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2. Hybrid System

Hybrid System¥} T % =152 CHARON, Check —
Mate, d/dt, Ellipsoidal ToolBox, GBT, HSIF, HSolver,
HyTech, HyVisual, HybridToolBox, HYSDEL, Key—
maera, Ptolemy, MATISSE, PHAVer, SHIFT 1&]
11 Level Set ToolBox5-0] itk H Ao 2 =
T5 a7k, A8 =kl oEskA] ¢kon HE 7t
SR =0 HYS w2 st 7]&stei.

2.1 AlEgo|M, =g LU HM2| SH(Theorem

proving) =35

offlof] 27 =52 AFs & H52 SHAl A
U, MatlabZ-& A8 =517} E Q31 =150t}

2.1.1 CHARON
CHARON®'& 30| 2| AA8g $Ao) A=g
o] 7Rs3la, AZH o2 tjxjel 3 4= 9= a9

Aojolct, wAuUo} tstollA 7= ¢lom, CHARON
T GUIE Algsh EH‘E‘J% A EHo]Ho] 715
3te}. CHARON =7+ [3]eflA] Apag W 4 glek.
2 Al ¥7-2 20030 wHEo T},

2.1.2 CheckMate

CheckMate' = 71|7] W2tjatoA] 7| glon],
Hybrid System= =38 4= 9l E5Lo|H, Matlab]
Plugin®|t}, ACTL(Computational Tree Logic) Space
o Ae] 1 ] AL 7IRe ARSI (510014
A AR E W2 4= QAT CheckMate B8 2H 4=
&Jtk CheckMate?] 18] AJAELS Threshold event—driven
Hybrid Systemo|t}, o] AARIoA = &2l 40

& o]ofz] §J2g weth ojw ol

JEfollA £
ghol of® shAlol =est olAkAl2l A} it
AZ3t meo] AH g bof H|AF Al u|E HPg AL

=2 o o ooT=E

2.1.3 Ellipsoidal Toolbox
Ellipsoidal Toolbox *= Matlab®] Plugino]™, €}
UAE AR 5= glon] d&7 o]abd], Ei= A|2fA}

ol Q= 4 ALHS BAT 5 ook, HAHoR
Hybrid System= 5418k 4~= ¢JA|9t Hybrid System
ol W 9 A5 AAKS 4= Qlt} Ellipsoidal Toolbox

= (7oA W2 4= QA

2.1.4 GBT

GBT(Geometric bounding toolbox) = polytope
o 119l o)yl el B0 BHUAS A
T Ut} BFIAIES] W/ $F-E ApproximationZ &
4> U}, GBT+= @A) -8 =2 AlA=glem, [37]
oA ek o Qi

2.1.5 HSIF

HSIF"= Hybrid automata® ©]506]Z Network
= 2Ygd £ 9l mtoln, 7} slo|HE|E @ Enf
B 489 SRS olgapl BN Aot
$7159l BALF B o] 715 AL 913 2]
P S P
A5k o] 221k, BSIFS} BelE E9E FolH 2
d2]7} Dynamic analysisE& & 4= 9100, A=29
A AgY E 4= Qle} HSIF= [29]0014 5 4= Qi)

2.1.6 HSolver

HSolver"’= Theorem proving2 0|83l #%
She olu] @4e] AL TR sfolel= A
2Hlo|t}, vlAE =14 o]E-54](Non—linear temporal
s1ct, slolels

40l =Y

differential equation) & #4184~
Az ofuja, 32 Al2ele) 24
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Alkek 4= QiH. HSolvers= o}4] oW slo]He|= A
2|lof Fpol| = 2| Aok o] Q14| ¢bth. HSolverZ| AR
43l= T abstraction refinemento] 7]9FstE 7k
A& A|oF A1} 7]H(Interval constraint propagation
based abstraction refinement)o|t}, o] === HA
Hom de A2"O FASLE refinesh= Zlo]t,
HSolver= ©|AHAQl A|ofAlelS FEotal Aklete
RSolvero] 7|uks}o] &ve|=e Laskn)

2.1.7 HyVisual

HyVisual”'& QUIE AlZ3H= Modeling Tool©]
o}, HyVisual® $2 A|283} sfo]ues AlA8e
Hdde 9 % Block—diagram editor& A3},
/‘]%Eﬂ | 3“% 9Jt} HyVisual-& =H¢l B4 7]
olemy SloflA] kg2, [30]0l14 Tk

2.1.8 HYSDEL

HYSDEL"(Hybrid Systems DEscription Language)
% Discrete Hybrid Automata(DHA)S F@3sic)
DHA+= Finite State Machine, Switched Affine system,
Reset map, Event generator 52 Q4= o|Fo|A]
leth. [31]eflA] TR 4= ik

