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5

5.1

4

5.1

想定のモデル化

プロダクトラインアーキテクチャ（設計モデル）
設計想定モデル想定モデルテンプレート アーキテクチャ上の想定をモデル化想定のテンプレート化より 想定を含めた検証へ

想定を含めた検証へ
モデル間の入出力工程間の入出力

5.1:

20



5.2

ITRON

5.2.1

5.2

Gomaa [9] kernel

optional

T1 T2 2 ITRON kernel

T1 T1

T1 T2

- x : UINT

<<kernel>>

T1

- y : UINT

<<optional>>

T2

*1

5.2:

idle sleeping

/ x++, slp_tsk()

wup_tsk(T1)

5.3: T1

counting

/  y = y + 2, wup_tsk(T1)

5.4: T2

5.2.2

5.1

ITRON 4.2

ITRON 4.11 5.2
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5.2.3

5.5

5.5

メカニズムの名称（Ｉ）

メカニズムの設定やAPIの分類（M）

メカニズムの設定やAPIの種類（M）

メカニズムの設定値やAPIのインスタンス（Ｉ）

メカニズムの設定値やAPIのインスタンス

に対する制約（Ｉ）

概念

メカニズムの分類（M）

メカニズムのインスタンス

5.5:

5.2.4

5.2

T1 T2 5.2.1 ITRON

ITRON 4.11
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5.2

2

2

5.6想定モデルテンプレート一般的リソース
(Generic Resource)

ソフトウェアリソース
(Software Resource)

スケジューラ
(Scheduler)

スケジュール可能リソース
(Schedulable Resource)

�Scheduler�
isPreemptible schedPolicy

FIFOFixed
Priority

�SwConcurrentResource�
activate

Services

act_tsk

resume

Services

wup_tsk

suspend

Services

terminate

Services

slp_tsk

ext_tsk

activation

Capacity

[UINT]

priority

Elements

[TypedElement]

�SwSchedulableResource�
isPreemptable isStatic

SchedulingFeature

truetrue

�SwResource�
create

Services

CRE_TSKtrue

並行動作リソース
(Concurrent Resource)

rel_wai

rsm_tsk

sus_tsk

ter_tsk

タスクスケジューラ タスク
require

dly_tsk

5.6:

5.2.5

5.6

5.7 5.7

23



設計想定モデル一般的リソース
(Generic Resource)

ソフトウェアリソース
(Software Resource)

スケジューラ
(Scheduler)

スケジュール可能リソース
(Schedulable Resource)

�Scheduler�
isPreemptible schedPolicy

FIFOFixed

Priority

�SwConcurrentResource�
activate

Services

act_tsk

resume

Services

wup_tsk

suspend

Services

slp_tsk

activation

Capacity

1

priority

Elements

tskpri

�SwSchedulableResource�
isPreemptable isStatic

SchedulingFeature

truetrue

�SwResource�
create

Services

CRE_TSKtrue

並行動作リソース
(Concurrent Resource)

タスクスケジューラ タスク
require

T1 T2�SwConcurrentResource�
activate
Services

act_tsk

activation
Capacity

255

priority
Elements

tskpriI

�SwSchedulableResource�
isPreemptable isStatic

SchedulingFeature

truetrue

�SwResource�
create

Services

CRE_TSK

{inv: self.tskpri <= T2.tskpri} {inv: self.tskpri >= T1.tskpri}

1-B1-A

3-A 3-B

4-A 4-B

2-C 2-D2-B

2-A

5.7:
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5.2.4 5.2 ITRON

T1 T2

5.5

ITRON T1 T2

5.7 1-A 1-B T2 5.2.1 5.7

1-B

API

API 5.2.5

API

5.7 2-A 2-B 2-C 2-D 5.2

API API

API T1 terminateServices ext tsk ter tsk

API

API

activateServices act tsk

1

5.3 5.4 T1 T2

5.2 T1 T2 1 N

RTOS ITRON RTOS

RTOS 256

SwConcurrentResource

activationCapacity

5.7 3-A 3-B T1 1 T2 255

5.2

ITRON

25



OCL[10]

5.6 SwConcurrentResource

priorityElements TypedElement

tskpri OCL

5.7 4-A T1 T1

tskpri T2 tskpri ITRON

5.7 4-A T1

T2 5.7 4-B

T2 T1

26



6

6.1

6.1

����
検証想定モデル 検査コード

想定を含めた検証

検証性質に応じたプロダクトラインアーキテクチャの抽象化 設計検証モデル
検査コードに変換検証性質に応じた設計想定モデルの絞り込み

モデル検査器検証性質を確認する仕組み検証性質を確認する仕組みに変換

モデル間の入出力工程間の入出力

想定のモデル化より 設計想定モデル �

�

�

�

�

プロダクトラインアーキテクチャ（設計モデル）想定のモデル化より

6.1:

6.2
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1.

2. 1

3.

4. 1, 2, 3

5. 4

6.3

5.2.1 ITRON

SPIN[11] ITRON

ITRON RTOS for PROmela/spiN ( IPRON)[12]

6.3.1

5.2.1 T1

6.3.2

6.2 6.2

5.5

28



検証想定モデル一般的リソース
(Generic Resource)

ソフトウェアリソース
(Software Resource)

スケジューラ
(Scheduler)

スケジュール可能リソース
(Schedulable Resource)

�Scheduler�
isPreemptible schedPolicy

FIFOFixed

Priority

�SwConcurrentResource�
activate

Services

act_tsk

resume

Services

wup_tsk

suspend

Services

slp_tsk

activation

Capacity

1

priority

Elements

tskpri

�SwSchedulableResource�
isPreemptable isStatic

SchedulingFeature

truetrue

�SwResource�
create

Services

CRE_TSKtrue

並行動作リソース
(Concurrent Resource)

タスクスケジューラ タスク
require

T1 T2�SwConcurrentResource�
activate
Services

act_tsk

activation
Capacity

5

priority
Elements

tskpriI

�SwSchedulableResource�
isPreemptable isStatic

SchedulingFeature

truetrue

�SwResource�
create

Services

CRE_TSK

{inv: self.tskpri <= T2.tskpri} {inv: self.tskpri >= T1.tskpri}

1-A

6.2:
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T2 255

5

6.2 1-A activationCapacity 5

6.3.3

6.3 6.4 6.5 T1 T2

<<kernel>>

T1

<<optional>>

T2
51

6.3:

idle sleeping

/  skip, slp_tsk()

wup_tsk(T1)

6.4: T1

counting

/   skip, wup_tsk(T1)

6.5: T2

6.3.2 T2 5 6.2

5.2

6.3 T1 T2

1 N ITRON RTOS

T1 T2 255

T1 1
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T2 5

T1 T2 1 5 6.3

5.2

T1

T1 x++ T2

y=y+2 T1

SPIN skip 6.4 6.5

5.2 T1 T2

x y

6.3.4

T1

SPIN SPIN

progress

6.3.5

T1 progress 6.4

T1 skip

SPIN

T1 0 1 6.1

31



List 6.1:

1 #define T1 1
2
3 proctype T1( ) provided ( turn == T1) {
4 }
5
6 in i t {
7 bool T1 c r e t s k f l g = 0 ;
8
9 /∗ ∗/

10 i f

11 : : c r e t s k (1 , T1 ) ; T 1 c r e t s k f l g = 1 ;
12 : : else ;
13 f i ;
14
15 /∗ ∗/
16 i f

17 : : ( T 1 c r e t s k f l g == 1) −> a c t t s k (T1 ) ; run T1 ( ) ;
18 f i ;
19 }

OCL

ITRON4.0 1 16 16

SPIN

1.

