TANT—AHENERKICHEITS
7 A MIRIREENA DN FiEE

— A EEA B AR FER &R
B35%FE (20194FE) YVIMNI7mEEEMRIMRAERS
RI-A5 F—LRITiR
MRE HE —iB (ELakiatt)
HilH |2 (IX-74 74 -JAVI7HEAE1)
1HE5EA : RE XHEF (Y-—-H%N&41)
Al =i (EiRHSFHAFFR)

202042AH21H (&)




“ERTF E"OHFRDAIEDT

— /  REBOK
HEMBAHTIY
OF—-ALDHC
@QF—-LKNT B
50)
0
‘% KREBOK [ IUA—T S4B ]
®F — LAz 7 R
T ZK%?E jﬁ:iu [ JO5 901 ]
@F—LGOBIT { | BRI%TOER ]J [ )
zws XuuM | EBOEEA
[ mxrzozm |
SRR 24

HETT D IPA BRI ZMFAE SR (REBOK) IR



HRAI-D FAREETOBENL

T A MEEME

T A Naakal D

=S B){L

7 Z NREtDEEE

7 A Mt FAN—2
- E .
RE w—)l

H?:T:tfﬁ_’& > A MEROBHME
EOIEIREE = e
‘ 5 MERIEEB OB ENME




TANSETOBENE FRATYT

CREIAVR
( {:I:#iijé) F A Mk

11 _l ___________________________________

|72 ME#EENF R M % v M 72 Mig%
nlbﬁ’F *ﬁn-j ﬂgIE

.
--------------------------------------------------------------

llllllllllllllllllllllllllllllllll

S >
--------------------------------

L4
llllllllllllllllllllllllllllllllll

ANDVEEATYD

FAN—R ] | aEie L —A—
| _},m_x

4



TANSETOBEIE 7A MR

7T A MR




TAMSGTOHEEME ADiE

HEtORAIC LI TRE
®F | A | B | C_
A1 B1 C1

A2 B2 C2




TAMSETOBEE ERMRA - HIFFHESR

lllllllllllllllllllllllllllllllllllllllllllllllll

A @A

lllllllllllllllllllllllllllllllllllll

WeRdTr—4

B HAfFHaR

Al (ESfE (TEffe€T1—K Rl
e A2 Bl HEEep®TI—K  R2
A2 B2 FRie) 2T I—F R3




TANSETOBEIE FTAM—-ZR

7 A ML
ARfE  EAMRA RARER

]
TAMIERZHEAISHETER

A1l Bl C1 #73d—F R1
A1l Bl C2 #7d—F R1
Al B2 Ci1 #T73d—F R1




BREATYT TAMIERZIEIE

7 A ML
ABiE  EARRA

RATFRESR

R 7 A MEi#%
{EIE

1

FAMr—2




fl1 FAMIEROERD (ZELZWV)

j i EE
“ﬂ--ﬁm
-A1 Bl C1 #TJ1—K

7 A MR

7 A MEH D EDE AR EARE o




fl2 FAMIERORD (IZIEUEEN)

FA M B
nn-

Al {FEE £2E 8T731-R R1
IK#E{E

A2 Bl F=fE #7J1-F R2
52 MDD E DA, 2E0EFEARE g

ESE B2 Ci #7T71-FR R3




7T AMIRDORDEFRSE (1/2)

ROWEICE, TAMN —ALBERMRADRESEIBE



T A MIERDRDEPRIFE (2/2)

| BRDEFRI(ZD 3 DT
No8 b‘lﬁh%)

N—=I7XNNIO AW

ROWEICE, TAMN —ALBERMRADRESEIBE .




RIREDE LD

7T A MR

=8
T A MERER D DISIED EE

RE
1)i8 D D& MH R
2)38 D B AR '
s

ROBIFASECIE. T7A MEtkE

FANMNTF—ZADEZAETHBE FZAR =2
BHZVWEAFTOM D ABIEE

AHAFR CTHDFET ERR 14




=T
RE nE0oEmSRE | ERe I RIEr:
2ysEnEmsReE PR
BENEFRSE

15



REIAVE | =
(et | TAME

T - 320D EFEE |
RIEMER  IR0EIR

Y-l
HCE)

72 Mtig% ‘
{ETF s

[72 Mge G2 MR
B VAR

TANT =R
{ERRE

ADEEATYVT

SENE |, A —
(SEDmmz




L - B2 D EPEE

AYVwy ME

FMTSix
(Formal Method for Test Specification)

17



FMTSE
FREIE
518 - RNOBH#HZ [REEFER] (Chd
= D EIFTSE

[EROEFR] EUTE T2
- BIE U EAMRAN
WNIET A Mr—X EREEERRA

R\ FiEDFIHA

18




FMTS:Z REIAFEOFIA (1/2)

4 MR E I

(. RHESSE A
e i

\_ )

(. ERIREE DS A
B EhiRET

\_ )

(. HEYV—)L A
I\ O HRFR




FMTS:Z EIAFEOFA (2/2)

4 BREE I
(. g =E >Z MHEES
BB S
\_
(. RARTEDS o
EIEhiRT e
22 ) RS TE
\_
(. HBY—)L MR ERR
)\ O RFRR
22 D R

yf




FMTSEE=H AlloydD#HB

e . AlloyS:E
BEnEE

- FETVREIED 75 35 - Alloyf#th#g

e R 4

- SZI/BY—I)L “ - Awt—>, Ea—7
FI\w O RARRK




FMTSZESRE=HI AlloyiRHEH

4 Alloy A
(1) E% : RBEULPT LV Alloy=3E A
IO\ [C& DB —5 & RAiE(T T

N XP38(HR1B1

(2) R4 : LT U\ AlloyfiRArSs A
BPRE (iR R A HNiS

\\ P28~P328MR )