2.1.9 KeYMaera

KeyMaeraM-‘: Differential Dynamic Logic formula
2 9lgolo] & ARgat) A= 71HE KeY ™ (Interactive
theorem prover)©|t}, Javas o]-&35fo] Asyst 4= ¢l

o FAE deElo]E HaL qlek

2.1.10 Ptolemy

Ptolemy"*= £3812]9] Hybrid System 2 Embedded
System2 AlEG01A, A, HdF T 4 Q)= framework
24 7% A REDLIB", SMV"®, Real Maude” 53}

?ﬂ%’&]—@] 7—12 E‘“'ﬂ:—l% A3 o—(??]_—')r\‘ O]E]' Java 010-]
2 2.

g Cdl

2.1.11 MATISSE

MATISSE™= Hybrid System?] &
System2 Bisimulation”|H& 0]%—’6]—@ B84 Q)
t} Multi—Parametrinc Toolbox'” @} Matlabo] Z.&
stk

o] Transition

2.1.12 Multi-Parametric Toolbox
Multi—Parametric Toolbox+= HYSDELI0|2 7]<
% DHAE AR 4= 9]0, Linear Time—Invariant
dynamics®} Piecewise—Affine dynamicsS 48
o]2 AR 4= Qlt}t. Reachability analysis 7]|%H2
ol-g-sto] AR,

2.1.13 SHIFT

SHIFT™= Hybrid System& Zal@s 2= 9)i= o}
o] 24 AT FsE AlEdlold Zeed HAE Ad
Sk Aol 24& FaLl APEESlch W ot Shift
AdolE cz HFHst = 9t

2.1.14 STeP

STeP™ 2] 92 ¢lo}i= Reactive system©]t}. STeP
743} Property~ Temporal logic formula® ¥
&g 4= QJc} STePO & Hybrid Systeme A& 4~
Qltt, [32]ollA] Educational Versiong CTh-{rolA]

A% & 4 Qe

mlo

e

ﬂl

2.1.15 Level Set Toolbox

Level Set Toolbox 2= A| B0 A1} AZL 8t 4
Qlom MATLABY] Z&1¢l0|t} Dynamic implicit
AlEdlol A & 4= ik, S| ofstH] vt
421¢] #lE Approximationsh= 7|HE AN &

A gt Algdeld 2 <= Sl

surface5<

22 M 15

—_—O

&
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=
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ok, EFES

Hybrid System& A0 2 HES 4
Matlab®] Plugin®| o}y7] o] A& =7} ofy
o A 7hssi.

2.2.1 d/dt

d/d6™= Thao Dangdll ¢J3) Ak=loict 4 ol
ol AF mlitAo] 23 slo|He|= AJAdlofH,
f(x)=Ax+Bu®] FejollA] ue= FA EFHA 9] gholL,
S35 Zro|t} H2E Invariante} o] Z270] £
chpAlo] oj3) A BE A HY 254
of oI, resetghe oSl HOIE0] R()=Ax
+BY] FE|= A, d/dte= 2lmiolA AT 5
Qo HE 7|2 On—-the—fly approximating,
Over—approximations2| 7|9H-& ARESHCE d/dt=
(33014 The-RkE 4= Qlok 24l HAH-2 20001 =0
7= A,

2.2.2 HyTech

HyTech[%]—': Approximation”|®H-S AR5} Linear
Hybrid Automatal] TE7FsAS AZE 4 ok
HyTeehe] QJeielof= 413 sfoluels o Euhekzn,
Slo|He|E @ EujEto] tffEo] Qg0 AFolo]
oF 3}, Flow independenceS WHEA|AoE 3t}
Flowe &0t} Ujofl A h3t Dynamic O 2 0] 0]
%l Hybrid Systeme AAFsh=d] 2gsttt, [34]<A
CheHES: 4= Qlt} Linux ¥ window(cygwing ARE)

o4 Aol 7Hs3h,

I3 19 929 Train—gate—controller 2 &2
B0V RS = 9 ol F S 71H7)
QLo Folg 1] AolEE AT P AL ek
AR 02 x= WARTY trainZHA 9] A, y=
Aol2] 2, 1 FEEe2) Efolwols, traint
controller, gates2] QL EHIELR o]FojA] it} 17
19] R E&O 7} 105} 22 u), gate”} closed AE]
of glom SHde fHksh=A] ASSt efAolt,

2.2.3 Phaver

PHAVer™'= Hytech?] 98 %10} 393 2= 9
©m, Hytech®?} FARSHA AR&-E 4= 9t} Input/Output
WHE 712 129 Linear Hybrid Automatas 8
o] 2 HlolEo|n, Affine dynamicsS AAFEF 4= Q)
T}, Reachability analysis, Approximationg-< S <
Stk A== 71H-& On—the—fly Over approximation
oft}, [35]ofl A TR 4= k.

