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A1g7] Abole] Ade] WAE (non-linearly) 2 2 F7Fshe @3] Ak o] AL FEIuA 93 A9
W (remote test method)®] AlE F2E Ao AU GudEFe #AFLE 99 SDL =32 AHEs]
I, Q2971 % B (network side) ¥ o) o &/92 43 23 vl m¥e] AL

Abstract It is difficult to test a distributed system because of the task of controlling concurrent
events. Existing works do not propose the test sequence generation algorithm in a formal way and
the amount of message is large due to synchronization. In this paper, we propose a formal test
sequence generation algorithm using logical clock to control concurrent events. It can solve the
control-observation problem and makes the test results reproducible. It also provides a generic solution
such that the algorithm can be used for any possible communication paradigm. In distributed test, the
number of channels among the testers increases non-linearly with the number of distributed objects.
We propose a new remote test architecture for solving this problem. SDL Tool is used to verify the
correctness of the proposed algorithm, and it ig applied to the message exchange for the establishment
of Q.2971 point—to—multipoint call/connection as a case study.
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A, AE71EL IUTS 713 87 fistd oY 59 2 + Port(x)i= oYE %7} &9lshe ZE dE 99
& ZEF 7] Aol "asith s} Tester 19] e geeelh

a9 58 Zo] ti7] AT Fel ofxy 3 )% B 29 + PortS(X)={Port(x1), Port(xz), ..., Port(x:)}. &,
X'E F4APHA fault detection®] E7Fssich o] £ X=1{x1, %3, ..., Xa}, x= oPHE,
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Algorithm 1 /* LTS Generating Algorithm #/

1: INPUT: TS='817Y1!5m?Ym /#The elements of Y, can be more than zero and is represented with an array */
2: QUTPUT. local test sequences=(LTSy,....LTS,) /* n is the number of distributed objects */
3. Send_Set=null /* Send_Set is a set of testers receiving signal ‘Q’ #/
4 for(j=1; j m; j++)  /* m is the number of transitions */
‘2 izgzldg(sﬁ('&‘figgﬁ’szl}l)), h? /#Logical colock values labeling at input s, and outputs Yo%/
7. end for
& for(i=1; i m i++)
9 k=Port(s;); h=Port(z+1);
100 Append_In(Port(s), & )
11D ifi<m
122 ease VI =0 /#Comparison of logical colock values for generating signal ‘C's/
13: Append_Out(Port3(Y3), Yik
4 (CompareHL(Jb(sHl Yi)= fafse) ‘and (Cotnpare_LC("si+ 1, 1) =falae)
15 select a sender (tester) which generates signal ‘C’ where sender PortS(Y)):
16: Append(LT Sscnder, Append(“ —", “Ceenaerr”)); Append(L TSy, Append(“+", “Csencers” )
17 endidt /+Comparison of logical clock values for generating signal
18 for(j=0; j < IY\l; j++) : ‘0’ to protect forward output-shifting faults/
19: if (Compare LC{si+]1, Yi[j])-—-ﬁlse) and (Port(Yi[jl)) #"sender)
20: Send_Set+—Send_Set U Port(Yil[il);
21: end if
22 end for .. /=Comparison of logical clock values for generating signal
23 for(i=0; j < [Y,l; j++) ’ ‘0" to protect backward outpul-shifting faults+/
241" if[(Compare LCS(Yi+1[3], Ya)=true). andr (Port(Yi1[i1)=PortS(YD) ‘and (Port(Yi1 (i) =11 .
.. orl{Compare LCS (Y1031, Yil=false), and (Rort(Yi+1[j1) =)l
25 Send_Set+Send_Set UPort(Y;1[j1);
26: end if
27 end for e /*Comparison of logical cloclk value for generating signal ‘C'+/

28 case [YI=0 ¥
29:  if Compare LC( s, si+)=false
30: Append(LTS, Append(“~=", “Cis"): Append(LTSs, Append(“+", “Ckn"));

a1 end if

32 for(G=0; § < IYiol j++)

33" if Port(Yin[jl)wh b= [Fors comparloon for generaing, signal ‘07 to protect
34 Send_Sct+—Send_SetUPort(Yi+1[j1)%

35 end il

36 end for

37 end case

38 for VpESend Set

39 Append(LTS,, Append(*—", “Onp"); Append(LTS,, Append(“+", On,))
40:  end for

41 else if (i=m) and (Y, |=0)

420 Append_Qut(Port(Y3), Yi)i

43 eond if

44: end for

end Algorithm 1




474 ARATHETA: N2 D oJE A B

ot

+ Label LC(x, K& oWE %7} TE koA &4
T ), X2 kY #HE g SR oHE W
2} logical clock® 71Z3e E4olth

« Label LCS(X, PortS(X))={Label LC(x1. Port(xi),
Label LC{xz, Port(xz), .., Label LC(xx,
Port(X.))) ©&, X={xy, %z , Xa}, xE O[HE.

