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Thursday, December 11
9:20AM-10:00AM
CICA'14 Keynote Talk

Fuzzy and Fuzzy-Polynomial Systems for Nonlinear Control: Overview and Discussion
Antonio Sala

10:20AM-12:00PM

Friday, December 12, 11:00AM-12:00PM

CICA'14 Session 5: Neural Network Systems and Control with Appllcanons II, Chair: Jose Mario Araujo
Daniel Yuh Chao, Room: Antigua 2.. Y L1 1

11:00AM Enumeration of Reachable, Forbidden, Live States of Gen-Left K-net System (with a non-sharing
resource place) of Petri Nets
Daniel Yuh Chao and Tsung Hsien Yu

11:20AM  Glucose Level Regulation for Diabetes Mellitus Type 1 Patients using FPGA Neural Inverse Optimal
Control
Jorge C. Romero-Aragon. Edgar N. Sanchez and Alma Y. Alanis

11:40AM Neural Network Fitting for Input-Output Manifolds of Online Confrol Laws in Constrained Linear
Systems
Samarone Nascimento do Carmo, Marconi Oliveira de Almeida. Rafael Campos, Flavio Castro, Jose
Mario Araujo and Carlos Eduardo Trabuco Dorea

ICES'14 Session 5: Evolvable Hardware IL, Chair: Julian F Miller, Room: Antigua 3 ...ccccusvsesersssasesnsnnnns 190

11:00AM Evolufionary Growth of Genomes for the Development and Replication of Mulficellular Organisms with
Indirect Encoding
Stefano Nichele and Gunnar Tufte

11:20AM  An Artificial Ecosystem Algorithm Applied fo Static and Dynamic Travelling Salesman Problems
Manal Adham and Peter Bentley

11:40AM Towards Compositional Coevolution in Evolutionary Circuit Design
Michaela Sikulova. Gergely Komjathy and Lukas Sekanina
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“Enumeration of Reachable, Forbidden, Live States of Gen-Left K-net System (with a
non-sharing resource place) of Petri Nets” -« s CiaZdl |

Earlier, Chao pioneered the very first closed-form solution of the number of reachable and
other states for marked graphs (MG) and 4-th order system which is the simplest class of
S°PR (Systems of Simple Sequential Processes with Resources). This paper progresses one
step further on enumerating reachable (forbidden, live, and deadlock) states for general k-net
systems (one non-sharing resource place in the general position of the Left-side process)
with a formula depending on parameter k for a subclass of nets with k sharing resources. The
results are also verified by Top-Left-k-net, Bottom-Left-k-net and Middle-Left-k-net system.

Jepl o RIS RE KO K B Za8 2 R K HAtIRAE Z EFPAE - K Pl 2402 i
FRAYA S3PR (ERRGEAVIA MR R - ASCATE T —F LI k 28 IEHE
BRUEZ AN FI8 K-HE5 (EEABEN—i i B — IR EERIHTT)
Z ] (FRik > ATERISEEHE ) Z (68 - HARRW AL/ B-K-44 > &/ K- 48R B2 -K-Nett
ESSRUA SRS LSNP St A



Enumeration of Reachable, Forbidden, Live
States of Gen-Left K-net System (with a
non-sharing resource place) of Petri Nets
&%fm%ﬁéﬁ%—&z{%EK-NET%ﬁ(ﬁE—# LEER)

Daniel Yuh Chao
Tsung Hsien Yu

Department of Managment Information Systems,
National Chengchi University

SSCI 2014
December 9-12, 2014

Outline

= Introduction(448)

m Contributions of our series papers

(BFT—FR5ERCHIER)
s Computation of Gen-Left k-net
system Control related states

(— A EZEK-NET & HITHBERRHIET )

m Conclusion (&%)



Introduction

» Professor Chao pioneered the very
first closed-form solution of the
number of reachable and other states
for marked graphs (MG) and k-th
order S°PR (Top-Right, Bottom-
Right,Middle-Right, Top-Left, Right-
Left,Middle-Left)

» This paper progresses one step
further on enumerating reachable
(forbidden, live, and deadlock) states
for Gen-Left k-net systems

Introduction
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Introduction

» Large PN models may take one
month to complete the reachability
analysis

» An alternative control policy is
employed, the total number of
reachable states is needed to
estimate the percentage of lost
states.

Introduction

» In deadlock recovery, to estimate
deadlock probability among all
reachable states. We needs to
compute the total number of
reachable states to find the
percentage(deadlock/ reachable
states)—rather difficult for arbitrary
nets.



Introduction
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Contributions of our series papers
k-th order system (Chao 2014)

(Gen-Left) k-th order system :

» A subclass of $°PR with & resource places r;,
ry,..., 'y shared between two processes V;
and N. and one non-sharing resource
place r ., (=r*) used by an operation
place p” in P,

» My(ry) = My(ra)=. . My(r) = My(r’g,,) = 1.

» Ni(resp. N;) uses ry. ry, .., rp(resp. r, ryg. ..., 1)

10



Contributions of our series papers
k-th order system (Chao 2014)

(Gen-Left) k-th order system :

» My(p,) =k+1,M,(p’;)=k, Where p, and p’;are
the idle places in processes v; and v,

» Holder places of »; in v; and W, are
denoted as p; and p’respectively.