18] 99 912 PHAVero] ¢gelolg ZHAJEH
Bouncing Ball 2@ oA 2 [35]0)|A4] thwr-S 4= 9]
t}, Bouncing Ball 22 F-0] Hojz|= AlelS )

Bk AolH, xH= §IA|, 2= S5 UERHT,
a9 29] QE& YL PhaverZ £A43 AilE
Graph@ 1&#ELl Zlozy, 71222 X2, A2

£2 TS Uehdth, %2 4 222 sy mdo] 7t
4 4 9l g5 mYol

Jaeyeon@jaeyeon-VirtualBox: ~/Shares/HyTech_linux/project/railroad

app, -~ (send) approach signal for train
exit; -~ (send) signal that train is leaving

inttially far & x>=1000;

=1000 wait {dx in [-50,-40]}
00 sync app goto near;

=0 wait {dx
"gato past;

n [-50,-30]}

=160 watt {dx in [ 30, su])
55 do (x: = 1060) ‘sync extt doto far;

HyTech: symbolic model checker for embedded systems
Version 1.64f (last modified 1/24/62) from v1.04a of 12/6/96

For more info:
email: hytech@eecs.berkeley.edu
http://www.eecs.berkeley.edu/~tah/HyTech

Warning: Input has changed from version 1.88(a). Use -1 for more info

Checking automaton gate

Checking automaton controller

Checking automaton train

Composing automata **

....... Number of iterations required for reachability: 9

Train-gate controller maintains safety requirement

Max memory used = 1980 pages = 8110080 bytes = 7.73 MB
Time spent = 0.01u + 0.085 = 0.09 sec total

jaeyeon@jaeyeon-VirtualBox:~/Shares/HyTech linux/project/railroads I

12! 1, HyTech®HZ ZHME Train—gate—controller 22121t S ZAI(LEZX)
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automaton bouncing_ball

contr_var: x, v;

synclabs: jump;

loc state: while x>=0 & x<=10 & v<=10 & v>=-10 walt {x'==v & v'==-

initially: state & x==2 & v==0;
end

/7 Add a new label for the transitions that are introduced
/] between partitions
bouncing_ball.add_label(tau);

// Define the directions of the partitions
// here: in both axes with a min. threshold of partition size 0.2
//bouncing_ball.set_refine_constraints((x, ©.2),(v,0.2),tau);

12l 2. PHAVerE 0|2

2.1.4 SpaceEx

SpaceEx "= Hybrid AutomataS SXeH= 910}E
olgste] st ol AZTT SxeH: cloj
Hybrid System= xml9] Fe|2 7]&T = Q= Ao
t}, SpaceEx+= Hybrid AutomataS YurS ==

N m
flo
[\
(@)
=

4|, Hybrid Automata SpaceEx2] Z|<- H]
W @A 440 el i o,
Simulator A|U2] 28 AMRSEH = Qe =2 4
LeGuernic—Girard Algorithmo]2t A
Saich, Telvt ol ol SA04 B2
o] e X 9UsHA] SRt 3 o] AL A=
oA 2] M5 285 FRith [36]0f14 TR

T
1
re

>.,
qs
E

ﬂIlO [U'III o 2 32

rE-lonE%l

ifzrﬁ

93}
when x==6 & v<6 sync jump do {v'==-v*8.5 & x'==x} goto state;

5t bouncing ball Ofix| 2! 2A1 Zq}

tt, SpaceEx= A& ?Ii__l 2 9= guIgl, ¢ ¢lg
Hlo] A9} Core executable |53},

13 38 GUIE o)A Hybrid System= 22t
o= Q= ofIAlo|t}, SpaceEx 9] M8 F-3+= Component
E&2 o]FoA ¢lil, Component ¢Fofl Variable,
Transition, Locations- O & 0]50{#] It}

.2 E

B = Ho| A& Hybrid SystemS ZHEsta, A1E
Fold T AES T 4 = ETES ek

Elle Edit Help

bal_tamplata x | systam x

B E B pelalvln

note: component ball template

info
no selection

12 3. SpaceEx T2 x|
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19t} B ETE Bl A 7S 9a 2 5
QEOTA] Hybrid System& AASL o2 HEH 4
G BFES ARstdon, of BTEC) /)5S A
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218 £ =RolA 43 B7ES Felg Folck,
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A 750 A5 A AR A T
model checking 7|H-& AFESHH, 4521 A& Theorem

proving 7]} o]} ComputationsS =3¥gic}, —o]
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