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= Process Algebra, e.g. CCS, CSP,

= Rigorous analysis method for
concurrent behaviors and
communicating systems

= For real-time systems (RTYS),
» ACSR, mCRL2, Timed CSP, tock CSP...




= Algebra of Communicating Shared
Resources (ACSR)

= Expressive to capture resource-
constrained aspect of RTS as well as
timing requirements,

= However, ACSR

= Not supported by advanced analysis
methods.




= A new process algebra, called
PACOR, for RTS, extending ACSR,

= Oriented to resource—constrainec
aspects of RTS,

= Translation rules from PACOR to
Uppaal models




= PACoOR

= Enables to use both symbolic
and statistical model checker
using the same models.

=to answer qualitative and

quantitative guestions, such as
schedulability and worst-case
response time, and so on,
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“rocess /lgebra of
_ommunicating “esources

S~ o~ S T
:scheduled by priorities
for shared resources

‘Instantaneous




PACoR
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arrival of timed action time
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= Two tasks, 7; and 7,, execute jobs using
shared resource cpu with the following
attributes:
= 7,(5,2,5)
= 7,(10, 3, 7)

* T( period, wcet, deadline)




Process composition

Restricted events

)\{s1, s2}]

{(cpu, 3)} [2,2] A 1= _2-4 C1 has priority over C2

when they want cpu
at the same time for

de f
System — (D4 1l Do H TH || T5
5 time units delay
de | _
D1 = @5 0 81.D1
D2 dif mlo . Q_n nn
; C, is delayed until s1 arrives
e
T = s1V(oo, NIL, NIL).C1
T2 di } CPU is used for 2 time units at priority 3
until the deadline of 5 time units elapses
dE’.f \/
Cp =
de 3,3
Co E {(epu,2)}B3IA(T, NI

the higher priority

CPU is used for 3 time units at priority 2

until the deadline of 5 time units elapses




= Timed Transition System (TTS):

A timed transition system over an
alphabet X is a tuple < §,5°% -> where S is
a set of states, S° < S is the set of initial

states and - €S x X x {r} U Ryg X S is the
transition relation.




= Fvent Actions

“Ipp

Ident(P) := Ident(E.P)
(E.P,z,1ID) < (P, z, ID)




= Timed Actions

P Al p

m € Rsg, | <m < u, Ident(P) .= Ident( Al . P)
(Al : P 2 IDY 2 (P, 2 + m, ID)

Note : x is the global clock




= E-choicelL

def

P=FEFEP+F

Ident(Py) = Ident(E.Pl + Ps)
(E.P, + P»,2,ID) 2 (P, z, ID)




= A-choicelL

PY AP+ P

m € Rsg, Ident(P,) := Ident( AW : P, + P,)
(Albwl . Py 4 Py, 2, ID) 55 (P, 2 + m, ID)




= E-sync
P EP|E.P

(E PIHE .PQ,.CL’ ID> (PlHPQ,ZE ID>




= E-async

“E.p|P

(E.P,|| Py, 2, ID) = (P,|| Py, z, ID)




= A-sync
def

P = A :PlAy: P, p(A) Np(A) =0

p(A1) N p(Az) =0, m = maz (A, As)
(A : Pi|As : Py, x,ID) 22222 (Py|| Py, z + m, ID)

Note : maxy() is the maximum execution time of an action
(set of actions) that may also include delays caused by preemption,
depending on the action deadline




= A-async

PE AP Ay P, p(A) N p(Ay) # 0

A0} A {2} : P>




= Priority relation:

Given two actions a and g we say that g has priority

over ¢ denoted by a < B, if one of the following cases
holds:

1) a € DR and B € DE
2) Both a and g are actions in D,, where

vr € p(B) Npla), (r,p) eaN(rp)eB=p<yp




= Priority relation

{(r1,2)} < {(r1,7)}

{(r1,2), (r2,0)} < {(r1,7)}
{(r1,2), (r2,5)} < {(r2,7), (r3,5)}
{( (r2,5)} A {(r1,7), (r2,3)}
{ T2,9),
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= A-async

defAl Pi||As 2 Py, p(Ar) Np(Ay) # 0

p(A1) N p(As) 74 0, —(A; < Ay)
(../41 P1||.«42 PQ,.’L’ ID> <P1||A2 PQ,ZE—I—m ID>




= A-async

P Ai: Pi||As 0 P, p(Ay) Np(Aq) # 0

CArv): Pl {2)): P>

{(T 2)}

<'r‘1} P1||D




= Close

A P+ (302 PO

(e 3)}“531’/ N\
GG




= Close

m € Rsg, Ident(P) := Ident([Al" : P);)
(Al - P),. o, D) 2 CRED b 4y, 1)