» The compound circuit containing r;, riey, ..., g, 75 iS
called (r-r;)-region.

» If rj, does not exist, then it is called a k-th order system.

Contributions of our series papers
k-th order system (Chao 2014)

(Gen-Left) k-th order system :

» There are 3 possibilities for the token
initially at r; to sit at: p; (N;), p% (N-),and
r.. The corresponding token or r; state is
denoted by 1, -1 and 0, respectively.

11



Contributions of our series papers
k-th order system (Chao 2014)

(Gen-Left) k-th order system :
» X¥ meansr,., Is at x state (x =1,0,-1) and r'g, is at
y state (y = 1, 0, -1), where gen is the location of a

non-sharing resource being used by an operation
place p™ The system is denoted as

» Top-Left k-th order system when gen =1;

» Bottom-Left k-th order system when gen = k-1;

» Middle-1 eft k-th order system when k is even, mid
=gen+t+l = (k/2)+1;

» Gen-Left k-th order system when 1<gen<k-1.

Contributions of our series papers
k-th order system (Chao 2014)

—H L EK-IE AR ER:

> ES3PRAVTEER, k EEGr ) 1y e e, 1, 57 AN, @and N,
W{ETIZSE A - SWERE—IFRHEIE r ., (=r*) T1#P, ~
BAEALE pT (EH

> My(r) = My(r)=. . .Myr,) = Myr’,,) = 1.

gen

> N,(57H1N,) R, v GTEE, gy oons 77)

> Mo(Po) =k+1,M0(p’0)=k, Do il P’o%Nz *DNﬂ?*%t
ZZEHNLE
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Contributions of our series papers
k-th order system (Chao 2014)

—H B EK-IE AR ER:
> 4E N, FIN, ShEF r, 2 BERCES RIS b, 7 7,

> BE 1y Fap e Fip ¥ B AR ST Fy (rri’,-)-@iﬁji-
> WIER r ANTEERITE By KPS 245

> BECECAIEALER: p; (Ny), P (No), Mirfie s =fEn]sett:
° MR ZFTRCE i ZiRRESTRlIEC A 1, -1 A .

Contributions of our series papers
k-th order system (Chao 2014)

— AL EK-TE RGN ES:

> XY BRI o RIEIXGIRER (X =1,0,-1)fr 4o, iSHR
™ yikRE(y = 1, 0, -1), genZ#ip i fFlu B H
ZIEREERFNUE

> Eagen =1 BFE Ry /2 FKIE 248

> Egen = k-1 Btk /r KPS %48

> mmid = gen+1 = (k/2)+1 BSf@ /e KPS 245
> & 1sgensk-1WiE KM L/ KPE Z458
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Contributions of our series papers
k-th order system (Chao 2014)

Contributions of our series papers
k-th order system (Chao 2014)

Important Lemmas and Theorems

Lemma 1: Any forbidden state in N is
nonreachable in N,

Lemma 2: Any nonreachable state in
N is a forbidden one or a
nonreachable one in N'.

14



Contributions of our series papers
k-th order system (Chao 2014)

By [(HAEH

GEEL: (TN 1 25 1EAKRS, ZENT 7
FE A .

G[FEL A e N o 25 FF Al 2 R, 72N
5 FF A REECAE )AL,

Contributions of our series papers
k-th order system (Chao 2014)

Important Lemmas and Theorems
Theorem 1:

F(k)=¥(k) - B(k), where

F(k) : No. of forbidden states

¥(k) : No. of nonreachable states,
B(k) : No. of nonreachable
+empty-siphon states

15



Contributions of our series papers
k-th order system (Chao 2014)

BEEL [N EHE

EEE1:

F(k)=¥(k) - B(k),

F(k) : REILREZ (EHE

¥(k) : RIEv]ERREZ (EE

B(k) :FRIEr] % H RZ2 i I ARRE 2 {E %

Contributions of our series papers
k-th order system (Chao 2014)

Fig. 6 Complete reachability graph of a Porder svstem.

16



Contributions of our series papers
k-th order system (Chao 2014)

Lemma 4:

1) s is a live state if and only if (iff)
s={(y; --- Y| yi=-1 or 0}, or
s={(x; ... xx)| X;=1 or 0}.

2) The set of live states L,={(x; ...Xy)
|x;=1 or 0} {(¥z --- ¥i)| ¥i=-1 or
O}=L1L~Lg.

3) The total number of live states is
2k4 2k-1=2k+1-7,

Contributions of our series papers
k-th order system (Chao 2014)

5 4:

1) S F—{EdEdRREE H R s={(y; .- V)l
y;=-1or 0}, 8¢ s={(x; ... x,)| x;=1
or 0}.

2) fEEIREE Y BB E By L ={ (X «-X})
|x;=1 or 0}U{(V1:-- Vi)l y;=-1 or
0y=L,CL,.

3) TR EAREE Z 4R Ry 2K+ 2k-1=2k+1-1,

17



Contributions of our series papers
k-th order system (Chao 2014)

Theorem 2:

1) The possible reachable states are
S={( X1 Xz... Xj¥js1 .- Vi) | Ok}
={( X1 ... Xj 1Yo . yid |15k } v
{(v;...y)}, where x;=1 or 0 (i=1
to j) and y,=0 or -1 (p= j+2 to k).

