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» Requirements and specifications [Zave97]
R =requirements, S = specifications, W = world

WASFR

5 [Zave97] Pamela Zave and Michael Jackson. 1997, Four dark corners of requirements engineering. ACM
Transactions on Software Engineering and Methodology,Vol. 6, No. |, 1997.
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» Requirements and specifications [Zave97]
R = requirements, S = specifications, W = world

WAS R

y VT T )7L (software evolution):
R—R’ S—¢

WASFR > WASKFR > WAS IR

» &5 (adaptation):

WASER = WASKR S WAS R
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» BEIERM (self-adaptivity) -
WAS FR = WA S IR

B ORI CELHE

» UTOREEZ T I 2XMEDL DS

RIBEAERT 5T EHTES (Monitor)
IEDKARZ DT 5T EHTES (Analyze)
LELWMRAFEWVWERET 52 EDTES (Plan)
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AHEHE (Uncertainty)
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oA [KY76]

y 1 MRICKD A OODE%ZRE
» ZXEDOHSHERIL ?

05

http://www.prismmodelchecker.org/tutorial/die.php

|4 [KY76] D. Knuth and A.Yao, The complexity of nonuniform random number generation.
In Algorithms and Complexity: New Directions and Recent Results, Academic Press. 1976.
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» DTMC (Discrete Time Markov Chains)
BRI~ )V O 7 &
BF & BN & L e HESRIE1E
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15 https://www.prismmodelchecker.org/lectures/pmc/
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» EZENETIVIREY —IV

" PRISM 4.6 — | e
File Edit MWodel Properties Simulator Log Options
AW E| H| s
|F'RISM Maodel File: =Untitled=*
" Model: =Untitled= : 1| dtme
& Type: DTMC - z
® ] Modules : 5 | module die
4
5 A4 local state
A g ¢ [0..7] indt 0O
7 S wralue of the die
a d : [0..8] indt O
a
10 [] =0 ->= 0.5 : (=g'=1l) + 0.5 : (=8'=2);
11 [] =1 - 0.5 : (8'=3) + 0.5 : (s8'=4);
1z [] =2 - 0.5 : (s'=5) + 0.5 : (s8'=6):
13 [] =3 - 0.5 : (8'=1l) + 0.5 : (8'=T) & (d'=1l):
14 [] =4 -> 0.5 ¢ (8'=T7) & (d'=2) + 0.5 = (a'=7) & (d'=3):
15 [] =5 - 0.5 ¢ (8'=T7) & (d'=4) + 0.5 = (a'=7) & (d'=5):
Built Model 16 [] ==6 -»> 0.5 : (='=2) + 0.5 : (=2'=T) & (d'=6):
States: 12 i; [1 s=7 => (s'=7);
Initial states: 1 19 | endmodule
Transitions: 20 20
|16 Model
Running experiment... done.




TRELFER

[ P=?[F (s=7 &d =X)]
TREET (FEER LT ULMEE)
F: [ FRODDDE Y 12D
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Nafre

TP

Value

int

Labels

Name

Definition

|7

' PRISM 4.6 - ] x

File Edit Model Preperties Simulator Log Options

RIEIISIGEEE

Properies list: =Untitled=*

- Properties : - Experiments

P=2[F (s=7 & d=x)] :

Property Defined Consta.. Progress Status Method
i[IP=?F (s=7&d... [x=0:1:6 EEERR TS ) o & Verification

Xx=1~6lc DT
P=0.166... (=1/6)

—
Graph 3
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—e—MNew Series

|F!unning experiment... done.




Expression caching for runtime verification based
on parameterized probabilistic models

RN ZBIRREED e D/INT A — 2L HERE T IVICEDWE

M Fvv>a

Hiroyuki Nakagawa', Hiromu Toyama?, Tatsuhiro Tsuchiya'

'0saka University, The University of Tokyo
The Journal of Systems and Software 156 (2019) 300-311, Elsevier
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|9 [Filieril 6] A.Filieri, G. Tamburrelli, C. Ghezzi, Supporting self-adaptation via quantitative verification and
sensitivity analysis at run time, IEEE Transactions on Software Engineering, 2016.
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20 [Filieri16] A. Filieri, G. Tamburrelli, and C. Ghezzi, “Supporting self-adaptation via quantitative verification and
sensitivity analysis at run time,” IEEE Transactions on Software Engineering (TSE), vol. 42, no. 1, pp. 75-99, Jan 2016.




