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Prìlogoc

To ìrama thc Perirrèousac NohmosÔnhc jèlei tic suskeuèc na enswmatwjoÔn sto

perib�llon tou anjr¸pou apì ìpou ja sullègoun kai ja epexerg�zontai plhroforÐec.

Epiplèon oi suskeuèc ja allhlepidroÔn me ton �njrwpo prosfèront�c tou real-time

dedomèna pantoÔ kai p�nta. H an�ptuxh thc teqnologÐac twn enswmatwmènwn susthm�-

twn kai twn asÔrmatwn epikoinwni¸n èqoun odhg sei sthn pragmatopoÐhsh enoc mèrouc

tou or�matoc mèsw twn AsÔrmatwn DiktÔwn Aisjht rwn (Wireless Sensor Networks

  WSNs). Ta WSNs apoteloÔntai apì èna meg�lo arijmì kìmbwn oi opoÐoi allhlepi-

droÔn me to perib�llon mèsw aisjht rwn, epikoinwnoÔn metaxÔ touc kai sunerg�zontai

fèrontac eic pèrac ergasÐec pou de ja mporoÔse na oloklhr¸sei ènac mìno kìmboc.

Ta WSNs diafèroun apì ta paradosiak� dÐktua. K�je kìmboc tou diktÔou diajètei

periorismènh upologistik  dÔnamh kai energeiakoÔc pìrouc, en¸ eÐnai eu�lwtoi se ka-

tastrofèc apì exwterikoÔc par�gontec, epomènwc h dom  tou diktÔou all�zei polÔ

gr gora me thn p�rodo tou qrìnou. BebaÐwc ìmwc, h dunatìthta epikoinwnÐac kai

epexergasÐac twn kìmbwn kajist� ta WSNs èna isqurì ergaleÐo gia thn upost rixh

poll¸n efarmog¸n tou pragmatikoÔ kìsmou.

'Ena dÐktuo aisjht rwn loipìn apoteleÐ èna katanemhmèno sÔsthma. Me b�sh thn

parat rhsh aut  sthn paroÔsa ergasÐa melet�tai mia kathgorÐa algorÐjmwn, oi Kuma-

tikoÐ algìrijmoi, oi opoÐoi lÔnoun poll� apì ta jemeli¸dh probl mata pou parousi�-

zontai kat� to sqediasmì prwtokìllwn gia katanemhmèna susthm�ta. H melèth gÐnetai

sta plaÐsia k�poiwn uparqìntwn prwtokìllwn, ta prwtìkolla Directed Di�ussion kai

Probabilistic forwarding protocol (PFR), miac kai ja  tan dunatìn na qrhsimopoihjoÔn

oi kumatikoÐ algìrijmoi se k�poia apì ta st�dia twn prwtokìllwn aut¸n gia thn aÔ-

xhsh thc apìdos c touc.
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'Etsi, ulopoi jhkan oi algìrijmoi anaz thshc pr¸ta-kat�-b�joc (Depth-�rst Sea-

rch), anaz thshc pr¸ta-kat�-eÔroc (Breadth-�rst Search) kai o algìrijmoc Echo,

kaj¸c epÐshc kai ènac aplìc algìrijmoc plhmmÔrac gia thn eÔresh twn geitìnwn k�je

kìmbou. H ulopoÐhsh ègine sto perib�llon tou TinyOS, to leitourgikì sÔsthma twn

diktÔwn aisjht rwn kai ta peir�mata pragmatopoi jhkan me th bo jeia tou proso-

moiwt  tou TinyOS, ton TOSSIM.



EuqaristÐec

Arqik� ja  jela na euqarist sw ton epiblèpwn thc diplwmatik c mou, epÐkouro ka-

jhght  Swt rh Nikoletsèa gia thn eukairÐa mou èdwse kai thn empistosÔnh pou mou

èdeixe anajètont�c mou th diplwmatik  aut . Ton euqarist¸ gia tic polÔtimec sum-

boulèc tou, kaj¸c epÐshc kai gia thn eleujerÐa dr�shc pou mou èdwse.

EpÐshc, ja  jela na euqarist sw ton Dr. Gi�nnh Qatzhgiann�kh, o opoÐoc  tan o

sunepiblèpwn sth diplwmatik  mou. O polÔtimoc qrìnoc kai h enèrgeia pou afièrwse

se ìla ta st�dia thc ekpìnhshc thc diplwmatik c  tan polÔtima gia thn epituq  olo-

kl rws  thc. Ton euqarist¸ idiaitèrwc gia thn parìtrunsh, tic epishm�nseic kai tic

sumboulèc tou.

