility is to proceed as in spiking neural
P systems, where in such a case a special symbol, b0, is added to the string.)

It still remains a case not covered: the steps when the system sends no value
to variable out. We have two choices: to forbid such steps, by the definition of
correct computations, or to proceed as in the case of spiking neural P systems and
to associate the string λ to the generated string (the string is not increased, the
system can continue working).

In this way, we define two languages generated by a numerical P system Π.
If at each step a positive value is sent to variable out (with the exception of the
last step, for non-enzymatic and for enzymatic P systems, when value 0 is sent
out, marking the end), then we denote the generated language by Lres(Π) (with
res coming from restricted). If in the steps when no value is sent out (neither 0)
we interpret that the system adds λ to the generated string, then the generated
language is denoted by Lλ(Π).

For an easier remembering, we synthesize the previous conventions/definitions
in a table:

Sending out Non-enzymatic & Enzymatic Purely enzymatic
1, 2, . . . , q bi bi
< 0 or > q abort abort

0 end signal ignored here
nothing λ or forbidden (res) λ or forbidden (res)

We denote by LαβNP γ
m(polyn(r), V ark1 , P rok2), α ∈ {res, λ}, β ∈ {E, pE,−},

γ ∈ {hal, fin}, the family of languages Lα(Π), generated by β numerical P sys-
tems Π (E = enzymatic, pE = purely enzymatic; if the system is non-enzymatic,
then β is omitted) with at most m membranes, at most k1 variables, and at most
k2 programs, with production functions which are polynomials of degree at most
n, with integer coefficients, with at most r variables in each polynomial; the su-
perscript γ = hal is used for purely enzymatic systems, to indicate that the result
is obtained when the system reaches a halting configuration; in the case when the
end of the computation is defined by means of a signal (sending value 0 out), then
we replace hal by fin. If one of the parameters m,n, r, k1, k2 is not bounded, then
we replace it with ∗.

Here are some of the results proved in [16]:

1. LresβNP γ
∗ (poly ∗ n(∗), V ar∗, P ro∗) ⊆ REC, β ∈ {E, pE,−}, γ ∈ {hal, fin}.

2. LresNP fin
1 (poly1(1), V ar1, P ro2)− FIN ̸= ∅.

3. REG ⊆ LresNP fin
1 (poly1(1), V ar∗, P ro∗).

4. LresNP fin
1 (poly1(4), V ar4, P ro4)−REG ̸= ∅..

5. LresNP fin
1 (poly1(4), V ar7, P ro6)− CF ̸= ∅.

6. The family LresNP fin
1 (poly1(4), V ar4, P ro7) contain non-semilinear lan-

guages.
7. LrespENPhal

1 (poly1(1), V ar2, P ro2)− FIN ̸= ∅.
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8. FIN ⊂ LrespENPhal
1 (poly1(1), V ar∗, P ro∗).

9. REG ⊆ LrespENPhal
1 (poly1(2), V ar∗, P ro∗).

10. LrespENPhal
1 (poly1(1), V ar6, P ro4)−REG ̸= ∅.

11. LrespENPhal
1 (poly1(1), V ar9, P ro6)− CF ̸= ∅.

12. The family LrespENPhal
1 (poly1(1), V ar7, P ro6) contains non-semilinear lan-

guages.
13. RE = LλpENPhal

1 (poly1(2), V ar∗, P ro∗).
14. The family LresENPhal

1 (poly1(2), V ar4, P ro6) contains non-semilinear lan-
guages.

P. The external variable can be useful also for considering an NP system as a
decidability device: an instance of a decision problem is encoded in the values of
certain variables, and the values of a specified variable – maybe the external one
(which is not used in any production function) – at a well defined moment (in a
halting configuration, if halting can be defined and ensured) is the yes/no answer
to the problem instance. Using NP systems in this way, as decidability devices, is a
general research topic of definite interest. Which is the efficiency of this approach?
Can NP-complete problems be solved in polynomial time in this framework? If
not, which ingredients can help?

Q. In general, what about NP systems with “active membranes”, i.e., with pos-
sibilities of dissolving, creating, dividing membranes? Are these operations useful
for speeding-up the computations?

R. Related also to the previous questions is the natural one of looking for
interesting sequences of numbers and for interesting functions which can be com-
puted by NP systems. Are there hard sequences/functions (hard with respect to
Turing machines) which can be computed in a more efficient way with NP systems
(maybe endowed with membrane manipulating rules)?

S. The answer to the previous question can have a practical interest, e.g., for
robot controllers. In this context, an exercise is natural: passing from robots acting
in a 2D space, as those considered so far in membrane computing area, to 3D robots
(drones, satellites). This is, expectedly, only a programming issue/exercise, but of
interest in view of the popularity of 3D machineries which need an automatic
(maybe intelligent) controller.

T. In robot control there were useful numerical P systems with enzymes con-
trolling the applicability of programs. A natural idea is to count the variables
used as enzymes, then to try to keep this number as small as possible without
diminishing the computing power (without losing the universality). The numbers
of enzymes used so far in proofs is surprisingly large: For instance, the result in
[11] can be written as

NRE = NgenE∗NP∗(poly
1(2), oneP )

= NgenE776NP254(poly
2(253), allP )
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(the subscript of E indicates the number of enzymes used) whereas the improve-
ment of the last equality given in [10] can be written as

NRE = NgenE427NP4(poly
1(6), allP ).

The improvements of the above results in [4] are also not concerned with keeping
under control the number of variables used as enzymes.

In [18], the following – again surprising – results were obtained:

NRE = NaccE1NP1(poly
1(2), allP )

= NgenE2NP1(poly
1(2), oneP )

= NaccE1NP1(poly
1(2), oneP ).

What other results about enzymatic numerical P systems remain to be im-
proved from this point of view? (What about small universal numerical P sys-
tems?)

U. The previous problem is related to another way to control the use of pro-
grams, namely by means of thresholds, constants associated with programs, com-
pared with the current values of variables in the production function or with the
value of the production itself. See precise definitions in [19] and [15]. Universality
results with a small number of thresholds are obtained in these papers.

4 Further Problems for SNP

V. In the same way as NP systems can compute (also for robot controllers) func-
tions f : Nn −→ Nm, such a function can be computed also by SNP systems. Can
such systems be used for designing robot controllers? Which is the (practical and
theoretical) efficiency of such an approach?

W. On the one hand, the brain is supposed to be a non-Turing “computer”, on
the other hand, it is supposed to have a deterministic conscious part and a non-
deterministic unconscious part, the first one problems problems to the latter, this
one proposing solutions, which are evaluated by the conscious part, and the process
is iterated until either finding the right solution, or the problem is abandoned. Can
such a strategy be implemented in terms of SNP systems? Is it possible to devise
such a hybrid SNP system able of computing beyond Turing?

X. What about extending to SNP systems other ideas currently explored in
hypercomputing, see, e.g., [9]? Can they be formulated for SNP systems in such
a way to make them compute beyond Turing (as – again – the human brain is
supposed to do)?

For instance, what about accelerated SNP systems, where the neurons “learn”
during the functioning of the system. First time when a neuron uses a rule, the
application of the rule lasts one time unit (the time is measured by an external
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clock, the user clock). Next time (does not matter how many steps the neuron is
not working in between), the rule is applied in half of a user time unit – and so
on, always half of the duration of the previous rule application.

Thus, a neuron which works each step, in two external time units will perform
an infinity of steps.

The example in figure below shows an SN P system with only one spike inside,
with neurons 1 and 4 working only once, but with neurons 2 and 3 working each
step from step 2 on. Thus, in at most 2 external time units, neurons 2 and 3 send
to neuron 4 any number of spikes. When m spikes are present in neuron 4, neuron
4 fires and the computation halts.

Thus, irrespective how large is m, starting with only one spike inside, this
system will produce m spikes (sent outside) in at most 4 external time units (but
working internally a number of steps which depends on m).
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Conjectures:

1. Using the acceleration, we can solve NP-complete problems in polynomial
time. (The first step is to find a suitable problem to be addressed in this
framework.)

2. Accelerated P systems can go beyond Turing (can solve the halting problem –
see the example of [1]); can this result be extended to SN P systems?

Both these conjectures are, metaphorically, supported by the fact that the brain
is efficient and “non-Turing”.

