
[Type text] [Type text] [Type text] 

 

 
 

  

 
 

 
 
 

2014 

 

© Trade Science Inc. 
 

ISSN : 0974 - 7435 Volume 10 Issue 11 

BioTechnology 

An Indian Journal
FULL PAPER

BTAIJ, 10(11), 2014 [5576-5583]

Research on the probability of extended UML 
state diagram/random kripke structure semantic

 
Saidong Lv1, Zhiping Li2* 

1Institute of Security, Yunnan Normal University, Kunming, Yunnan, (CHINA) 
2Institute of Information, Yunnan Normal University, Kunming, Yunnan, (CHINA)

E-mail : lsdong_ynnu@sina.com 
 

ABSTRACT 
 
Now probability model probability of detection has been widely used in network protocol,
the analysis and verification of safety critical systems. Probabilistic model checking is
application-level, however, difficult to understand, and modelers have a certain
mathematical basis. Extended UML state diagram, and the detection probability model
between syntax and semantics, with implicit mapping relation, so this article puts forward
from the extended UML state chart to probability/random Kripke structure between
semantic mapping rules and precise definition, and corresponding semantic algorithm is
given. 
 

KEYWORDS 
 
UML state diagram; Probability/random kripke structure; Semantics; Algorithm. 
 



B

 

 
 
B
p
v
b
k
 
v
b
k
 

 
 
T
 
D
C
d
 

 
 
 
 
a
 
b
c
 
t
 
t
 

 
 
 
p
 
 
m
a

 

BTAIJ, 10(11) 201

UML
But for som
probability o
validation of
be requireme
key quantitat

But f
validation of
be requireme
key quantitat

Proba
Time Marko

Discr
Discrete, Kr
Chains is Co
definition of 

Defin

r

re
 r

and the atom

between syst
certain proba

the collection

the range bet
Defin

r
The 

probability o

migration an
a certain rati

 represen

PROBA

14 

L as a kind o
me probabilit

of Ad Hoc 
f incompeten
ents, design 
tive perform
for some pro
f incompeten
ents, design 
tive perform

THEOR

abilistic mod
v Chains, M
rete '- Time
ripke structu
ontinuous Ma
f probability/
nition 1: Kr

represent the
represen

epresent the 
represent the

mic assertions

tem in the c
ability, move

,
n. AP is Ato

tween 0 and 
nition 2: Ran

represent the
definition o

of Kripke stru
represe

nd the curren
o, moved to 

nt the set of s

ABILITY/R

of universal m
ty, rate, time
network, no

nce. If given
stage, the vi

mance index o
obability, ra
nce. If given
stage, the vi

mance index o

RY OF PRO

del checking
Markov Decis
e Markov C
ure can be f
arkov model
/random Krip
ripke structu

, am
e set of finite
nt the set of 
set of trigge
e set of guar
s Boolean ex

current state
ed to the foll

 Is a func
omic Proposi

1. 
ndom Kripke

e set of finite
of 
ucture. 

ent the set of

nt state of the
the followin

state migratio

RANDOM K

 Zhiping

INTR

modeling lan
e related to 
on-repudiati

n performanc
isual design 
of the system
ate, time rela
n performanc
isual design 
of the system

OBABILITY

g support thr
sion Process

Chains and M
formalized d
l, can be form
pke structure
ure is forma
mong: 

e state. 
initial state.

ering events.
rd condition
xpressions. 

, 
e, if the exte
lowing relati
ction, a set o
ition,  rep

 represe

e structure fo

among: 
e state. 

 are

f initial state.
,

e system, if t
ng relationsh
on rate. 

KRIPKE SE

g Li and Saidong L

RODUCTIO

nguage, user
real-time c

on protocol
ce analysis in

of the syste
m properties
ated to real-

ce analysis in
of the syste

m properties

Y/RANDOM

ree kinds of 
es and Conti
Markov Dec
description f
malized desc
e are as follo
alized proba

 
 

n, guard con

 is a functi
ernal events,
ionship. 
of input state
present all a

ent the set of

ormalize is d

e respective

. 
is a functio
the external 
hip. 