DTMC (Discrete Time Markov Chains)

» IRIIRRE s;:
F ] E@“% EMPRRENEBRS T

(& d[/\'lj(

%%gﬁi@z pn =1

» BISIKEE:
M USIREE Tl 73 UNIARE

R ZEBIRAE > TRINIARE
0

0 0 0
0 0 0 0 0 \
0 0 Xy 0 0
0 1 0 0 0 0
0 0 0 09(1—x3)|| 0 0.1(1—x3) x3
0 0 1—x, 0 0 X4 0
0 0 0 0 1 0 0
0 0 0 0 0 1 0 /
0 0 0 0 0 0 0 1
0 UIKAE > BFEIREE I TRUIKEE > IRUIKRE

21 (zero matrix) (identity matrix)
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Q: BIEIRRE > EFIKAE, R BRI > RIIKRE

» B=NXR
N=/+ Q+ Q%+ ..
f(x)
FREET(

22

1
- bik: det(I — Q) ero...t_laxi(l a Q) . rxj

bik: Si 75\15 Sk K@E*ZEEEIKL

« det(M): MODTT5T\ (determinant)
* . FREF(cofactor)
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23 [Filieri16] A. Filieri, G. Tamburrelli, and C. Ghezzi, “Supporting self-adaptation via quantitative verification and
sensitivity analysis at run time,” IEEE Transactions on Software Engineering (TSE), vol. 42, no. 1, pp. 75-99, Jan 2016.
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o FNETHT (BT ERREER DR TP &
(@ Frva(CRE
0 02 01 0.
001 x 0 0.9 [e—LaplacefEH
T 0 x, 0.5 0
DTRBE |05 07 001 0 )
0.2 0.1 0. 0 0.1 0. 0 0.
=001|x, 05 0 |+x]/0 05 o0 [+09|l0 x, O3
0.7 0.01 0.02 0.2 0.01 0.02 02 0.7 0.01 ;\
~ ——— \
‘-»
- E17EF (IREBEVLVDZE1L)
0 02 01 05 [x,
001  x; 0 09 |0
N 0 x 05 0 [0 F v >3 H\5751%
5 E= 02 0.7 0.01 0.02 |0 B RaIRcExRT 3
IRER I 01 005 = 0 02 01 05
: = 0] 0. . X4 . . .
BIEA C(1—xp|00L 0 09 0, 001 x;, 0 09
0 05 0 0 0 x, 05 0
0.2 001 0.02 0 02 0.7 0.01 0.02

24 [Nakagawal6] H. Nakagawa, K. Ogawa, T. Tsuchiya, “Caching strategies for run-time probabilistic model
checking," in Models@run.time 2016 (MRT2016).
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» UPPAAL(ETILEEY — V) =B8RI LR EE

functions F,
Scheduling [ UPPAAL ] Fi usf |

P

o M —
layer r====y==)

sod (63

[ /’/’Fz
ﬁ r P current scheduling bstract task
processing time configuration ﬁ@ results l f==\ @ Srraf _af : -—
[ Self-adaptation SRS RS SRS S

[Execute] [Analvzel ——— e ———7 —_—ag——— =-——
h ble 7
Iayer suategyA] o0 | Stategy B module A} task

ﬁ sensmg‘data-/ activate/passivate @
processing time

AN 4 AN 4 AYE
][ ][ ][ Components
) J\__JL

strategy A’

32 [Nakagawal9] H. Nakagawa, H.Tsuda, T. Tsuchiya, Towards Real-time Self-adaptation Using a Verification
Mechanism ,The 3Ist Euromicro Conference on Real-Time Systems (ECRTS 2019),2019.
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