Y. Add to SNP systems further biologically-inspired features, to get closer
to the brain. Ideally, bring enough further features to the SNP systems so that
processes taking place in the “real” brain can be modeled/simulated (at the level
of biologists interest).

Z. We have left to the end a very promising new class of SNP systems, which
are no longer using regular expressions for controlling the application of spiking
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rules, but instead polarizations are associated with the neurons and the rules. The
idea was explored in [12]. For the reader convenience, we recall the definition with
full details.

A spiking neural P systems with polarizations (in short, a PSN P system) of
degree m ≥ 1 is a construct of the form

Π = (O, σ1, σ2, . . . , σm, syn, in, out),

where

1. O = {a} is the singleton alphabet (a is called spike);
2. σ1, . . . , σm are neurons, of the form

σi = (αi, ni, Ri), 1 ≤ i ≤ m,

where:
(a) αi ∈ {+, 0,−} is the initial polarization of neuron σi;
(b)ni is the initial number of spikes contained in σi;
(c) Ri is a finite set of rules of the following two forms:

(i) α/ac → a;β, for α, β ∈ {+, 0,−}, c ≥ 1 (spiking rules);
(ii)α/as → λ;β, for α, β ∈ {+, 0,−}, s ≥ 1 (forgetting rules);

3. syn ⊆ {1, 2, . . . ,m}×{1, 2, . . . ,m} with i ̸= j for each (i, j) ∈ syn, 1 ≤ i, j ≤ m
(synapses between neurons);

4. in, out ∈ {1, 2, . . . ,m} indicate the input and output neurons, respectively.

Note that the definition of PSN P systems is the same as the usual definition
of SN P systems given in the literature, with two differences: the applicability of
a rule is not determined by checking the total number of spikes contained in the
neuron against a regular expression associated with the rule, but the neurons have
charges and a rule can be applied only if the neuron has the charge indicated in
the left hand side of the rule. Of course, in order to use a rule, the total number
of spikes inside the neuron should not be less than the number of spikes consumed
by the rule. Moreover, the neurons not only send out spikes, but also charges, even
when using forgetting rules.

A spiking rule α/ac → a;β is used as follows. If the neuron σi has the charge α
and it contains at least c spikes, then the rule can be applied, and its application
means that c spikes are consumed, the neuron fires and produces a spike, which
carries the charge β. The spike is replicated and each neuron σj such that (i, j) ∈
syn receives the spike and the charge β.

The output neuron also sends spikes out of the system, but no electrical charge
is sent out (it is “lost” in the environment).

A forgetting rule α/as → λ;β is applied when the neuron has the charge α and
contains at least s spikes; s spikes are removed from the neuron and the charge β
is sent to all neurons σj such that (i, j) ∈ syn. (Note that we do not necessarily
forget all spikes, as in the case of usual SN P systems, where exactly s spikes
should be present in order to use a forgetting rule as → λ.)

After a neuron receives charges from other neurons, we perform a computation
of charges inside the neuron as described below:
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1. several positive charges (+), several neutral charges (0), several negative
charges (−) lead to one positive charge (+), one neutral charge (0), one negative
charge (−), respectively;

2. a positive charge (+) and a negative charge (−) cancel each other and give the
neutral charge (0);

3. a positive charge (+) or a negative charge (−) is not changed by a neutral
charge (0).

We stress that (i) the computation of charges takes no time; (ii) step 1 of the
above computation of charges is done first. For example, if a given neuron which
is initially neutral receives two positive charges and one negative charge, then first
the two positive charges lead to one positive charge, after that the positive charge
and the negative charge cancel each other, thus the neuron remains neutral.

As usual in SN P systems, a global clock is assumed, marking the time for the
whole system, hence the functioning of the system is synchronized. In each time
unit, if a neuron σi can use one of its rules, then a rule from Ri must be used. If
several rules can be used at the same time in a neuron, then the one to be applied
is chosen non-deterministically. Thus, the rules are used in a sequential manner in
each neuron, but the neurons function in parallel with each other.

The configuration of the system is described by both the number of spikes
and the charge of each neuron; thus, the initial configuration of the system is
C0 = ⟨n1, n2, . . . , nm;α1, α2, . . . , αm⟩. Using the rules as described above, one can
define transitions among configurations. A transition between two configurations
C1, C2 is denoted by C1 ⇒ C2. Any sequence of transitions starting from the initial
configuration is called a computation. A computation is successful if it reaches a
configuration where no rule can be used in any neuron of the system. We say that
the computation is halting.

A PSN P system can be used as a generative, an accepting, or a computing
device.

With any computation, halting or not, we associate a spike train, the sequence
of symbols 0 and 1 describing the behavior of the output neuron: 1 indicates a
spiking step, 0 indicates a step when no spike exits the system. With a spike train,
a result of a computation can be defined in several ways. For instance, the result of
a computation can be defined as usual in general SN P systems: we only consider
the first two time instances t1 and t2 that neuron out spikes and we say that the
number t2 − t1 is computed/generated by Π. The set of all numbers generated in
this way by a PSN P system Π is denoted by N2(Π) (the subscript 2 indicates
that the computation result is encoded by the time distance between the first two
spikes of any computation).

In the generative case, the neuron with label in is ignored. In the accepting
mode, the neuron with label out is ignored. A number n is introduced in the system,
by introducing a sequence 10n−11 in neuron in (two spikes are introduced, at a
time distance of n steps) and this number is accepted if the computation halts.

When both an input and an output neuron are considered, the PSN P systems
can be used to compute numerical functions. In order to compute a function f :
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Nk → N, k natural numbers n1, . . . , nk are introduced into the system by “read-
ing” from the environment a spike train of the form z = 10n1−110n2−11 . . . 10nk−11.
Note that exactly k+1 spikes are “read”, that is, after the last spike, it is assumed
that no further spike is sent to the input neuron. The result of the computation
is also encoded as the distance between the first two spikes emitted by the output
neuron with the restriction that the system outputs exactly two spikes and halts
(maybe some further steps after the second spike), hence it produces a spike train
of the form 0b10r−110d for some b, d ≥ 0 with r = f(n1, n2, . . . , nk). The system
outputs no spike in the b ≥ 0 steps from the beginning of the computation until
the first spike.

We denote N2PSNP (chp) the family of all sets of numbers N2(Π) generated
by PSN P systems with at most p charges.

The two results proved in [12] are the following:

1. NRE = N2PSNP (ch3).
2. There exists a universal PSN P system (with three charges) for computing

functions, having 164 neurons.

The proofs are rather complex, at least in comparison with the proofs of the
corresponding results for usual SN P systems, and this is due to the fact that the
polarizations provide a much weaker control on the applicability of the rules in
neurons than the regular expressions.

Again, many research topics remain to be explored. Practically the whole pro-
gram of investigation carried on usual SN P systems has to be explored also for
the new type of spiking neural P systems: normal forms (can we get rid of forget-
ting rules?), using extended rules (producing more than one spike can help, e.g.,
in simplifying the proofs?), generating strings or infinite sequences, considering
asynchronous computations or a parallel/exhaustive use of spiking rules in each
neuron, adding astrocytes or other biology inspired ingredients, and so on and so
forth. Another idea is to consider cell-like PSN P systems; polarized cell-like SN
P systems seem to be challenging to investigate (maybe not universal).

There also appear specific open problems. Of a definite interest is the question
whether or not the number of electrical charges considered in the universality proof
from [12], three, can be decreased. Which is the power of PSN P systems with 2
charges, or even without any charge? Is any of the corresponding classes of com-
puting devices sub-universal? If so, which are the properties (size, closure, decid-
ability) of the corresponding family of sets of numbers or of languages generated?
Finally: can the number of neurons in universal PSN P systems be (significantly)
decreased? (We are pessimistic about this, as clever codifications in terms of the
number of spikes, as usual for standard SN P systems, do not seem to help in the
absence of regular expressions.)

Definitely, we believe that SN P systems with polarizations deserve further
research efforts.
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8. Gh. Păun, G. Rozenberg, A. Salomaa, eds.: The Oxford Handbook of Membrane
Computing. Oxford University Press, 2010.

