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A Formal Specification of Reusable Framework of Embedded System
Eun-Sook Cho' - Chul-Jin Kim™ - Chee-Yang Song™

ABSTRACT

Because embedded system is combined system of hardware and software, we should design by considering elements such as real-time,
reactive, small size, low weight, safe, reliable, harsh environment, low cost, and so on. However, those are poorly reflected on current
embedded svstem development. Especially, there is few existed framework-based embedded system development. As a result, there are
many internal codes which is not related with system operation in currentlv developed embedded system, and reusability or varability is
not considered into embedded svstem development. Therefore we propose a formal specification technique using Z language to guarantee
completeness or consistency of design of reusability framework proposed for improving reusability of embedded system. Also we assure
correctness of framework design by checking 7 model through Z-Eves Tool.

Keywords : Embedded System, Reusability Framework, Variability, Formal Specification
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Classla_fl | Classlb_fl |

Classlc_f1

« 270} B4

270} gAE AAE zZda vetRdud] 3
BE 849 #ASC dalA Z 2702 BAE o

WA, Q4 7)uk Z 270} gAE WERdY SHiEE
77t 27)vkE QAP o9 YRE (2 13)oAM BAFE
o delrdy 2 aA(ZY2)ENY 27vhe A &
Ae derde 22 2d T4 sF 2deA 29
QAZ Yo 270t A Uit €& 9, (28
13)9l4 ‘Adapter £29] 27|v} A9= ‘ControlAdapter
27|10} A oMo WAF oo} gk kst A Z
#e9a vebmd Ao A, ‘Adapter'st ‘ControlAdapter” £
AolE AEBARA, A4 SY27t FE FH22HE
&g wolo} 3}7] wFe, WA R P27t A7|vtE
Adisojet 57 WEoltt Z+ Advh= 27w B, ¥FE
2 FASE AdR a3 AFEA] SemanticsE EH 3}
= ZolBg gAdit & 245d g ddF 25 9
#A7A= Al2v) A5 (Signature Part, W5 AAF)o BAS}
1, 845 B AFA}EL Fo|F(predicate part)
o] Aejget. 7+, (2% 13)91A, ‘Reuse_Framework' 27
nje] &ojo] 7|&E “#Adapter > 0" EWA A FAIE]
£4e FAFY oA AAE ZAYHI FAHE A
oldle A 7t 07 oldolojop & ojuFct. of&d,
QAE7re] BAC d3H(association) L F F(aggregation)
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— Adapter — Reuse Framework
ident : A“Ptg_m ident : Reuse Framework ID
1 N configurationManager : ConfigurationManager
element(Ohject) Identifier variabilityManager : VariabilityManager
— ControlAdapter reflector : Reflector
ident : ControlAdapter ID hotDeployer : HotDeployer
adapter : Adapter resource Allocator : Resource Allocator
adapter : Adapter
r— Control_Interface
ident : Control_Interface ID unique_ids[Reuse_Framework]
unique_ids[ConfigurationManager]
— ProtocolAdapter unique_ids[VariabilityManager]
ident : ProtocolAdapter ID unique_ids[Reflector]
adapter : Adapter unique_ids[HotDeployer]
unique_ids[ResourceAllocator]
— Protocol_Interface unique_ids[Adapter]
ident : Protocol_Interface ID #ConfigurationManager=1
- #VariabilityManager=1
: #Reflector=1
: #HotDeployer=1
— ResourceAllocator — #Resource Allocator=1
ident : ResourceAllocator ID #Adapter 20
(81 13) MARE Z2U3 oet2e] 24 7|8 7 A7[0} BA|
% @ WAL o 270k NTWARA F 248 84
243e] #ANR 24 AQsd @k o] F 24E 84 7N A7)0 g4

oz B4 7 A7)0 GAE F
Z7] 27|02 Aot o] AF|vtE FP2at VAET
thE A (multiplicity) & 9881 72810 49 E s} 4
AHE T Q92 vetRde) #A 7)u A7)0} WA YR
£ e Zle] (27 14)0th. AAE T2 vetnd

ol AEHoE o] H _-5']“}5&' dolgh}, o] Q4o df
g g HAA, g3l o8 4d set(AA7E 1) Fe
Power set(Z4#]7} 27 o] oz BHAFCE ololA, A3 o
Aol thajA, 7+ ‘Has_RF_VM' HF Ao A, o] #A ol

oA
ek (2" 1494 2 B4 £33,
o dal 1 BAE BejFm gt WA,
AY BAE 2= ReLVMCM @A A o] BA A

HAle] 53 Hos AR Rel, A% Has 2 24
2 Qg 9 Y

AgkFA o sl
¥+ 84 +F VariabilityManager$} ConfigurationManager©]