Tèloc, euqarist¸ thn oikogènei� mou kai touc fÐlouc mou gia thn st rixh pou

p�nta mou prosfèroun.
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Kef�laio 1

Eisagwg  sta AsÔrmata DÐktua

Aisjht rwn

1.1 Genik�

Sta tèlh thc dekaetÐac tou '90 anaptÔqjhke ston kìsmo twn upologist¸n kai thc

plhroforik c to ìrama thc legìmenhc �Perirrèousac NohmosÔnhc � (Ambient Intelli-

gence). Se ènan kìsmo ìpou èqei anaptuqjeÐ h Perirrèousa NohmosÔnh, oi suskeuèc

sullègoun kai epexerg�zontai plhroforÐec apì to fusikì perib�llon me skopì ton

èlegqo twn fusik¸n diergasi¸n kaj¸c kai thn allhlepÐdrash me ton �njrwpo. 'Oso to

mègejoc twn suskeu¸n gÐnetai ìlo kai mikrìtero, h enswm�tws  touc sto perib�llon

mac ja gÐnetai entonìterh. h teqnologÐa ja brÐsketai pantoÔ kai p�nta (everywhere,

everytime).

Gia na gÐnei pragmatikìthta to ìrama thc Perirrèousac NohmosÔnhc apaitoÔntai k�-

poiec basikèc teqnologÐec. Katarq n h teqnologÐa twn enswmatwmènwn susthm�twn.

Ta enswmatwmèna sust mata eÐnai mia eurèwc gnwst  teqnologÐa. M�lista k�poiec

ektim seic deÐqnoun ìti to 98% ìlwn twn upologistik¸n suskeu¸n eÐnai enswmatwmè-

na sust mata, sust mata eidikoÔ skopoÔ. Sp�nia s mera mporeÐ na brejeÐ noikokuriì

ìpou k�poioc enswmatwmènoc upologismìc den elègqei tic hlektrikèc suskeuèc.

'Enac akìma kaÐrioc par�gontac gia thn an�ptuxh thc Periballontik c NohmosÔ-

nhc eÐnai h epikoinwnÐa. Ja prèpei oi suskeuèc na eÐnai se jèsh na sunerg�zontai kai
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h plhroforÐec na metafèrontai ekeÐ pou eÐnai aparaÐthto gia na sqhmatisteÐ mia olo-

klhrwmènh eikìna tou perib�llontoc. H ensÔrmath epikoinwnÐa eÐnai akat�llhlh gia

tètoiou eÐdouc efarmogèc. 'Etsi h asÔrmath epikoinwnÐa metaxÔ twn enswmatwmènwn

suskeu¸n eÐnai anapìfeukth.

Ta teleutaÐa qrìnia èqoun k�nei thn emf�nis  touc ta asÔrmata dÐktua aisjht rwn

  Wireless Sensor Networks(WSN), ta opoÐa pragmatopoioÔn wc èna shmeÐo to ìrama

thc Periballontik c NohmosÔnhc. Ta WSNs apoteloÔntai apì ènan meg�lo arijmì

kìmbwn. Oi kìmboi autoÐ mporoÔn na allhlepidroÔn me to perib�llon, na epikoinwnoÔn

asÔrmata metaxÔ touc kai na sunerg�zontai, fèrontac eic pèrac ergasÐec pou de ja

mporoÔse na oloklhr¸sei ènac monadikìc kìmboc. H dunatìthta epikoinwnÐac kai su-

nergasÐac metaxÔ twn kìmbwn an�gei taWSNs se èna katanemhmèno sÔsthma.Oi kìmboi

apoteloÔntai toul�qiston apì aisjht rec, periorismènh upologistik  mon�da, asÔrma-

th mon�da epikoinwnÐac kai leitourgoÔn me mpatarÐa. Ta WSNs eÐnai polÔ isqur� miac

kai mporoÔn na uposthrÐxoun pollèc efarmogèc tou pragmatikoÔ kìsmou.ExaitÐac thc

euelixÐac touc aut c den up�rqei èna monadikì sÔnolo apait sewn pou na kajorÐzei

epakrib¸c ìla ta WSNs. Gia par�deigma, se pollèc efarmogèc h diat rhsh enèrgeiac

eÐnai polÔtimh. Suqn�, h qwrhtikìthta thc mpatarÐac eÐnai �mesa sunufasmènh me to

mègejoc tou kìmbou, en¸ h tim  tou èqei �meso antÐktupo sthn poiìthta twn aisjh-

t rwn tou, ephre�zontac thn akrÐbeia tou apotelèsmatoc tou. Genik�, an oi kìmboi

pou eÐnai kont� sto upì parat rhsh fainìmeno eÐnai aploÐ, all� se meg�lo arijmì,

mporoÔn na k�noun thn arqitektonik  tou sust matoc apl  kai apodotikìterh wc proc

th diat rhsh thc enèrgeiac, kaj¸c dieukolÔnoun thn katanemhmènh deigmatolhyÐa (o

entopismìc enìc antikeimènou, gia par�deigma, apaiteÐ katanemhmèno sÔsthma).

Ta WSNs diafèroun apì ta paradosiak� dÐktua, miac kai eÐnai dunamik� metabal-

lìmena. H ex�ntlhsh twn energeiak¸n pìrwn èqei wc apotèlesma thn paÔsh thc lei-

tourgÐac k�poiwn kìmbwn en¸, exaitÐac tou mikroÔ touc megèjouc, k�poioi mporeÐ na

katastrafoÔn apì exwterikoÔc par�gontec. 'Etsi, Ðswc qreiasteÐ h eisagwg  nèwn

kìmbwn sto dÐktuo.

Gia na na gÐnei pio katanoht  h euelixÐa twn WSNs ac doÔme k�poiec apì tic efar-

mogèc touc.