9. A. Syropoulos: Hypercomputation: Computing Beyond the Church-Turing Barrier.
Springer, Berlin, 2008.

10. C.I. Vasile, A.B. Pavel, I. Dumitrache: Universality of enzymatic numerical P sys-
tems. International Journal of Computer Mathematics, 90(4) (2013), 869–879.

11. C.I. Vasile, A.B. Pavel, I. Dumitrache, Gh. Păun: On the power of enzymatic numer-
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Summary. We consider (extended) spiking neural P systems with polarizations, where
the applicability of rules in a neuron not only depends on the presence of sufficiently many
spikes (yet in contrast to the standard definition, no regular checking sets are used), but
also on the current polarization of the neuron. Moreover, a spiking rule not only sends
spikes, but also polarization information to the connected neurons. We prove that this
variant of the original model of spiking neural P systems can simulate register machines
with only two polarizations.

1 Introduction

In the area of P systems, the model of spiking neural P systems was introduced
in [6]. Whereas the basic model of membrane systems, see [10], reflects hierarchical
membrane structures, in spiking neural P systems the cells are arranged in a tissue-
like manner, with the contents of a cell (neuron) consisting of a number of so-called
spikes, i.e., of a multiset over a single object. The rules assigned to a neuron allow
us to send information to other neurons in the form of electrical impulses (also
called spikes) which are summed up at the target neuron; the application of the
rules depends on the contents of the neuron and in the general case is described
by regular sets. As inspired from biology, the neuron sending out spikes may be
“closed” for a specific time period corresponding to the refraction period of a
neuron; during this refraction period, the neuron is closed for new input and cannot
get excited (“fire”) for spiking again.

The length of the axon may also cause a time delay before a spike arrives at
the target. Moreover, the spikes coming along different axons may cause effects
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of different magnitude. All these biologically motivated features were included
in the model of extended spiking neural P systems considered in [4], the most
important theoretical feature being that neurons can send spikes along the axons
with different magnitudes at different moments of time.

In [2], we considered a variant of the model of extended spiking neural P systems
which not only uses spikes to be sent to other neurons when some neuron spikes,
but also allows for sending some additional information called “state” along the
axons. All these state informations arriving in a neuron then determine the next
state of the neuron. On the other hand, the regular checking sets for the current
number of spikes in the neuron are not needed any more, which decreases the
amount of information a spiking rule may use. In that case, the spiking rules only
depend on the current states of the neurons and the availability of sufficiently
many spikes.

This variant of extended spiking neural P systems with states has been inspired
by the variant of spiking neural P systems with polarizations, see [14], where the
states are called polarizations, and the underlying model of extended spiking neural
P systems was the basic one with a fixed connection structure, only extended by
allowing more than one spike to be sent along the axons. There it was shown that
computational completeness (i.e., simulation of register machines) can be obtained
with only three polarizations. In this note we now describe the main result obtained
in [2] showing that computational completeness can already be obtained with only
two states, i.e., with two polarizations, which solves an open problem raised at
the Brainstorming Week on Membrane Computing in Sevilla at the beginning of
February 2016.

The rest of the paper is organized as follows: In the next section, we recall
some preliminary notions and definitions from formal language theory, especially
the definition for register machines. In Section 3 we define the model of spiking
neural P systems with states/polarizations. In Section 4, we prove our main result
and show that spiking neural P systems with only two states/polarizations (0
and 1) can simulate register machines, thereby only using a very simple global
state composition function computing the new state of a neuron from the state
information having arrived from other neurons in the simplest way by going to the
“activated state 1” if and only if at least one such activating signal 1 has come in
the previous step. In Section 5, we show how a small universal spiking neural P
system with states can be constructed based on this result. A short summary of
the results we obtained concludes the paper.

2 Preliminaries

In this section we recall the basic elements of formal language theory and especially
the definitions and results for register machines; we also refer to the corresponding
section from [4] and [3]. For the basic elements of formal language theory needed
in the following, we refer to any monograph in this area, in particular, to [12].
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For any (finite) alphabet V , V ∗ denotes the free monoid generated under the
operation of concatenation and the empty string, denoted by λ, as unit element.
N denotes the set of non-negative integers.

2.1 Register Machines

The proofs of the results establishing computational completeness in the area of
P systems are often based on the simulation of register machines; we refer to [8]
for original definitions, and to [5] for the definitions we use in this paper:

An n-register machine is a tuple M = (n,B, l0, lh, P ), where n is the number
of registers, B is a set of labels, l0 ∈ B is the initial label, lh ∈ B is the final
label, and P is the set of instructions bijectively labeled by elements of B. The
instructions of M can be of the following forms:

• p : (ADD (r) , q, s), with p ∈ B \ {lh}, q, s ∈ B, 1 ≤ r ≤ n.
Increases the value of register r by one, followed by a non-deterministic jump
to instruction q or s. This instruction is usually called increment.

• p : (SUB (r) , q, s), with p ∈ B \ {lh}, q, s ∈ B, 1 ≤ r ≤ n.
If the value of register r is zero then jump to instruction s; otherwise, the value
of register r is decreased by one, followed by a jump to instruction q. The two
cases of this instruction are usually called zero-test and decrement, respectively.

– lh : halt (HALT instruction)
Stop the machine. The final label lh is only assigned to this instruction.

3 Spiking Neural P Systems with States

The reader is supposed to be familiar with basic elements of membrane computing,
e.g., from [9] and [11]; comprehensive information can be found on the P systems
web page [13]. Moreover, for the motivation and the biological background of
spiking neural P systems we refer the reader to [6] as well as to the corresponding
Chapter 13 in the Handbook of Membrane Computing [11]. For the definition of
an extended spiking neural P system we refer to [4], and for the extended model
with states we refer to [2]. In the model of spiking neural P systems with states, the
neurons can be in different states, and depending on the current state of a neuron,
different spiking rules may be applicable. Throughout the rest of the paper, we
will use the notion of state as in [2] instead of polarization as in [14].

Definition 1. A spiking neural P system with states (of degree m ≥ 1) (an SNPS
system for short) is a construct Π = (N,S, syn, I, R, f) where

• N is the set of cells (or neurons); the neurons may be uniquely identified by a
number between 1 and m or by an alphabet of m symbols;

• S is the set of states;
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• syn ⊆ {1, . . . ,m} × {1, . . . ,m} describes the connection structure (synapses)
between the neurons;

• I describes the initial configuration by assigning an initial value (of spikes) and
an initial state to each neuron;

• R is a finite set of rules of the form i :
(
si, a

k
)

→ (am, s) such that
i ∈ {1, . . . ,m} (specifying that this rule is assigned to neuron i), si ∈ S is
the current state of neuron i, k ∈ N is the “number of spikes” (the energy)
consumed by this rule, m ∈ N is the “number of spikes” sent to all neurons j
such that (i, j) ∈ syn (in case m > 0 this rule is called a spiking rule and for
m = 0 a forgetting rule), and s is the state information sent along the axons
to all neurons j such that (i, j) ∈ syn.

• f is the state composition function, which for each neuron allows for computing
the new state of a neuron from its current state and the state signals having
arrived in the neuron in the previous step.

A configuration of the SNPS system, for each neuron specifies the actual num-
ber of spikes in the neuron and its current state. A transition from one configura-
tion to another one now works as follows:

• for each neuron i, a rule i :
(
si, a

k
)
→ (am, s) is applied (if possible), provided

that the neuron is in state si and contains at least k spikes; k spikes are
subtracted from the current number of spikes in neuron i; moreover, m spikes
and the state information s are sent to all neurons j such that (i, j) ∈ syn (in
case m = 0 no spikes are sent);

• for each neuron i, all the spikes having arrived from other neurons are added
to the contents of the neuron;

• for each neuron i, the new state of the neuron is computed according to the
state composition function using as parameters the current state of the neuron
and all the state informations having arrived from other neurons.

After having executed all the substeps described above in the correct sequence,
we obtain the description of the new configuration. A computation is a sequence
of configurations starting with the initial configuration given by I. A computation
is called successful if it halts, i.e., if no rule can be applied in any of the neurons
any more.