~Defining association relationship

'
— Rel VM_CM
variabilitymanager : VariabilityManager
configurationmanager : ConfigurationManager
rel_vm_cm : variabilitymanager >

-
configurationmanager

Applying

multiplicigy

##H 5= 24 % Reuse Framework$t VariabilityManager©]
t}, o] ¥ 249 Reuse Framework®} VariabilityManager
E AadARe 71Ed 3, ofge dFEAd

AR solFo A3} 53], ool IY #AE
“¥f.  varabilitymanager * f € reuse_framework.variability

Defining aggregation relationship
— Has RF_VM
reuse_framework : Reuse_Framework
variabilitymanager : VariabilityManager
has rf_vm : reuse_framework »»>

T variabilitymanager

unique_ids[variabilitymanager, /
configurationmanager] \\

Wt: dom rel_vin_cm « #({t} < rel_vm_cm) =1

Ws:ranrel_vm_cm.#(rel_vm_cmp {s}) =1 \

— Has RF_Ada
reuse_framework : Reuse_Framework
adapter : P Adapter

n:N

has_rf_ada : adapter — reuse_framework

unique_ids[adapter, reuse_framework]
VI:adapter-fe
reuse_framework.adapter
Vs:ran has rf ada.#(has rf adap {s})
<na#has_f_adap {s}) >0
Vt: dom has rf ada.#({t} < has 1T ada)=1

(38 14) MARE =2

unique_ids[reuse_framework,
variabilitymanager]
V1 : variabilitymanager « [ € reuse_framework.
variabilitymanager
¥ Vs:ran has_rf v -#thas_1f vmp {s}) =1
WVit: dom has_rf_vm «#({t} <t has_rf_vm) =1

— Rel VM_Ref
variabilitymanager : VariabilityManager
reflector : Reflector

rel_vm_ref : reflector > variabilitymanager

unique_ids[variabilitymanager, reflector]
Vt: dom rel_vm_ref-#({t} < rel_vm_ref)=1
¥s:ran rel_vm_ref . #(rel_vm_refp {s}) =1

3 olet2Ye| A 7|EH Z AF[0F BA

7)keko] A1
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manager' ¢} #o| Fdgc} a2ln #A F38o] s dom
(Bo9)3 ran(X9)ol oJsf 7] zfrletE FHST) A,
2 =FoA A veEdy 849 o5t AAE
th3k BwA A Falake) Well-formedness property(% 84
£A)e] disiA 27]vte FolRe] 7]& & ok

4. &8 A Yt

2 =FdA AAste ZYYHT derde] Zg4 9
oud etFAd & AFs7] A BAS Z BA diF FF
A4 AAE gesith O ol AAME: ZH QYA vgR
42 Z &7vtz A& BAEHNAL, BH9 FEH 2 AF
AE £A4o] At HAAROE A3, AAE T
A2 derde] yasic= AL ¢uEr] gFolr o] F
913, Z/EVES Tool& AHg-3te] Z Aol &84 F2 &4
9 A At a79d F Z wA9Y syntax
checking, variable range checking 2 consistency type
checkinge $18t] Z/Eves Toolg 53lo] 2l 37 e}

detzog 72 HAE Zol i #Fe E2A Z/Eves
7t de] AL HE R o AL&E Z/Eves Tool V2.0& o]&
g} o] B85 B Z WM £4 7% syntax9} type
checking, schema expansion, precondition calculation,
domain checking, specification animation 2|3 general
theorem provings & & Sith E3oA = o] B Z HA
g 2g 9423t 48sto] syntax L type checking, 12
2 domain checkings ZAMgTh ALY AFRA (ZH
15 B Adel digk dAlol g gAl daE BoFEo,
(29 15094 A syntaxst proof WFE RE, 1 o]3}
F2o zHz Y2 438 At b AL 729 718 g9
3} 2 EFS] Adel syntax$} proof 44 (property)el ol
257t &g vgch

goR (1Y 16)2 84 71N Z 27|01 g &

ZIEVES - /[ 77] temp/imbed - RF -Metamodel

L Eager | Lay

Fie | Edt | Command | ‘window |
Syrt P
¥ | ¥ | [Control_interface_ID, Protocol_interface_ID, O5_Interface_ID. j