1.2. EFARMOG�ES TWN DIKT�UWN AISJHT�HRWN 13

1.2 Efarmogèc twn DiktÔwn Aisjht rwn

H teqnologÐa twn AsÔrmatwn DiktÔwn Aisjht rwn mporeÐ na efarmosteÐ se pollèc

efarmogèc tou pragmatikoÔ kìsmou kai na fèrei sthn epif�neia k�poiec entel¸c kai-

noÔriec.

'Ena krÐsimo kai prwteÔon sustatikì twn kìmbwn twn asÔrmatwn diktÔwn aisjh-

t rwn eÐnai o aisjht rac. Gia pollèc paramètrouc tou fusikoÔ perib�llontoc up�rqei

h kat�llhlh teqnologÐa aisjht ra pou mporeÐ na enswmatwjeÐ se èna WSN. Oi pio

eurèwc qrhsimopoioÔmenoi eÐnai oi aisjht rec jermokrasÐac, ugrasÐac,  qou, pÐeshc

kai oi qhmikoÐ aisjht rec.

Mia sÔntomh lÐsta me tic pio basikèc efarmogèc parousi�zetai parak�tw:

� Prìlhyh Katastrof¸n. Mia apì tic pio suqn� anaferìmenec efarmogèc

twn WSNs eÐnai sthn prìlhyh katastrof¸n. 'Ena tupikì sen�rio gia efarmogèc

aut c thc kathgorÐac eÐnai h anÐqneush purkagi¸n. Oi kìmboi aisjht rwn eÐnai

exoplismènoi me jermìmetra kai mporoÔn na upologÐsoun th jèsh touc trèqontac

k�poion algìrijmo entopismoÔ jèshc (localization). Touc kìmbouc autoÔc mpo-

roÔme na touc apl¸soume se èna d�soc, pet¸ntac touc apì èna aeropl�no. 'Etsi

sqhmatÐzetai ènac jermokrasiakìc q�rthc thc perioq c kai se perÐptwsh uyhl¸n

jermokrasi¸n kai qamhl c ugrasÐac pou uponooÔn purkagi� enhmer¸noun touc

purosbèstec.

� 'Elegqoc tou perib�llontoc kai thc biopoikilìthtac. Ta WSNs

mporoÔn na qrhsimopoihjoÔn gia na elègqoun to perib�llon wc proc touc qhmi-

koÔc rÔpouc   akìma kai gia to sqhmatismì miac eikìnac wc proc ton arijmì twn

diaforetik¸n eid¸n panÐdac kai qlwrÐdac mia perioq c.

� Eufu  KtÐria. Ta meg�la ktÐria suqn� katanal¸noun meg�la pos� enèrgeiac
exaitÐac lanjasmènhc qr shc twn suskeu¸n Air Condtitioning (HVAC). Mia

apodotikìterh, pragmatikoÔ-qrìnou kai akribèsterh parakoloÔjhsh thc jermo-

krasÐac, thc ugrasÐac kai �llwn paramètrwn mporeÐ na mei¸sei thn katan�lwsh

enèrgeiac. EpÐshc, mporoÔn na qrhsimopoihjoÔn gia thn parakoloÔjhsh twn mh-

qanik¸n katapon sewn se ktÐria   gèfurec pou brÐskontai se seismik� energèc
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z¸nec, en¸ �llou tÔpou aisjht rec mporoÔn qrhsimopoihjoÔn gia ton entopi-

smì egklwbismènwn anjr¸pwn se peript¸seic seismoÔ. Oi aisjht rec mporoÔn

na topojethjoÔn sta ktÐria th stigm  thc kataskeu c touc   afoÔ èqoun kata-

skeuasteÐ. Se autèc tic efarmogèc h exoikonìmhsh enèrgeiac gia touc aisjht rec

eÐnai polÔ shmantik  apaÐthsh.

� DiaqeÐrish Egkatast�sewn. Ta WSNs mporoÔn na qrhsimopoihjoÔn gia

efarmogèc diaqeÐrishc meg�lwn egkatast�sewn, ìpwc jèmata asfaleÐac. H eÐ-

sodoc twn anjr¸pwn stic egkatast�seic mporeÐ na gÐnetai qwrÐc kleidi�, all� me

th qr sh k�poiou pompoÔ, en¸ mporoÔn na entopÐzontai pijanoÐ eisboleÐc. EpÐshc

se qhmikèc egkatast�seic ta WSNs ja mporoÔsan na qrhsimopoihjoÔn gia ton

entopismì diarro¸n.

� Sunt rhsh Mhqan¸n. Aisjht rec mporoÔn na topojethjoÔn se dusprìsita

shmeÐa mhqan¸n gia na elègqoun touc kradasmoÔc pou upodeiknÔoun an�gkh gia

sunt rhsh. ParadeÐgmata tètoiwn mhqan¸n eÐnai autìmatec mhqanèc   oi �xonec

twn troq¸n twn trènwn.