2. 1

3. OCL

2.

6.2 3 T1 2

List 6.2:

1 #define T1 1
2
3 proctype T1( ) provided ( turn == T1) {
4 }
5
6 in i t {
7 byte T1 tskpr i = −1;
8 bool T1 c r e t s k f l g = 0 ;
9

10 /∗ ∗/
11 /∗ 3 ∗/

32



12 i f

13 : : T1 t skpr i = 1 ;
14 : : T1 t skpr i = 2 ;
15 : : T1 t skpr i = 3 ;
16 f i ;
17
18 /∗ ∗/
19 /∗ T 1 2 ∗/
20 i f

21 : : ( T1 t skpr i <= 2) −> c r e t s k ( T1 tskpr i , T1 ) ; T 1 c r e t s k f l g = 1 ;
22 : : else ;
23 f i ;
24
25 /∗ ∗/
26 i f

27 : : ( T 1 c r e t s k f l g == 1) −> a c t t s k (T1 ) ; run T1 ( ) ;
28 f i ;
29 }

6.3.6

6.3.5

progress

33



7

7.1

ITRON

ITRON

SPL 7.1 SPL 7.2

7.3 Eriksso[13]

2 7

LED 2

LCD

SP1 : 3’21”5
SP2 : 6’33”7 

SW2 SW1

7 5 3 9

タクトスイッチ � ２

SW1 : 時間計測開始／停止

SW2 : スプリット計測

７セグLED � ４

計測時間表示

（M.SS.1/100S）

キャラクタLCD � １

スプリット計測時間表示

製品１製品２

7.1:

ストップウォッチ

７セグＬＥＤ表示キャラクタＬＣＤ表示

時間計測機能スプリット計時機能 表示機能

requirerequire

7.2:

利用者利用者利用者利用者 時間計測時間計測時間計測時間計測
スプリットスプリットスプリットスプリット計測計測計測計測
//OPTIONAL

システムシステムシステムシステム
7.3:
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7.4 SPL

B

7.1:

1 EventCtrl

7 LED SevenSegCtrl

Sw1Inh

TimeCountCych

SystemStatus

TimeData

SevenSegDataReg

EventFlag

2 EventCtrl

7 LED SevenSegCtrl

SplitTimeListCtrl

LCD LcdCtrl

Sw1Inh

Sw2Inh

TimeCountCych

MPL SPLIT TIME LIST CTRL

MPL LCD CTRL

SystemStatus

TimeData

SevenSegDataReg

LcdDataReg

MBX SPLIT TIME LIST CTRL

MBX LCD CTRL

SplitTimeList

SplitTimeIndex

EventFlag

7.2

7.2.1

SPL ITRON

4.11

C.1
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C設計想定モデル一般的リソース
(Generic Resource)

ソフトウェアリソース
(Software Resource)

スケジューラ
(Scheduler)

スケジュール可能リソース
(Schedulable Resource)

割込みリソース
(Interrupt Resource)

排他的リソース
(Mutual Exclusion Resource)

メッセージ通信リソース（Message Communication Resource） 通知リソース（Notification Resource）並行動作リソース
(Concurrent Resource)

相互作用リソース
(Interaction Resource)通信リソース

(Communication Resource)
同期リソース

(Synchronization Resource)共有データ通信リソース（Shared Data Communication Resource）
SplitTime

ListCtrl

Seven

SegCtrl

EventCtrl Sw1InhLcdCtrl Sw2Inh

周期ハンドラ割込みハンドラタスク
TimeCountCych

共有データ構造タスクスケジューラ メールボックス
System

Status
TimeData Lcd

DataReg

MBX_SPLIT_TIME

_LIST_CTRL

MBX_LCD_CTRL

セマフォ イベントフラグ
SplitTime

List
SplitTime

Index

EventFlagSevenSeg

DataReg

メモリブローカ
(Memory Broker)

固定長メモリプール
MPL_SPLIT_TIME

_LIST_CTRL

MPL_LCD_CTRL

7.5:

7.3

2 SW2

7.3.1

� �
SplitTimeListCtrl EventCtrl SplitTimeList SplitTimeListCtrl

SplitTimeList

� �

7.3.2

D
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• Sw1Inh

– vectorElements ( )

– routineConnect ( )

• Sw2Inh

– vectorElements ( )

– routineConnect ( )

• TimeCountCych

– periodElements (TimeCountCych

)

• MPL SPLIT TIME LIST CTRL

– createServices ( )

– accessPolicy ( )

– mapServices ( )

– unMapServices ( )

• MPL LCD CTRL

– createServices ( )

– accessPolicy ( )

– mapServices ( )

– unMapServices ( )

7.3.3

7.3.1 SPIN LTL

Never Claim� �
#define p (IntCtrl_flg == false) /*

LTL */

#define c SplitTimeListCtrl@chosen /* SplitTimeListCtrl */

#define d SplitTimeListCtrl@done /* SplitTimeListCtrl setSplitTimeList

*/

!(<>[]p -> [](c -> <>d))

� �
LTL SplitTimeListCtrl

SplitTimeListCtrl

38



SplitTimeListCtrl

[](c -¿ ¡¿d)

7.3.4

SPIN E

E.1

7.3.5

SPIN� �
(Spin Version 4.3.0 -- 22 June 2007)

Warning: Search not completed

+ Partial Order Reduction

Full statespace search for:

never claim +

assertion violations + (if within scope of claim)

acceptance cycles + (fairness disabled)

invalid end states - (disabled by never claim)

State-vector 912 byte, depth reached 3889, errors: 1

17430 states, stored (19143 visited)

30737 states, matched

49880 transitions (= visited+matched)

53852 atomic steps

hash conflicts: 224 (resolved)

Stats on memory usage (in Megabytes):