AVCodec_Interface_ID, DeviceDrrver_Interface_ID, Adapter_ID,
FRescurceAlloeator_ID, HotDeplover_ID, ConfiguranonManager 1D,
VanabuhtyManager_ID, Raflectar_ID, Reuse_Framework_[D, ControlAdapter_ID,
ProtacalAd: D, O5Ad; 1D, AVC ddapter_ID, DeviceDrrverAdapter_ID]
Y | ¥ |Adapter_type = ControlAdapterr

| FProtecolddapters

| OSAdapterr

| AFCodecAdapterr

| DeviceDrrverAdapterr

A I apter.
tdent: Adapier_ID
vy . 144
sdent: ComrelAdaprer_ID
adapter: Adapter
4 — — o

il |

Fao g 29 Ao HA 29E 2dF2 o (2
16)ol 4 9% Aore] FAE ‘syntax'= syntax@l type
checking® Bo{FE Ao2 Y'E Y gz x4
o] 9l&< uekdch ¥ ‘proof'E domain checking?] Z
}E ¥oFE Aoz Y2 Jegdd, 1 247 ZEs
ojulgitt. o] HALE 93k, o]Holl Z HAF Ao £4 £
< F7H 459 9A7 a7 R stk dvstd Z
Adoje] @Y o] FAH thal] Z/EvesolH 43| §Y
3hA] 7] wifol], 27]vfe] FojRo] Fxo g ¥
o] HAld diside Fne £4¢l0] 2 Wi Fds
o HALE &9 )

BOE, (¥ 11 #A 7]uwke] Z 270} HAo dig
2d A9 ARE Jebdoh syntax$} proof F&o] “Y”
o A3E BYoEA A7 AE8EgE & F Utk

A= ol 2 Bd A& T, AAE ZHIHA v
grde] FEF 2 AY Adg ZddM 277 982

458 + A4

ZAEVES - /171 -temp/Imbed - NF-Metamodel
Fie | Edt| Conmand | Window
Sy oo Specaiion

V| ¥ | —Reuse_Framework. 2
tdent: Reuse_Framework 10
ifig M : Configur
reflector. Raflector Py

hatDeplayer: HotDeployer
resourceAllocator: fesourceAliocator

adapter: P Adapter

V4, j: ConfigurationManager + 1. 1dent = . ident €2 1=
Wi, j: VanabihtyManager « 1. ident =) ident e 1= f
i, e Reflector « 1, ident =) . ident 3 1= f

Vi, j: HotDeployer « ¢, 1dent = . ident &21=)

Wi 12 ResourceAllocator « 1. idemt = j . ident 5§ =

Wy, g Adapter « 1. ident = ident & 1=

Z/EVES - D:/177] -temp/imbed-AF-Metamodel

Fie | £ | L‘mﬂi \»Mu]
51& Frool
¥ | ¥ | —Has AF_Ada 2
reuse_framework: F| Rewse_Framework
adapter: F Adapter
nN
has_rf ada: Adapter — Beuse_Framework

#adapter =1

dom has_rf ada = adapter

#reuse_framevwark < n

ran has_rf ada = reuse_framevwork

Vrufl, ruf2: reuse_framework « rufl . sdent = ruf2 . ident & rufl = rufd -
Vadal, adal: adapter « adal . ident = adal . 1dent € adal = adal

Vada: adapter; refra: reuss_framework « ada & refra . adapter

| e | 3

(3% 15) 7I2ElY Z BAMlel F#RZAt 23

(3= 17) BA 7€k Z A7(0t HM|| FRZIA BTt
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