FMTS;ERZ=H =R{TFIR

7 A ME#E Dvem
22 0 P
bR | smomm

AlloyS&E

M
TAMIRZ Qe i
Alloy=5&{t Z1E

23



FMTSZEE =

Alloy’zfE> z18pk (1/2)

-

Alloy

N

(1) EE : Alloy=S:E

X P39{15F2~P47{1iR6 2B |

il
BELRT —9ER

REEAT - SER
BIEREEL—)L
RAREDL—)L

mNREEIL—)b

(2) fi#4h : AlloyfRines

L | iR | mommsz |
3) ih: Avte—>, Ea21—7
L MiH&® || momFm |

\&




FMTS;ERZ=PI AlloyZz{ED>ztEhk (2/2)

1) 7% : Alloy=:E
IS5 AIRIIR

RRA FIB&EDH
(FMTSi& T A Mitxz

N ( ) 4

Bl

RIRH
(FMTS%

D SiEH

AlloyS&&{t hoiEH

LL y \, S \ y

' 2) fi#4h : AlloyfRines

‘Alloy’&%d)iiiﬁ] : |

\ )

3) Hh: Avte—>, Ea—7

‘Alloy’&%miiﬂ : |




A 75 32

=
1) E =Y=TTE
- BONSHDT—R. BNT—AD2/)\F—>D
SR —4 (FAMER) . EffiT—4 (
FTANT—RX) Z{ER *P4a8~P51{1iR7&Ha

- FA MEERZAIIOYEETESE
¥ P41~P42{1iR3SH8

\_ y,
(2) EEHDET )
- ARG - RO EFSEE R )
4 )

3) ﬁ%ﬁﬁmﬁ\
* Il:ljj:’ (*ﬁnm%ﬂ:is nlr'&DEFﬁ) a)ﬁEml‘;\
- tHh D L IERRS —H DLLEIC K B FHi




RE=HDRIT

(BRI

ROREISE |

N el

dupchk  generation ins |eakchk class

/*¥xx* dupchk.als EEDEGE *x*k*x/
Fpen generation

heck assert pred duppair for 8 but 8 Int

Execute’RY > %&

dupchk  generation ins leakchk  class

/**%x*x%x |eakchk.als LD ESE ***xxx/
open generation
check assert pred leakone for 8 but 8 Int

NOKEE - EDEESE Execute’R% > %
3o = el )

27



fackiEae MRELGR RODBESHIT—A

- BIEDIRELRR=>EERD

Executing "Check assert pred duppair for 8 but 8 int”
Solver=sat4) Bitwidth=8 MaxSeq=8 SkolemDepth=1 Symmetry=20

.-.182052..vars....10966 primary vars. 4308/5 clauses. 3906ms.
: Counterexample found. Assertion is invalid. 1282ms.

llllllllllllllllllllllllllllllll

- IRNOIRGEERR=KRNABD

Executing “Check assert pred leakone for 8 but 8 int”
Solver=sat4) Bitwidth=8 MaxSeq=8 SkolemDepth=1 Symmetry=20

..184990.vars....10846 primary vars. 432193 clauses. 3000ms.
Gnunterexample found. Assertion is invalid. 640ms.

llllllllllllllllllllllllllllllll

IR : EELIBDE. RNHBEIFEZRELATHE

28



fackiEae MRELFGR ERDODVEEVT—R

- BIEDRGEGR-BIEML

Executing “Check assert pred duppair for 8 but 8 int”
Solver=satd4d) Bitwidth=8 MaxSegq=8 SkolemDepth=1 Symmetry=20
--180092-.vars....10966, primary vars. 4308/5 clauses. 2/35ms.

------------------------------------

- IRNDOIRGERR=RN|L

Executing "Check assert pred leakone for 8 but 8 int”
Solver=sat4) Bitwidth=8 MaxSeq=8 SkolemDepth=1 Symmetry=20
---1.84990..vars....10846 primary vars. 432193 clauses. 28/oms.

FHlGER @ EEHDVENSE, IFNHERU\EZ RG] HE

29




faRitae scOEIFMSE REIEEROFIR

Executing “Check assert| RoAPMEsAD) -1/t
Solver=satd] Bitwidth= E1—7TER

185052 vars. 10966 o
Gund. ; -

“ Ed1—7Hh5
> —45 %=

| = (dupchk) Check assert_pred_duppair for & but 8 int
XMLD 7 A JLiti 7]

File |Instance Theme Window

Open... Ctrl+0 ‘ é E E o

Export To > Dot... Ctrl+D

Close Ctrl+W AML... Ctrl+X

Close All

——

generation/ins/A_c_table

t—'_.;'-—-_"__—q Jr _¥-——"H‘—'—=3O




& mOEFMSE £18

<si Iabel— ‘this/DupPair * -: <
9 I...p ................ XML774JL-C
Iabel— dupA seqalv « - DupPairZ e
+ /ins/B2$0: ... _ /
+ /ins/C130;
=2 -1 Y f
Iabel— dup_B_s_.g;‘ & AR R
©r o finsIA1S0 :
: EFAFRRA HATF SR
l-F A B C l'i'IZJ HAFE
SN ERRIE (EENE #TI—KR R1

lllllllllllllllll

KEME A2 Bl {fEfE #TJI—R R2

llllllllllllllllllllllllllllllll

ES1E : B2 Cl #&TI—R R3

AHIFGER @ 3R D B2 E R HE

31




& mOEFMSE i’

<S|g Iabel— thls/Leaks - label="leak.seqalv- -
""" oo fing/A1$0 r;aL
Iabel— ‘diff. .alv_seq + + |+ +/ins/A250" mmsam
. /ins/A23$0 T ing/B1$0 (T
- /ins/B2$0 : P || +ie |+ /ing/B2%0":
(TR 15/C2$0 ; || it /ins/C180 P
FAN p—= """ | e i
T—A mra; W% E@F . A.. iB C
No—, B..... c W ”. ..... A 153‘"_5 {ER1E