EMANTIC S
 

Lv 

ON 

rs can easily
concurrent sy
ls queuing n
n the form o
m, automati
. 
-time concu
n the form o
m, automati
[3,4]. 

M KRIPKE

mathematica
inuous-Time
cision the P
for probabili
cription for r
ows[5-7]: 
ability is de

nditions are a

ion that the 
, and meet c

e, return a s
atomic assert
f state betwe

defined as th

ely the def

on that the 
events, and 

STRUCTUR

y be mastere
ystems, such
network, etc
f semantic o
ic reasoning 

urrent system
f semantic o
ic reasoning 

E STRUCTU

al models, re
e Markov Ch
Processes ar
ity, Continu
random Krip

efined as th

about the tri

system state
certain healt

et of atoms 
tions said sy
een the prob

he six group[8

finition of 

system stat
meet certain

RE OF EXT

ed and the us
h as probab
c., UML de
oriented to U

and analysi

ms. UML de
oriented to U

and analysi

URE 

espectively D
hains. 
re Markov m
uous - Time
pke structure

e six group

iggering eve

e, migration 
th condition

assertions in
stem set a do

bability of m

8]: 

te relations 
n guard cond

TENDED U

 5577 

se of [1,2]. 
bility, the 
esign and 
UML, can 
s, get the 

esign and 
UML, can 
s, get the 

Discrete-

model of 
 Markov 
e. Formal 

p 

ent, state, 

relations 
ns, with a 

n state in 
omain. 

migration, 

 in 

between 
ditions, to 

UML 



5578  Research on the probability of extended UML state diagram/random kripke structure semantic  BTAIJ, 10(11) 2014 

 

 Definition 3: Statte label was formalized definition for a function: Label: s ՜ 2஺௉，and  s א Σ௦௖ 
represent in the UML state diagram, enter a system state name S, return to a state and the corresponding 
tag set 2஺௉, label is the system variable to true or false, Σ௦௖ represent the set of state diagram. 

 
 

Figure 1 : system init 
 
 As shown in Figure 1, the solid circle represent the starting point, the starting point to the initial 
state. S0 is state name, in the state S0, a, b is the tag name, value is true. Generalization in system 
processing, will be given a unique number to each state; When the system initialization, each initial 
values are endowed with true or false. 
 Rule 1: 
 

 
 
,represent in the UML state diagram, each state s, are mapped to the probability Kripke structure of a 
state; Associated with the state S all tags, it is a subset of the probability of Kripke structure, the value is 
set to true; Label does not belong to the state's system, its value is set to false. 
Rule 1 is also suitable for random Kripke structure. 
 Status and variable initialization PRISM BNF paradigm of statements as shown below: 
 
S ื S; VarInit|StateInit 
 
StateInit ื s: ሾ0 … StateNumሿinit StateDefaultNum 
 
VarInit ื VarName; VarType init VarInitVal 
  
 In the PRISM, use an enumeration variable, record the serial number of the state. Tags inside the 
state, the mapping for a bool variable of the PRISM, established according to whether the label in the 
state, the variable's value is classified as true or false. 
 By definition 3 rules 1 we can represent the UML state diagram shown in Figure 1, express the 
probability/random Kripke structure system initialization, the corresponding PRISM code for: 
 
s: ሾ0 … nሿinit 0; 
 
a bool init true; 
 
b bool init true; 
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 represent after migration, all associated and subsequent state ௝ܵ tags, its value is set to true, 
otherwise its value is set to false. 
 As shown in Figure 2, ௜ܵsystem is in a state of the ith number, is the source of order migration 
state, ௝ܵsystem in the first j of state, is the target state, said the event event, guard said who, in the UML 
state diagram, "rate" semantic actions, in CTMC model, the semantic changes, are mapped to rate. 
 Order migration PRISM BNF paradigm of statement as shown below: 
S ՜ S; SeqTrans|SeqTrans 