- Append(¥, V)& A £A4U=E @€ X& YE
A concatenation) A 718 g+t

+  Append_In{Port(x), %) =Append(L.TSrmw, Append
7 x)). & LTSponeo® Port(x)e} 928 A¥
719 LTS.

+ Append_Out(Port3(X), X)={Append(LTSrexu),
Append(*?”, “x.™)), Append(LTSeenxa, Append
7, %", ..., Append(LTSeonctn), Append(“?”,
“"0 B, X=lx, Xe .., Xab, x= oPAE
LTSprouns Port(x)s} @28 18715 LTS

Line 4~7& TS8 o= logical clockd 7&5%
= REoch IUTHA ﬂ?aol 242 dnict Label
LC(SEE Label LCS) #4% o|4sled gF o] 24
H ¥E W I aﬂﬂfah:%n Line 14~40& A% E
WAL AT ERAAA O O ANIEE ;%m
e 2Rtk EdxHY £80] nulle] ofd A%
Line 199 Zol @A Edxxe) RE oyiEs) ﬁ]rv
EWA149 ¥ 71E3 logical clocks ®l2sz, &

= 93 fANR ¢ Ads A%

Line 194} 24& Z2b Azl 58 ol €A 32 &
¥ ol 2Ag AMAS 93 logical clock BlmEo|}
EWAXAL o] mullgl AR Line 299 £0] €A
2 g ERAAY ¢899 712% logical clockS ¥
wEm, 98 BANE ‘C AEe 229t Line 33

Tester 1 T Tester 2 Teser 3
T s Q
bt~ o Dlock 1
PR, [N TSN N A -
fime BT -
l/ 3 PR biock 2
O ==
DR - o
Siats T
15 block 3
RS R .
S T
a2
T < S S S | blackd
A
siate 4
g J block 5
7 £
O e

2% 6 TS19) Algorithm 1 3§

A 9 ZE0Y

& &80 mullg) A 3 &9 olF £AE AAF
7] 9% wwFelth 2% 6& TSH=TI-~T3—T2i—
T4—T7)& Algorithm 1] F&sks] Rojd AME At
¥ .ol

23 690 black box H¥f UTE TSIE AM¥shs
Aed BRHE state (, 1, 28 ANZE Y] IUTE
AaA7) Aole DE stateZ HoldhA FLTE stable
state ©]Th ©] stable state A}0)E blocke.= FAISHE
7+ plocks] WE olEE US} 0 Ade o185k
A AFE Ado]lZE block AMelelE®  happened
before@ A7 4RET A9 AY AJeleE 4 EdA
AL 2ysted AEE A 22U 2AE =&Y

3.3 Local Test Sequence 44 YmalFo] 2

=E[113% Algorithm 19 LTS A4 gxuzlze &
g A Ad Azhe) Do)tk o el ARHERA &=
o A dos AgEA e ¢ Uk 29 b°ﬂf‘1
Bl BAY #Z2e H8d o0F 9 HE @A x
Z 4AERE Tester 1°] Tester 32& ‘Oz NEE
AL, Tester 3& ME F4 wAd BAFe]
Oy HMads Y8 2B £24038 F Y48 ¢E IUTY
7Fe} %S Tester 38 LTSS A4 s 9o

&2 23 AQ A7ke] 00) PP Aed LTS 44
gn#=S Algorithm 28 3k#k Append RDX, )=
X Yo HiEY o, X2 W &A% W A9 &
284 Y7t Xol gl Alojo] ’:“J“‘%JEW: AL ojuigt
)5 Eo] Append_RDGty, 7)E xvz, xzv 2 zxy &
ejwigict.