Depending on the purpose the SNPS system is to be used, i.e., as a generative,
an accepting, or a computing device, some more features have to be specified: for
generating k-dimensional vectors of non-negative integers, we have to designate k
neurons as output neurons, and the other neurons then will also be called actor
neurons; for the computing case and the accepting case, some neurons have to be
designated as input neurons. As in [4], also in this paper, we take the number of
spikes at the end of a successful computation in the neuron as the output/input
value.
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4 Simulating Register Machines with Spiking Neural P
Systems with only Two States

We now consider an arbitrary n-register machine M = (n,B, l0, lh, P ) and show
how to simulate the computations of such a register machine by a spiking neural
P system Π = (N,S, syn, I, R, f) with only two states, i.e., S = {0, 1}.

For all neurons, we use one global state composition function, i.e., if any state
signal 1 has arrived in the previous step, the state of the neuron is 1, and 0
otherwise.

For each register r, 1 ≤ r ≤ n, we use two neurons r and r′.
For each instruction of the register machine with label p ∈ B we use a neuron

p and some additional neurons to simulate this instruction.
In the initial configuration, except for neuron l0, all neurons are in state 0

and contain no spike (in the accepting or the computing case, the input neurons
contain the input values), and only neuron l0 is in state 1 and contains one spike.

In order to make a non-graphical representation of the SNPS system easier, we
specify the connection structure syn in an implicit way by specifying with each
rule i :

(
si, a

k
)
→ (am, s) in R also the set of neurons {j | (i, j) ∈ syn} by writing

i :
(
si, a

k
)
→ (am, s) | {j | (i, j) ∈ syn} .

We first show how a non-deterministic ADD-instruction p : (ADD(r), q, s) is
simulated by the neurons p and p′ with the rules

p : (1, a) → (a, 0) | {p′, r},
p′ : (0, a) → (a, 0) |

{
0′′q , 1

′′
s

}
and

p′ : (0, a) → (a, 1) |
{
0′′q , 1

′′
s

}
,

together with the following rules in the neurons 0′′l and 1′′l , for every label l ∈ B:

0′′l : (0, a) → (a, 1) | {l} and
0′′l : (1, a) → (λ, 0) | {l},
1′′l : (1, a) → (a, 1) | {l} and
1′′l : (0, a) → (λ, 0) | {l}.

A SUB-instruction p : (SUB(r), q, s) is simulated by the neurons p, p̃, p̃′, p̂, p̂′,
p̂′′, p̄, and p̄′ with the rules

p : (1, a) → (a, 1) | {p̃, p̂, r},

p̃ : (1, a) → (a, 0) | {p̃′},
p̃′ : (1, a2) → (a, 1) | {q} ∪ {l̂′′ | l ∈ SUB(r) \ {p}},
p̃′ : (0, a) → (λ, 0) | {q} ∪

{
l̂′′ | l ∈ SUB(r) \ {p}

}
as well as

p̂ : (1, a) → (a, 1) | {p̂′},
p̂′ : (1, a) → (a, 0) | {p̂′′},



102 A. Alhazov, R. Freund, S. Ivanov

p̂′′ : (0, a) → (a, 1) | {r, p̄},
p̂′′ : (1, a2) → (λ, 0) | {r, p̄},
p̄ : (1, a) → (a, 1) | {p̄′}, and
p̄′ : (1, a) → (a, 1) | {s} ∪

{
l̂′′ | l ∈ SUB(r)

}
together with the following rules for the register neuron r and for the additional
neuron r′:

r : (1, a2) → (a, 1) | {r′} ∪
{
l̃′ | l ∈ SUB(r)

}
and

r′ : (1, a) → (a, 1) |
{
l̂′′ | l ∈ SUB(r)

}
.

The main idea of this construction is to start both decrement and zero-check
case in parallel and then, depending on the signal from r and r′ take the necessary
action, including to reset register r to 0 if the additional spike sent there did not
lead to a spiking action of neuron r in case the value stored in the register was zero.
Moreover, all actor neurons affected by signals from neuron r not belonging to the
current label p have to be reset without allowing them to act in a non-desired way:

For the neurons p̃′ this happens automatically as with only one spike a they
cannot spike in state 1, yet after one step the state goes back to 0 and then allows
the spike to be forgotten.

For the neurons p̂′′ this happens if the state signal 1 and the spike from neuron
r′ are accompanied by a second spike which allows for resetting the neuron by
using the forgetting rule (1, a2) → (λ, 0).

5 Universal Spiking Neural P Systems with Two States

We simulate the strongly universal register machine U22 of Korec, see [7]. Rather
than performing a direct simulation, we notice that the simulation of ADD-
instructions does not require separate rules, because this can be done as a part
of the simulation of SUB-instructions. More exactly, increments are built into the
transitions to q and s of p : (SUB(r), q, s). This has been formalized as generalized
register machine (GRM for short), see [1]. The rules of U22 in the GRM form are
given below.

q1 : (SUB(1), ADD(7)q1, ADD(6)q4), q16 : (SUB(5), q18, q23),
q4 : (SUB(5), ADD(6)q4, q7), q18 : (SUB(5), q20, q27),
q7 : (SUB(6), ADD(5)q10, q4), q23 : (SUB(2), q32, q25),
q10 : (SUB(7), ADD(1)q7, q13), q25 : (SUB(0), q1, q32),
q13 : (SUB(6), ADD(6)q14, q1), q27 : (SUB(3), q32, ADD(0)q1),
q14 : (SUB(4), q1, q16), q32 : (SUB(4), q1, qh).
q20 : (SUB(5), ADD(4)q16, ADD(2)ADD(3)q32),

We note that the first step of the simulation of a generalized SUB-instruction
can be embedded into the last step of the preceding simulation. Moreover, we
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observe that in this case we may start with one spike in neuron q′′13. Finally,
the halting neuron qh can be avoided, too. A straight-forward calculation now
yields two neurons and two rules per register as well as 7 neurons and 9 rules per
generalized conditional decrement instruction, which yields a total of 16+7×13 =
107 neurons as well as 16 + 9× 13 = 133 rules.

6 Conclusion

We have shown that only two states (or polarizations as they are called in [14]) are
needed for obtaining computational completeness with spiking neural P systems
with states, thus solving an open problem raised at the Brainstorming Week on
Membrane Computing in Sevilla at the beginning of February 2016.
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simulator
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Lulu is a generic, open-source simulator for P colonies, XP colonies and colonies
of XP colonies (P swarms). Lulu is written in Python and is available at [3].

The simulator can be used to run a P colony or a P swarm given as an input file.
Lulu can also be included as a library in a more complex application. For example,
it can be connected to a robot simulator and used for developing P colonies and
P swarms-based controllers for single or multiple robots.

Details such as the syntax of the input file, the internal structure of the simu-
lator and a case study of interfacing Lulu with a robot simulator and controlling
a mobile robot with a P colony are available in [2]

Demonstration video of Lulu executing an increment / decrement P colony as
well as the control of a mobile robot can be viewed at [1].
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Thesis Abstract

Membrane computing models have not been implemented on any substrate yet.
This derives from the fact that the bio-inspired non-deterministic massively paral-
lel nature of P systems supposes quite a challenge for scientific and technological
state of the art. Thus, simulation of P systems on electronic conventional devices
becomes an indispensable requirement to guarantee the development of scientific
activities linked to membrane computing.
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This thesis aims to address the inherent relation among, as of today, solving
relevant real-life problems in the most efficient possible way, acknowledging the
unavoidable limits of our current silicon-based computing devices, fleeing forward
to look for a suitable technological alternative, in particular the one provided by
membrane computing discipline, and going deeper into scientific research on P
systems in order to (i) find feasible solutions to NP–complete problems taking ad-
vantage of the intrinsic non-deterministic massively parallel nature of membrane
systems; (ii) positively identify the solutions provided to the aforementioned prob-
lems as a mean to study the boundaries of computational feasibility, in particular
regarding to the P vs NP problem; (iii) acknowledge the key value of simula-
tion tools as indispensable assists not only in the design and formal verification of
membrane models comprising efficient solutions to relevant problems, but also in
the design, validation and virtual experimentation regarding complex dynamical
systems related to biological and non-biological phenomena; and (iv) broaden the
set of available simulators susceptible of being executed on both sequential and
parallel architectures, in order to maximize their expressibility and computational
efficiency.