ZFﬁIE"f*% nhDE'I'Fﬁ’Z’I%EE_J



i

FMTSE(C K D EUT DRREZ fiFR AT HE

1€ - FhosEz [REEER] (CHD
m) FHERR: O

:2 D EPISE
[ERODEMR] EUTTZHD
- HEUEERAMA
mNTET A Mr—X EEhEERFR A
m) FHERER : O

33




e (1/2)

SEEELE
2 (i S8 (i

34



ored  (2/2)

AlloyZz%15
BULWAICE
HEIEL

T A MIER%Z
Alloy=S35E{t

AlloyS&&1t
DE=]

35



CiRlEdDINES NI



A

[1] BEiafd, X FEEMEOBARNIRE RS ENTTICHITSHAFREAFEDIRNT, SH25EISPIND
1518 A—51L, 2019

[2] SQuUBOK SREZP=IRE, Y I b IT 7 mBMEERD A * (552h8) —SQuBOK Guide V2 —,
A—Ltt, 2014

[3] Yogesh Singh, Automated Expected Output Generation-Is this a Problem that has
been solved?, ACM SIGSOFT Software Engineering Notes, v.40 n.6, 2015

[4] E.T. Barr, M. Harman, P. McMinn, M. Shahbaz, S. Yoo, The Oracle Problem in Software
Testing: A Survey, IEEE Transactions on Software Engineering, vol 41 no.5, 507-525,
2015

[5] S. J. Prowell and J. H. Poore, Foundations of sequence-based software specification,
IEEE Transactions on Software Engineering, vol.29 no. 5, 417-429, 2003

[6] M. Balcer, W. Hasling, and T. Ostrand, Automatic generation of test scripts from
formal test specifications, ACM SIGSOFT Software Engineering Notes, v14 n.8, 210-218,
1989

[7]1 ¥4 —, https://qiita.com/sho1884/items/283f55c4e7elae374d74, (20205E1H290S
i2)

[8] AL, [HRRFEEMAERER] OEKRICAITT~EAFELE(T?, BERNERINHESE
SQiPfiziE [Hzalfiek&EtRadik] , 2012

[9] D.Jackson, HIRICLDY I DT 75 : AlloyTIIUSHBIHERFE, hEE (BEER) ,
A—L%t, 2011

[10] REE, VI MIITV7IZFEDEERE UTORINFE Formal Methods as Software
Engineering Tools , NII-2007-007J) , National Information of Infomatics , 2007

[11] PEE, BRAFEAM—O>SYIICKBY I MO 7EEH, A—LAtt, 2012

[12] FE &, EFIVEREZEDY I NIIPTYA REINDORA, I>E1—5 YD

FOI7, 23%, 25, p.2_72-2_86 ,2006 .



i1 AlloyD#FI=
KIALP I VAlloySEEE

llllllllllllllllllllllllll

............. A
sig:Arg_Level {

com_arg_id.: one Arg.Order,

value : one Seq ALV]
sig§'§€i§|':y'A"i:\7"{fseq_alv : seq Arg_Level Value)

llllllllllllllllllllllll

38




{1#% 2 class.als(—% DA)

/¥¥*** class.als BYDTEFE *****/

[IANE
one sig Inputdata_Table { commands : some Command }
fact {Inputdata_Table. commands = Command
all disj i1, i2 : Inputdata_Table | il.commands != i2.commands }
sig Command { name : one Command_Name,
order: one Execution_Order,
args: some Command_Arg }
fact {Command.name = Command_Name}
fact {Command.order = Execution_Order
all disj cm1, cm2 : Command |cm1. order !=cm2.order }
fact {Command.args = Command_Arg
all disj cm1, cm2 : Command |cm1. args !=cm2.args }

sig Command_Name {}
sig Execution_Order{}
sig Command_Arg {

order : one Arg_Order,

level : some Arg_Level }
fact {

Command_Arg.order = Arg_Order

Command_Arg.level = Arg_Level

all disj cma1, cma2 : Command_Arg |cma1. order !=cma2.order

all disj cma1, cma2 : Command_Arg |cma1. level !=cma2.level }
sig Arg_Order{}
sig Arg_Level {

com_arg_id : one Arg_Order,

value : one Seq_ALV }
fact{

Arg_Level.value = Seq ALV

all cm : Command | all cma : cm.args | all cmal : cma.level |

cmal.com_arg_id = cma.order
all disj cm : Command |
all cma : cm.args |
all disj cmal1, cmal2 : cma.level |
cmall.value '= cmal2.value }

sig Seq_ALV {seq_alv : seq Arg_Level_Value}
{#(seq_alv.inds) = #(seq_alv.elems)}
sig Arg_Level Value {}

(1/2)

//FBREESR
one sig ExpectedValue_Condition_Table {
commands : some Out_Command }
fact {
ExpectedValue_Condition_Table.commands = Out_Command
all disj ect1, ect2 : ExpectedValue_Condition_Table |
ectl.commands != ect2.commands }
sig Out_Command {
name : one Command_Name,
order : one Execution_Order,
retcode : set Out_Type_Rcode,
stdout : set Out_Type_Stdout,
stderr : set Out_Type_Stderr}
fact {
Out_Command.retcode = Out_Type_Rcode
Out_Command.stdout = Out_Type_Stdout
Out_Command.stderr = Out_Type_Stderr
all disj oc1, oc2 : Out_Command | oc1.order != oc2.order
all disj oc1, oc2 : Out_Command | oc1.retcode != oc2.retcode
all disj oc1, oc2 : Out_Command | oc1.stdout != oc2.stdout
all disj oc1, oc2 : Out_Command | oc1.stderr != oc2.stderr }
sig TypeName {}{ TypeName = TypeR + TypeO + TypeE }
one sig TypeR, TypeO, TypeE extends TypeName{}
abstract sig Out_Type{}
sig Out_Type_Rcode extends Out_Type{
name : one TypeName,
value : one Rcode_Expected_Value,
condition : some Rcode_Condition}
{ name = TypeR }
fact {
Out_Type_Rcode.value = Rcode_Expected_Value
Out_Type_Rcode.condition = Rcode_Condition
all ocom : Out_Command |
all disj orc1, orc2 : ocom.retcode |
orcl.value != orc2.value
all disj otr1, otr2 : Out_Type_Rcode | otr1.condition != otr2.condition }
sig Out_Type_Stdout extends Out_Type {
name : one TypeName,
value : one Stdout_Expected_Value,
condition : some Stdout_Condition}
{ name = TypeO }
fact {
Out_Type_Stdout.value = Stdout_Expected_Value
Out_Type_Stdout.condition = Stdout_Condition
all ocom : Out_Command |
all disj oot1, oot2 : ocom.stdout |
oot1l.value != oot2.value
all disj ots1, ots2 : Out_Type_Stdout | ots1.condition != ots2.condition }
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{1#% 2 class.als(—% DA)