16.105 equivalent memory usage for states (stored*(State-vector + overhead))

16.241 actual memory usage for states (unsuccessful compression: 100.84%)

State-vector as stored = 920 byte + 12 byte overhead

2.097 memory used for hash table (-w19)

32.000 memory used for DFS stack (-m1000000)

0.461 other (proc and chan stacks)

0.092 memory lost to fragmentation

50.891 total actual memory usage

� �
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7.3.6

7.6

≪割込みハンドラ≫
Sw2Inh

≪割込みハンドラ≫
Sw1Inh

≪イベントフラグ≫
EventFlag

≪タスク≫
EventCtrl（優先度：最高最高最高最高）

≪メールボックス≫
MBX_SPLIT_TIME_LIST_CTRL

≪メールボックス≫
MBX_LCD_CTRL

≪タスク≫
SplitTimeListCtrl（優先度：高高高高）≪排他的共有資源≫

SplitTimeList

≪タスク≫
LcdCtrl（優先度：低低低低） ≪タスク≫

SevenSegCtrl（優先度：中中中中）
�LcdCtrlがセマフォを取得

�SplitTimeListCtrlは

セマフォ待ち

�SevenSegCtrlが

実行され続ける

7.6:

1. Sw2Inh EventCtrl MBX SPLIT TIME LIST CTRL MBX LCD CTRL

2. LcdCtrl SplitTimeList

3. SplitTimeListCtrl SplitTimeListCtrl Split-

TimeList LcdCtrl

4. SevenSegCtrl EventCtrl LcdCtrl

SevenSegCtrl LcdCtrl

LcdCtrl

SplitTimeListCtrl SplitTimeListCtrl

SplitTimeList

SevenSegCtrl LcdCtrl
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7.3.7

OCL 7.2

7.2:

OCL

EventCtrl {inv: self.tskpri < SplitTimeListCtrl.tskpri

and self.tskpri < SevenSegCtrl.tskpri

and self.tskpri < LcdCtrl.tskpri}

SplitTimeListCtrl {inv: self.tskpri < SevenSegCtrl.tskpri

and self.tskpri < LcdCtrl.tskpri}

SevenSegCtrl {inv: self.tskpri < LcdCtrl.tskpri}

LcdCtrl {inv: self.tskpri > SevenSegCtrl.tskpri}

SevenSegCtrl LcdCtrl

7.3

7.3:

OCL

EventCtrl {inv: self.tskpri < SplitTimeListCtrl.tskpri

and self.tskpri < SevenSegCtrl.tskpri

and self.tskpri < LcdCtrl.tskpri}

SplitTimeListCtrl {inv: self.tskpri < SevenSegCtrl.tskpri

and self.tskpri < LcdCtrl.tskpri}

SevenSegCtrl {inv: self.tskpri > LcdCtrl.tskpri}

LcdCtrl {inv: self.tskpri < SevenSegCtrl.tskpri}

7.3 7.3.1
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� �
(Spin Version 4.3.0 -- 22 June 2007)

+ Partial Order Reduction

Full statespace search for:

never claim +

assertion violations + (if within scope of claim)

acceptance cycles + (fairness disabled)

invalid end states - (disabled by never claim)

State-vector 912 byte, depth reached 3889, errors: 0

118773 states, stored (134949 visited)

239552 states, matched

374501 transitions (= visited+matched)

409096 atomic steps

hash conflicts: 14624 (resolved)

Stats on memory usage (in Megabytes):

109.746 equivalent memory usage for states (stored*(State-vector + overhead))

109.041 actual memory usage for states (compression: 99.36%)

State-vector as stored = 906 byte + 12 byte overhead

2.097 memory used for hash table (-w19)

32.000 memory used for DFS stack (-m1000000)

0.000 other (proc and chan stacks)

0.322 memory lost to fragmentation

143.460 total actual memory usage

� �

7.4

ITRON
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8

8.1

Trew

MARTE

8.2

8.3

OCL
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9

9.1

OS

ITRON

MARTE

9.2

ITRON

OSEK[14] T-Kernel[15] RTOS

9.3
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A ITRON4.0

1.

• CRE TSK

• act tsk

• ext act

• ter tsk

2.

• slp tsk

• wup tsk

• rel wai

• sus tsk

• rsm tsk

• dly tsk

3.

•

– CRE SEM

– sig sem

– wai sem

•

– CRE FLG

– setr flg

– clr flg

– wai flg

•

– CRE DTQ

– snd dtq

– rcv dtq

•

46



– CRE MBX

– snd mbx

– rcv mbx

4.

•

– CRE MPF

– get mpf

– rel mpf

5.

•

• CRE CYC

• sta cyc

• stp cyc

6.

• DEF INH
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B

SPL

ready wait_event_flag

/ wai_flg(EVT_FLG,EVTFLG_WAIT_PTN,

TWF_ORW, &retptn)

[retptn & EVTFLG_START_STOP_SW] / 

status = SystemStatus.getSystemStatus()

[retptn & EVTFLG_SPLIT_SW] / snd_mbx(MBX_SPLIT_TIME_LIST_CTRL,(T_MSG *)pSTL), 

snd_mbx(MBX_LCD_CTRL,(T_MSG *)pLCD), clr_flg(EVT_FLG, ~EVTFLG_SPLIT_SW)

got_system_status

[status == STOP] / sta_cyc(TIME_COUNT_CYCH), wup_tsk(SEVEN_SEG_CTRL), 

clr_flg(EVT_FLG, ~EVTFLG_START_STOP_SW)

[status == RUNNING] / stp_cyc(TIME_COUNT_CYCH), slp_tsk(SEVEN_SEG_CTRL), 

clr_flg(EVT_FLG, ~EVTFLG_START_STOP_SW)

B.1: EventCtrl

poling

/   TimeData.getTimeData(), 

disp_SevenSeg(no, val, sw)

B.2: SevenSegCtrl
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idle

mail_received got_time_data

/ rcv_mbx(MBX_SPLIT_TIME_LIST_CTRL, 

(T_MSG**)&psplit_mail)

/ getTimeData()

got_sem_split_time_list

/ wai_sem(SEM_SPLIT_TIME_LIST)

/  setSplitTimeList(time)

got_sem_split_time_index

/ wai_sem(SEM_SPLIT_TIME_INDEX)

got_split_time_indexset_split_time_listput_sem_split_time_index

/ getSplitTimeIndex()

/ sig_sem(SEM_SPLIT_TIME_INDEX)

/ sig_sem(SEM_SPLIT_TIME_LIST)

B.3: SplitTimeListCtrl

idle

mail_received got_sem_split_time_list

/  rcv_mbx(MBX_LCD_CTRL, 

(T_MSG**)&plcd_mail)

