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A Study on the Verification Scheme of SMS Encoding
and Decoding Module
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Abstract

This paper proposes a test method for compliance of SMS encoder and decoder modules with
3GPP (3rd Generation Partnership Project) specification on SMS PDU (Protocol Data Unit). The
existing tools have focused on providing an SMS gateway and on helping to view and edit a single
SMS PDU, which rarely help to resolve the compliance test problem. The proposed compliance test
method is based on an automatic generation of SMS PDUs fully compliant with the 3GPP
specification by using QuickCheck library written in Haskell. By applying the proposed method to a
C-based SMS encoder and decoder in Linux Mobile platform, we have found out several critical bugs
such as wrong interpretation of time stamps in BCD format. The automatic SMS PDU generator is
reusable in that it only depends on the 3GPP SMS specification. The QuickCheck library is also
applicable for testing other network protocol data encoders and decoders, as used in this paper.
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1. SMS (Short Message Service) 7H2

TP-SARe—y TPVPE
TP-UDHI .
T-RP—gldh] A TPMT
10111701
01111010 }TP-MR
00001000
11010110
00001100

11010001 (TP-DA
(6 bytes)

01111011
00101100
00111101 }TP-PID
00000011 }TP-DCS

10010101

00010001

01010001

00100001 »TP-VP

00100001 | (7 bytes)

00010100

00110011

00000011 1

R i
‘(4 bytes)

00011101

2! 1. 3GPP 129,101 SVS PDU off
Fig. 1. An SMS PDU in 3GPP Specification9, 10]
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data SMS_PDU =
SMS_Submit TP_RD TP_VPF TP_RP
TP_UDHI TP_SRR TP_MR TP_DA TP_PID
TP_DCS (Maybe TP_VP) TP_UD
| SMS_Deliver TP_MMS TP_RP TP_UDHI TP_SRI
TP_OA TP_PID TP_DCS TP_SCTS TP_UD

E}Y] SMS_PDUE 3GPP 2#o|x Aeolsle T SMS
WAA S FEe HIE o] Bl B Holxuk
<B1A>oA A 712 gel, A9 A ey, 723} Rl
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SMS_Submit
(TP_RD True)
TP_VF Field Fresent_Ahsolute
(TP_RP True)
(TP_UDHI False)
TP_%RR_tatus_Report_Requested
(TP_MR 122)
(TP_DA
(AddrFields

(AddtLen 8)

(TypaOfaddr
TON_Alphanumeric_gsm{hit
NPI_Service_center_specific_planZ)

(AddrValue "allb#7a2")))

(TP_PID

TP_FID Bits7_6_00

(TP_PID_B#t5 Bits4_0

TP_FID Bith_Telematic_interworking
TP_PID Bitsd_0_Specific_to_5CB))
(TP_DCS_Geraral

False False Class3 GAMTBL)
(Just

(TR_VP Absolute 59 1115 12112 41 33)
(TP_UD NoUDH 3 “You')
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Fig. 4. A Haskell representation of SMS PDU
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genSmsSubmit =

do tp rd <- valid :: Gen TP RD
tp vpf <- valid :: Gen TP VEF
tp 1p <- valid :: Gen TP RP
tp udhi <- valid :: Gen TP UDHI
tp srr <- valid :: Gen TP SRR
tp mr <- valid :: Gen TP MR
tp da <- valid :: Gen TP DA
tp pid <- valid :: Gen TP PID
tp des <- valid :: Gen TP DCS

mzyhe tp vp
<- valid :: Gen (Maybe TP VP)
“suchThat™ (...)
tp ud <- valid :: Gen TP UD
“suchThat’ (...)

return (SMS Submit tp rd tp vpl
tp rp tp udai tp srr
tp mr tp da tp pid
tp des maybe tp vp tp ud)

T2y 5. 21 HAKIS] SMS PDUS Met= g5
Fig. 5. An SMS-Submit Message Generator

d= Eo] “ipdes <~ valid Gen TP.DCS'&
TP-DCS =9 e}yl TPDCS #e F< valid® FA912
27330 tp_desell F=th.

TR o] §f ZEass Agahd 4l WX SMS
PDUS #2912 T8 < 3tk

GHGCi> sample genSmsSubmit

SMS_Submit (TP_RD True) ...

SMS_Submit (TP_RD False) ...