sig Out_Type_Stderr extends Out_Type{
name : one TypeName,
value : one Stderr_Expected_Value,
condition : some Stderr_Condition}
{ name = TypeE }
fact {
Out_Type_Stderr.value = Stderr_Expected_Value
Out_Type_Stderr.condition = Stderr_Condition
all ocom : Out_Command |
all disj oer1, oer2 : ocom.stderr |
oerl.value != oer2.value
all disj otse1, otse2 : Out_Type_Stderr |
otsel.condition != otse2.condition }

/BRI
one sig Applicable_Condition_Table
{conditions : some Condition }
fact {
Applicable_Condition_Table. conditions = Condition
all disj act1, act2 : Applicable_Condition_Table |
act1.conditions != act2.conditions }
sig Condition {
name : one Condition_Name,
args_and : some Cond_Args_AND,
pc_num : Int}
fact {
Condition.name = Condition_Name
Condition.args_and = Cond_Args_AND
all disj cd1, cd2 : Condition | cd1.name != cd2.name
all disj cd1, cd2 : Condition | cd1.args_and != cd2.args_and }
sig Condition_Name{}
sig Cond_Args_AND {
id : one Cond_Args_AND_ID,
order_in_cond : Int,
name : one Condition_Name,
order: one Arg_Order,
levels_or : some Cond_Levels_OR,
p_combi_caa : some Arg_Level, /* Set automatically */
values : some Seq ALV /* Set automatically */ }
fact {
Cond_Args_AND.levels_or = Cond_Levels_OR
all disj caa1, caa2 : Cond_Args_AND | caal.levels_or!= caa2.levels_or
all caa3 : Cond_Args_AND | caa3.p_combi_caa = caa3.levels_or.p_combi_clor
all caa4 : Cond_Args_AND | caa4.values = caa4.p_combi_caa.value }

(2/2)

sig Cond_Levels_OR{
value : one Seq_ALV,
p_combi_clor : one Arg_Level /* Set automatically */ }
sig Cond_Args_AND_ID {}
fact {
all clor1 : Cond_Levels_OR | one ar1: Arg_Level |
clor1.value = arl.value and
clor1.p_combi_clor = ar1}
abstract sig TypeCond { name : one Condition_Name }
sig Rcode_Condition extends TypeCond { }
fact {
all ocom : Out_Command |
all orc : ocom.retcode |
all disj orcc1, orcc2 : orc.condition |
orccl.name != orcc2.name }
sig Stdout_Condition extends TypeCond { }
fact {
all ocom : Out_Command |
all oout : ocom.stdout |
all disj ooutc1, ooutc2 : oout.condition |
ooutcl.name != ooutc2.name }
sig Stderr_Condition extends TypeCond { }
fact {
all ocom : Out_Command |
all oerr : ocom.stderr |
all disj oerrc1, oerrc2 : oerr.condition |
oerrcl.name != oerrc2.name }
abstract sig Expected_Value {}
sig Rcode_Expected_Value extends Expected_Value {}
sig Stdout_Expected_Value extends Expected_Value {}
sig Stderr_Expected_Value extends Expected_Value {}

/14> RE O ABEBEEL

one sig combinum {num : Int} // TX BANEDEL

one sig argordernum {num : Int} // Arg_Order®D#X

sig InputCombi { // InputCombi(7X M A F{iE)
combi : some Arg_Level,
v_combi: some Seq_ALV}

sig Exv_Ic { // Exv_Ic(HAFEEDT X FAHIE)
exval : one Expected_Value,
ex_ic : some InputCombi}

sig Com_Type_Exvlc{ // Com_Type_Exvic(IRIUREEAFT X b A J1{H)
com_name : one Command_Name,
type_name : one TypeName,
ex_ic :some InputCombi}

40



38 3 ins.als(7 A Mttk - ZRDED)

/¥**** ins.als T X MLk - ANFT—FER *++++/

open class

111 2RE > ABEBEE

fact{ combinum.num =8 // X MASIEE
argordernum.num = 3} // Arg_Order®D#}

[/ ANIE
one sig |_table extends Inputdata_Table{}
one sig CM1 extends Command{}
one sig CM1_name extends Command_Name{}
one sig CM1_order extends Execution_Order {}
one sig CM1_A,CM1_B,CM1_C extends Command_Arg {}
one sig CM1_A_order,CM1_B_order,CM1_C_order extends Arg_Order{}
one sig CM1_A_A1,CM1_A_A2,CM1_B_B1,CM1_B_B2,CM1_C_C1,CM1_C_C2
extends Arg_Level {}
one sig SeqA1,SeqA2,SeqB1,SeqB2,SeqC1,SeqC2 extends Seq ALV {}
one sig A1,A2,B1,B2,C1,C2 extends Arg_Level_Value {}
fact {I_table.commands = CM1
Command = CM1
CM1.name = CM1_name
Command_Name = CM1_name
CM1.order = CM1_order
Execution_Order = CM1_order
CM1l.args =CM1_A + CM1 B + CM1_C
Command_Arg = CM1_A + CM1_B + CM1_C
CM1_A.order = CM1_A _order
CM1_B.order = CM1_B_order
CM1_C.order = CM1_C_order
Arg_Order = CM1_A _order + CM1_B_order + CM1_C_order
CM1_A.level = CM1_A_A1 + CM1_A_A2
CM1_B.level = CM1_B_B1 + CM1_B_B2
CM1_C.level = CM1_C_C1 + CM1_C_C2
Arg_Level