� Efarmogèc sth GewrgÐa. H efarmog  WSNs se kallierg simec ekt�seic

me topojèthsh aisjht rwn mètrhshc ugrasÐac kai an�lushc thc sÔstashc tou

ed�fouc epitrèpei thn akribèsterh kai apodotikìterh lÐpansh kai �rdeush twn

ekt�sewn. EpÐshc, h ektrof  z¸wn mporeÐ na wfelhjeÐ topojet¸ntac aisjht rec

sta z¸a pou elègqoun thn kat�stash thc ugeÐac touc.

� Efarmogèc ston tomèa thc ugeÐac. H qr sh WSNs ston tomèa thc

ugeÐa mporeÐ na apodeiqteÐ polÔ wfèlimh. 'Omwc up�rqoun arke� hjik� dil mmata

p�nw sto jèma autì.Oi pijanèc efarmogèc ekteÐnontai apì thn �mesh topojèthsh

aisjht rwn ston Ðdio ton asjen  gia thn parakoloÔjhsh thc ugeÐac tou kai Ðswc

autìmath qor ghsh farm�kwn, mèqri thn parakoloÔjhsh twn iatr¸n kai twn

asjen¸n sta nosokomeÐa.

� Eufu  odik� sust mata. Sta eufu  odik� sust mata aisjht rec topoje-

toÔntai stouc drìmouc, akìma kai sta kr�speda twn drìmwn oi opoÐoi sullègoun
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plhroforÐec gia thn kÐnhsh kai thn kat�stash tou odikoÔ diktÔou genikìtera kai

epikoinwnoÔn me touc odhgoÔc dÐnont�c touc qr simec plhroforÐec.

� Stratiwtikèc Efarmogèc. TaWSNs mporoÔn na eÐnai eniaÐo kai anapìspa-

sto tm ma twn stratiwtik¸n susthm�twn. Ta qarakthristik� twn WSNs, ìpwc

eÐnai h gr gorh topojèthsh touc, h autoorg�nwsh kai h anoq  sta sf�lmata, ta

metatrèpoun se mia poll� uposqìmenh teqnologÐa gia ta stratiwtik� sust ma-

ta. K�poiec apì tic pijanèc stratiwtikèc efarmogèc touc eÐnai h parakoloÔjhsh

thc kat�stashc twn exoplism¸n kai twn polemofodÐwn, h sten  parakoloÔjhsh

tou pedÐou thc m�qhc, h anagn¸rish twn eqjrik¸n dun�mewn, h ektÐmhsh twn

katastrof¸n met� apì m�qh kaj¸c kai o entopismìc kai h anagn¸rish qhmik c,

atomik c   biologik c epÐjeshc.

1.3 Par�gontec pou ephre�zoun to sqediasmì

enìc diktÔou aisjht rwn

PolloÐ eÐnai oi par�gontec pou ephre�zoun to sqediasmì enìc diktÔou aisjht rwn. Oi

par�gontec autoÐ apoteloÔn ènan odhgì gia th dhmiourgÐa twn prwtokìllwn kai twn

algorÐjmwn pou efarmìzontai sta dÐktua aisjht rwn.

1.3.1 Anoq  se sf�lmata

Gia èna dÐktuo aisjht rwn, h pijanìthta na stamat sei h leitourgÐa k�poiwn kìmbwn

lìgw katastrof c   ex�ntlhshc thc enèrgei�c touc eÐnai polÔ meg�lh. To sf�lma se

èna kìmbo de ja prèpei na ephre�zei th sunolik  leitourgÐa tou diktÔou. Epomènwc, h

axiopistÐa   h anoq  se sf�lmata orÐzetai wc h ikanìthta diat rhshc twn leitourgi¸n

tou diktÔou qwrÐc diakopèc exaitÐac apotuqi¸n twn kìmbwn. Gia na eÐnai anekt  h

katastrof  k�poiwn kìmbwn, h qrhsimopoÐhsh pleonazìntwn kìmbwn eÐnai aparaÐthth.

BebaÐwc, ìmwc, ta epÐpeda thc epijumht c axiopistÐac exart¸ntai apì thn Ðdia thn

efarmog  sthn opoÐa qrhsimopoieÐtai to dÐktuo aisjht rwn.
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1.3.2 Klimakwsimìthta

An�loga me thn efarmog , èna dÐktuo aisjht rwn mporeÐ na apoteleÐtai apì èna arijmì

kìmbwn pou ft�nei tic ekatont�dec   kai tic qili�dec. Epomènwc, oi ta prwtìkolla

kai oi arqitektonikèc pou efarmìzontai ja prèpei ìqi mìno na antapexèljontai se

diaforetikoÔc arijmoÔc kìmbwn, all� kai na axiopoioÔn thn puknìthta tou diktÔou.

1.3.3 PeriorismoÐ tou ulikoÔ

Oi kìmboi enìc diktÔou aisjht rwn apartÐzetai apì tèsseric basikèc mon�dec: mon�da

anÐqneushc, mon�da epexergasÐac dedomènwn, pompodèkthc kai mon�da phg c enèrgeiac.