/  getSplitTimeList()

got_sem_split_time_index

/ wai_sem(SEM_SPLIT_TIME_LIST)

got_split_time_index

/ wai_sem(SEM_SPLIT_TIME_INDEX)

got_split_time_listset_split_time_list

/   setLcdDataReg(crm, line, *str, sw)

put_sem_split_time_index

/ getSplitTimeIndex()

/ sig_sem(SEM_SPLIT_TIME_INDEX)

/ sig_sem(SEM_SPLIT_TIME_LIST)

B.4: LcdCtrl

waiting_for_interrupt

/ iset_flg(EVT_FLG, EVTFLG_START_STOP_SW)

B.5: Sw1Inh

waiting_for_interrupt

/ iset_flg(EVT_FLG, EVTFLG_SPLIT_SW)

B.6: Sw2Inh
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cyclic_wait

[timer_interrupt] / TimeData.setTimeData(elapsed_msec+cycle)

B.7: TimeCountCych

idle

getSystemStatus()

setSystemStatus(status)

B.8: SystemStatus

idle

setTimeData(Time)

getTimeData()

B.9: TimeData

idle

setSevenSegDataReg(no, val, sw)

B.10: SevenSegDataReg
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idle

setLcdDataReg(cre, line, *str, sw)

B.11: LcdDataReg

idle

getSplitTimeIndex()

setSplitTimeIndex(index)

B.12: SplitTimeList

idle

getSplitTimeList(index)

setSplitTimeList(time)

B.13: SplitTimeIndex
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C ( SPL)設計想定モデル一般的リソース
(Generic Resource)

ソフトウェアリソース
(Software Resource)

スケジューラ
(Scheduler)

スケジュール可能リソース
(Schedulable Resource)

割込みリソース
(Interrupt Resource)

排他的リソース
(Mutual Exclusion Resource)

メッセージ通信リソース（Message Communication Resource） 通知リソース（Notification Resource）並行動作リソース
(Concurrent Resource)

相互作用リソース
(Interaction Resource)通信リソース

(Communication Resource)
同期リソース

(Synchronization Resource)共有データ通信リソース（Shared Data Communication Resource）
SplitTime

ListCtrl

Seven

SegCtrl

EventCtrl Sw1InhLcdCtrl Sw2Inh

周期ハンドラ割込みハンドラタスク
TimeCountCych

共有データ構造タスクスケジューラ メールボックス
System

Status
TimeData Lcd

DataReg

MBX_SPLIT_TIME

_LIST_CTRL

MBX_LCD_CTRL

セマフォ イベントフラグ
SplitTime

List
SplitTime

Index

EventFlagSevenSeg

DataReg

メモリブローカ
(Memory Broker)

固定長メモリプール
MPL_SPLIT_TIME

_LIST_CTRL

MPL_LCD_CTRL

C.1:

52



�Scheduler�
isPreemptible

Fixed

Priority
true

タスク・スケジューラ
sched

Policy

FIFO

C.2:�SwConcurrentResource�
activate

Services

act_tsk

priority

Elements

tskpri

�SwSchedulableResource�
isPreemptable isStatic

SchedulingFeature

truetrue

�SwResource�
create

Services

CRE_TSK

EventCtrl

activation

Capacity

1

{ inv: self.tskpri < SplitTimeListCtrl.tskpri and

self.tskpri < SevenSegCtrl.tskpri and

self.tskpri < LcdCtrl.tskpri }

C.3: EventCtrl
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�SwConcurrentResource�
activate

Services

act_tsk

resume

Services

wup_tsk

suspend

Services

slp_tsk

priority

Elements

tskpri

�SwSchedulableResource�
isPreemptable isStatic

SchedulingFeature

truetrue

�SwResource�
create

Services

CRE_TSK

SevenSegCtrl

activation

Capacity

1

{ inv: self.tskpri < LcdCtrl.tskpri }

C.4: SevenSegCtrl

SplitTimeListCtrl

{ inv: self.tskpri < SevenSegCtrl.tskpri and

self.tskpri < LcdCtrl.tskpri }

�SwConcurrentResource�
activate

Services

act_tsk

priority

Elements

tskpri

�SwSchedulableResource�
isPreemptable isStatic

SchedulingFeature

truetrue

�SwResource�
create

Services

CRE_TSK

activation

Capacity

1

C.5: SplitTimeListCtrl
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LcdCtrl

{ inv: self.tskpri > SevenSegCtrl.tskpri }

�SwConcurrentResource�
activate

Services

act_tsk

priority

Elements

tskpri

�SwSchedulableResource�
isPreemptable isStatic

SchedulingFeature

truetrue

�SwResource�
create

Services

CRE_TSK

activation

Capacity

1

C.6: LcdCtrl�InterruptResource�
isMaskable

false

kind

Hardware

Interrupt

vector

Elements

routine

Connect

70 DEF_INH

Sw1Inh

C.7: Sw1Inh
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�InterruptResource�
isMaskable

false

kind

Hardware

Interrupt

vector

Elements

routine

Connect

71 DEF_INH

Sw2Inh

C.8: Sw2Inh

period

Elements

100

TimeCountCych�SwConcurrentResource�
activate

Services

sta_cyc

suspend

Services

stp_cyc

�SwResource�
create

Services

CRE_CYC

activatioin

Capacity

1

�SwSchedulableResource�
isPreemptable isStatic

SchedulingFeature

truetrue

C.9: TimeCountCych
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�SharedDataComResource�
read

Services

getSystemStatus

write

Services

setSystemStatus

SystemStatus

C.10: SystemStatus

�SharedDataComResource�
read

Services

getTimeData

write

Services

setTimeData

TimeData

C.11: TimeData
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�SharedDataComResource�
write

Services

setSevenSegDataReg

SevenSegDataReg

C.12: SevenSegDataReg

�SharedDataComResource�
write

Services

setLcdDataReg

LcdDataReg

C.13: LcdDataReg
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�MessageComResource�
isFixed