2) The total number of reachable
states is k2(k-1) 42k =(k+2)2(k 1),

Contributions of our series papers
k-th order system (Chao 2014)

EFE2:

1) AR TTREME B S={( X, Xs... X;
Vit YiI)OFk} ={( X1 ... X;1 ¥;42
e YIIg<k } o A{(y;... Yi)}, where
x;=1or 0 (i=1 to j) and y,=0 or -1
(p= j+2 to k).

2) AJREFRRE MR Ry k2(k-1)+ 2k
=(k+2)2(k-1),

18



Contributions of our series papers
k-th order system (Chao 2014)

Corollary 2 :

1) The number of forbidden states
F(k) =(k-2)2(k-1)+1, (F=R - L)

2) The number of nonreachable
states ¥(k) = 3k — (k+2)2(k 1),

3) The number of nonreachable
+empty-siphon states B(k) =

¥(k) - F(k) =3k - k2 - 1.

Contributions of our series papers
k-th order system (Chao 2014)

B2

1) BEIRREE Y 488 R F(K) =(k-2)20k
+1. (F=R - L)

2) JETIEARRE Z AR Ry ¥(k) = 3k -
(k+2)2(k-1),

3) JEmEE H R 22 o RRE 2 488 Ry B(k) =
Y(k) - F(k) =3k — k2k - 1,

19



Contributions of our series papers
Top-Left system (Chao et al.2014)

Contributions of our series papers
Middle-Left system (Chao et al.2014)

Nonreachablein Ne may become
reachable in N (denoted the
number of which as ©(k)).

Forbidden markings in N may be
live in N (denoted the number of
whichas C(k)).

Nonreachable markings in N may
be live in N (denoted the number
of which as A(k)).

20



Contributions of our series papers
Middle-Left system (Chao et al.2014)

FENeh Ry ErI ZEatar, (HAE N T elRE Ryl 2
MRR&ELEy O(k)).

FENeh RER RSB NF A SE RTINS
s C(k)).

FENeth RyIEr] 2k sr, (B NP REREEIR
REECRA(K))-

Contributions of our series papers
Middle-Left system (Chao et al.2014)

R=2R +&(k).

L'=2L+A(k)+C(k).

21



Computation of Gen-Left-k-net system
Control Related States

4-th k-net system. 4-th Top-Lefi-l-net system.

Computation of Gen-Left-k-net system
Control Related States

,
w0
L

4-th Botom-Lefi-l-net system. 4-th Middle-Left-l-net system.

22



Computation of Gen-Left-k-net system
Control Related States

Chao 2014

Theorem 2 : For a k-net with y processes, the
total number of live states is [,=2% +(u) *-1.

Theorem 3 : For a k-net with p processes, the
total number of reachable states is R(k)
=2%+(p-1)y(1-x*)/(1-x), where x= u/2 and
y=201)

Computation of Gen-Left-k-net system
Control Related States

Chao 2014

TH 2 : —IRAEM TTEZk-8% - Air iR RS
L,=2K +(u) k1.

JEEE3 —FRAEM TTFEZK-48E8 » R EINR -

R(k) =2k+(u-1)y(1-xk)/(1-x), where x=u/2 H
y=2(k-1) ,

23



Computation of Gen-Left-k-net system
Control Related States

Gen-Left k-net

t =2L,+A'(k)+C’(k).

The total number of forbidden markings that
may be live, C’'(k)= (gen)((u) (k-9en)-1).

The total number of nonreachable markings
that may be live, A’(k)= (u(9en)-1)(k-gen) .

Theorem 4: For a Gen-Left k-net with uy
processes the total number of live markings

«=2 L, +(gen)((p) (k9en)-1) +
(u(ger)-1)(k-gen)

Computation of Gen-Left-k-net system
Control Related States

— R b K-48E8

t’,=2L,+A’(k)+C’'(k).

K-8 522 150 AT GE 7 B R~ #R 8 3C (k) =
(gen)((u) (k-9en)-1).

1EK- 4875 F B2t E0 1 AT EE R iR Z 48 s A (K) =
(u(gen)-1)(k-gen) .

JEEE4: — R LK Z T 7 Bk R R 7%

k=2 L +(gen)((p) -9em-1) +
(u(ger)-1)(k-gen)

24



Computation of Gen-Left-k-net system
Control Related States

Gen-Left k-net

Theorem 6: For a k-net with py processes the
total number of reachable markings

-

'Brk=28k m ( 2 i=1 to gen R’ (‘T_i))(u{k-gen}__l)'

Computation of Gen-Left-k-net system
Control Related States

—RALAEK-4EER
JEEE 6:—RRHLAK-JEEEZ T A A SRR B 7

R =2Ry + (-1 to gen R’ (i-1))(u(k-gem-1),

25



Computation of Gen-Left-k-net system
Control Related States

k 4 4
1] 3 4
k —net
R 146 376
I 96 271
F 50 105
D 14 39
Total states 256 625
Top-1L eft-k-net
C 26 63
A [ 9
R 318 815
£ 224 614
F 94 201
Total states 52 1250
SD
Conclusion

A innovation research just apply simple
theory to solve complicated problem

To compute in closed form the number
of reachable states of Gen-Left k-net
system (a simple version of S3PR)
without constructing a reachability
graph.