Epiplèon, mporeÐ na up�rqoun kai k�poiec �llec mon�dec, ìpwc èna sÔsthma eÔreshc

topojesÐac, genn tria enèrgeiac kai kinht rac. H mon�da anÐqneushc apoteleÐtai apì

ton aisjht ra kai apì ènan ADC en¸ h mon�da epexergasÐac sundèetai me mia mon�da

mn mhc. 'Olec oi parap�nw mon�dec prèpei na topojethjoÔn se mia suskeu  megèjouc

pou mporeÐ na eÐnai mikrìterh kai apì èna kubikì ekatostì.

To mikrì megèjoc b�zei periorismoÔc kai sthn enèrgeia pou mporeÐ na apojhkeuteÐ

se ènan kìmbo. Gia par�deigma, se ènan smart dust kìmbo h sunolik  apojhkeumènh

enèrgeia eÐnai thc t�xhc tou 1J. O qrìnoc zw c enìc kìmbou mporeÐ na epimhkunjeÐ

antl¸ntac enèrgeia apì to perib�llon tou. Mia pijan  teqnik  eÐnai h qrhsimopoÐhsh

fwtoboltaðk¸n stoiqeÐwn gia apoj keush thc hliak c enèrgeiac.

Oi pompodèktec eÐnai aparaÐthtoc exoplismìc twn kìmbwn all� kai h kÔria phg  ka-

tan�lwshc enèrgeiac. Sun jwc qrhsimopoioÔntai pompodèktec RF teqnologÐac, all�

mporoÔn na qrhsimopoihjoÔn kai suskeuèc optik c epikoinwnÐac.

An kai h teqnologÐa stouc mikroepexergastèc èqei anaptuqjeÐ tìso ¸ste na èqoun

megalÔterh upologistik  dÔnamh se mikrìtero mègejoc, wstìso oi upologistikèc kai

oi dunatìthtec mn mhc pou qrhsimopoioÔntai stouc kìmbouc aisjht rwn den eÐnai polÔ

meg�lec. Gia par�deigma, se ènan kìmbo �èxupnhc skìnhc � h epexergastik  mon�da

eÐnai ènac 4MHz Atmel AVR 8535 mikroelegkt c, me 8 KB 
ash mn mh, 512 bytes

RAM kai 512 bytes EEPROM. To leitourgikì sÔsthma pou qrhsimopoieÐtai eÐnai to

TinyOS.

H tuqaÐa topojèthsh twn kìmbwn aisjht rwn k�nei thn qr sh enìc sust matoc
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eÔreshc thc akrib c topojesÐac tou kìmbou aparaÐthth. Ta sust mata aut� apai-

toÔntai kai apì polloÔc algorÐjmouc dromolìghshc. Se poll� dÐktua aisjht rwn oi

kìmboi eÐnai exoplismènoi me èna global positioning system (GPS).

1.3.4 Perib�llon

Oi efarmogèc twn diktÔwn aisjht rwn apaitoÔn to st simo twn diktÔwn se opoiod -

pote perib�llon. Oi sunj kec pou epikratoÔn mporeÐ na eÐnai akraÐec, ìmwc to dÐktuo

ja prèpei, anepit rhto, na leitourgeÐ qwrÐc diakopèc kai me th mègisth akrÐbeia. Oi

aisjht rec mporeÐ na leitourgoÔn se:

� Sto bujì enìc wkeanoÔ

� Sto kèntro enìc kukl¸na

� Sto pedÐo miac m�qhc

� Se meg�la ktÐria, se spÐtia   se katast mata

1.3.5 TopologÐa DiktÔou

H diat rhsh thc topologÐac enìc diktÔou me èna tìso meg�lo arijmì kìmbwn, eidik�

apì th stigm  pou polloÐ kìmboi parousi�zoun bl�bec kai aqrhsteÔontai, apaiteÐ polÔ

prosektikoÔc qeirismoÔc. MporoÔme na diakrÐnoume treic f�seic gia th diat rhsh thc

topologÐac se èna dÐktuo aisjht rwn:

F�sh proetoimasÐac kai an�ptuxhc thc topologÐac

Oi kìmboi se èna dÐktuo aisjht rwn sun jwc topojetoÔntai me tuqaÐo trìpo.

Koinèc praktikèc eÐnai oi rÐyeic apì aeropl�no   apì katapèlth, ìmwc mporoÔn

na topojethjoÔn kai qeirwnaktik�, ènac ènac. O meg�loc arijmìc kìmbwn empo-

dÐzei thn an�ptuxh miac prosektik� melethmènhc di�taxhc. En toÔtoic h arqik 

topojèthsh ja prèpei na ikanopoieÐ k�poia krit ria, ìpwc thn elaqistopoÐhsh

tou kìstouc egkat�stashc kai th megistopoÐhsh thc euelixÐac, thc axiopistÐac

kai thc dunatìthtac autoorg�nwshc tou diktÔou.
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F�sh met� thn an�ptuxh thc topologÐac

H topologÐa enìc diktÔou aisjht rwn eÐnai epirrep c se suqnèc allagèc, me-

t� thn an�ptux  thc. Oi allagèc autèc ofeÐlontai se bl�bec stouc kìmbouc  

energeiak c ex�ntlhs c touc, sthn emf�nish empodÐwn pou metakinoÔntai kai sth

metakÐnhsh twn kìmbwn pou mporeÐ na sumbeÐ exatÐac fusik¸n paragìntwn (mpo-

reÐ gia par�deigma na metakinhjoÔn lìgw aèra   na parasurjoÔn apì th broq ).

