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Development of a Test Framework for Functional and Non-functional
Verification of Distributed Systems
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ABSTRACT

Distributed systems are collection of physically distributed computers linked by a network. General use of wired/wireless Internet
enables users fo make use of distributed service anytime and anywhere. The explosive growth of distributed services strongly requires
functional verification of services as well as verification of non-functional elements such as service quality. In order to verify distributed
services it is necessary fo build a test environment for distributed systems. Because, however, distributed systems are composed of
physically distributed nodes, efforts fo construct a test environment are required more than those in a test environment for a monolithic
system. In this paper we propose a test framework to verify functional and non-functional features of distributed systems. The suggested
framework automatically generates fest cases through the message sequence charts, and includes a fest driver composed of the
virtual nodes which can simulate the physically distributed nodes. The test result can be checked easily through the various graphs and
the graphical user interface (GUI). The test framework can reduce testing efforts for a distributed system and can enhance the reliability
of the system.
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(E 1) MSCe| #7IY
(Table 1) Notation of MSC

Notation Meaning
[entity}[entity]: [label] (Slgag; ‘i Ssge o)
[entity]—[entity]: [label]
{ [typical sequence] }

Alternative sequence

.. [label]
{ [alternative sequence] }
[entity]->[entity]: [label] Message
[entity]<-[entity]: [label] (label is Message name)
D suT 1
Client] ﬂeqllle_ntic_aEiQnJ o _|C_§r_anti_ng\w
| Waiting I
(@) 1: AS_Request I"H Protocol
I Information
Authentication Service
Sequence
¢ 2: AS_Success Source
(@) 3:AS_Request Target
" Delay(ms)
Authentication Service Repeat
4: AS_Fail
| Waiting |
(b) 5: TGS, ‘Requesl J

Ticket Granting Service

6: TGS_Success
|

(b") 7: TGS_Request

‘ Ticket Granting Service
P 8: TGS_Fail

b 1 ]

| Waiting I

(O3 3) HAE AlLz|29] MY Y =28F HE
(Figure 3) Creation of Test Scenario and Protocol
Information
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Algorithm GenerateTestTree

Input : statements of message sequence chart St
Input : initial state of SUT s,

Input : a root node n,

Input : a test tree 7= (N, E)
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procedure GenerateTestTree
Q< @ // initialize a queue
s.<s; // initialize a SUT's state
for each st .St do
if st is a statement for SUT's state then
L(n,) < label, N« NU {n,}
Lle,= (mym)) @, B EU {e)
n,<n,
Q—o
else if st is a statement for alternative seq.
then
if Q= o then
L(n) — @, N—NU{n,}
Le, = (np,nt)) «—Q, BE—FEU{e,}
n,<ny
Q<o
end if

for each block statement st, in st do
// St,is the rest of statements
/] St.c St
Generate Test Tree (st,U St,, s, ny, 7)
done
break a loop
else if st is a statement for message then
Q< QU {label}
end if
end for

end procedure

(38 4) HAE Ez| 44 du2jE

(Figure 4) Algorithm of Test Tree Generation
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2. AS Success

5. TGS_Request 7. TGS_Request 7. TGS_Request

Pruning

8. TGS Fail

6. TGS Success 8. TGS_Fail

TC1 1->2->5->6 (a, b) Authentication Success and session key acquisition
TC2 1->2->7->8 (a, b)

1C3 3->4->7->8 (a, b))
N AE =
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Testing

Authentication success, but session key acquisition is failed

Session key request under unauthenticated state
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(Table 2) QoS Specification of Multimedia
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q Loss | Resources
component | Bandwidth | Latency Rate requied
In : 10ms CPU
. Inter- each 100ms,
A 10frames/sec active Low 10 Mbytes
Out : MPEG-1 RAM
1ms CPU
B Inolj 441 liips Inter- | Very | each 100ms,
) active | Low | 1 Mbytes
Kbps RAM
In : various oms CPU
H but ) Inter- Low each 100ms,
’ active 5 Mbytes
50frames /sec RAM
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de, £3E 2A3E VM IEA, B, O AP
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et &9 Z =7} (Operational Profile)S ZV gtk 9
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(Table 3) Example of Operational Profile
Description

Group ID Service | Request Rate | # of clients
A Transfer 20% 100
B Deposit 30% 100
C Inquiry 50% 100
ClientA
ClientB 'm
[Indafm] (Bakin Systoms
Client B
A Random slector
c,,emc v II|I|——>|II|I;>| oopost_|
ClientC’
-mnm ClientC”
[ [ma[ ]

(a2l 7) EHIAE AHo|A Aol of
(Figure 7) Example of Test Case Execution

AR Bl 2B 7F Y ARES vigoZ 7 49 7
B AE Ao AE AAsT) Test Case 1S 3G Al 28S
Al £ T2 0y FR) A% HEE AR LS
2438, LA Test Case 2, 3, 4= E4 Auj~e] 93
&S 343 S8k a]ng g Qo A

o AAY W75 AEY HAHL FEoldEY 9
v 2 g4 9] ¢S SIHA 1111*1 SUT7} QoS HAI1E
W51 QA X (Threshold) & 891312 SUTE /A sk=

o) = AAAl gE e Mujx 2K
ohe O A8 24 AVe 2B S HAE 7Y
& ARggith & Eol, WA MulzeA T B g
22E AHESHE o)A (Transfer)o] ek 83 Wl&o] &
BFEE 18T Urk wEkA T A 2ol s A
FHPY 7)E AFET Tk gl disid A58
& Sk

