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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. 
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 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 ൈ ሾ݃ሿ ൈ ݎ ൈ ܶ, ሼ1 … nሽٿS, ܶ א
Σ௦݁ٿ א ሾ݃ሿٿ௦ܧ א ݎٿ௦ܩ א ܴ௦represent In the UML state diagram, system S current status, if the 
external events ݁, and guard condition ሾ݃ሿ 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 Σ௦݁ٿ א ٿ௦ܧ ݃ א ݎٿ௦ܩ א ܴ௦ٿi א ሼ0 … nሽ 
 

ሺ݈ܾ݁ܽܮ ܶሻ ൌ ௦ܮ,ܮ ൌ ∑ ܮ

ୀଵ  ሺܵሻ݈ܾ݁ܽܮ

ܵ
ሾሿ/ሱۛ ۛۛ ሮ ܶ, ݉ א ܮ ฺ ሺ݉ሻ݈ܽݒ ؔ ,݁ݑݎݐ ݊ ב ݊ٿܮ 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 ฺ
,௦൫ሼܵԢܯ ܶԢ|݅ א ሼ1 … ݊ሽሽ, ሼܵԢሽ, ሼ݁Ԣ|݅ א ሼ1 … ݊ሽሽ, ሼ ݃Ԣ|݅ א ሼ1 … ݊ሽሽ, ሼݎ

ᇱ|݅ א ሼ1 … ݊ሽ, ൛ܵԢ ൈ ݁Ԣ ൈ ݃Ԣ ൈ Ԣݎ ൈ ܶԢ|݅ א
ሼ1…݊ሽ,ሼ݈ܾ݁ܽܮሺܵሻ݈ܾ݁ܽܮሺܶ݅ሻ|1א…݊,ሺ݅ݎԢሻ|1א…݊ሽ, 
 
 And 
 
S ՜ SԢٿ ܶ ՜ ܶԢ݁ٿ ՜ ݁Ԣ݃ٿ ՜ ݃Ԣݎٿ ՜ LabelሺٿԢݎ ܶሻ ՜   ,ܮ
 
 If the first j a migration is performed, must meet: 
 
m א ܮ ฺ ሺ݉ሻ݈ܽݒ ؔ ,݁ݎݑݐ n ב ݊ٿܮ א ௦ܮ ฺ 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 ݊ٿܮ א ௦ܮ ฺ 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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