Avoid the dire situation of mid-run
abortion of reachability analysis due
to exhausted memory

26
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Parameterized Control Related States of Gen-/Left K-

th Order S3PR System (with a left side non-sharing
resource place) of Petri Nets

Daniel Yuh Chao, Tsung Hsien Yu

Department of Management and Information Science
National Cheng Chi University
Taipei, Taiwan, ROC
yuhyaw@gmail.com;100356506@nccu.edu.tw

Abstract—Earlier, Chao pioneered the very first closed-form
solution of the number of reachable and other states for marked
graphs (MG) and k-th order system which is the simplest class of
S°PR (Systems of Simple Sequential Processes with Resources).
This paper progresses one step further on enumerating reacha-
ble (forbidden, live, and deadlock) states for general k-th order
systems (one non-sharing resource place in the any position of the
Left-side process) with a formula depending on parameter k for a
subclass of nets with k sharing resources.

Keywords—Control systems; discrete event systems; flexible
manufacturing systems; Petri nets; large scale optimization, graph
theory.

L INTRODUCTION

PETRI nets (PN) have been used for modeling and
analyzing concurrent systems such as flexible manufacturing
(or resource allocation) systems (FMS) (or RAS) [1-9].
Reachability [11-16] can be used to verify system properties of
liveness, boundedness, reversibility, etc. However, the ever
problem of using PN for modeling various systems is the large
number of states generated (called the state explosion
problem). It has been shown that the complexity of the
reachability problem of a Petri net is EXPSPACE-hard in [12].
Lee et al. [12] show that the reachability problem (whether a
marking is reachable) is NP-complete for even a live and safe
Free Choice net (LSFC).

To resolve real time optimal dynamic resources allocation
decision problem of Petri nets, the most important challenge is
to efficiently break the ever exponential time plight of getting
control states information into reasonable computation time.
Chao [20] pioneered the very first solution for S*PR using
closed-form methodology by applying simple graph theory and
combinatorial mathematics. This allows the exponential
computation time to be reduced to intra-seconds! we have
applied Chao [20] key methodology to enumerate reachable,
forbidden, live, and deadlock states of various k-th order
systems with a non-sharing resource r* in different specific
locations (ZTop-Right[21], Top-Lefi[22], Bottom-Right[23],
Bottom-Left[24] and Middle-Lefi[25] defined in Defintion 1),
respectively. Here, we extend one more step further by

constructing generalization formula of k-th order systems
(Gen-Left ) with r* on the left side but at arbitrary locations

Definition I: A k-th order system is a subclass of S’PR with
k resource places ri, rz2, ..., ri shared between two processes
N; and N> and one non-sharing resource place r'gen (=r%)
used by an operation place p* in P;or P;

1. My(r gen)= 1 and VirePr My(r)= 1.

2. Nj(resp. Ny uses vy, rz,
in that order.

3. When p* in Py (resp. P2y Mulpo)=k+1, Mup o=k
(resp. Mo(po)=k, Mo(p'o)=k+1), where py and p’y are
the idle places in processes Nj and N, respectively.

ey PE(VESD. Fh, Fhel, . F2 FI)

4. Holder places of rjin N; and Nz are denoted as p; and
pjrespectively.

5. The compound circuit containing i, Fivy, ...
called (ri-ry)-region.

, Fin 1y IS

6. If P'een does not exist, then it is called a k-th order
system.

7. There are 3 possibilities for the token initially at 1 fo
sit.at: p:(Ny), p s, (N>),and 1. The corresponding token
or.vi state is denoted by 1, -1 and 0, respectively.

8. X means rgen+sis at x state (x=1,0,-1) and ¥’gn is at
y state (v= 1, 0, -1), where gen is the location of non-
sharing resource being used by an operation place p"
The system is denoted as Top-Left k-th order system
when gen=1 and p* in P;; Top-Right k-th order
system when gen =1 and p* in P, Bottom-Lefi k-th
order system when gen=k-1 and p* in P;; Bottom-
Right k-th order system when gen=k-1 and p* in Pj;
Middle-Left k-th order system when k is even, mid =
gentl = (K/2)+1 and p* in P;; Middle-Right k-th
order sysiem when k is even, mid = gentl = (K/2)+1
and p* in Py Gen-Right k-th order system when
I<gen<k-1 and p* in P» Gen-Left k-th order system
when [1<gen<k-1 and p* in P,.

Examples are shown in Figs. 1-4.