MessageSize

true

mechanism

Message

Queue

messageQueue

CapacityElements
message

QueuePolicy

n_mbx FIFO Priority

MBX_SPLIT_TIME_LIST_CTRL�SwResource�
create

Services

CRE_MBX

receive

Services

rcv_mbx

send

Services

snd_mbx

{inv: self.n_mbx = MPL_SPLIT_TIME_LIST_CTRL.blkcnt}

�MemoryBroker�
access

Policy

Read

Write

memoryBlock

SizeElements

map

Services

get_mpf

MPL_SPLIT_TIME_LIST_CTRL�SwResource�
create

Services

CRE_MPF blkcnt

unMap

Services

rel_mpf

{inv: self.blkcnt = 3}

require

C.14: MPL SPLIT TIME LIST CTRL MBX SPLIT TIME LIST CTRL

MBX_LCD_CTRL�MessageComResource�
isFixed

MessageSize

true

mechanism

Message
Queue

messageQueue

CapacityElements
message

QueuePolicy

n_mbx FIFO Priority

�SwResource�
create

Services

CRE_MBX

receive

Services

rcv_mbx

send

Services

snd_mbx

{inv: self.n_mbx = MPL_LCD_CTRL.blkcnt}

�MemoryBroker�
access

Policy

Read

Write

memoryBlock

SizeElements

map

Services

get_mpf

MPL_LCD_CTRL�SwResource�
create

Services

CRE_MPF blkcnt

unMap

Services

rel_mpf

{inv: self.blkcnt = 3}
require

C.15: MPL LCD CTRL MBX LCD CTRL
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�SwMutualExclusionResource�
concurrent

AccessProtocol

mechanism

No

Preemption
Boolean

Semaphore

SplitTimeList�SwResource�
create

Services

CRE_SEM

acquire

Services

release

Services

wai_sem sig_sem

C.16: SplitTimeList

SplitTimeIndex�SwMutualExclusionResource�
concurrent

AccessProtocol

mechanism

No

Preemption
Boolean

Semaphore

�SwResource�
create

Services

CRE_SEM

acquire

Services

release

Services

wai_sem sig_sem

C.17: SplitTimeIndex
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�NotificationResource�
mechanism

Event

occurrence

CountElements
signalServices

Memoryless

waitServices

set_flgwai_flg

EventFlag

C.18: EventFlag
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D ( SPL)

•

• EventCtrl

• SevenSegCtrl

• SplitTimeListCtrl

• LcdCtrl

• SystemStatus

• TimeData

• SevenSegDataReg

• LcdDataReg

• SplitTimeList

• SplitTimeIndex

• EventFlag
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検証想定モデル一般的リソース
(Generic Resource)

ソフトウェアリソース
(Software Resource)

スケジューラ
(Scheduler)

スケジュール可能リソース
(Schedulable Resource)

割込みリソース
(Interrupt Resource)

排他的リソース
(Mutual Exclusion Resource)

メッセージ通信リソース（Message Communication Resource） 通知リソース（Notification Resource）並行動作リソース
(Concurrent Resource)

相互作用リソース
(Interaction Resource)通信リソース

(Communication Resource)
同期リソース

(Synchronization Resource)共有データ通信リソース（Shared Data Communication Resource）
SplitTime

ListCtrl

Seven

SegCtrl

EventCtrl Sw1InhLcdCtrl Sw2Inh

周期ハンドラ割込みハンドラタスク
TimeCountCych

共有データ構造タスクスケジューラ メールボックス
System

Status
TimeData Lcd

DataReg

MBX_SPLIT_TIME

_LIST_CTRL

MBX_LCD_CTRL

セマフォ イベントフラグ
SplitTime

List
SplitTime

Index

EventFlagSevenSeg

DataReg

メモリブローカ
(Memory Broker)

固定長メモリプール
MPL_SPLIT_TIME

_LIST_CTRL

MPL_LCD_CTRL

D.1:

TimeCountCych�SwConcurrentResource�
activate

Services

sta_cyc

suspend

Services

stp_cyc

�SwResource�
create

Services

CRE_CYC

activatioin

Capacity

1

�SwSchedulableResource�
isPreemptable isStatic

SchedulingFeature

truetrue

D.2: TimeCountCych
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�InterruptResource�
isMaskable

false

kind

Hardware

Interrupt

Sw1Inh

D.3: Sw1Inh

�InterruptResource�
isMaskable

false

kind

Hardware

Interrupt

Sw2Inh

D.4: Sw2Inh
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�MessageComResource�
isFixed

MessageSize

true

mechanism

Message

Queue

messageQueue

CapacityElements
message

QueuePolicy

n_mbx FIFO Priority

MBX_SPLIT_TIME_LIST_CTRL�SwResource�
create

Services

CRE_MBX

receive

Services

rcv_mbx

send

Services

snd_mbx

{inv: self.n_mbx = MPL_SPLIT_TIME_LIST_CTRL.blkcnt}

MPL_SPLIT_TIME_LIST_CTRL

require

�MemoryBroker�
memoryBlock

SizeElements

blkcnt

{inv: self.blkcnt = 3}

D.5: MPL SPLIT TIME LIST CTRL MBX SPLIT TIME LIST CTRL

MBX_LCD_CTRL�MessageComResource�
isFixed

MessageSize

true

mechanism

Message
Queue

messageQueue

CapacityElements
message

QueuePolicy

n_mbx FIFO Priority

�SwResource�
create

Services

CRE_MBX

receive

Services

rcv_mbx

send

Services

snd_mbx

{inv: self.n_mbx = MPL_LCD_CTRL.blkcnt}

�MemoryBroker�
memoryBlock

SizeElements

MPL_LCD_CTRL

blkcnt

{inv: self.blkcnt = 3}
require

D.6: MPL LCD CTRL MBX LCD CTRL
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E ( SPL)

List E.1: ( SPL)

1 #include ” r t o s l i b . sp in ”
2
3 #define true 1
4 #define fa l se 0
5
6 /∗ PID ∗/
7 #define EVENT CTRL 1
8 #define SEVEN SEG CTRL 2
9 #define SPLIT TIME LIST CTRL 3