=CM1_A_ A1 + CM1_A_A2 + CM1_B_B1 + CM1_B_B2 + CM1_C_C1 + CM1_C_C2

CM1_A_A1.value = SeqA1

CM1_A_A2.value = SeqA2

CM1_B_B1.value = SeqB1

CM1_B_B2.value = SeqB2

CM1_C_C1.value = SeqC1

CM1_C_C2.value = SeqC2

Seq_ALV = SeqA1 + SeqA2 + SeqB1 + SeqB2 + SeqC1 + SeqC2
Arg_Level Value = A1 + A2 + B1 + B2 + C1 + C2
SeqgA1l.seq_alv.elems = A1

SeqA2.seq_alv.elems = A2

SeqB1.seq_alv.elems = B1

SeqB2.seq_alv.elems = B2

SeqC1.seq_alv.elems = C1

SeqC2.seq_alv.elems = C2

(1/2)

CM1_A_A1l.com_arg_id = CM1_A_order
CM1_A_A2.com_arg_id = CM1_A_order
CM1_B_B1.com_arg_id = CM1_B_order
CM1_B_B2.com_arg_id = CM1_B_order
CM1_C_C1l.com_arg_id = CM1_C_order
CM1_C_C2.com_arg_id = CM1_C_order}

//FATHER
one sig EV_c_table extends ExpectedValue_Condition_Table{}
one sig O_CM1 extends Out_Command{}
one sig 0_CM1_RC1,0_CM1_RC2,0_CM1_RC3
extends Out_Type_Rcode{}
one sig 0_CM1_RC1_cond,0_CM1_RC2_cond,
0O_CM1_RC3_cond extends Rcode_Condition{}
one sig O_CM1_RC1_R1,0_CM1_RC2_R2,
O_CM1_RC3_R3 extends Rcode_Expected_Value {}
one sig Exvic_rcode1,Exvic_rcode2,Exvic_rcode3 extends Exv_Ic{}
one sig CM1_RC_Exvic extends Com_Type_Exvic{}

fact {
EV_c_table.commands = O_CM1
Out_Command =0_CM1

O0_CM1.name = CM1_name

O_CM1.order = CM1_order

O_CM1.retcode = O_CM1_RC1 + O CM1_RC2 + O_CM1_RC3

Out_Type_Rcode = O_CM1_RC1 + O_CM1_RC2 + O_CM1_RC3
O_CM1_RC1.value = O_CM1_RC1_R1

O_CM1_RC2.value = O_CM1_RC2_R2

O_CM1_RC3.value = O_CM1_RC3_R3

Rcode_Expected_Value = O_CM1_RC1_R1 + O_CM1_RC2_R2 + O_CM1_RC3_R3
O_CM1_RC1.condition = O_CM1_RC1_cond

0O_CM1_RC2.condition = O_CM1_RC2_cond

O_CM1_RC3.condition = O_ CM1_RC3_cond

Rcode_Condition = O_CM1_RC1_cond + O_ CM1_RC2 cond + O_ CM1_RC3_cond
O_CM1_RC1_cond.name = Cond1_name

0_CM1_RC2_cond.name = Cond2_name

0_CM1_RC3_cond.name = Cond3_name

O_CM1.stdout = none
Out_Type_Stdout = none
Stdout_Expected_Value = none
Stdout_Condition = none
O_CM1.stderr = none
Out_Type_Stderr = none
Stderr_Expected_Value = none
Stderr_Condition = none
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Exv_lc = Exvic_rcode1 + Exvic_rcode2 + Exvic_rcode3
Exvic_rcodel.exval = O_CM1_RC1_R1
Exvic_rcode2.exval = O_CM1_RC2_R2
Exvic_rcode3.exval = O_CM1_RC3_R3
CM1_RC_Exvic.com_name = CM1_name
CM1_RC_Exvic.type_name = TypeR
CM1_RC_Exvic.ex_ic
= Exvic_rcode1.ex_ic + Exvic_rcode2.ex_ic + Exvic_rcode3.ex_ic
Com_Type_Exvic = CM1_RC_Exvic}

// BRI

one sig A_c_table extends Applicable_Condition_Table{}

one sig Cond1,Cond2,Cond3 extends Condition{}

one sig Cond1_name,Cond2_name,Cond3_name extends Condition_Namef{}

one sig Cond1_args_and1, Cond2_args_and1,Cond2_args_and2,
Cond3_args_and1,Cond3_args_and2 extends Cond_Args_AND{}

one sig Cond1_args_and1_level1,
Cond2_args_and1_level1,Cond2_args_and2_levell,
Cond3_args_and1_level1,Cond3_args_and2_level1
extends Cond_Levels_OR{}

one sig Cond1_args_and1_ID,Cond2_args_and1_ID,Cond2_args_and2_ID,
Cond3_args_and1_ID,Cond3_args_and2_ID
extends Cond_Args_AND_ID {}

fact {

A_c_table.conditions = Cond1 + Cond2 + Cond3

Condition = Cond1 + Cond2 + Cond3
Cond1l.name = Cond1_name
Cond2.name = Cond2_name
Cond3.name = Cond3_name