 
SeqTrans ՜ ሾeventሿሺguard&s ൌ sourceሻ ՜ rate: ሺsᇱ ൌ targetሻVarAssignVal 
 
VarAssignVal ՜ VarAssignVal&ሺVNameᇱ ൌ trueሻ|VarAssignVal&ሺVNameᇱ ൌ falseሻ|ε 

 
 SeqTrans represent order migration, represent the event event, guard represent guard conition, 
source represent rate ratio, target represent target state, VarAssignVal represent variable assignment. 

 

 
 

Figure 3 : Internal migration 
 
 By defining 4 and migration rules as shown in Figure 3 oder of UML state diagram of the 
PRISM code for: ሾeventሿሺguard&s ൌ iሻ ՜ rate: ሺsᇱ ൌ jሻ&ሺbᇱ ൌ trueሻ&ሺaᇱ ൌ falseሻ; among, ሺbᇱ ൌ
trueሻ&ሺaᇱ ൌ falseሻ false)represent change in the next state variables that are endowed with the new 
value. 
 Definition 5: Internal migration. In definition 4, if the system state of the current state and then 
the state is the same, order transfer to internal transfer, namely the state transition to itself. It is 
represented in the UML state diagram, system S current status, in the event of external events, and meet 
the guard conditions, is to perform an action a, and migrated to their own, called the internal migration. 
Internal migration PRISM BNF paradigm of clause as follows: 
 
S ՜ S; InternalTrans|InternalTrans 
 
InternalTrans ՜ ሾeventሿguard ՜ p: ሺsᇱ ൌ Sourceሻ 
 
 About UML state diagram of internal migration, as well as rule 2, the mathematical model from 
UML state chart to probability/random Kripke structure transformation of the mathematical model. By 
defining rules of 4 and 2 available as shown in Figure 3.3 the internal migration of UML state diagram 
of the PRISM code for: 
 
s: ሾSource, Targetሿinit Source; 
 
a: bool init true; 
 
b: bool init true; 
 
ሾeሿguard ื p: ሺsᇱ ൌ Sourceሻ; 
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 Choose migration including the selection of general choose migration and non-deterministic 
migration. Generally choose migration refers to the current state of the system, only an external event 
happens, won't produce conflict; Non-deterministic choice migration refers to the current state of the 
system, many external events can occur, produce conflict, need to confirm your selection mechanism 
with a solution. 
 Definition 6: Select the migration is defined as a function: S ൈ e ൈ ሾ݃௜ሿ ൈ ௜ݎ ൈ ௜ܶ, ሼ1 … nሽٿS, ௜ܶ א
Σ௦௞݁ٿ௜ א ሾ݃௜ሿٿ௦௞ܧ א ௜ݎٿ௦௞ܩ א ܴ௦௞represent In the UML state diagram, system S current status, if the 
external events ݁௜, and guard condition ሾ݃௜ሿ was established, then the system may be in ratio r௜,, 
migrated to its successive state ௜ܶ, this is one for the CTMC model, namely the definition of random 
Kripke structure. 
 The choice of UML state diagram migration LTS operational semantics is expressed as: 
 
S, ௜ܶ א Σ௦௞݁ٿ௜ א ٿ௦௞ܧ ௜݃ א ௜ݎٿ௦௞ܩ א ܴ௦௞ٿi א ሼ0 … nሽ 
 

ሺ݈ܾ݁ܽܮ ௜ܶሻ ൌ ௦௞ܮ,௜ܮ ൌ ∑ ௜ܮ
௡
௜ୀଵ ׫ ሺܵሻ݈ܾ݁ܽܮ

ܵ
௘ሾ௚೔ሿ/௥೔ሱۛ ۛۛ ሮ ௜ܶ, ݉׊ א ௜ܮ ฺ ሺ݉ሻ݈ܽݒ ؔ ,݁ݑݎݐ ݊׊ ב ݊ٿ௜ܮ א L௦௞ ฺ ሺ݊ሻ݈ܽݒ ؔ ݁ݏ݈݂ܽ

 