10 #define LCD CTRL 4
11
12 /∗ ID ∗/
13 #define EVTFLG SW 0
14
15 /∗ ∗/
16 #define FLGPTN SW1 1 /∗ 0b0000001 ∗/
17 #define FLGPTN SW2 2 /∗ 0b0000010 ∗/
18
19 /∗ ∗/
20 #define WAIPTN EVTFLG SW 3 /∗ 0b00000011 ∗/
21
22 /∗ ID ∗/
23 #define MBX SPLIT TIME LIST CTRL 0
24 #define MBX LCD CTRL 1
25
26 /∗ ∗/
27 #define MSG RECORD SPLIT TIME 0
28 #define MSG UPDATE LCD 0
29
30 /∗ ∗/
31 #define MPL SPLIT TIME LIST CTRL blkcnt 3
32 #define MPL LCD CTRL blkcnt 3
33
34 /∗ ID ∗/
35 #define SEM SPLIT TIME LIST 0
36 #define SEM SPLIT TIME INDEX 1
37
38 /∗ ∗/
39 #define N SEM SPLIT TIME LIST 1
40 #define N SEM SPLIT TIME INDEX 1
41
42 /∗ ∗/
43 #define SYS STOP 0
44 #define SYS RUNNING 1
45
46 /∗ ∗/
47 #define CYCH STOP 0
48 #define CYCH START 1
49
50 /∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗ ∗/
51 /∗ ∗/
52 /∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗ ∗/
53
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54 /∗ ∗/
55 #define EVENT CTRL TSKPRI CONSTRAINT ( \
56 ( Even tCt r l t skp r i < SevenSegCt r l t skp r i ) && \
57 ( Even tCt r l t skp r i < Sp l i tT imeL i s tC t r l t s kp r i ) && \
58 ( Even tCt r l t skp r i < LcdCt r l t s kp r i ) )
59 #define SEVEN SEG CTRL TSKPRI CONSTRAINT ( \
60 ( SevenSegCt r l t skp r i < LcdCt r l t s kp r i ) )
61 #define SPLIT TIME LIST CTRL TSKPRI CONSTRAINT ( \
62 ( Sp l i tT imeL i s tC t r l t s kp r i < SevenSegCt r l t skp r i ) && \
63 ( Sp l i tT imeL i s tC t r l t s kp r i < LcdCt r l t s kp r i ) )
64 #define LCD CTRL TSKPRI CONSTRAINT ( \
65 ( LcdCt r l t s kp r i > SevenSegCt r l t skp r i ) )
66
67 /∗ ∗/
68 /∗ #de f ine EVENT CTRL TSKPRI CONSTRAINT ( \ ∗/
69 /∗ ( Ev en tC t r l t s k p r i < SevenSegCt r l t s kp r i ) && \ ∗/
70 /∗ ( Ev en tC t r l t s k p r i < Sp l i tT imeL i s tC t r l t s k p r i ) && \ ∗/
71 /∗ ( Ev en tC t r l t s k p r i < LcdC t r l t s k p r i ) ) ∗/
72 /∗ #de f ine SEVEN SEG CTRL TSKPRI CONSTRAINT ( \ ∗/
73 /∗ ( SevenSegCt r l t s kp r i >= LcdC t r l t s k p r i ) ) ∗/
74 /∗ #de f ine SPLIT TIME LIST CTRL TSKPRI CONSTRAINT ( \ ∗/
75 /∗ ( S p l i tT imeL i s tC t r l t s k p r i < SevenSegCt r l t s kp r i ) && \ ∗/
76 /∗ ( S p l i tT imeL i s tC t r l t s k p r i <= LcdC t r l t s k p r i ) ) ∗/
77 /∗ #de f ine LCD CTRL TSKPRI CONSTRAINT ( \ ∗/
78 /∗ ( LcdC t r l t s k p r i <= SevenSegCt r l t s kp r i ) ) ∗/
79
80 /∗ ∗/
81 bit I n t C t r l f l g = fa l se ;
82
83 /∗ : : TimeCountCych ∗/
84 bit TimeCountCych status = CYCH STOP;
85
86 inl ine TimeCountCych sta cyc ( ) {
87 printf ( ”CALL%d : TimeCountCych sta cyc ( )\n” , p id ) ;
88 TimeCountCych status = CYCH START;
89 }
90
91 inl ine TimeCountCych stp cyc ( ) {
92 printf ( ”CALL%d : TimeCountCych stp cyc ( )\n” , p id ) ;
93 TimeCountCych status = CYCH STOP;
94 }
95
96 /∗ : : SystemStatus ∗/
97 bit SystemStatus s tatus = SYS STOP;
98
99 inl ine SystemStatus setSystemStatus ( new status ) {

100 printf ( ”CALL%d : SystemStatus setSystemStatus ( )\n” , p id ) ;
101 SystemStatus s tatus = new status ;
102 }
103
104 inl ine SystemStatus getSystemStatus ( r e t s t a t u s ) {
105 printf ( ”CALL%d : SystemStatus getSystemStatus ( )\n” , p id ) ;
106 r e t s t a t u s = SystemStatus s tatus ;
107 }
108
109 /∗ : : TimeData ∗/
110 inl ine TimeData setTimeData ( ) {
111 printf ( ”CALL%d : TimeData setTimeData ( )\n” , p id ) ;
112 }
113
114 inl ine TimeData getTimeData ( ) {
115 printf ( ”CALL%d : TimeData getTimeData ( )\n” , p id ) ;
116 }
117
118 /∗ : : SevenSegDataReg ∗/
119 inl ine SevenSegDataReg setSevenSegDataReg ( ) {
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120 printf ( ”CALL%d : SevenSegDataReg setSevenSegDataReg ( )\n” , p id ) ;
121 }
122
123 /∗ : : LcdDataReg ∗/
124 inl ine LcdDataReg setLcdDataReg ( ) {
125 printf ( ”CALL%d : LcdDataReg setLcdDataReg ( )\n” , p id ) ;
126 }
127
128 /∗ : : Sp l i tT imeLis t ∗/
129 inl ine Sp l i tT imeL i s t s e tSp l i tT imeL i s t ( ) {
130 printf ( ”CALL%d : Sp l i tT imeL i s t s e tSp l i tT imeL i s t ( )\n” , p id ) ;
131 }
132
133 inl ine Sp l i tT imeL i s t g e tSp l i tT imeL i s t ( ) {
134 printf ( ”CALL%d : Sp l i tT imeL i s t g e tSp l i tT imeL i s t ( )\n” , p id ) ;
135 }
136
137 /∗ : : Sp l i tTimeIndex ∗/
138 inl ine Spl i tTimeIndex setSp l i tTimeIndex ( ) {
139 printf ( ”CALL%d : Sp l i tTimeIndex setSp l i tTimeIndex ( )\n” , p id ) ;
140 }
141
142 inl ine Spl i tTimeIndex getSpl i tTimeIndex ( ) {
143 printf ( ”CALL%d : Spl i tTimeIndex getSpl i tTimeIndex ( )\n” , p id ) ;
144 }
145
146
147 /∗ : : EventCtr l ∗/
148 proctype EventCtrl ( ) provided ( turn == EVENT CTRL) {
149 byte r e t s t a t u s = SYS STOP;
150 byte cnt snd mbx = 0 ;
151 byte MBX SPLIT TIME LIST CTRL n mbxq = MPL SPLIT TIME LIST CTRL blkcnt ;
152 byte MBX LCD CTRL n mbxq = MPL LCD CTRL blkcnt ;
153
154 i d l e :
155 atomic {
156 wa i f l g (EVENT CTRL, EVTFLG SW, WAIPTN EVTFLG SW, TWFORW) ;
157 goto wa i t e v en t f l a g ;
158 }
159 wa i t e v en t f l a g :
160 atomic {
161 i f

162 /∗ SW1( / ) ∗/
163 : : ( e v t f l g [EVTFLG SW] . f l gp tn & FLGPTN SW1) −>