Research on Ubiquitous Services in Film Achieve Management: a Case of National Palace Museum
I-Ju Tsai, Johannes K. Chiang
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OP: operation BU: business unit

Figure 4. Pool-Lane Chart with respect to Operation-Unit Relationship
3.5. Research into the integrative BPM method by means of case study

The case study has been employed as the research method and a museum was chosen as the research
objective. The study also analyzes the business process with module tools to evaluate the difference in
performance before and after the implementation of ubiquitous computing service. Among others, the
following BPM tasks and computerized tools stand for the most crucial parts of the study

4. Case Study

4.1. U-Intellectual Properties Systems of National Palace Museum

Image Archive Management System of National Palace Museum (herein referred to as NPM) was
chosen as the research objective. Since the last decade, NPM has achieved the great success in digital
heritage development, which includes the Digital Archives, Digital Museum and E-learning project
[17] [2]. Based on the previous achievement, NPM decided to step further to build the U-Museum
service. Image Archive Management System is one of the U-Intellectual Properties Management
System under U-Museum project (Figure 5), and it was undertaken by the Department of Marketing
and Licensing.

e

f,f
H
Image Achieve Management System
e
: i i s
: 2
: .
:
H RFID automatic
H panagemeni system
{i Digital images Archive .
k2

Produsts emagemeT Syshun
Figure 5. U-Intellectual Properties Management System of NPM
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Fig. 1. 3-th order system N°. .

<

Tig. 4. (a) Middle-Left 4-th order Fig. 4. (b) Middle-Left 4-th order (gen=2)system :
(gen=2)system N. reverse V', E

The approach is explained as follows. The only one token  reachable () and live (L) states. From that, one can infer the
at each r; initially can stay at r;, p; (left holder place), or p’;  number F of forbidden states as their difference (F=R — L).
(right holder place); i.e., 3 possibilities. All together, there are The number of nonreachable states is 3* — R. Reachability
3% possibilities or states[20]. But some states are not reachable problem becomes trivial as one can check whether the marking
from initial marking via a certain firing sequence. It is easy to  fits the reachable pattern and hence whether it is reachable.
find and enumerate the patterns of token distribution for
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In the previous project, NPM has digitized enormous amount of museum collections into digital
form, and reproduce them into a variety of formats, such as multimedia DVDs, films, web sites,
publications, and products. Before applying ICT, the operation of relic image archives (include positive
film and digital images) were all done by hand and recorded loaning information by paper work. In
order to effectively manage these products, NPM decided to use ICT such as ubiquitous technology
(mobile appliances, RFID, wireless sensor networks and etc.,) in this management system. This system
aims to manage the positive film archives and the digital images. Prior to the application of digital
cameras, the museum had stored a great amount of positive films taken by traditional cameras. In order
to integrate two types of image archives, the RFID tags were attached to the outer of positive films.
Then each film could be found by RFID readers, which can automatically transmit data to management
system. In this way, the administrators can easily find out the required image and process the image
loan service or image licensing.

4.2. Process Re-appearance phase (AS-IS)

After the field-observation, we described the image archives management process in three parts, i.e.
(1) New Films Creating, Films In-stock (sub-process), (2) Films loaning, Films Out-stock (sub-
process), and (3) Expired Films Recalling. Units involved in the image archives management process
are Licensing Division, Film Archives Library, Photo Room and Loaning Units. Following is the AS-
IS process of the image archives management which is described by standard modeling tools BPMN
we have selected (Figure 6 and Figure 7).

=

Film Archives]
Library
{74 Filies

Photo
Room

Figure 6. Films in-stock process (AS-IS)

& G Seinhingty

4 Applisation Foms pohemsdn T .

Figure 7. Films Out-stock process (AS-IS)

4.3. Process Analysis and process re-design phase (TO-BE)

In this phase we described TO-BE process by standard modeling tools BPMN shown in Fig.8 and.
Fig.9. Comparing with AS-IS process (Figure 6 and Figure 7) we found that after applying the system,
the mainly change of image archives manage process is in Film Archives Library. For example,
through the system, RFID readers can automatically transmit data to management system. In this way,
the administrators can easily find out the required image and process the image loan service or image
licensing.
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In the sequel , we first list important contributions of our
series papers in section IL Based on the results obtained, we
will extend it to Gen-Left k-th order system in section IIL

II.  CONTRIBUTTIONS OF OUR SERIES PAPAERS

A. K-th order system{20]

Let N is a Petri net, M is the reverse net of N. By the
concept of complete reachability graph (Fig 5) that contains
live, forbidden and nonreachable states, we have Lemma I -
Lemma 2 and Theorem 1.

Lemma 1: Any forbidden state in N is nonreachable in N'.

Lemma 2: Any nonreachable state s in N is a forbidden one
or a nonreachable one in N'.

Theorem 1: 33 (k)=¥k) — B(k), where (k), ¥k), and
B(k) are the number of forbidden, nonreachable, and
nonreachable +empty-siphon states in a k-th order system,
respectively.

In Fig 5, Deadlock (resp. forbidden but not deadlock. live)
states are the nodes that are pointed by dashed line from D(k).
Pointed From ¥%) and B(k) arc nonreachable states. States
nonreachable in both Nand N are (I-/, /) and (-] [ -]). Note
that there are no directed paths 1) from a forbidden state to live
states and 2) from reachable states to nonreachable ones.

2

For the 3™ order system, there are 3 kinds of unmarked
(resp. nonreachable) siphon states: (/ -/ x), (x [ -1), and (/
0 -Dresp. (-1 1 x), (x -1 I),and (-1 0 1)], wherex=-1, 0, 1.

xp), x=1, 0, -1, k=i=1 is a state
Xg Xg+1), k>q=iz]

Definition 2: s=(x; x2 ...
for a k-th order system N. (xi Xi:r

(embedded in s) is a substate of s.