Epomènwc, ta prwtìkolla pou sqedi�zontai gia èna dÐktuo aisjht rwn ja prèpei

na exasfalÐzoun thn apokat�stash - epanorg�nwsh tou diktÔou akìmh kai met�

apì meg�lec allagèc.

F�sh epanatopojèthshc prìsjetwn kìmbwn

Suqn� kainoÔrioi kìmboi prostÐjentai sto dÐktuo gia na antikatast soun touc

katestramènouc. 'Etsi ja prèpei na xekin sei mia f�sh epanorg�nwshc tou di-

ktÔou ¸ste na axiopoioÔntai ìloi oi kìmboi. H f�sh aut  eÐnai proairetik  kai

sumbaÐnei ìtan jèloume na auxhjeÐ h di�rkeia zw c tou diktÔou.

1.3.6 Katan�lwsh enèrgeiac

Oi kìmboi twn aisjht rwn eÐnai exoplismènoi me mia periorismènh phg  enèrgeiac, lìgw

tou mikroÔ megèjouc touc. Stic perissìterec efarmogèc h anapl rwsh twn ener-

geiak¸n pìrwn eÐnai adÔnath. Epomènwc, o qrìnoc zw c enìc kìmbou se èna dÐktuo

aisjht rwn kai wc ek toÔtou kai o qrìnoc zw c tou Ðdiou tou diktÔou, exart�tai �mesa

apì th di�rkeia zw c twn mpatari¸n. 'Etsi loipìn, h apodotik  diaqeÐrish enèrgeiac

eÐnai prwteÔontoc shmasÐac kat� to sqediasmì enìc algorÐjmou   prwtokìllou gia

èna dÐktuo aisjht rwn.

Parìla aut�, o qrìnoc zw c enìc diktÔou èqei k�poia trade-o�s se sqèsh me thn

poiìthta uphresi¸n: katanal¸nontac perissìterh enèrgeia aux�netai h akrÐbeia twn

apotelesm�twn pou par�gei ènac kìmboc, ìmwc mei¸netai o qrìnoc zw c tou. Oi sqe-

diastèc ja prèpei na exisorropoÔn touc periorismoÔc autoÔc kai na sqedi�zoun prw-

tìkolla pou touc antimetwpÐzoun me to bèltisto trìpo, an�loga bebaÐwc kai me thn

efarmog .

Treic eÐnai oi tomeÐc ìpou katanal¸netai to megalÔtero mèroc thc enèrgeiac: h
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mon�da anÐqneushc, h mon�da epikoinwnÐac kai h mon�da epexergasÐac twn dedomènwn.

Mon�da anÐqneushc perib�llontoc

Kajoristikì rìlo sthn katan�lwsh enèrgeiac apì th mon�da anÐqneushc paÐzei h

poluplokìthta thc anÐqneushc. Ta epÐpeda jorÔbou apì to perib�llon mporoÔn

na prokalèsoun �uxhsh thc poluplokìthtac anÐqneushc. Epiplèon, h sporadi-

k  parakoloÔjhsh tou perib�llontoc apaiteÐ ligìterh enèrgeia apì th suneq 

epit rhsh.

Mon�da epikoinwnÐac

H apostol  kai l yh dedomènwn eÐnai oi pio dapanhrèc enèrgeiec pou epiteleÐ

ènac kìmboc. M�lista, kat� thn apostol  twn mhnum�twn to s ma ja prèpei na

enisqujeÐ ¸ste na èqoume axiìpisth met�dosh kai na up�rqoun ìso to dunatìn

ligìtera sf�lmata, ta opoÐa prokaloÔntai apì ton paremb�llonta jìrubo kai

tic anakl�seic. Ston upologismì thc enèrgeiac gia thn epikoinwnÐa prèpei na

sunupologisteÐ kai h enèrgeia pou apaiteÐtai gia thn ekkÐnhsh tou pompodèkth.

Mon�da epexergasÐac dedomènwn

Gia thn elaqistopoÐhsh thc enèrgeiac pou katanal¸netai sth mon�da epexerga-

sÐac dedomènwn, oi epexergastèc parèqoun katast�seic leitourgÐac pou kata-

nal¸noun diaforetik� pos� enèrgeiac. 'Etsi, an�loga me to fìrto ergasÐac oi

epexergastèc metabaÐnoun stic antÐstoiqec katast�seic, qwrÐc na apaiteÐtai h

suneq c kanonik  touc leitourgÐa.