 
 Select the semantic description of migration is: the system S current status, if the external events 
݁௜, and guard condition ݃௜was established, with ratio ݎ௜, migration to the successor state ௜ܶ. 
 Rule 3:  
 
Σ௦௖ ׊ ൌ ൫ሼܵ, ௜ܶ|݅ א ሼ1 … ݊ሽሽ, ሼܵሽ, ሼ݁௜|݅ א ሼ1 … ݊ሽሽ, ሼ ௜݃|݅ א ሼ1 … ݊ሽሽ, ሼݎ௜|݅ א ሼ1 … ݊ሽ, ൛ܵ ൈ ݁௜ ൈ ݃௜ ൈ ௜ݎ ൈ ௝ܵ|݅ א ሼ1 … ݊ሽൟ൯ ฺ
,௦௞൫ሼܵԢܯ׌ ௜ܶԢ|݅ א ሼ1 … ݊ሽሽ, ሼܵԢሽ, ሼ݁௜Ԣ|݅ א ሼ1 … ݊ሽሽ, ሼ ௜݃Ԣ|݅ א ሼ1 … ݊ሽሽ, ሼݎ௜

ᇱ|݅ א ሼ1 … ݊ሽ, ൛ܵԢ ൈ ݁௜Ԣ ൈ ݃௜Ԣ ൈ ௜Ԣݎ ൈ ௝ܶԢ|݅ א
ሼ1…݊ሽ,ሼ݈ܾ݁ܽܮሺܵሻ݈ܾ݁ܽܮ׫ሺܶ݅ሻ|1א…݊,ሺ݅ݎԢሻ|1א…݊ሽ, 
 
 And 
 
S ՜ SԢٿ ௜ܶ ՜ ௜ܶԢ݁ٿ௜ ՜ ݁௜Ԣ݃ٿ௜ ՜ ௜݃Ԣݎٿ௜ ՜ Labelሺٿ௜Ԣݎ ௜ܶሻ ՜   ,௜ܮ
 
 If the first j a migration is performed, must meet: 
 
m׊ א ௝ܮ ฺ ሺ݉ሻ݈ܽݒ ؔ ,݁ݎݑݐ n׊ ב ݊ٿ௝ܮ א ௦௞ܮ ฺ ሺ݊ሻ݈ܽݒ ؔ  ݁ݏ݈݂ܽ
 
 Rule 3 represent any choose UML statechart model of migration, there is always a 
probability/random mathematical model of Kripke structure and at the same time. 
 
m׊ א ௝ܮ ฺ ሺ݉ሻ݈ܽݒ ؔ ,݁ݎݑݐ n׊ ב ݊ٿ௝ܮ א ௦௞ܮ ฺ ሺ݊ሻ݈ܽݒ ؔ  ݁ݏ݈݂ܽ
 
 Represent after the first j a migration happens, all associated with subsequent state ௝ܶ, its value is 
set to true, otherwise its value is set to false. 
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Figure 4 : Choose migration 
 

 As shown in Figure 4, the system S current status, if the external events ݁୨, and meet the guard 
conditions ݃௝, with ratio ݎ௝, migration to the successor state ௝ܶ. 

CONCLUSIONS 
 
 In this paper, the UML state diagram given probability/random Kripke form semantics, you can 
extend the UML state diagram modeling and automatic analysis ability, make the UML state chart to 
model probability, rate, time related to real-time concurrent systems, such as queuing network, the 
probability of Ad Hoc networks, such as non-repudiation protocols, under the existing probabilistic 
model checking tool PRISM support, can be critical for the future system performance indicators, 
automatic derivation, design, verification and analysis of the real-time concurrent system, play a guiding 
role. 
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