Condition_Name = Cond1_name + Cond2_name + Cond3_name

Cond1.args_and = Cond1_args_and1

Cond2.args_and = Cond2_args_and1 + Cond2_args_and2

Cond3.args_and = Cond3_args_and1 + Cond3_args_and2

Cond_Args_AND = Cond1_args_and1 + Cond2_args_and1 + Cond2_args_and2 +
Cond3_args_and1 + Cond3_args_and2

Cond1.pc_num =1

Cond2.pc_num =1

Cond3.pc_num =1

Cond1_args_and1.name = Cond1_name

Cond2_args_and1.name = Cond2_name

Cond2_args_and2.name = Cond2_name

Cond3_args_and1.name = Cond3_name

Cond3_args_and2.name = Cond3_name

mROAED)

Cond1_args_and1.id = Cond1_args_and1_ID
Cond2_args_and1.id = Cond2_args_and1_ID
Cond2_args_and2.id = Cond2_args_and2_ID
Cond3_args_and1.id = Cond3_args_and1_ID
Cond3_args_and2.id = Cond3_args_and2_ID
Cond_Args_AND_ID

= Cond1_args_and1_ID + Cond2_args_and1_ID + Cond2_args_and2_ID +

Cond3_args_and1_ID + Cond3_args_and2_ID
Cond1_args_and1.order_in_cond = 0
Cond2_args_and1.order_in_cond = 0
Cond2_args_and2.order_in_cond = 1
Cond3_args_and1.order_in_cond = 0
Cond3_args_and2.order_in_cond = 1
Cond1_args_and1.order = CM1_A_order
Cond2_args_and1.order = CM1_A_order
Cond2_args_and2.order = CM1_B_order
Cond3_args_and1.order = CM1_A_order
Cond3_args_and2.order = CM1_B_order
Cond1_args_and1.levels_or = Cond1_args_and1_level1
Cond2_args_and1.levels_or = Cond2_args_and1_level1
Cond2_args_and2.levels_or = Cond2_args_and2_level1
Cond3_args_and1.levels_or = Cond3_args_and1_level1
Cond3_args_and2.levels_or = Cond3_args_and2_level1
Cond_Levels_OR

= Cond1_args_and1_levell +

Cond2_args_and1_level1 + Cond2_args_and2_level1 +

Cond3_args_and1_level1 + Cond3_args_and2_level1
Cond1_args_and1_levell.value = SeqA1
Cond2_args_and1_levell.value = SeqA2
Cond2_args_and2_level1.value = SeqB1
Cond3_args_and1_levell.value = SeqB2
Cond3_args_and2_level1.value = SeqC1}

(2/2)
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/***** generation.als {REEAT —F £ *****/
open ins
//Execution_Orderh*5Command_NameZ% 3R& 2 BA%X
fun comname_by_order [ex_o : Execution_Order] : one Command_Name {
{c_name : Command_Name |
all o_com : Out_Command |
o_com.order = ex_o implies(c_name = o_com.name)}

}
fact { // Exv_lc(HAFMEB DT R M A BE)DER

all ep1 : Exval_Partcombi |
all exic1 :Exv_Ic |
(exic1.exval = ep1.exval
implies(all ep_one_ic1a : ep1.pc_ic |
one exv_one_icla : exicl.ex_ic |
ep_one_icla = exv_one_icla and
all exv_one_ic1b : exic1.ex_ic |
one ep_one_iclb : ep1.pc_ic |
ep_one_ic1lb = exv_one_ic1b))
all disj exic2, exic3 :Exv_Ic |
exic2.exval != exic3.exval and
exic2.ex_ic != exic3.ex_ic}
// Exval_Partcombi HiFHRREDT—4
sig Exval_Partcombi {
exorder :one Execution_Order,
otype :one Out_Type,

tyname :one TypeName,
exval :one Expected Value, //HA#5{E
conds  :some TypeCond, //HATHEIC X9 BiEAMRAI

condsargsand : some PartCombCondArgsAnd, //iBF RIS DO A H{E
p_combi_exval_seq :some Combi_Seq ALV,//SA#E8SEAMRIDA HiE
pc_ic : some InputCombi} /R EDA NE
fact{
all ep_a : Exval_Partcombi |
ep_a.p_combi_exval_seq = ep_a.condsargsand.p_combi_cond and
all oc4 : Out_Command |
(oc4.retcode '= none
implies(
all ret4 : oc4.retcode | one ep4 : Exval_Partcombi |
ep4.tyname = TypeR and
ep4.exorder = oc4.order and
ep4.otype = ret4 and
ep4.exval = retd.value and
ep4.conds = ret4.condition ))

all oc5 : Out_Command |
(oc5.stdout != none
implies(
all ret5: oc5.stdout | one ep5 : Exval_Partcombi |
ep5.tyname = TypeO and
ep5.exorder = oc5.order and
ep5.otype = ret5 and
ep5.exval = ret5.value and
ep5.conds = ret5.condition))
all oc6 : Out_Command |
(oc6.stderr != none
implies(
all ret6 : oc6.stderr | one ep6 : Exval_Partcombi |
ep6.tyname = TypeE and
ep6.exorder = oc6.order and
ep6.otype = ret6 and
ep6.exval = ret6.value and
ep6.conds = ret6.condition))
all ep13 : Exval_Partcombi |
one oc13 : Out_Command |
(ep13.tyname = TypeR
implies(oc13.retcode != none
implies(one ret13 : oc13.retcode |
ep13.exorder = oc13.order and
ep13.otype = ret13 and
ep13.exval = ret13.value and
ep13.conds = ret13.condition)
)else(ep13.tyname = TypeO
implies(oc13.stdout != none
implies(one out13 : oc13.stdout |
ep13.exorder = oc13.order and
ep13.otype = out13 and
ep13.exval = out13.value and
ep13.conds = out13.condition)
)else(ep13.tyname = TypeE
implies(oc13.stderr != none
implies(one err13 : oc13.stderr |
ep13.exorder = oc13.order and
ep13.otype = err13 and
ep13.exval = err13.value and
ep13.conds = err13.condition)))))
all ep9 : Exval_Partcombi | all onecond9 : ep9.conds |
one pccaa9 : ep9.condsargsand |
onecond9.name = pccaa9.one_cond_name
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// PartCombCondArgsAnd ERMAIBDF—4
sig PartCombCondArgsAnd {
onecond10.name = pccaal0.one_cond_name one_cond_name : one Condition_Name,
all ep11 : Exval_Partcombi | all onecond11 : ep11.conds | cond_args_and : some Cond_Args_AND,
all pccaa11 : PartCombCondArgsAnd | pc_num : Int,
(onecond11.name = pccaall.one_cond_name p_combi_cond : some Combi_Seq_ALV }
implies (pccaal1 in ep11.condsargsand)) fact {