By Definition 2, we have some -characteristics of
nonreachable and forbidden states about k-th order system.

A substate of (-1x x..x1) (x=10-1) corresponds to a
nonreachable state.

A substate of (1 x x ... x -1) (x=10-1) corresponds to a
Jorbidden or a nonreachable state.

state s=(x x..x I xx..x-Ixx.xIxx.x-Ixx..
x) cannot be a reachable state. Tt means that a reachable state
cannot have two substates of (/ x x... x -1).

I s=(x; x2..x1 Ii X1 X2 ... xs), does not carry a
substate of (1g Xgi1 Xg-2 ... X), g1, then s with x»=0 or I,
m=1 to i-1 and x;=0 or -1, j=i+1 to k are the only reachable
states.

A deadlock state has the pattern: (/; I ..
o 1), ISm<k.

1m “1m+1 -

]m%?

Finally . belows are the total number of each type of states
in 4-th order system that we have proved in |20}

The total number of states is 3*.

The total number of live states L(k)= 2¥1-1.

The total number of reachable states R(k) = (k+2)20-V.
The number of forbidden states 8 (k) =(k-2)2%9+1. 2).
The number of nonreachable states ¥(k) = 3*— (k+2)2%0.

The number of nonreachable +empty-siphon states B(k) =
kb

Fig. 5 Complete reachability graph of a 37-order system {Fig. 1}.
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Filtn Archives A B
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D Tags:
3 Fils
Phote
Room
Figure 8. Films In-stock process (TO-BE)
e
{73 Application Forms e . Ladic Notk:l{:atﬁng
?%be The systemu;maetennim iﬁv RFID readets automatically transinit ;
films' Iocation automatically : 2 data to management systern

Figure 9. Films Out-stock process (TO-BE)

After describing TO-BE process, we used Pool-Lane Chart to figure the physical movement lines
along the image archives operation and also able examine the rationality of each physical movement
line and identify problems. Table I shows the Pool-Lane Chart of Films Out-stock process, through the
chart we can see that the outbound process can be independently complete by one unit. It is the most
simple and the best line of the operation. Some tasks can be completely replaced by ubiquitous service
i.e. the operation of counting and checking films. By applying the system, it significantly reduced the
process shown as Table 1 and Table 2.

Table 1. Dispatch Flow of archives Out-stock process (AS-IS)

Photo Licensing Loaning A]illlllil\lfes
Room Division Units

Libra
Prepare films according
to application forms

Copies of films or not

Access on films from
dry box

Make copies films

Films check in

Verifying films

Notice loaning units
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The total number of deadlock states D(k)=k-1 .

B. Top-Left ,Bottom-Left and Middle-Left system{22, 24, 25]

Definition3: The equivalent N© =(P° O P*»,T°,F°)
ofanet N=(PUP,,T,F) (Py, is the set of non-sharing
places) is defined as

PeR = PR \PNR .
2. P°=P\ H(r);
UrePNR (I")
T¢ =T\ °
UrePNRr ’
4 F= (FU,-eq\,R(.r’r.. Yo, ) \U,_E%W[(H(f”)s H(r)yw

CHE), H)OCrn oo, r o))k

Definition 4 : The reverse net of N is denoted as N7

(%]

We say the net in Fig. 1 (k-th order system) the equivalent
of the net in Fig. 2. 3. 4(a) since the net is exactly the same as
the net except that the net has one non-sharing resource place
[ |

Let N be a net that contains a nonsharing resource in left
process side (for example Top-Left ,Bottom-Left and Middle-
Left ). We have showed that in N the number of reachable
states >2R and the number of live states >2L.

Because of a nonsharing resource, we have showed that
1).markings nonreachable in M, they may become reachable in
N. 2). forbidden markings in ¢ may be live in N (denoted the
number of which as C(k)). 3) nonreachable markings in A° may
be live in NV (denoted the number of which as A¢k)).

The phenomenon is explained as follows:

C(k):In Top-Left structure, by holding at p, lefi-side
process can wait for right-side process going through their own
work flow. Set of current states belongs to set of forbidden
states in N*. While after firing #; in Top-Left, it may be live in
Nj22].

A(k):In Bottom-Lefi structure, by holding at p* left -side
process can wait for right -side process going through their
own work flow. While after firing (*.; in Bottom-Left, set of
succeeding states belongs to set of unreachable states in N°[24].

HI.  COMPUTATION OF STATES OF GEN-LEFT K-TH ORDER
SYSTEM FORBIDDEN AND NON-REACHABLE STATES

This section computes the number of states for a Gen-Left
k-th order system, where the symbols for different kinds of
states are superscripted with “ * . For instance , R’ denotes
the number of reachable states of Gen-Left k-th order system.

We will derive R'(F’, L', ...etc) in terms of R(F.L, ...eic)
based on the concept of equivalent 4-th order system of a Gen-
Left k-th order system.