The main contributions derived from the work object of this dissertation are
the following:

• Identifying new frontiers of the efficiency in terms of cell-like P systems with
symport/antiport rules.
In the framework of cell-like P systems with symport/antiport rules, membrane
division rules and membrane separation rules have been considered in order to
generate an exponential amount of space in linear time.
Specifically, new (optimal) frontiers of the efficiency have been obtained in
terms of the length of communication rules: (a) when membrane division rules
are allowed, passing from one (non-cooperation) to two (minimal cooperation)
amounts to passing from non-efficiency to efficiency; and (b) when membrane
separation rules are allowed, passing from two to three amounts to passing
from non-efficiency to efficiency.
Moreover, the role of the environment (from a computational complexity point
of view) in this class of P systems has been studied and similar results to
those obtained with tissue P systems with symport/antiport rules have been
obtained.

• P-Lingua based software for cell-like P systems with symport/antiport rules.
Finding polynomial solutions to NP-hard problems within the framework of
membrane computing involves the tedious, difficult, and in general, hard tasks
of designing and formally verifying the corresponding P systems families. In-
herent complexity of such tasks requires the vital assistance of some simulation
tool.
At this respect, P–Lingua simulators of families of cell-like P systems with
symport/antiport rules, incorporating either membrane division or membrane
separation rules, and allowing arbitrary object copies in the environment, have
been developed.
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• New variants of Spiking Neural P systems and development of simulators.
The first step in the path to provide a general-purpose cross-platform Spik-
ing Neural P systems (SN P systems, for short) simulator, able to run on a
huge variety of computing devices, and to simulate as many relevant SN P
systems variants as possible, has been accomplished. The simulator has been
implemented within P–Lingua framework, since it allows the construction of
cross-platform sequential parsers and simulators, able to be executed in a huge
variety of both sequential and massively parallel devices.
As such, on the one hand, an extension of SN P systems modeling framework
has been developed. On the other hand, simulators for several relevant exist-
ing SN P systems variants have been also added to pLinguaCore. The two
aforementioned contributions have effectively resulted in the extension of the
P–Lingua framework itself. In this way, P–Lingua language syntax has been
expanded to address the peculiarities of the newly incorporated variants. Simi-
larly, semantics of these variants have been adequately captured by the design
of the corresponding algorithms, which have been implemented into pLingua-
Core.

• Development of efficient simulators for Fuzzy Reasoning Spiking Neural P sys-
tems.
Fuzzy Reasoning Spiking Neural P systems (FRSN P systems, for short) incor-
porate fuzzy logic elements, as they are intended to model the fuzzy diagnosis
knowledge and reasoning associated to tackling real-life problems involving
uncertain knowledge. In this sense, FRSN P systems have shown promising
applications in the engineering field, addressing problems like fault diagnosis
in electric power systems.
Due to the potential interesting applications related to these systems, a key
contribution of this dissertation has been to provide the first version of a public
parallel simulation to FRSN P systems. In particular, this tool successfully
simulates instances of FRSN P systems with real numbers (rFRSN P systems,
for short) on CUDA–enabled devices.
Also, a hybrid sequential/parallel simulator has been implemented into pLin-
guaCore library. This simulator has been provided a special interface which, on
the hand, enables the interconnection of the simulator with the rest of pLingua-
Core modules, in the same way as any implemented sequential simulator, and
on the other hand, provides support to make function calls over native CUDA
kernels, which are executed on an underlying GPGPU hardware architecture.
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Thesis Abstract

Inspired by the structure and functioning of the living cells, the field of mem-
brane computing was initiated by Gheorghe Păun in the fall of 1998. Since then
the theoretical model introduced in this area, called P system, has been inten-
sively investigated for properties and applications. One class of P systems known
as array-rewriting P systems provides a link between two dimensional formal lan-
guage theory and membrane computing. In formal language theory, one of the
main issues studied concerns the language generating capability of the grammars,
referred to as the generative capacity, which depends on the types of rules. A
standard technique to increase the generative capacity is to endow the rules with
additional features. Here the array-rewriting P systems are investigated by en-
dowing the grammatical rules of the system with three such features, namely,
permitting symbols, parallel rewriting and grouping of rules. Thus this thesis in-
troduces and develops three variants of the array-rewriting P systems and points
out their advantages. First a new variant, known as permitting array-rewriting P
system is introduced, which enables to reduce the number of membranes used in
the constructions of P systems in comparison with the original array-rewriting P
systems. Second variant, called parallel array-rewriting P systems, is introduced
incorporating the parallel rewriting feature, motivated by parallel rewriting in
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string-rewriting P systems. Again an advantage of this feature is that the num-
ber of membranes is small in many constructions, besides enabling generation of
geometric objects such as hollow rectangles and hollow squares, known to be not
generated even by context-free array grammars. A third variant, called tabled par-
allel array-rewriting P systems, is also introduced, incorporating the technique of
grouping rules into tables of rules. This feature enables to generate picture patterns
that cannot be generated by parallel array-rewriting P systems. As an application
of the array-rewriting P system model, a structural property, namely region-based
segmentation of picture arrays is investigated, which differentiates the regions of
a picture array with each region sharing certain visual characteristics. P systems
for region-based segmentation of rectangular picture arrays are known. On the
other hand, hexagonal picture arrays have been of interest in several studies due
to their unambiguous connectivity feature. Here extending the technique in the
rectangular case, region-based segmentation of hexagonal picture arrays is per-
formed resulting in a reduction in the number of rules. Finally, a general method
is proposed with certain specific types of array rewriting rules, thereby providing
a uniform framework to handle arrays independently of the size and improving the
existing region-based segmentation methods.
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Thesis Abstract

Spiking neural P systems (in short, SNP systems) are parallel, distributed, syn-
chronous, and nondeterministic models of computation. SNP systems are mem-
brane models within the membrane computing area (a branch of the larger natural
computing area) initiated by Gheorghe Păun in 1998. SNP systems are inspired
by the structure and function of spiking neurons, which compute using indistinct
signals called spikes. Neurons are spike processors which are placed in the nodes
of a directed graph, where the directed edges between neurons are called synapses.

In this work, the neuroscience feature of structural plasticity is introduced into
the SNP systems framework. The computing power of SNP systems with structural
plasticity (in short, SNPSP systems) is investigated by simulating other models of
computation, e.g., linear grammars, register machines. SNPSP systems are SNP
systems that can create or delete synapses: they have a dynamical structure applied
only to the synapses. We prove the computational (non)universality of SNPSP sys-
tems in several semantics, i.e., depending on how the system applies rules. Two
of these semantics include the usual parallel and synchronous semantic, and a
modification of this semantic called spike saving mode. The remaining semantics
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include two restrictions: removing either synchronization (i.e., asynchronous op-
eration) or parallelism (i.e. sequential operation). We prove that such restricted
SNPSP systems can still achieve universality. All universality results in this work
apply to SNPSP systems as number generators or acceptors. In SNPSP systems,
the plasticity rules used provide a new source of nondeterminism when selecting
which synapses to create or delete. Plasticity rules also provide a “programming
capacity” that could, at certain cases, replace two common rule types in SNP sys-
tems: forgetting rules (rules that remove but do not produce spikes) and rules with
delays (a time delay takes effect prior to spike production). This nondeterminism
source and capacity also allow SNPSP systems to have normal forms, which are
a set of simplifying restrictions on system parameters, e.g., number or types of
rules inside a neuron. We provide uniform modules of sequential SNPSP systems,
i.e. the system construction is independent from the simulated register machine,
providing some hint to an open problem on uniform modules of sequential SNP
systems. The asynchronous SNPSP systems in this work provide support to the
conjecture that asynchronous SNP systems with standard rules (each step, each
neuron produces at most one spike) are not universal. Lastly, semi-uniform (i.e.
system construction is based on the problem instance) and uniform solutions, both
nondeterministic and under a normal form, to the NP-complete problem Subset

Sum are provided. The uniform solution reduces the number of neurons by a linear
amount (with respect to the input size) as compared to a previous uniform solution
using SNP systems.
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Report about 14th BWMC

The Fourteenth Brainstorming Week on Membrane Computing (BWMC) was held
in Sevilla, Spain, from February 1 to February 5, 2016, being organized by of
the Research Group on Natural Computing (RGNC), Department of Computer
Science and Artificial Intelligence of the University of Sevilla.