all ep10 : Exval_Partcombi | all pccaa10 : ep10.condsargsand |
one onecond10 : ep10.conds |

all pccaa12 : PartCombCondArgsAnd |
all ep12 : Exval_Partcombi | all onecond12 : ep12.conds |
(onecond12.name = pccaal2.one_cond_name
implies (pccaal2 in ep12.condsargsand))
Exval_Partcombi.exorder = Out_Command.order
all disj ep5, ep6 : Exval_Partcombi |
(ep5.exorder != ep6.exorder) or (ep5.otype != ep6.otype)
all disj ep7, ep8 : Exval_Partcombi |
(ep7.condsargsand != ep8.condsargsand)
all disj ep_b, ep_c : Exval_Partcombi | ep_b !=ep_c
all ep14 : Exval_Partcombi |
all exval_seq14 : ep14.p_combi_exval_seq |
all ic14 : InputCombi |
(exval_seq14.seq_alv.elemsin ic14.v_combi.seq_alv.elems
implies(one pc_ic14 : ep14.pc_ic |
pc_ic14 = ic14))
// Exval_Partcombi.pc_ic(FAFHEIC T S A )&
// InputCombi(£5 X FAHE)HSHht
all ep16 : Exval_Partcombi |
all pc_ic16 : ep16.pc_ic |
all exval_seq16 : ep16.p_combi_exval_seq |
(exval_seq16.seq_alv.elemsin pc_ic16.v_combi.seq_alv.elems
implies(one ic16 : InputCombi |
exval_seq16.seq_alv.elemsin
ic16.v_combi.seq_alv.elems and
pc_ic16 = ic16))
all ep17 : Exval_Partcombi |
all pc_ic17 : ep17.pc_ic |
some exval_seq17 : ep17.p_combi_exval_seq |
exval_seq17.seq_alv.elemsin pc_ic17.v_combi.seq_alv.elems
all disj ep15_1, ep15_2 : Exval_Partcombi |
ep15_1.pc_ic != ep15_2.pc_ic}

all cn1 : Condition_Name | one pccaal : PartCombCondArgsAnd |
cn1 = pccaal.one_cond_name
all pccaa2 : PartCombCondArgsAnd | one cn2 : Condition_Name |
cn2 = pccaa2.one_cond_name
all disj pccaa3, pccaa4 : PartCombCondArgsAnd |
pccaa3.one_cond_name != pccaad.one_cond_name
all pccaa5 : PartCombCondArgsAnd | all ¢5 : Condition |
(pccaa5.one_cond_name = c5.name
implies (pccaa5.cond_args_and = c5.args_and and
pccaa5.pc_num = c5.pc_num))
all 6 : Condition | all pccaa6 : PartCombCondArgsAnd |
(pccaab.one_cond_name = c6.name
implies (pccaa6.cond_args_and = c6.args_and and
pccaab.pc_num = c6.pc_num))
all disj aa10, aa11 : PartCombCondArgsAnd |
aa10.cond_args_and != aa11.cond_args_and
PartCombCondArgsAnd.one_cond_name = Condition_Name
all disj pccaa_a, pccaa_b : PartCombCondArgsAnd |
pccaa_a != pccaa_b
all disj pccaa_c1,pccaa_c2 : PartCombCondArgsAnd |
pccaa_c1.p_combi_cond != pccaa_c2.p_combi_cond
all pccaa_d : PartCombCondArgsAnd |
all pcc_d :pccaa_d.p_combi_cond |
#(pccaa_d.cond_args_and) = #(pcc_d.seq_alv.elems) and
#(pcc_d.seq_alv.inds) = #(pcc_d.seq_alv.elems)
all pccaa_e : PartCombCondArgsAnd |
#(pccaa_e.p_combi_cond) = pccaa_e.pc_num
all pccaa_f : PartCombCondArgsAnd |
all caa_f : pccaa_f.cond_args_and |
all lvor_f : caa_f.levels_or |
some pcc_f :pccaa_f.p_combi_cond |
pcc_f.seq_alv[caa_f.order_in_cond]
= lvor_f.value.seq_alv[0]
/1 BRSO HiEE L
all pccaa_g : PartCombCondArgsAnd |
all pcc_g :pccaa_g.p_combi_cond |
all caa_g: pccaa_g.cond_args_and |
one lvor_g : caa_g.levels_or |
pcc_g.seq_alv[caa_g.order_in_cond]
= lvor_g.value.seq_alv[0] }
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// Combi_Seq_ALV EFEHRAIDA H{E
sig Combi_Seq_ALV {
seq_alv : seq Arg_Level_Value }
fact{
Combi_Seq_ALV = Exval_Partcombi.condsargsand.p_combi_cond
all disj csalv1,csalv2 : Combi_Seq_ALV |
csalv1 != csalv2 and
csalv1.seq_alv != csalv2.seq_alv and
(#(csalv1.seq_alv.elems) = #(csalv2.seq_alv.elems)
implies(csalv1.seq_alv.elems != csalv2.seq_alv.elems)) }
// InputCombi( A JI{E) DLEHK
fact {
#InputCombi = combinum.num
all ic_4 : InputCombi | #(ic_4.combi) = argordernum.num
all ic : InputCombi | all disj c1, c2 : ic.combi |
cl.com_arg_id != c2.com_arg_id
all disj ic1,ic2 : InputCombi | ic1.combi != ic2.combi
all ic3 : InputCombi | ic3.v_combi = ic3.combi.value
Arg_Level = InputCombi.combi
Arg_Level_Value in InputCombi.v_combi.seq_alv.elems }
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/***** dupchk.als EEDIREE *****/
open generation
check assert_pred_duppair for 8 but 8 Int