For every reachable (respectively, live) state s (x x ... x x) in
N° (a k-th order system) both states (x ...x%... x ) and (x ... x”
... x ) are reachable (respectively, live) in N(Gen-Left k-th order

system). (x’and x' are defined in definition 1, x”’means rgenis
at state x and 7'gy is at state -7; x’ means rg, is at state x and
7'gen 1S at state 0.

There are forbidden states in A¢ (due to empty siphon), but
live (due to marked siphon) or reachable in N since an empty
siphon in N may become marked in N. Hence R>2R and
L’>2L. To compute R’ and L’ exactly, we need to know that
how many forbidden and nonreachable states in N, become
reachable or live in V.

Observation 1: 1) Any unmarked siphon state carries a
substate of (1 0...0" 0 ... -1)[ 0'means renis at state 0 and
Flgen is at state 1], and 2) Any nonreachable state carries a
substate of (-1 0 ... 0 0 ... 1), where the number of ‘0’
(including ‘01" ) goes from 0 to k-2.

Note that (/ 0... 0° 0 ...-1) obtained by replacing 0/ with
0° is not an unmarked siphon state since 7g.»is not used by any
process and 3 (see Fig.4(a)) is potentially firable (i.e., such
that Jo Mo[o>M,; and M[>).

For the 4 order system, there are 6 kinds of unmarked
(resp. nonreachable) siphon states: (x 7 -1 y), (xy 1! -1),
and (x 1 0 -D)fresp. (x-1 I' y), Gy -1' I}, and (x -1 0/ )],
where x, y=-1, 0, 1.

Lemma 3: A substate of (-1 x .. X' x ... 1} (x=1,0,-1)

corresponds to a nonreachable state, where the number | of x’s
(including <"’ ) goes from 0 to k-2; =0 to k-2.

Corollary 1: A substate of (1 x .. x'x..-1) (x=1,0,-1)
corresponds to a forbidden or a nonreachable state, where the
number | of x's (including x'° ) goes from 0 to k-2; [=0 to k-2.

Lemma 4: Let M be a reachable marking in N¥, then both
M*=M+r* and M’= M+p* are reachable in N.

The following lemma helps to prove in the sequel that some
states are legal ones.

Lemma 5: Both s=(1 0,... 0° ..-1; }and s’=(-1 0... 0°
...1i) where gen =1 to k-1; i = gen+1 to k, correspond to two
legal markings M.

For markings nonreachable in A®, they may become
reachable in N.

Lemma 6: Let M be such that only the reen-riregion in N
is unmarked.

1. M is nonreachable in N°.
2. M*=M+r*is reachable in N.
In general, we have ¥

Lemma 7: Let s=(x; ..x1; ...0°1; 111 joa... xx) where
1<i< gen ; gen+tI<j< k ;be such that only the rir; siphon in N
is unmarked.

1. M is nonreachable in N-.
2. M*=M+r*is reachable in N.
3. The total number of such M*is (2%V)R(i-1)..

Theorem 2: The total number of reqchable states in N is
R ’:2R+Z i=1togen (Z/':gen +1tokR(i-1) (2(]{_]/)).
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Table 2. Dispatch Flow of archives Qut-stock process (TO-BE)

Photo
Room

Licensing
Division

Loaning
Units

Print application list
from system

Access on films from
dry box

Recognized by RFID
reader of work station

Notice loaning units

5. Discussion

Film
Archives
Libra

The outcome of this research is a novel development approach for the RFID-based ubiquitous
services, which can align the system design with the business vision and strategy. For this purpose,
BPM tools such as BPEL/BPMN and Pool-lane Chart are integrated into the development of the
system of ubiquitous technology. The overall suits is implemented and verified by means of a case
study on the ubiquitous technology for improving the museum relic image archives management.
Through the case study, including field observation and interviews, targeted expectation can be
classified into two parts, i.e. quantitative KPIs: time and manpower, quality KPIs: security and
transparency of image archives dispatch flow. As the consequence, this paper also presents the
evaluation of the improvement by the quantitative as well as qualitative KPIs.

5.1. Quantitative KPT Improvement: Time and Manpower

After integrating BPM tools into the development of the ubiquitous computing technology, some
improvements have been identified. Table III illustrates in-stock pre and post system applying
improvement (time and manpower).
Table IV shows out-stock pre and post system applying improvement (time and manpower). Each
image archive in-stock process, we can save 70 man-min (84-14), and the reduction rate is 83.33%
(70/84). Each image archive out-stock process, we can save 51 man-min (66-15), and the reduction rate

is 77.27% (51/66).

Table 3. Improvement of Inbound Process in relation to Time and Man-Power

Activity AS-IS(min/person) TO-BE(min/person)
Checking Films 1/1=1 1/1=1
Repoﬁ on disqualified films 3/1=3 3/1=3 .
Creating Films Info. 30/1=30 -/~=0
Print and paste RFID tags -/-=0 5/1=5
Counting the No. of Films 45/1=45 /=0
Films Inventory 10/1=5 5/1=5
84 14
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Corollary 2:R'(k) = 2-(k+2)20-V+ [(gen) 26en] ( 2bsen) _]),

Lemma 8: Let M be a live marking in N°, then both
M*=M+r* and M’= M+p*, are live in N.