164 SystemStatus getSystemStatus ( r e t s t a t u s ) ;
165 go t sy s t em s ta tu s :
166 i f

167 /∗ ∗/
168 : : ( r e t s t a t u s == SYS STOP) −>

169 TimeCountCych sta cyc ( ) ;
170 wup tsk (SEVEN SEG CTRL) ;
171 SystemStatus setSystemStatus (SYS RUNNING) ;
172 c l r f l g (EVTFLG SW, ˜FLGPTN SW1) ;
173 goto i d l e ;
174 /∗ ∗/
175 : : ( r e t s t a t u s == SYS RUNNING) −>

176 TimeCountCych stp cyc ( ) ;
177 s l p t s k (SEVEN SEG CTRL) ;
178 SystemStatus setSystemStatus (SYS STOP) ;
179 c l r f l g (EVTFLG SW, ˜FLGPTN SW1) ;
180 goto i d l e ;
181 f i ;
182 /∗ SW2( ) //OPTIONAL ∗/
183 : : ( e v t f l g [EVTFLG SW] . f l gp tn & FLGPTN SW2) −>

184 i f

185 : : ( cnt snd mbx < MBX SPLIT TIME LIST CTRL n mbxq &&
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186 cnt snd mbx < MBX LCD CTRL n mbxq) −>

187 snd mbx (MBX SPLIT TIME LIST CTRL , MSG RECORD SPLIT TIME, p id ) ;
188 snd mbx (MBX LCD CTRL, MSG UPDATE LCD, p id ) ;
189 c l r f l g (EVTFLG SW, ˜FLGPTN SW2) ;
190 cnt snd mbx++;
191 goto i d l e ;
192 : : else −>

193 goto i d l e ;
194 f i ;
195 f i ;
196 }
197 }
198
199 /∗ : : SevenSegCtr l ∗/
200 proctype SevenSegCtrl ( ) provided ( turn == SEVEN SEG CTRL) {
201 po l ing :
202 atomic {
203 TimeData getTimeData ( ) ;
204 goto got t ime data ;
205 }
206 got t ime data :
207 atomic {
208 SevenSegDataReg setSevenSegDataReg ( ) ;
209 goto po l ing ;
210 }
211 }
212
213 /∗ : : Sp l i tT imeL i s tC t r l //OPTIONAL ∗/
214 proctype Sp l i tT imeL i s tCt r l ( ) provided ( turn == SPLIT TIME LIST CTRL) {
215 i d l e :
216 rcv mbx (MBX SPLIT TIME LIST CTRL , p id ) ;
217 ma i l r e c e i v ed :
218 i f

219 : : ( mbx index [MBX SPLIT TIME LIST CTRL ] == MSG RECORD SPLIT TIME) −>

220 chosen :
221 TimeData getTimeData ( ) ;
222 got t ime data :
223 wai sem (SEM SPLIT TIME LIST , p id ) ;
224 g o t s e m s p l i t t i m e l i s t :
225 wai sem (SEM SPLIT TIME INDEX, p id ) ;
226 go t s em sp l i t t ime i nd ex :
227 Spl i tTimeIndex getSpl i tTimeIndex ( ) ;
228 g o t s p l i t t im e i n d e x :
229 Sp l i tT imeL i s t s e tSp l i tT imeL i s t ( ) ;
230 s e t s p l i t t i m e l i s t :
231 Sp l i tTimeIndex setSp l i tTimeIndex ( ) ;
232 done :
233 s e t s p l i t t im e i n d e x :
234 s ig sem (SEM SPLIT TIME INDEX ) ;
235 pu t s em sp l i t t ime i ndex :
236 s ig sem (SEM SPLIT TIME LIST ) ;
237 goto i d l e ;
238 f i ;
239 }
240
241 /∗ : : LcdCtrl //OPTIONAL ∗/
242 proctype LcdCtrl ( ) provided ( turn == LCD CTRL) {
243 i d l e :
244 rcv mbx (MBX LCD CTRL, p id ) ;
245 ma i l r e c e i v ed :
246 i f

247 : : ( mbx index [MBX LCD CTRL] == MSG UPDATE LCD) −>

248 wai sem (SEM SPLIT TIME LIST , p id ) ;
249 g o t s e m s p l i t t i m e l i s t :
250 wai sem (SEM SPLIT TIME INDEX, p id ) ;
251 go t s em sp l i t t ime i nd ex :
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252 Spl i tTimeIndex getSpl i tTimeIndex ( ) ;
253 g o t s p l i t t im e i n d e x :
254 Sp l i tT imeL i s t g e tSp l i tT imeL i s t ( ) ;
255 g o t s p l i t t i m e l i s t :
256 LcdDataReg setLcdDataReg ( ) ;
257 s e t l c d d a t a r e g :
258 s ig sem (SEM SPLIT TIME INDEX ) ;
259 pu t s em sp l i t t ime i ndex :
260 s ig sem (SEM SPLIT TIME LIST ) ;
261 goto i d l e ;
262 f i ;
263 }
264
265 /∗ ∗/
266 proctype I n tCt r l ( ) {
267 i d l e :
268 atomic {
269 i f

270 : : ( I n t C t r l f l g == fa l se ) −>

271 I n t C t r l f l g = true ;
272 : : ( I n t C t r l f l g == true ) −>

273 I n t C t r l f l g = fa l se ;
274 f i ;
275 /∗ p r i n t f (”INT: I n t C t r l f l g = %d\n” , I n t C t r l f l g ) ; ∗/
276 goto i d l e ;
277 }
278 }
279
280 /∗ : : Sw1Inh ∗/
281 proctype Sw1Inh ( ) {
282 wa i t i n g f o r i n t e r r u p t :
283 atomic {
284 i f

285 : : ( I n t C t r l f l g == true ) −>

286 s e t f l g (EVTFLG SW, FLGPTN SW1) ;
287 goto wa i t i n g f o r i n t e r r u p t ;
288 f i ;
289 }
290 }
291
292 /∗ : : Sw2Inh //OPTIONAL ∗/
293 proctype Sw2Inh ( ) {
294 wa i t i n g f o r i n t e r r u p t :
295 atomic {
296 i f

297 : : ( I n t C t r l f l g == true ) −>

298 s e t f l g (EVTFLG SW, FLGPTN SW2) ;
299 goto wa i t i n g f o r i n t e r r u p t ;
300 f i ;
301 }
302 }
303
304 /∗ : : TimeCountCych ∗/
305 proctype TimeCountCych ( ) {
306 c y c l i c w a i t :
307 atomic {
308 i f

309 : : ( ( TimeCountCych status == CYCH START)&&( I n t C t r l f l g == true ) ) −>