Following the style of the previous meetings in this series, the fourteenth
BWMC was conceived as a period of intense interaction among the active par-
ticipants, laying the emphasis on the exchange of ideas, problems and solutions.
It covered a wide range of research aspects related with Membrane Computing,
from computability and complexity issues within Theoretical Computer Science to
practical applications of P systems in Biology or Physics.

Several “provocative” talks were given, mainly devoted to open problems, re-
search topics as the ones just referred, conjectures waiting for proofs; every session
of provocative talks was then followed by an intense cooperation in the form of
joint work among the 42 participants – see the list at the end of this report.

The meeting was supported by various sources: (i) Spanish Ministry of Econ-
omy and Competitiveness (grant TIN2012-37434), (ii) Fundación para la Investi-
gación y el Desarrollo de las Tecnoloǵıas de la Información en Andalućıa (FIDE-
TIA), (iii) V Plan Propio, Vicerrectorado de Investigación de la Universidad de
Sevilla, as well as by the Department of Computer Science and Artificial Intelli-
gence from Sevilla University.

Here is a non-exhaustive list of the talks delivered during the Brainstorming:

• Agust́ın Riscos: Tutorial session: Membrane Computing Crash Course.
• Rudolf Freund: Membrane Computing tutorial.
• Artiom Alhazov, Rudolf Freund, Sergiu Ivanov, and Marion Oswald: P systems

with states: Polymorphism on Steroids.
• Gheorghe Păun: What is Membrane Computing? How far are we from imple-

mentation?
• Petr Sośık, Ludek Cienciala, Lucie Ciencialová: Eco-P colonies and P colonies

with dynamic environment.
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• Zsolt Gazdag, Gábor Kolonits: Notes on the power of some restricted variants
of P systems with active membranes.

• Gábor Román: On the complexity of active P systems.
• Alejandro Millán: Building a basic membrane computer.

• Ákos Balaskó, Erzsébet Csuhaj-Varjú: Environments for generalized commu-
nicating P systems.

• Antonio E. Porreca, Milano team: P systems with hybrid sets.
• H.N. Adorna, F.C. Cabarle, Miguel A. Mart́ınez-del-Amor et al.: SNP simula-

tors on GPU.
• Kristóf Kántor: Generalized P colony automata.
• Rudolf Freund et al.: P systems with states.
• Rudolf Freund et al.: Maximal variants of the set derivation mode.
• David Orellana-Mart́ın: Some results on active cells systems and cell-like P

systems with separation rules.
• Luis Valencia-Cabrera: A guided tour to MeCoSim.
• Antonio E. Porreca: Updates on the power of mono-directional P systems.
• Barcelona team (group of Physics students from Barcelona, Spain): Membrane

Computing meets Physics (first date).
• Rudolf Freund, Sergiu Ivanov: SNP systems with Polarisations.

Alberto Leporati, from Milano, Italy, has also presented the upcoming CMC17,
to be held in Milano, in July 2016.

Tuesday, February 2, the PhD Thesis Developing efficient simulators for cell
machines of Luis F. Maćıas-Ramos was presented.

As usual, about two months after the meeting a pre-proceedings volume will
be published as a research report of the RGNC. A selection of final papers will be
published in a special issue of an international journal, as it was the case in the
previous editions:

• BWMC 2003: Natural Computing – volume 2, number 3, 2003, and New Gen-
eration Computing – volume 22, number 4, 2004;

• BWMC 2004: Journal of Universal Computer Science – volume 10, number 5,
2004, and Soft Computing – volume 9, number 5, 2005;

• BWMC 2005: International Journal of Foundations of Computer Science –
volume 17, number 1, 2006);

• BWMC 2006: Theoretical Computer Science – volume 372, numbers 2-3, 2007;
• BWMC 2007: International Journal of Unconventional Computing – volume 5,

number 5, 2009;
• BWMC 2008: Fundamenta Informaticae – volume 87, number 1, 2008;
• BWMC 2009: International Journal of Computers, Control and Communica-

tion – volume 4, number 3, 2009;
• BWMC 2010: Romanian Journal of Information Science and Technology –

volume 13, number 2, 2010;
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• BWMC 2011: International Journal of Natural Computing Research – volume
2, numbers 2-3, 2011.

• BWMC 2012: International Journal of Computer Mathematics – volume 99,
number 4, 2013.

• BWMC 2013: International Journal of Unconventional Computing – volume 9,
number 5-6, 2013.

• BWMC 2014: Fundamenta Informaticae – volume 138, number 1-2, 2015.
• BWMC 2015: Natural Computing, to appear.

The list of participants as well as their email addresses are given below, with
the aim of facilitating the further communication and interaction:

1. Maŕıa Arazo, University of Barcelona, Spain, maria.arazo@gmail.com
2. Fernando Arroyo, Polytechnic University of Madrid, Spain,

farroyo@eui.upm.es

3. Marc Barroso-Mancha, University of Barcelona, Spain,
mbarroma8@alumnes.ub.edu

4. Diego R. Cabrera-Mendieta, Salesian Polytechnic University, Cuenca,
Ecuador, dcabrera@ups.edu.ec

5. Juan Castellanos, Complutense University of Madrid, Spain,
jcastellanos@fi.upm.es

6. Rodica Ceterchi, Faculty of Mathematics and Computer Science, University
of Bucharest, Romania, rceterchi@gmail.com

7. Erzsébet Csuhaj-Varjú, Faculty of Informatics, Eötvös Loránd University,
Hungary, csuhaj@inf.elte.hu

8. Óscar de-la-Torre-Pérez, University of Barcelona, Spain,
oscar.delatorre.perez@gmail.com

9. Rudolf Freund, Technological University of Vienna, Austria,
rudifreund@gmx.at
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As mentioned at the beginning of this report, the meeting was orga-
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cally involved in this work.

Research Group on Natural Computing
Sevilla University

(March 2016)





A Report about the Membrane Computing
Seminar (together with PCSC2016), March 2016,
at Puerto Princesa, Palawan, Philippines

H.N. Adorna, F.G.C. Cabarle, N.H.S. Hernandez, R.A.B. Juayong

Algorithms & Complexity
Department of Computer Science
University of the Philippines Diliman
Diliman 1101 Quezon City, Philippines

Seminar Overview

The 16th Philippine Computing Science Congress, 16 to 18 March, 2016, was held
in Puerto Princesa, Palawan, Philippines. Further details regarding PCSC2016 can
be found at the official site of the conference at https://sites.google.com/site/
2016pcsc/home. The title of the seminar was “Cell-inspired Computing: An In-
troduction and Overview of Membrane Computing”. Duration of the seminar was
from 8AM to 12PM, with the three lectures delivered being provided below.

The membrane computing seminar (a pre-conference activity for PCSC2016)
was held at the Performing Arts Center, Palawan State University, Puerto Princesa,
Palawan. The seminar provided a brief introduction and overview to computations
inspired by the biological cell, i.e. Membrane computing. The seminar covered
basic theoretical and practical results. Examples of membrane systems and their
computations were provided. Several members of the Membrane computing (in
short, MC) research group of the Algorithms and Complexity laboratory (in short,
ACLab) provided the seminar.

The summary of the talks are as follows:

• “Basics of Membrane Computing” by N.H.S. Hernandez
– In this talk, we start with an overview of algorithms and limits of computing

to provide a motivation for the conceptualization of membrane computing.
We then introduce P systems as membrane computing models. Fundamental
concepts such as syntax and semantics of P systems will also be presented.

• “Computing in Cell-like Membrane Systems” by R.A.B. Juayong
– In this talk, we shall discuss computing models whose inherent structure is

hierarchical. Such feature is analogical to the arrangement of membranes
in cells. Some of the models to be tackled include Transition P systems, P
systems with symport and antiport and P systems with active membranes.
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After introducing the mentioned models, we shall show how these models
can be used to solve real-world problems. Finally, open problems related to
cell-like membrane systems will be provided.

• “Mem-Brain Computing: Spiking Neural P Systems Theory and Ap-
plications” by F.G.C. Cabarle
– Spiking neural P systems (in short, SNP systems) are membrane computing

models inspired by the functioning and structure of biological cells known
as neurons. In SNP systems, neurons are placed on nodes of a directed
graph, where edges in the graph are known as synapses. Neurons are spike
processors, i.e., signals known as spikes are used to encode information. SNP
systems theory is first provided, followed by applications such as sorting
networks, image manipulation. Finally, research directions and problems
for undergraduate and graduate students are provided.