12 “tpud <- valid :: TP_UD ‘suchThat' (..)"°
Me TP-UD =9 Bl TP.UD # tpudE W& o
WA /33 tp_des?] tlolE] 29 WS AMERS W Ho
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SMS PDU #3538} 253} mEo] 2g310ch. Fag o] &
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2 2rlY Hulelx AellA A4 B 2E3F W Haskell 2}
B E Eulyd tufo|zof|x] Hag 4= glojof st} duk
AHoZ ARM EAA 78k ®ujad tiulo]2o] Haskell &
EfY A2ELS ¥EShE JYe TS ARS8 gtk

uEhd B =RoMe 7 HAE WS AR o
AlA Albek oz QS SMS PDUE ColZ 24
H HZE StubZE9] char ¥i9=E W} o] StubI=
2 A ZHdY=9] SMS PDU si4 &3 dds)A
Rk tute]z AgollA HIAESIEE FAYCH

<ag oA HAFE I3 o] Haskell EFoZ ¥
E SMS PDUE HIO|E #2402 Ro3lgt v o|& o
= H¥shd oey 2ok
int sms_pdu_len = 21;
char sms_pdull= {
0xBD, 0x7A, 0x08, 0xD6, 0x0C, 0xDI, 0x7B,
0x2C, 0x3D, 0x03, 0x95, 0x11, 0x51, 0x21, 0x21,
0x14, 0x33, 0x03, 0xD9, 0x77, 0x1D};

om

HAE Stub F=e vt o] HAE 3gs 534
ot 99 sms pduE WA ZH YY) SMS Bl 3
5 53 o] mAA Z YA Hoshs Hxe] SMS
PDU A8 722 ggkith 1 oy o] A8 F2E HAA
ZY I3 SMS ¥353} 5 B3 Hlo|E w9 SMS
PDUZ thA] ®gkeith #EHo=z A& SMS PDUS 94
SMS PDU7} 55k a9 SMS PDUC thal wA1A =3
U= SMS ¥-53) sl g0l & FAwy AHs
yldch

22 BHIAE ZAn}

A ML 9 SE2 2k FRE WA Z Y9
2 SMS 34 ZEe 100719 F2H9) SMS PDUS 7HE9]
283 A= o 2ok



8 W TR R k(2010 6.)

1. 252 DHiY Svs 2E0| oish EAE Zn}
Table 1. A Test Result for Linux Mobile SMS Module

EIAE Zn} Al
g4 057H
B 2774
o] 78 7Is 6774
HIAEMHOE 27 017

H2E 2y 571A9] A9 4TI 27HA9] Be o5
7h A 23] BAsEE 271K 075 AAE 77t
A oz BFE 4 Itk BCDE £8E Time Stamp
e AR ek A, A el X3 i #
2o EF 7158 A Rk A%
HAAE AR 5gk A7 } AL T 9ol SMS F&
ﬁ}g} 353} 34 F CAo] IAEE 2R A3l HAls ©
ol
5 MM 2/HPA SMS 9= ¥ OF
P2 BEE AR AT 2F AHE B =FelA Al
]/\E HP@_& ﬁ;.“ m-ﬁ%l— 2= 9\1%;}

u] 78 715 677HA AlES AEAEe] rA getslA]
2 Alkseldt) wehA v 275 WS AL oA
2P A8 F WA ZH|9la) dA) T sl o
3 meleh = ATk A R ARk AT BHom )
Q1 Mz W= Fof Ak WPHE A48l £ F AS Aotk

A 174 QR+ HZE HelHE 2R AXEA
SMS PDU7} 3GPP 2= “gold] §3=|x] gbv A=
2E E79 QFo|th

23 HIAE 2ol HUN I ChS ot

TR HolEE vheo] HZE sk WS o WY
(coverage)& EF Wglol SRS HASHA o
QuickCheck 718F B|2E ©loJg] 2= AA "hHLS dHlolg
g FA9Z Ashe Wlolt). el 54 Bie) HaE
toledt AEEHE ¢ H2E o 259 3Pgd et
HIZEE Ho|th

o AFHE Bty sl AFE A2 WAE dEFe

£ (coverage too) 2F A2~ geovE 83t AAIS 2~

g AE Zo)7} 0]

S fAk

% 5 Jlm ml

Qg

E flolHE HFE &2 WS I B Qv 71E Hl
2E W9 (test coverage) H1E-S A ] RS IRSES

7H4] HI2-E Hlo|HE t] Bo] vhso] HE3o 2 HAE
Aol Tk B34S Has 4= Q18 Aol
QuickCheck ZlolBE#g] 7|8k SMS PDU dHlolg A

Z2age T 7 SR PO tolHE A4E 4
Atk WY FE olgaN AT 5 gl P9 g A
g A B 5

BA
ok 7 7HA HlolH A 38 Ads] xdslo] HAE
H

B %5%% QuickCheck ZlolB8j2]E &84 SMS PDU
03 et SMS §53) Bosl HES HZAES)
IJE&E} Y52 B2k FURE] SMS dA B
6}04 T8 2F Al T7HAE sk
ofsl7] o || 74 715 ES ol