Line 13~34+% Algorithm 12 $3% 2X-o|tk Line
13(Case 1), 19(Case 2), 22(Case 3= &£79o] null®)
ol FH$e HA &7 olF EAY AoE HF
logical clock WZEESITh Case 18 @A =449
EE olWES ug ?_%BRW_EQ AY wE FAL A
£ Case 2= @ 2ExllxXHde 28y g ERALL
Ay Alolofgt W &741% Aol 181 Case 3&
A EdAds 28 I¥e} g EAXHY IF
o) qlat #AR) ALolty T AHAZ AARE 'O A
g2 ERAAY &29% —’r‘-’d?} M7 Temp_Set) =
A T BdA el gEg [UTH 7els AE7IE -4
#gct, ofng 4¥E Agriel LTSE ¥ o3
sEel Bl olfES] BE £ £ 2de 2T
2 glolet @it £ 27 ol BAE @ty A
‘O Alag AAL Algorithm 13 S8t

8 72 TSIE Algorithm 29 283 XA AuE
L9 do)g Algorithm 28 #E57] 9%« SDL =



Logical Clock ©]-8-& £4F A8 475
Algorithm 2
1: INPUT: TS=!81?Y1...!80n?Y /*The clements for Y; can be more than zero and is represented by an array %/
2: OQUTPUT: local test sequences=(LTS,...,.LTS.) /* n is the number of distributed ohjects #/
3: Send_Set=null /* Send_Set is a set of testers which should receive signal ‘O’ */
4: for(j=1; j m; j++) /* m is the number of transitions #/
I s Ly
g i:gz&g&%?%ﬁg)(i)), R /#Logical clock values labcling at input & and outputs Y/
7: end for
8 for(i=1; i m, i+-H)
9: k=Port(s); h=Port(s,+1);
10: Appcnd_ln(k s);
11 ifi<m e /#Case licomparison ol logical clock values for generating signals ‘'C’ and ‘O'#/
120 case |Y\|=0: 3 )
130 if (Compare_[:CS(si41, Yi)=false) and (Corpare_LC(si+1, s.)=false)
14 Append_Out(PortS(Y:), Y.
15 select a sender (tester) which generateq signal ‘C’ where sender&Port3(Y,);
16: Append(L TS cnder, Append(“—", “Cacndern” )i
17: Append_RD(temp, Append(* +" “Coenders” )
1&: Temp_Set<-Port3(Y,) \ sender; /¢ / is a difference set ®/
190 else if (Compare LCS(si+y, Yi)=false) and! (Compare LC(s,+1)) &) ~true)
20: Append_Out(PortS(Y,), Y.);
21 Temp_Set~PortS(Y,); — /rCase Zicomparison of logical clock values for geonerating signals 'Q'+/
22 else il Computé LCS(sivs, V)= uue,'
23 for(G=0; j < IY\; j++) T /#Case Jicomparisan of logical clock valucs for generating signals 'O's/
24: if Compare_LC(s+1, Y.[j])=false
o5 Temp_Set«Temp_Set UPort(Y,[j1)
26: Append(LTS,, Append(“?”, Yi[i]1));
27 clse Append(temp, Append(“?”, Y,[j1));
28 end if
20: end for
30: end if
31: for Vp=ETemp_Set
32 Append(L.TS, Append(“—", “Opn")); Append_RD(temp, Append(“+", “Opn")):
33 end [or
34 Append(L TSy, temp):
3 for(j=0; j < I¥il; j++)
36 H[(Compare_LCS(Yi1al], Yo=true) and (Port(Vin[jl)EPortS(YD) and (Pért(¥. 1) =)
or[(Compare LCS(Y.5[§], Yo =false) and (Port(Yinljl)=hi]
37 Send_Set«Send_Sct UPort(Y, 1 [j1);
38 end if e frcomparison of logical clock values for generating signals ‘07
39 end for to proteclt backward output-shifting faults+/
40:  case |Yil=0:
41: if Compare LC( 8, si+1)=false M /«Comparison of logical clock value for generating signal ‘C'+/
42 Append(LTSk, Append(“—", “Cxr"); Append(LTSy, Append("+", “Cin”))
43: end if
44: for(j=0; j < JYili j++) ./wPort Comparison for gencrating signal ‘O’ to protect backward output-shilling faults+/
45, if Port(Yi{jl)=h -
46: Send_ Set+-Send_Set UPort(Yi+1[j])
47 end if
48: end for
49 end case
50: for VpESend_Set
51: Append(LTSy, Append(“—", “Ow,"); Append(LTS,, Append(“+", “Oxp"))i
52:  end for
53 else if (i=m) and (Y, |=0)
54:  Append_Out(Port(Y.), Y.)
550 end 1f
56: end for
end Algorithm 2
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