More information regarding the seminar, including photographs and other ma-
terials, can be found at the seminar page at http://aclab.dcs.upd.edu.ph/

productions/workshops/mc-seminar-pcsc-03-2016. The attendees were mostly
senior undergraduate students, studying information technology (in short, IT) or
computer science from Palawan State University and a few other local universities.
The number of attendees was approximately 200, including students and faculty
members.

The goal of the seminar was to disseminate theory and practice concerning
membrane computing. Provided in the lectures of the seminar are some basic the-
oretical prerequisites, background and motivation of membrane computing, leading
to theory and examples of cell-like and spiking neural P systems. Since most of
the attendees studied IT, examples of P systems software and real-world problems
solved using P systems were given and discussed during the open forum.

Contact details of the MC research group members involved in this seminar:

• Henry N. Adorna, hnadorna@up.edu.ph,
• Francis George C. Cabarle, fccabarle@up.edu.ph,
• Nestine Hope S. Hernandez, nshernandez@dcs.upd.edu.ph,
• Richelle Ann B. Juayong, richelleann.juayong@gmail.com.

The seminar was organized by the MC group of ACLab, together with the
cooperation of the Computing Society of the Philippines and Floredith Jeanne
Gatan Alcid (Palawan State University).



A Summary of 2016 China Workshop on
Membrane Computing (CWMC 2016)

The 2016 China Workshop on Membrane computing (CWMC 2016) was held in
Zheng Zhou from 13-15 May 2016, hosted by Zhengzhou University of Light In-
dustry, China. The purpose of the meeting was to inspire some ideas for preparing
papers to be submitted to the coming ACMC (Asian Conference on Membrane
Computing). The workshop focused on recent results and open problems of vari-
ous aspects of membrane computing from researchers in China, and several invited
talks were given in Chinese by leaders of research teams from China. About 50
participants from about 10 universities and research institutes participated in the
workshop.

Many thanks are due to the invited speakers and participants, and to Zhengzhou
University of Light Industry for the whole support in organizing this conference.

Invited Talk 1 – Open Problems in Spiking Neural P Systems

Tao Song
Lecturer, China University of Petroleum, China
Adjunct Associate Professor, Swinburne University of Technology (Sarawak

Campus), Malaysia
E-mail: tsong@upc.edu.cn, tsong@swinburne.edu.my

The new variants of spiking neural P systems (SN P systems) form a promising
branch in membrane computing. To design new variants of SN P systems, two
aspects should be focused.

• New biologically inspired operators can be introduced in classical SN P sys-
tems and their variants, with purpose of improving the computational power,
computation efficiency or reducing the computing sources (e.g., the number of
neurons) of SN P systems.

• Some mathematical operators or strategies can be considered, by which the
system can achieve a higher computational power or an attractive topological
structures.

Specifically, three research topics can be considered:
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(1) SN P systems with white hole rules: this topic is initialed in [1], but needs some
further research to find what white hole rules can bring into SN P systems from
both theoretical and application aspects. One paper titled “Spiking Neural P
Systems with White Hole Neurons” has been submitted [2].

(2) SN P systems with decay time: this topic is inspired by the biological fact that
biological neurons cannot live forever, that is, “the old is superseded by the
new”. It is not clear what will happen if the neurons in SN P systems can only
work for a pre-defined time period.

(3) Tissue-like P systems: This idea arised from the recent published paper titled
“Cell-like SN P Systems” by Gh Păun in [3]. It is of interests to study tissue-
like SN P systems, including computational power, computation efficiency and
applications.

Invited Talk 2 – An Introduction to IMCS & Open Problems on
Applications of Membrane Computing

Gexiang Zhang
Professor, Southwest Jiaotong University, China
E-mail: zhgxdylan@126.com

Part 1: A brief introduction to IMCS
The following points are covered.

• Full name: International Membrane Computing Society.
• Time: During the BWMC 2016 (Feb. 2016).
• Logo: designed and discussed by initial members and 3D version is under design.
• Pin: to be produced and delivered to the members for free or with low charge.
• The award committee and the rules.
• International Journal of Membrane Computing: in process.
• Bulletin of IMCS

– The IMCS Constitution;
– Report from the Secretary;
– Other internal matters;
– News from MC research groups;
– Reports about MC conferences;
– Bibliographies, Surveys;
– Abstracts of PhD theses.

• Organization: Advisory Board, Executive Board.

For the China Membrane Society, it is planed to apply for the permission to
become a branch under China Association of Artificial Intelligence. In the future,
the China Workshop on Membrane Computing will be held in every year.

The second edition of Handbook of Membrane Computing is planned. Chinese
researchers can submit their results to the corresponding editor of related chapters.
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Part 2 – Open Problems on Applications of Membrane Computing

Open problems in Membrane Algorithms:

• How can we properly combine the membrane structure and evolutionary al-
gorithms? The idea (from Gexiang Zhang) can be OLMS → QEAM →
MAQIS → DETPS → PMSIEA → mMPSO.

• What is the function of P systems in membrane algorithms, and how to analyze
its function?

• How to use the distributed parallel membrane structures of P systems to en-
hance the population diversity of a multi-objective/many objective optimiza-
tion algorithms?

Open problems in Design of Mobile Robot Membrane Controller:

• How to achieve the distributed and parallel working manner?
• How to find the balance between the efficiency of simulators and the working

parallelism?
• Developing hardware for simulating parallel mobile robot membrane controller.

Open Problems in Ecosystem Modeling by Membrane Systems – A
Promising Killer Application:

• How to find suitable and sufficient data?
• How to design the membrane computing models for the ecosystems?
• What is the meaning/usefulness of the models?

Invited Talk 3 – Open Problems in Fuzzy Membrane Systems

Hong Peng
Professor, Xihua University, China
E-mail: ph.xhu@hotmail.com
Fuzzy spiking neural P systems (FSN P systems) were proposed in [4], where

three types of neurons, the use of fuzzy logic and new firing mechanism were
proposed. The idea comes from by combining fuzzy logic theory and membrane
systems, with the motivation of proposing FSNP Systems to deal with uncertain
information. Naturally, it is of interest to combine fuzzy logic theory and other
kinds of membrane systems:

• Fuzzy cell-like P systems and their applications.
• Fuzzy tissue-like P systems and their applications.

Weighted fuzzy reasoning SN P systems were developed in [5], with the motiva-
tion to express weighted fuzzy production rules and realize fuzzy reasoning. Adap-
tive fuzzy spiking neural P systems were constructed to adaptively learn/adapt
the synapse weight between the neurons in [6]. After that, in [7], fuzzy reasoning
SN P systems with trapezoidal fuzzy numbers were proposed. The main idea is
to use trapezoidal fuzzy numbers rather than real numbers in [0, 1] and max-min
fuzzy logic. Several open problems in fuzzy SN P systems are formulated:
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(1) New variants of fuzzy SN P systems can be obtained with using triangular fuzzy
numbers, interval numbers, type-2 fuzzy sets, 2-tuple fuzzy sets, or intuitionistic
fuzzy sets.

(2) The application of fuzzy SN P systems in other engineering problems needs
further research. Some successful applications of Petri nets, fuzzy Petri nets
and fuzzy graphs might provide some hints for the potential applications.

(3) More reasoning algorithms for fuzzy SN P systems should be developed.
(4) It is worth to design learning algorithms for weighted fuzzy SNP Systems.
(5) How to design fuzzy SN P systems that are back-propagation, with feedback

and non-linear.

Invited Talk 4 – Open Problems in Membrane Systems Based Arith-
metic Operation Models

Ping Guo
Professor, Chongqing University, China
E-mail: guoping@cqu.edu.cn

Open Problem 1: How to Design Good Membrane Systems?
The meaning of good membrane systems can be considered in the following

aspects without losing the computational power of the models.

• With using less objects: some possible ways, such as using natural encoding
strategy, position encoding strategy, non-position encoding strategy and hybrid
encoding strategy [8, 9].

• With a smaller number of rules having simpler forms – some related research
was reported in cell-like and SN P systems [10, 11, 12].