1.3.7 Kìstoc paragwg c

Efìson èna dÐktuo aisjht rwn apoteleÐtai apì èna meg�lo arijmì kìmbwn, eÐnai shman-

tikì to kìstoc tou kìmbou na èqei thn el�qisth dunat  tim . 'Eqei tejeÐ san stìqoc h

tim  enìc kìmbou na ft�sei to 1 eur¸. 'Etsi, apì th stigm  pou ènac kìmboc aisjht ra

prèpei na epitelèsei èna arket� meg�lo arijmì leitourgi¸n, eÐnai èna endiafèron (all�

arket� dÔskolo) jèma h epÐteuxh thc elaqistopoÐhshc thc tim c tou.
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Kef�laio 2

PlaÐsio Melèthc Kumatik¸n

AlgorÐjmwn

H apotelesmatikìthta twn diktÔwn aisjht rwn ofeÐletai sthn ikanìtht� touc na epi-

koinwnoÔn kai na sunerg�zontai ¸ste na fèroun se pèrac dÔskolec ergasÐec para-

koloÔjhshc miac perioq c. H sunergasÐa aut  ègkeitai sthn allhlepÐdrash metaxÔ

geitonik¸n kìmbwn kai di�dosh me autì ton trìpo thc plhroforÐac mèsa sto dÐktuo.

Sto parìn kef�laio melet�tai h praktik  tou directed-di�usion gia thn epÐteuxh

aut c thc sunergasÐac. SÔmfwna me to directed-di�usion, ìtan ènac kìmboc endiafè-

retai gia k�poia plhroforÐa, diaqèei to endiafèron tou mèsa sto dÐktuo. 'Etsi, ìtan

k�poioc �lloc kìmboc èqei k�poia dedomèna pou tairi�zoun sthn plhroforÐa pou zh-

t jhke, ta stèlnei pÐsw ston kìmbo pou èsteile to endiafèron. To directed-di�usion

loipìn, eis�gei èna dedomeno-kentrikì trìpo leitourgÐac tou diktÔou. H di�dosh tou

endiafèrontoc sto dÐktuo twn aisjht rwn ja prèpei na gÐnetai me ènan apodotikì trì-

po, ètsi ¸ste na ikanopoioÔntai oi apait seic gia eurwstÐa, klimakwsimìthta kai mikr 

katan�lwsh enèrgeiac.

EpÐshc, gÐnetai mia episkìphsh tou PFR prwtokìllou, to opoÐo apoteleÐtai apì

dÔo f�seic. H pr¸th den eÐnai tÐpote �llo par� ènac mhqanismìc plhmmÔrac gia di�dosh

plhroforÐac kai arqikopoÐhsh tou diktÔou. H deÔterh f�sh eÐnai to pijanotikì tm ma

tou prwtokìllou, ekeÐ ìpou h met�dosh apì kìmbo se kìmbo pragmatopoieÐtai (  ìqi)

me mia sugkekrimènh pijanìthta. To PFR epilèqjhke na parousiasteÐ miac kai mporeÐ

21
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na apotelèsei mèroc tou directed-di�usion; ètsi h di�qush thc plhroforÐac mporeÐ na

gÐnei me pijanotikì trìpo.

Qrhsimopoi¸ntac ta parap�nw prwtìkolla mporoÔme na orÐsoume me akrÐbeia ton

trìpo leitourgÐac enìc kumatikoÔ algorÐjmou. 'Opwc perigr�fetai sto epìmeno ke-

f�laio, oi kumatikoÐ algìrijmoi dÐnoun apodotikèc kai axiìpistec lÔseic se k�poia

jemeli¸dh probl mata, pou emfanÐzontai suqn� kat� to sqediasmì prwtokìllwn gia

katanemhmèna sust mata. Sunep¸c, h bèltisth melèth enìc kumatikoÔ algorÐjmou

prokÔptei ìtan gÐnetai sta plaÐsia thc akribèsterhc gn¸shc gia to upì melèth sÔsth-

ma.

Ac doÔme ta parap�nw prwtìkolla pio analutik�.

2.1 Directed Di�usion

Ac doÔme èna par�deigma gia na katal�boume th logik  tou directed-di�usion. 'Estw

se èna dÐktuo aisjht rwn, ènac   perissìteroi qeiristèc jètoun se k�poion kìmbo tou

diktÔou erwt seic thc morf c: �Pìsouc pezoÔc parathreÐc sth gewgrafik  perioq 

Q?�   �Se poia kateÔjunsh kineÐtai to ìqhma sthn perioq  U?�. To er¸thma autì ja me-

tatrapeÐ se èna endiafèron pou diaqèetai (qrhsimopoi¸ntac gia par�deigma broadcast,

gewgrafik  dromolìghsh) proc touc kìmbouc sthn perioq  Q   sthn perioq  U. 'Otan

ènac kìmboc sthn perioq  aut  l�bei èna endiafèron, energopoieÐ touc aisjht rec tou,

oi opoÐoi xekin�ne na sullègoun plhroforÐec gia kinoÔmena antikeÐmena. 'Otan oi ai-

sjht rec anafèroun thn parat rhsh thc Ôparxhc k�poiou kinoÔmenou antikeimènou, h

plhroforÐa aut  dromologeÐtai sthn antÐstrofh (se sqèsh me aut  tou endiafèrontoc)

kateÔjunsh tou monopatioÔ. Oi endi�mesoi kìmboi Ðswc na enopoi soun ta dedomèna,

gia par�deigma na upodeÐxoun me megalÔterh akrÐbeia th jèsh tou kinoÔmenou antikei-

mènou, sundu�zontac plhroforÐec pou ft�noun apì polloÔc kìmbouc. 'Ena endiafèron

qarakthristikì tou directed-di�usion eÐnai to gegonìc ìti h di�dosh tou endiafèron-

toc kai thc plhroforÐac kai h enopoÐhsh twn dedomènwn apofasÐzetai met� apì topikèc

allhlepidr�seic, dhlad  me mhnÔmata pou antall�ssontai metaxÔ geitonik¸n kìmbwn.