. ARk MS 314 252 F7]92 Sanity |2~
WHoE %%% + & Bojtk.
=24 Alkek SMS PDU AFs A4 715 HIZAE W
3GPP 2=#ol|A] Aejgt PDU H|olHE AAsIA Hl~
tog o] 23S 1HEE= RE SMS M RESS g
W ARE- 7FsE AHE Adk
w=itolA] AF3t nel o] 23o] WEs] Hojd A9
o 2Hs BI2E dlolEE A493leW QuickCheck 2holHe
28 &8sk o] vl anHY AoE AdHEnh SMS
0]9]¢] TR EZ HolHE siXehe ZES /LS o= &
wiolA] AR WS 83lA Sl Z2EZ tolH 15
3} 353} BES H2E 758 Aol

FF ATE QuickCheck olHely] 7| HAE A5
3 WS g8 F RE Adueth A, 358 o
Haskell2 ¥3F SMS PDUS XMLE WH@sh= Aotk
C G, Java®t 2 F2 Zagd o5 XMLS
TR golBejelE B AR R HAE tid BEo] ©f
£ Aol ZAHo] itk T2 g dojd] EyHo=
HZ2E HolHE UF § & Aolth <@ 4>0A Rl
SMS PDU ol& BH¥ & & d%°] Haskell®] SMS_PDU
Efe] Fho] XML fAkeh 72918 & 4 ok =
[121= XML$ Haskell E}Q1o 2 fdsl= WHS thELh

4, guit=s AZEYY] REL Haskelz 2"
QuickCheck EhelBHEE A% EI2E o= $ES MY
ke Aolt)h oS Eo| Haskell 28 3748 ARM T4
Al 719E QY= tulel2oM T A 4 Jes FRks)
Ad 5 Aok 32 PCAY] Haskell 23 3
o] Qo] T3 ARM 7|9+ Bl tinjo] 2o} A3

Ut AT EYOIE H2E & & )

9

° F
oL m[o
rf

n:L UJIO
rlo = _IN
92 #

HH‘ZV

m 2 lﬂ oo oo

P

{0 rlO rkﬂ:

ut lgﬂ e

e 1




(13 9719, WEIs), W18, ‘43 2 ABeoHe of
9 MRS HAE A4 SuelE BRAREGR

3R, A 29, Al 13, 121-129%;, 19%4. 62,

[14] 97, “FAEe] @ vie) Hgo] B A7
PRATERSEA, A 07, A 25 19-3% 2024

6.

mk
ot

S

[1] "LG FuiHsl #4F 2F YW fgaeo|=", Foldr,
http://news.donga.com/Economy/New/3/01/201
WI0L 25157647/ 1&top=1

[2] HZhu, PHall and JMay, “Software unit test
coverage and adequacy,” Computing Surveys,
Vol. 29, No. 4, pp366-427, December 1997.

[3] Koen Claessen and John Hughes, “QuickCheck: A
Lightweight Tool for Random Testing of Haskell
Programs,” ICFP, pp268-279, ACM SIGPLAN,
September 2000.

[4] JDuran and SNtafos, “An evaluation of random
testing,” Transactions on Software Engineering,
Vol. 10, No. 4, pp438-444, July 1984.

[5] DHamle, “Random Testing” In J. Marciniak, editor,

2

Ab A7

_=

B

N
| &

199%6: gyl F8AAL
2003 =37 FIRL
2006 EZF tistal (Tohoku Univ.)

Mok

Encyclopedia of Software Engineering, Wiley, AT RIEC)
pp970-978, 19%4. Sl
[6] RHamlet and RTaylor, “Partition testing does ' 2006 - Ak LGAA A9l el

Bgok s Az, Emil
Ao, Aee|, Zea
2 o], el Al

not inspire confidence,” Transactions on Software
Engineering, Vol. 16, No. 12, ppld02-1411,
December 1990.

[7] "QuickCheck: Automatic testing of Haskell programs”,
http. wwwihaskell org/ package’ QuickCheck

[8] The 3rd Generation Partnership Project (3GPP),
http./ wwwi3gpp.org

[91 3GPP TS 200 V670, "3rd Generation Partnership
Project;  Technical ~ Specification  Group  Core
Network and Terminals; Technical Realization of
the Short Message Service (SMS) (Release 6)",
March 2006.

[10] 3GPP TS 23.038 V7.0.0, "3rd Generation partn
ership Project; Technical — Specification  Group
Core  Network and Terminals; Alphabets and
Language-specific  Information  (Release  7),
March 2006.

[11] Attp./ hackage.haskell org/ package/ GenSmsPdu

[12] Malcolm Wallace and Colin Runciman, “Haskell
and XML: Generic Combinators or Type-Based
Translation?,” ICFP, ppl48-159, March 1999.