//EEDRGINE
assert assert_pred_duppair {
pred_duppair [DupPair]}
pred pred_duppair [dp :DupPair] {
dp.dupAep.exorder != dp.dupBep.exorder or //1.1Y > RORIRS
dp.dupAep.tyname != dp.dupBep.tyname or //2.:1H7IHEIRSD
dp.dupAep.exval = dp.dupBep.exval or //3.8iFFELREL
all pcic_a : dp.dupAep.pc_ic |
no pcic_b : dp.dupBep.pc_ic| //ATANT—ADRIRD
pcic_a = pcic_b }
//EEDIREE - IRDEFR (MIFFHER) 15 signature
one sig DupPair {
dupAep : one Exval_Partcombi, //¥IEEF—45 A
dupBep : one Exval_Partcombi, //#IFE>—%4B
dup_exorder : one Execution_Order,
dup_comname : one Command_Name,
dup_tyname : one TypeName,
dup_exval :one Expected_Value,
dupA _seqalv : seq Arg_Level_Value, //5BRAIA
dupB_seqalv : seq Arg_Level Value //i&M#RAIB
H
dup_exorder = dupAep.exorder
dup_comname = comname_by_order[dupAep.exorder]
dup_tyname = dupAep.tyname
dup_exval = dupAep.exval
dupA _seqalv = dupAep.p_combi_exval_seq.seq_alv
dupB_seqalv = dupBep.p_combi_exval_seq.seq_alv
dupAep !=dupBep}
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/***** leakchk.als iIRNDIRGE *****/
open generation
check assert_pred_leakone for 8 but 8 Int

/IRNODIRGELE

assert assert_pred_leakone {
pred_leakone[Leaks] }

pred pred_leakonellk : Leaks]{

InputCombi = Ik.leak_ic} //£FT A Fr—XinputCombi& ELE
/ITRNODIREE - ROEFR (A Mr—X) $FEHMsignature
one sig Leaks {

leak_ctv_ic : one Com_Type_Exvic, //HHHBDF—4

leak_com :one Command_Name,

leak_tyname :one TypeName,

leak_ic :some InputCombi, //HHHBDFART—X

leak_differ :set InputCombi, //IRNEFAMF—X

diff_alv_seq : some Arg_Level_Value,//lRNI=F X FA1{E
leak_ep  :some Exval_Partcombi,

leak_alv :some Combi_Seq_ALV,

leak_seqalv : some Arg_Level_Value //HiHEDERA A

H
leak_com = leak_ctv_ic.com_name
leak_tyname = leak_ctv_ic.type_name
leak_ic = leak_ctv_ic.ex_ic

leak_differ = InputCombi - leak_ic
diff_alv_seq = leak_differ.v_combi.seq_alv.elems
all disj e1, e2 : leak_ep | e1 != e2
leak_alv = leak_ep.p_combi_exval_seq
leak_seqalv = leak_alv.seq_alv.elems
}
fact {
all ep1 : Exval_Partcombi |
(comname_by_order[ep1.exorder] = Leaks.leak_com and
epl.tyname = Leaks.leak_tyname
implies(one |_ep : Leaks.leak_ep | |_ep = ep1))
all Ik2 : Leaks | all ep2 : Ik2.leak_ep |
comname_by_order[ep2.exorder] = Ik2.leak_com and
ep2.tyname = lk2.leak_tyname



1527 BHIEE BOVEZI-R (1/4)
A s
BF | A B | C_

Bl Ci

S Al

RATFRESR

iE AR

E¥ | A [ B | C | HAH |[HEE
Al =] RE 8T3d—F R1
&Il A2 Bl 2E #T7T31—F R2
E=E B2 Cl ###73d—F R3

48



9% 7 FBai#Ele R(ROLESIT—X (2/4)

FANMNT =R

I
B—7X

ﬂﬂ- o2

BN Al B #ra—K ICRR
2 LY Bl cz #TI—K IEE
BB Al B2 C1 #71— |~
IZ3 Al B2 C2 #Ta—FK

Bl A2 B1 C1 #Ta—FK R2
BN A2 Bl C2 #Td—K  R2
B8 A2 B2 C1 #T7d—K  R3

A2 B2 C2 #Tr3d—F
8 _

49



I8 7 Bailm ROMELIT—-R (3/4)

AAE
EB¥F [ A | B | C
W Al Bl Cl
Sl A2 B2 C2

RATFRESR

iE AR

E¥ | A [ B | C | HAH |[HEE
Al =] RE 8T3d—F R1
&Il A2 Bl 2E #T7T31—F R2
A2 B2 2E #8T73—kK R3

50



187 FaidEfs [_OHENT—X (4/4)
FANMNT =R

I
ﬂﬂ-

BN A1 B g bl

P Al Bl c2 #¥TI—KR R1
BEB A1 B2 C1 #Td—FK R1
I A1 B2 C2 #Td—KR Rl
BB A2 B1 C1 #Td—RK  R2
I A2 B1 C2 #Td—K  R2
B2 A2 B2 C1 #T7d—Kk R3
BB A2 B2 C2 #Td—F R3




