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A study of the designing method
for ubiquitous information systems with wireless networks

NOBUAKI YosHIDAT!

In ubiquitous information systems, services are offered with numerous em-
bedded devices and wireless networks which are deployed to wide service area.
This feature makes their software development highly depends on their net-
work architectures, therefore it tends to be difficult. In addition, setup and
deployment process of devices also has particular complexity. In this paper, we
consider designing method of such systems with formal methods which captures
these problems.
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Fig.4 Network model in ubiquitous systems.
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Fig.3 Concept of the designing method.
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proctype client_application() { mtype = { NOT_CONNECTED, CONNECTED, UNSTABLE_1}
do /x g x/
:: client_state_http == INITIAL proctype client_tcpip_stack
-> atomic { dst_node = NODE_TYPE_BT; (chan chn; chan svchnl; chan svchn2; mtype nodeld) {
client_state_http = MAIN_REQ; s B x/
contents_text = NODE_ID_NONE; do
contents_image = NODE_ID_NONE;} : chn?dst,data,remoteNodeId ->
:: client_state_http == MAIN_REQ -> if
sock!dst_node ,GET_MAIN_CONTENT ,NODE_ID_NONE; /* DHEDOTVBRRICT =Y ZEGETE */
if :: atomic { client_state == CONNECTED
:: sock?resp_node,resp_msg,resp_id -> %& connected_node == nodel ->
if /xR —RRAERE +/ svchnl!data,NODE_ID_NONE;
:: resp_msg == RESP_MAIN -> :: atomic { client_state == CONNECTED
atomic { && connected_node == node2 ->
client_state_http = CHECKING_STATUS; svchn2!data,NODE_ID_NONE; }
contents_text = resp_id; /% DT, RLERRHIRZ KT 2 5570 EAK «/
contents_image = NODE_ID_NONE; } : else -> chn!dst,SOCK_NO_PEER,NODE_ID_NONE;
:: resp_msg == RESP_MAIN_WITH_IMAGES -> fi
atomic { client_state_http = IMAGE_REQ; : svchn?data,remoteNodeld ->
contents_text = resp_id; } chn!nodeld,data,remoteNodeId;
fi od
£i ¥
:: client_state_http == IMAGE_REQ ->
sock!dst_node ,GET_IMAGE_CONTENT ,NODE_ID_NONE; proctype client_bluetooth_state () {
if client_state = NOT_CONNECTED;
: sock?resp_node ,resp_msg,resp_id -> connected_node = NODE_ID_NONE;
if /x T —RIXAEME x/ do
: resp_msg == RESP_IMAGE && : client_state == NOT_CONNECTED ->
resp_id == contents_text -> if
atomic { contents_image = resp_id; :: atomic { client_state = CONNECTED;
client_state_http = CHECKING_STATUS; } connected_node = NODE_ID_0 }
fi :: atomic { client_state = CONNECTED;
£i connected_node = NODE_ID_1 }
:: client_state_http == CHECKING_STATUS -> 11 skip
assert (((contents_image!=NODE_ID_NONE) && fi
(contents_text==contents_image)) :: client_state == CONNECTED ->
Il (contents_image==NODE_ID_NONE)); if
sock!dst_node ,CHECK_STATUS ,NODE_ID_NONE -> 11 skip
if :: client_state = UNSTABLE_1
:: sock?resp_node,resp_msg,resp_id -> :: client_state = NOT_CONNECTED
if  /x T —AREW +/ fi
: resp_msg == RESP_CHECK_STATUS && :: client_state == UNSTABLE_1 ->
resp_id != contents_text -> if

client_state_http = INITIAL : client_state = CONNECTED

£i 1 skip
£i :: client_state = NOT_CONNECTED
:: else -> assert(false) £i
0d; od
¥ ¥

5 Promela IC X2 EF L 0GR (Hk)
Fig.5 Model description in Promela (excerpt).
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Fig.7 A system model with explicit storages.
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class SanjoSetupEnvironment
/% A/
public setupNode :
SanjoService ‘serviceNodeId ==>
SanjoWirelessServerNode
setupNode (id) ==
( let s = new SanjoHttpServerStorage (id)
in ( s.setMainFile(new SanjoSpotFile(id));
return new SanjoWirelessServerNode(id, s)))
pre id in set SanjoService ‘serviceNodes;
public setupNodes :
() ==> map SanjoService ‘serviceNodeId
to SanjoWirelessServerNode
setupNodes () ==
return { id |-> setupNode(id) |
id in set SanjoService ‘serviceNodes};

class SanjoWirelessServerNode
is subclass of WirelessTcpIpServerNode
/% A x/
public SanjoWirelessServerNode :
SanjoService ‘serviceNodeId *
SanjoHttpServerStorage
==> SanjoWirelessServerNode
SanjoWirelessServerNode (id, storage) ==
( nodeld := id; httpStorage := storage;
setupNetwork (); /* %v F7—7ZFE */
httpService :=
new SanjoHttpNodeService (self,
return self;)
pre id in set SanjoService ‘serviceNodes;
VAL Y]

end SanjoWirelessServerNode

storage);

/* 2l =/

end SanjoSetupEnvironment

8 VDM++ICk DA ML =Y Z2PRMICRILL 7> 27 LT TV (Hok)
Fig.8 Model description of system setup with explicit storages (excerpt).
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T2V 7 0279 arv 7Y NOBENIR->TREA ML=V 6HA T &
Lt s s (MA) . —7, R (ME) 13, 774 VDAL —YADabE—9, <

AZRT VT —t 6D 7 7 ANDERETEALFHZAT 5. Zruc XD, BN
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EEOHL, 772 ARA v P %24 T %, setupNode 1, F3, HTTP ¥ — "Ml T
%A L — SanjoHttpServerStorage 24 L, M ary 7 vy EBMT S, ZL
T, SanjoWirelessServerNode DAY A 7 7 # %ML, ZOHTIE, FALDRY
F7—7BfROEERZ L BT, GI8E LTESNAA L =Y 2o T HTTP ¥ —2
(SanjoHttpNodeService) ZHHET 5.