(Z 4) 8|5 452 g HIAE 7Ho|A2| of

(Table 4) Example of Test Cases for Non-functional

Testing
ID Transfer Deposit Inquiry
Test Casel 20% 30% 50%
Test Case2 40% 20% 40%
Test Case3 5% 60% 35%
Test Cased 0% 0% 100%

4. 2E =y dg=a

HEelA AFE AAY 24 A2 AFS 99
HE HZE $74S FH4L H2ES SRS Hol
g o] Q7Hn meh STt HAE AU
A AZE} A AE 848 A3,
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A= 19 83} 7tk o] AdAE HAE ZH eI
AZUET} 7 H2E SAH o FA BAsH=A 44

ey

(]
e

Test C:
“ =
Test Driver SuT

@ oo Service
Test Monitor

S m—
data
Test Framework

(J% 8) HIAE =223 ofF &K
(Figure 8) Test Framework Architecture
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(Figure 9) Test Framework GUI 1 loure ructure ot fest L.ase
T e 4.2 HAE A3 (Execution)
® ~ofE i 2% = elol et Dive) AEHEE A 22e] 4
(4] P& Aojstal, HAE Al et JHE HAE #F
T (Test Monitor) A EUE A Agals JaS gt} S
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(Figure 10) Test Framework GUI 2 ol5 As] s (HEAF A 2EHoo A TS 4=
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9} AR EAL 3 ZZEF AHE GX3 (Figure 12) Test Driver Architecture
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£ &g 2 sy AR, makA 7 2ejold Kops | Uit time. Itis measured as the
EX Global Trace AHE wtolale] SUTS EAIS transmission rate at C Point.
285 2 9l Message loss happens in two cases.
First, message is lost in the network
Loss Rate due to increment of traffic. Second,
* Random Selector o d the d
o = ass] o8] (%) system cannot send the message due to
H7)5 AF Al 2EHZ HAES F3st7] 93 system malfuction or lack of resources.
REolth 3% 249 % 49} o] HoH AMH| A 2 It is measured between B and D points.
A HES /we g A% & AT HER Response time is measured as time
Response | . .
SUTO Al Alv) A& Q3 o] 71538l ® it} Time interval from the user request to arrival
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BB EERERRE R ER=SP P e Latency | LAten<y means the time delay
_ c o 2oa) ejbE Bl = experienced by a network. It is
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Client SuUT
4.3 HIAE B®IH(Ecaluation) - :
Component
- _ _ (Service)
H2AE ZZ(Test Monitor) HAXJEE HAES] 53 ) c
A3E B A3 oIS FHU HAE Ao
2o gjgk RS uiEo g A F5AEE WA )
de 4RSS FHAT $AD HolEE B¢ cul (38 13) S=OlIES] MslA 28 28
o WA dl AL} DB AAEH, 7S HAES] AL 28 (Figure 13) Service Request Process of Client
Aol Ay A fFE ddsle 22k (Onacle)d] o
e A B A2E A 44 g w5, HIZE £ A
7158 $4e AT AdME 7IEHLE B2 kE
E2 AAJ8te] SUTONA AMuIAE Qs of gk 123 0a ZAE, 23, JE AL AA S} o] FRI}F 2
Azl e EAIZHResponse  Time)o f A 2] & A 2EL El 59 A 2E S Y EY IR Adste] A
(Throughput)? 2 22l thsll s oF st Bl AE A A2E S FAR Be] A2EE odd OTFE B
& F3lA SUT7F Qosel HAHE WEeteA] elst b Ao A Y ES T AAH 349 A2Ee] Hw A
T Aded @S R s thgEE QoS A )22, E2aE Wl thak Ao} 2 A B3] AA

116

2014. 10



24 AIAEIS] V]S U HDIS HES 9B HAS Taela Jhy

NzRe) 29 ST Y AUk B ATNA At AN AEF 7 LTAGS AFA] ANAE B

She B4 A2 HZEZAYYIL) BES Bl 9 2 AR FES H2ES o} At 4 /15EE G

sl Hl2E U SUTE #4F $7049) o) A29e  H2E AUt 2Ase do4ge s g

LEET B H2E Aol2st A HL. o E S, o FeA ]
A Alolel ta B2E Adele: E 63 2tk

Sensors

E 6) ofEZz[Ao|M HMo] AES st HAE AlLE|2
(Table 6) Test Scenario to Verify Application

Management Control
Function Typical Scenario Alternative
Mc:r::tt‘:ll:; M Scenario
1. Transfer execution Failed to
command to node transfer
(2] 14) ®ME nl2| A|AHIO| of Execution 2. Execute a;(;plication Failedtto
(Figure 14) Example of Combat Management on node xecute
System 3. Respond execution Failed to
result respond
79 14 )2 FReA e AT B A 2E Al o] 1. Transfer termination Failed to
o Sl Sl AR B A2ge Aol 44, ) command to node | transfer
AA 5 ThFR o9 A2H O A, ol 5] A Termination | > 1eMInte application |- Faled to
2o ARES AR AP ATL YA i eroate
B AE el #e) A~ OMG(Object Management SRespond termination | Failed to
_ result respond
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! 6. Response !
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(Figure 16) MSC 2 for Application Execution Scenario
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