310 TimeData setTimeData ( ) ;
311 goto c y c l i c w a i t ;
312 f i ;
313 }
314 }
315
316 in i t {
317 /∗ ∗/

70



318 int EventCt r l t s kp r i = −1;
319 int SevenSegCt r l t skp r i = −1;
320 int Sp l i tT imeL i s tC t r l t s kp r i = −1; /∗ //OPTIONAL ∗/
321 int LcdCt r l t s kp r i = −1; /∗ //OPTIONAL ∗/
322
323 /∗ ∗/
324 bit c r e t s k f l g = fa l se ; /∗ t rue : f a l s e : ∗/
325
326 atomic {
327 /∗ RTOS ∗/
328 i n i ( ) ;
329
330 /∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗ ∗/
331 /∗ ∗/
332 /∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗ ∗/
333 /∗ S P I N ∗/
334 i f

335 : : Even tCt r l t s kp r i = 0 ;
336 : : Even tCt r l t s kp r i = 1 ;
337 : : Even tCt r l t s kp r i = 2 ;
338 : : Even tCt r l t s kp r i = 3 ;
339 f i ;
340 i f

341 : : S evenSegCt r l t skp r i = 0 ;
342 : : S evenSegCt r l t skp r i = 1 ;
343 : : S evenSegCt r l t skp r i = 2 ;
344 : : S evenSegCt r l t skp r i = 3 ;
345 f i ;
346 i f

347 : : Sp l i tT imeL i s tC t r l t s kp r i = 0 ;
348 : : Sp l i tT imeL i s tC t r l t s kp r i = 1 ;
349 : : Sp l i tT imeL i s tC t r l t s kp r i = 2 ;
350 : : Sp l i tT imeL i s tC t r l t s kp r i = 3 ;
351 f i ;
352 i f

353 : : L cdCt r l t s kp r i = 0 ;
354 : : L cdCt r l t s kp r i = 1 ;
355 : : L cdCt r l t s kp r i = 2 ;
356 : : L cdCt r l t s kp r i = 3 ;
357 f i ;
358
359 /∗ ∗/
360 i f

361 : : EVENT CTRL TSKPRI CONSTRAINT
362 : : else −> EventCt r l t s kp r i = −1;
363 f i ;
364 i f

365 : : SEVEN SEG CTRL TSKPRI CONSTRAINT
366 : : else −> SevenSegCt r l t skp r i = −1;
367 f i ;
368 i f

369 : : SPLIT TIME LIST CTRL TSKPRI CONSTRAINT
370 : : else −> Sp l i tT imeL i s tC t r l t s kp r i = −1;
371 f i ;
372 i f

373 : : LCD CTRL TSKPRI CONSTRAINT
374 : : else −> LcdCt r l t s kp r i = −1;
375 f i ;
376
377 /∗ ∗/
378 i f

379 : : ( ( Even tCt r l t skp r i != −1) &&
380 ( SevenSegCt r l t skp r i != −1) &&
381 ( Sp l i tT imeL i s tC t r l t s kp r i != −1) &&
382 ( LcdCt r l t s kp r i != −1) ) −>

383 c r e t s k f l g = true ;
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384 f i ;
385
386 /∗ ∗/
387 i f

388 : : c r e t s k f l g −>

389 /∗ ∗/
390 c r e t s k ( EventCtr l t skpr i , EVENT CTRL) ;
391 c r e t s k ( SevenSegCtr l t skpr i , SEVEN SEG CTRL) ;
392 c r e t s k ( Sp l i tT imeL i s tC t r l t s kp r i , SPLIT TIME LIST CTRL ) ; /∗ //OPTIONAL ∗/
393 c r e t s k ( LcdCtr l t skpr i , LCD CTRL) ; /∗ //OPTIONAL ∗/
394
395 /∗ ∗/
396 c r e f l g (EVTFLG SW, 0 ) ; /∗ 0b00000000 ∗/
397
398 /∗ //OPTIONAL ∗/
399 cre mbx (MBX SPLIT TIME LIST CTRL ) ;
400 cre mbx (MBX LCD CTRL) ;
401
402 /∗ //OPTIONAL ∗/
403 cre sem (SEM SPLIT TIME LIST , N SEM SPLIT TIME LIST ) ;
404 cre sem (SEM SPLIT TIME INDEX, N SEM SPLIT TIME INDEX ) ;
405
406 /∗ ∗/
407 a c t t s k (EVENT CTRL) ;
408 a c t t s k (SEVEN SEG CTRL) ;
409 a c t t s k (SPLIT TIME LIST CTRL ) ;
410 a c t t s k (LCD CTRL) ;
411
412 /∗ ( ) ∗/
413 s l p t s k (SEVEN SEG CTRL) ;
414
415 /∗ ∗/
416 run EventCtrl ( ) ;
417 run SevenSegCtrl ( ) ;
418 run Sp l i tT imeL i s tCt r l ( ) ; /∗ //OPTIONAL ∗/
419 run LcdCtrl ( ) ; /∗ //OPTIONAL ∗/
420 run I n tCt r l ( ) ;
421 run Sw1Inh ( ) ;
422 run Sw2Inh ( ) ; /∗ //OPTIONAL ∗/
423 run TimeCountCych ( ) ;
424 f i ;
425 }
426 }
427
428 #define p ( I n t C t r l f l g == fa l se ) /∗ precondi ton ∗/
429 #define c Spl i tTimeListCtr l@chosen /∗ chosen ∗/
430 #define d Spl i tTimeListCtr l@done /∗ done ∗/
431
432 /∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗ ∗/
433 /∗ ∗/
434 /∗ !(<>[]p −> [ ] ( c −> <>d )) ∗/
435 /∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗ ∗/
436
437 /∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
438 ( ) p t r u e
439 c t r u e
440 d t r u e ( )
441
442
443 S p l i t T i m e L i s t C t r l
444 S p l i t T i m e L i s t C t r l
445 ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗ ∗/
446
447 never {
448 T0 in i t :
449 i f
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450 : : ( ! ( ( d ) ) && ( c ) && (p ) ) −> goto accept S44
451 : : ( ! ( ( d ) ) && ( c ) ) −> goto T0 S23
452 : : ( ( p ) ) −> goto T0 S48
453 : : ( 1 ) −> goto T0 in i t
454 f i ;
455 accept S44 :
456 i f

457 : : ( ! ( ( d ) ) && (p ) ) −> goto accept S44
458 f i ;
459 T0 S23 :
460 i f

461 : : ( ! ( ( d ) ) && (p ) ) −> goto accept S44
462 : : ( ! ( ( d ) ) ) −> goto T0 S23
463 f i ;
464 T0 S48 :
465 i f

466 : : ( ! ( ( d ) ) && ( c ) && (p ) ) −> goto accept S44
467 : : ( ( p ) ) −> goto T0 S48
468 f i ;
469 }
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