ZOLET, YATLOEEE, 7TV =2 aryp 6D I AMIRELT, F—3N
AbL=YhoavyryyiEAR L GEET 2 T2l T 5 (XM9) . OB
I%, Promela THEHL7-bDLFAFEDD
Xy b7 =7 DRIOBROT 2179,

%278 b a) (sock.request % sock_status)
DML, 77V r—vav
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class SanjoHttpNodeService
is subclass of NodeService

/xR x/ class Worker
instance variables
N types
private storage : Storage;

public sock_request <GET_MAIN_CONTENT >

operations

bli dT tC t t : URL ==> Work: ¢ k.
p:en;;eizgon:z“:’z“:‘)S:: orker “sock_resp public sock_status <RESP_0K> | <RESP_NOT_FOUND>
( let fnmame = urlToFileName (url) | <SOCK_NO_PEER> | <SOCK_TIMEQUT>;

public sock_resp :: status : sock_status

in if storage.exist(fname) data : [SanjoSpotFile|ImageFilel;

then return mk_Worker ‘sock_resp
(<RESP_0K>,sanjoStr.mainFile)

else return mk_Worker ‘sock_resp
(<RESP_ERROR_NOT_FOUND >,nil));

/* Al x/
operations
private getRemoteContents :
sock_request * SanjoService ‘serviceNodeId
==> sock_resp
getRemoteContents(req, n) ==

/% 2l x/
end HttpNodeService

class Test

/* Al =/

/x BUERBERL T, KB T7 7V r—v a v 2fES€ 5 «/
public Test : () ==> Test

( let rn = client.getConnectedNode(),
url = storage.remoteNodeInfo.getUrlForNode (n)
in return rn.getService().sendTextContents (url))
else return mk_sock_resp(<SOCK_NO_PEER>, nil)

Test () ==
: : thread
( env := new SanjoSetupEnvironment (); X
© : ; ( while true do
sua := new SanjoUserApplication

f 11 i
(new SanjoWirelessClientNode (env));); or @ noan

public getTextContents : () ==>
map SanjoService ‘serviceNodeId to SanjoSpotFile
getTextContents () ==
return { a.nodeld |-> sua.readContentsByUrl
(a,SanjoService ‘rootFileName)
| a in set nodesSet () };
end Test

( let v = getRemoteContents (<GET_MAIN_CONTENT>, n)
in if v.status = <RESP_OK>
then owner.setContent (remoteType, v.data)))
end Worker

B9 AFL—YEIURMCHIAT 2> AT LDET L ()
Fig.9 Model description with explicit storages (excerpt).
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WFHTTP VARV AL LT, av 7y ZRTIUHEEIT).
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Tavh oAt s I ERMRTE S, KT D Test Tl, SanjoSetupEnvironment
ICE DAL= 2EUY AT L2 EHMEL LT, BTOTI7RAXAL Y E06avT
v &AM T T A b getTextContents Zilib L T35, ZOEEZFETTELE, 77V
r—3a v 6¥—N0D sendTextContents DIFENH I, K-> TCELTFALarysv
v HGERNIEINT 5. F72, FEBRIC Worker ZfioCav vy iAlTI LT, 77
A7V MCHMS LT 57 7+ A5 URL (storage.remoteNodeInfo) % L CEIfE
DHERDHRETH 2. Utk D, vy b7y 794UL, ZORA L =Y 6kl avT
VY REAME D ZEDHRETE S, MHROFAH L OMERD TE S5, AR—ADHEET

| <GET_IMAGE_CONTENT> | <CHECK_STATUS>;

if client.isConnected(n) then /* ARERY v 7 OEH */

set storage.remoteNodeInfo.nodeIds(remoteType) do
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CCETHHERTES L, KODFMAT 77—y a ylloftkkoE b REE %5, B
713, Worker T3, owner.setContent ZMEUNHLT7Z 7V — a vy ONERIRIER 2 H
LT3, Bluetooth, Wi-Fi Z4Z#UC Worker IFEEI I T\ 579, [ ULH%E IR
ICHEHT L 22\ X ) 1T setContent ICHHLBEZERET 5 Z & EDHK S, &8, VDM++
IZEWT invariant 72 EZ LB T B BRICIE, WEE DS AT LA ETRHCE T S invariant 1,
FRFIZ XK D 7 WA D, 2D K ) BIRBICOWTIE, FTRICOAELD IO &
EHPR L7 E LA nud% o 2w,
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TWRFEZBEH T 298D R EARINTWS, AW T, XD FEEIE Il o 2R
ZPoTVBD, 2EXF AL AT LD FRD X ) R, TN ADQREE TEHED
TREBICRMENTEY, ST A0 Ko, v b7 —7BEOZLADHE
Lol FRTIHEEZBRLELILTZ2bDTH S,

HHS AT LOFEHE VI Bl o1, BRAWFREERELEY —LERDDODHD, Y
FAT O ADETFNDIESIERIL R E, $BOMEIE ST LRI K% T,
BB X ) ic RO ERREZ TRE L TWE 2D I 0Lk ) EREE 2R EIZLT
Wi,
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