= Restrict




= TTS Restriction (Def 3.4)




= Scope Operator for Timed Action

@“’]A(n, P, P.) @

Termination

Exception




= Scope Operator for Timed Action

@“’]A(n, P, P.) @

m € Rsg, [ <m < u, m <n, Ident(P) := Ident(AMA(..) : P)
(AbuA(n, P, P,) : P,z,ID) 2 (P, 2 + m, ID)




= Scope Operator for Timed Action

@“’]A(n, P, P.) B
>

n=20
(ALY A(n, Py, P,),x,ID) = (P, x,ID)




= Scope Operator for Timed Action

@“’]A(n, P, P.) B
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= The Graphical PACoR

Rule| PACoR | gPACOR | Rule| PACOR | ¢PACOR

L P E—
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Simulations (1)
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PACOR

- =

gPACOR

- =

Parameterized
Stopwatch Automata

D1 dgf @5 . 3_1-D1
T s,V (oo, NIL, NIL).C,

Oy {(epu, 3)Y2AN(5, NIL, NIL) : T,

==5
? 3)12
= s Z (P}
X<28&y<5

clock x;
request(cpu,1, 3),

o T1 x=0, y=0

x=0 release(cpu.1)

1
1
1
1
'. x==5 _ | ?
x=0 1 s
x<=5 x<=0 x'==isSched(cpu,1)
; 88& x<=2 && y<=5
sl ! x==2
1
1




PACOR

Sewﬁon

PSA

Semanticsl

bi-similar
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System = [TrnReqP pri; || TrnReqPs priy || ... | TrnReqPr prip [{ceg;} 1 <j < Seg
Seg
TrnReqP; s 0= A(wt, T'rnReqP; .41, Z((segj, WOt TrnLeaveP; ;) : NIL
=1
TrnLeaveP; ; def 0"t TrnArol;
TrnArvl; def 0"t . TrnArvl; + T'rnReqP;




TPS: PACoR Specification (cont’d)

de f :
System ‘= | TrnReqPi priy || TrnReqPs priy || .. || TrnReqPr priz 1{seq;} 1 <j < Seg

TrnReqP,,

pri1| T1

TrnReqP,, i \
1 T2 \> SeJq
2
T7’nReqP3,pri3 T A ™Jrr
L3 Platform
" TrnReqP,,
LU
! seg;
TrnReqP;, = ———
pT‘l3 T . 4
| 15 ¥
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Acquiring one of segments [1, seg] at
Waiting time before priority k, then use it for [0, st] time

increasing priority units
Seg
def

TrhReqP;, = 0°A(wt,TrnReqP; j11, Z((segj, VOt TrnLeaveP; ;) : NIL
j=1
Increasing the priority Leaving the platform

by adding 1 to k




= Deadlock freedom (using Uppaal MC)
A[ ] not deadlock




= Maximum waiting time (using Uppal SMC)

E[<=simTime;simCount](max:waitTime][i])




TPS: Analysis

The maximum waiting time with 5and wt=10

Case{l (Seg = 2) Case 2 (Seg = 2) Case 3 (Seg = 3)
1 | priy; Wait Time pri; Wait Time pri; | Wait Time
| | 14.144+0.22 5 8.04+0.12 5 4.13+£0.13
2 1 14.2240.22 4 0.4240.14 4 4.40+£0.15
3 1 14.16+0.22 3 11.76£0.16 3 4.61£0.15
4 1 14.3440.23 2 14.41£0.19 2 7.67£0.10
5 1 14.20+0.22 1 20.9440.31 1 0.15+0.08

Probability Distribution

0.092
0.069
2
50.046
[1+]
o
£0.023
o
0
2.3 4.5 6.7 8.9
max: waitTime[1]
(a) Track 1

ECRTS 2014

Probability Distribution

11.1 13.3 6.8 11.5

16.2 20.9 25.6 30.3

max: waitTime[5]

(b) Track 5




= RTS is a t/me and resource constrained
system,

= For the rigorous analysis, this paper
presents

= A new formalism, PACoR,

= Translation rules for the analysis using
Uppaal and Uppaal SMC




= PACoR

= Rigorous and complete specification of
various scheduling systems

= Supported by Uppaal tools to answer to
qualitative and cuantitative qualities of
RTS, such as schedulability, and worst-
case response time (WCRT), and so on,
using the same model.
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