• With a simple membrane structure, such as using a small number of mem-
branes, a simpler hierarchy structure or less membrane labels. Some previous
results can be found in [13, 14, 15].

• With a high level of parallelism. Different levels of parallelism can achieve
different computational properties – [16, 17], but which one is suitable in a
given framework?

Open Problem 2: Evolutionary Algorithms by Membrane Computing
Assume one day we will have a MEMBRANE COMPUTER in hand – how to

run these evolutionary algorithms on it? Researches focusing on achieving evolu-
tionary algorithms should pay more attention to this question. The most famous
evolutionary algorithms are the genetic algorithms and ant colony algorithms.
Since the data structure of membrane systems is the multiset of symbols, it is not
hard to use symbols to describe the population of genetic algorithms and of ant
colony algorithms, but the fitness functions should be discussed in suitable forms
of rules. Also, the potential applications should be considered.
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Invited Talk 5 – Open Problems on Catalytic P Systems

Linqiang Pan
Professor, Huazhong University of Science and Technology, China
E-mail: lqpan@mail.hust.edu.cn

Part 1: General Research Lines

With the motivations from computer science, mathematics and real-life prob-
lems, we can design new P systems. The new P systems can be investigated from
many aspects such as:

• Computational Power
1. description or computation complexity;
2. normal forms: achieving a given computation power using less ingredients

or simpler operators;
3. comparison with known models, such as Turing machine, register machine,

finite automata, push down automata;
• Working Modes

1. controls of application of rules: catalysts, priority, promoters and so on;
2. timing: synchronized, non-synchronized, time-free and so on;
3. application of rules: maximal parallelism, minimal parallelism, sequential

and so on;
4. modes of using a system: generating, accepting, input-output function;

• Variants: introducing new ingredients/features;
• Applications: biology, optimization, engineering, real-life problems;

Part 2: Open Problems on Catalytic P Systems

A research example: considering the control of the use of rules [18].
A catalytic P system of degree m is of the form

Π = (O,C,E, F, µ, w1, w2, . . . , wm, R1, R2, . . . , Rm, i0),

• C ⊂ O is the set of catalysts;
• E ⊂ O is the set of promoters;
• F ⊂ O is the set of inhibitors.

Forms of the rules:
a → u or ca → cu, where a ∈ O − C, c ∈ C, u ∈ (O − C)∗;
u → v|E , where u, v ∈ O∗ and E ⊂ O − C;
u → v|¬F , where u, v ∈ O∗ and F ⊂ O − C.

Known results:
(1) NREG = NP∗(pcat1) ⊆ NP∗(pcat2) ⊆ NP∗(pcat3) = NRE (Ibarra et al,

2003, 2004)
(2) NREG = NP∗(cat0) ⊆ NP∗(cat1) ⊆ NP∗(cat2) = NRE (Freund et al,

2005)
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The idea is that from the results (1) and (2) obtained in 2003, 2004, and 2005,
it is natural to consider that when a control on the use of rules is added, check
whether the power of (pure) catalytic P systems is increased.

A new result is obtained in 2016 by Pan et al. in [20] that colored one-catalyst P
systems are Turing universal. The proof is achieved by simulating register machine.
The following problems are still open:

• what will happen if other controlling mechanisms are used?
• in the obtained results, whether or not the promoters can be avoided
• what about purely catalytic cooperating P systems with only one catalyst?

Some other Invited Talks

Some open problems of numerical P systems are discussed by Zhiqiang Zhang
(Huazhong University of Science and Technology), which are listed as follows:

• What is the computational power of numerical P systems with thresholds work-
ing in the sequential mode?

• Can the number of variables used in the polynomial functions in the universal
systems be decremented?

• Applications in economics and robots?
• Used as string/language generators?

Flat maximal parallelism in P systems with promoters was proposed in [21].
Some open problems of P systems working in a flat maximal parallelism and (tis-
sue) P systems with proteins are discussed by Bosheng Song (Huazhong University
of Science and Technology), which are listed as follows:

• Can similar universality results be obtained for controlling mechanisms other
than promoters, for instance, catalysts, inhibitors, etc.?

• It remains open if NfP1(ncoo) = NRE?
• Trying to get the same results for the flat maximal parallelism for those cases

where the old results are not involving flat computations;
• Considering different strategies of using rules in (tissue) P systems with pro-

teins, for instance, flat maximal parallelism;
• Considering membrane separation in (tissue) P systems with proteins by which

one may solve NP-complete problems in space-time trade-off strategy.

Membrane clustering algorithms have been reported in [22, 23]. Some open
problems on membrane clustering algorithms are given by Jie Xue (from Shandong
Normal University).

• How to design membrane clustering algorithms with different membrane struc-
tures?

• It is of interests to develop simulators for membrane clustering algorithms.
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Miscellanea

Obituary Solomon Marcus (1925–2016)

Gheorghe Păun

Romanian Academy, Bucharest
gpaun@us.es, curteadelaarges@gmail.com

Professor Solomon Marcus was the ”patriarch” of Romanian (theoretical) com-
puter science, with many contributions to formal language theory, applications
of languages, grammars and automata in various areas, ranging from economics
to theatrical plays and folklore, with contributions to natural computing, recur-
sive functions and other research areas, and also the creator of powerful research
groups, in the framework of which a great number of Romanian computer scientists
have started and developed their research activity.

He was born on March 1, 1925, in Bacău, a city in Moldova, Romania, and
passed away on March 17, 2016, in Bucharest.
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I have several times called him ”the man with five or even more top scien-
tific careers”. They are, only listing them, mathematical analysis, mathematical
linguistics (where he is one of the founders), formal language theory, semiotics,
mathematical poetics; adding the modeling in social sciences and the last decades
preoccupation for education, we have a quick idea of the wide range of his interests
and contributions, of the magnitude of his scientific personality.

Three titles from his huge bibliography deserves a special mentioning: (1) the
book Gramatici şi automate finite/ Finite Grammars and Automata, The Publ.
House of the Romanian Academy, Bucharest, 1964, was one of the internationally
first monographs in language and automata theory, unfortunately, remaining in
Romanian, without receiving the deserved international audience; (2) a too re-
duced impact had also the paper ”Linguistic structures and generative devices in
molecular genetics”, in some sense written ”too early”, ”ahead his time”, in 1974;
(3) a much larger audience has know, instead, a paper from 1969, the one where
the contextual grammars, also called now Marcus contextual grammars, were in-
troduced. There are hundred of papers and tents of PhD theses dedicated to these
elegant, powerful and expressive grammars.

The bibliography below contains most of the titles of papers in computer science
published by Professor Solomon Marcus, sometimes co-authored with some of his
many collaborators from Romania or from other countries. The classification of
these papers is approximative, just an indication of the variety of topics addressed;
some papers can be placed in two or more categories.

It is important to note the constant interest of Professor Marcus for natural
computing, initially for the genetic area, in the last decades also for membrane
computing. He was a participant in all editions of the Workshop (later Confer-
ence) of Membrane Computing held in Romania, in Curtea de Argeş, and he has
published papers with this subject also in other volumes and journals. Many of
his research proposals, in membrane computing and, also, in other areas (such as
combinatorics on words), still wait for research efforts.

All his disciples, collaborators and friends have learned a lot from Professor
Solomon Marcus – but still we have a lot to do in exploring his ideas. The bibli-
ography which follows has both a historical significance and it is also a challenge
for the today researchers to address the many open problems which he proposed
and are still not (completely) solved.

Professor Solomon Marcus will be with us for a long time from now on.
When we have proposed to him to join IMCS as a Honorary Member, he

immediately and enthusiastically agreed. He will remain together with us also in
this position.
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Theoretical Computer Science Papers by Solomon Marcus
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1. S. Marcus: Automates finis, progressions arithmétiques et grammaires à un
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11. S. Marcus, Gh. Păun: Langford strings, formal languages and contextual am-
biguity, Intern. J. Computer Math., 26, 3 + 4 (1989), 179–191.
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Singapore, 1998, 1–34.

5. S. Marcus: Bags and beyond them. Pre-proc. Workshop on Multiset Processing,
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2. C. Calude, S. Marcus, I. Ţevy: The first example of a recursive function which
is not primitive recursive. Historia Mathematica, 6 (1979), 330–384.



142 Obituary Solomon Marcus
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