The number of markings for each case is computed by the
following lemma.

Lemma 9: Let s=(x; x2 ..1;...0° 0 ... -1; .xi) I<j<gen,
gen+I<i<k correspond to Marking M such that there are
ummarked siphons in only the ri-ri region in N. The total
number of possible live markings under M is 200,

Theorem 3: The total number of forbidden markings in N¢
that may be live in N is C(k)= (gen)(20=5_]),

Lemma 10: Let s=(x; x> ..-1; 0° ... 1I; ... xx) gen+I<i<k
correspond to nonreachable marking M such that there are
unmarked siphons in only the Feenrr; siphon in N'. The total
number of possible live markings under M is (20-9-]).

Theorem 4: The total number of nonreachable markings in
N that may be live in N° is A(k)= (k-gen) [(267V-1)]

Theorem 5:L'(k) =2((2"1)-1)) +(gen)(2%&"-1) + (k-gen)
[2%7-1)].

Theorem 6: F'(k)= (k-2) 200+ (26 _]) [(k-gen)( 205en-1) -
1) ] - (gen) (2%7-1) +2.

Theorem 7: ¥' (k)= 2x3% 2-(k+2)2%V+ [(gen) 2@U] ( 20k
s ).

Theorem 8: D’(k)= (k-1)+k-gen -1+[2(k-gen)+1](gen-1).

Table 2. L’(k) (number of Live states), for a Gen-Left k-th order
system(Include Top-Lefi, Middle-Left, Bottom-Left).

K | Top | Middle Bottom R'(F) R'(k) R'(k)
(Top) (Middle) (Bottom)

71 1 . 7 P i 6
201 ! ! 16 16 16
S - 2 35 . 35
411 2 3 72 74 72
S - 4 145 - 145
6| 1 3 5 290 296 290
7yl - 6 579 - 579
8| 1 4 7 1156 1142 1156
9 1 - 8 2309 . 2309
0| 1 5 9 4614 4404 4614
)1 - 10 9223 - 9223
2 1 6 1 18440 17138 18440
130 1 - 12 36873 - 36873
41 1 7 13 73738 67312 73738

Table 3. D’ (k) (number of Deadlock states), for a Gen-Left k-th order
system(Include Top-Left,Middle-Left, Bottom-Left).

K | Top | Middle Bottom R'(h) R'(E) R'(k)
See Table 2 for the above results. 7 ; - (Top) (Middle) | _(Bottom)
2 1 7 1 I 7 7
Table 1. R’(k) (number of reachable states), for a Gen-Left k-th order
system(Include Top-Left, Middle-Left, Bottom-Left). 3 1 - 2 2 B 3
K | Top | Middle Bottom R'(k) R’(k) R'(%) 4 1 2 3 3 p P
(Top) (Middle) (Bottom)
7 7 - 7 p i 6 5 i - 4 4 _ .
201 ! 1 17 17 17 6| 1 3 ; 5 13 9
31 - 2 43 - 44 7 - 6 6 - 1
I 2 3 103 108 108 81 1 4 7 7 28 3
S - 4 239 ; 256 o1 - 8 8 - Is
6 1 3 5 543 59 592 10 1 5 9 9 53 17
11 1 - 10
7 - 6 1215 - 1344 0 - d
12 / 6 17
s 1 4 7 2687 3040 3008 i o, A
13 1 - 12 2 o 23
91 1 - 8 5887 ; 6656 TAm ; . :
13 145 25
104 1 5 9 12799 14768 14592
LR - 10 27647 - 31744
Remark: The larger the system (or k) is, the smaller the
12 1 6 11 ’
9391 | 69440 68608 deadlock probability. If one sets the threshold to be 1%, then
=N - 2 126975 - 147456 for k<7 (resp. k>7), deadlock prevention or detection (resp.
141 1 7 13 270335 319040 375392 recovery) should be employed.

Application: The k-th order system is a special case of
Gadara RAS in [26], where MIP (mixed integer programming)
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is employed and hence cannot handle very large Gadara RAS.
The approach in this paper allows us to compute different types
of states avoiding the state explosion problem suffered in {26].
However, only two processes are considered in this paper. To
extend to more than two processes, assuming any resource
place is shared between exactly two resource places, the state
between any two processes is independent to states in other
pairs of processes. Let 7, m, ..., m be the pairs of two
processes, then the total number of reachable states is /#,-; R,
where R; is the number of reachable states of 7.

Iv. CONCLUSION

We report the very first method to compute in closed form
the number of reachable states of Gen-Left k-th order system (a
simple version of S°PR) without constructing a reachability
graph, just using closed form formula with only 2 parameters :
the location of no non-sharing resource and the value k. This
helps to estimate the percentage of deadlocks and legal-state
losses due to the addition of a monitor, and avoid the dire
situation of mid-run abortion of reachability analysis due to
exhausted memory. The formal result is important even if
specific since manufacturing systems correspond generally to
higher order (k much larger than 3) S?PR systems, which can
model concurrent programs where a locked data item can be
represented by a single resource place with one token [26].
Current tools may not be able to handle such high order S°PR
systems due to the state explosion problem. Here, we kick off a
new era of real-time dynamical resource allocation decision.
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