Ta stoiqeÐa pou sunjètoun to directed-di�usion eÐnai ta: endiafèronta, mhnÔmata

dedomènwn, gradients, enisqÔseic. 'Ena endiafèron eÐnai èna er¸thma pou perigr�fei



2.1. DIRECTED DIFFUSION 23

autì pou zht�ei o qr sthc. Dedomèna eÐnai oi plhroforÐec pou sullègontai   epexer-

g�zontai kai perigr�foun èna fusikì fainìmeno. 'Ena par�deigma dedomènwn eÐnai to

gegonìc pou eÐnai mia sÔntomh perigraf  tou gegonìtoc pou parathreÐtai. Ta dedomèna

onomatÐzontai qrhsimopoi¸ntac zeug�ria qarakthristik¸n-tim¸n. Mia ergasÐa para-

t rhshc enìc gegonìtoc diadÐdetai mèsa sto dÐktuo aisjht rwn san èna endiafèron

gia dedomèna pou èqoun èna sugkekrimèno ìnoma. Apì aut  th di�dosh prokÔptoun ta

gradients, pou eÐnai ousiastik� mia tim  kateÔjunshc pou dhmiourgeÐtai se k�je kìmbo

pou lamb�nei èna endiafèron. H kateÔjunsh aut  deÐqnei ston kìmbo apì ton opoÐo

pro lje to endiafèron. Ta dedomèna pou sullègontai epistrèfoun ston kìmbo pou

dhmioÔrghse to endiafèron qrhsimopoi¸ntac ta gradients kai kinoÔmena se monop�tia

proc thn kateÔjunsh pou deÐqnoun aut� ta gradients. To dÐktuo aisjht rwn enisqÔei

èna   perissìtera apì aut� ta monop�tia.

2.1.1 OnomasÐa

Dedomènwn twn dunatot twn anÐqneushc pou uposthrÐzei to dÐktuo aisjht rwn, h

epilog  enìc sq matoc onomatologÐac gia ta dedomèna eÐnai to pr¸to b ma gia to

sqediasmì tou directed di�usion gia to dÐktuo. 'Opwc anafèrjhke kai parap�nw, to

ìnoma enìc endiafèrontoc apoteleÐtai apì èna sÔnolo qarakthristik¸n kai apaitoÔme-

nwn tim¸n gia ta qarakthristik� aut�. Ta dedomèna pou stèlnontai wc apìkrish sto

endiafèron onom�zontai kai aut� me b�sh èna parìmoio sq ma onomasÐac.

'Estw gia par�deigma dhmiourgeÐtai mia aÐthsh, èna endiafèron, gia anÐqneush ki-

noÔmenwn oqhm�twn. Tìte to ìnoma tou endiafèrontoc ja èqei wc ex c:

type = wheeled vehicle � eÔresh oq matoc me rìdec

interval = 20 ms � apostol  gegonìtoc k�je 20ms

duration = 10 s � gia ta epìmena 10s

rect = [ -100, 100, 200, 400 ] � apì aisjht rec pou brÐskontai se aut  thn perioq 

An k�poioc kìmboc aniqneÔsei èna kinoÔmeno ìqhma pou apant�ei sto parap�nw er¸-

thma ja dhmiourg sei èna m numa dedomènwn me to akìloujo ìnoma:

type = wheeled vehicle � tÔpoc oq matoc pou aniqneÔjhke
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interval = truck � stigmiìtupo autoÔ tou tÔpou

location = [ 125, 220 ] � jèsh kìmbou

intensity = 0.6 � to pl�toc tou s matoc

intensity = 0.85 � bebaiìthta ìti h plhroforÐa tairi�zei stic apait seic tou endiafè-

rontoc

timestamp = 01 : 20 : 40 � qronik  stigm  dhmiourgÐac tou gegonìtoc

2.1.2 Endiafèronta kai Gradients

Katarq n ac onom�soume sink ton kìmbo mèsw tou opoÐou eis�getai tuqaÐa to endia-

fèron sto dÐktuo.

A. Di�dosh Endiafèrontoc Qrhsimopoi¸ntac to parap�nw par�deigma, èstw

ìti mia aÐthsh me sugkekrimèno tÔpo (type), perioq  (rect), di�rkeia (duration) 10s kai

mia perÐodo (interval) twn 10ms arqikopoieÐtai se èna kìmbo. O kìmboc sink katagr�fei

thn aÐthsh; met� apì qrìno (duration) h aÐthsh diagr�fetai apì ton kìmbo.

Gia k�je energ  aÐthsh, o kìmboc sink periodik� ekpèmpei èna m numa endiafèrontoc

se ìlouc touc geÐtonèc tou. To arqikì endiafèron perièqei ta parap�nw qarakthristik�

perioq c kai di�rkeiac, ìmwc h perÐodoc eÐnai polÔ megalÔterh. Diaisjhtik� mporoÔme

na antilhfjoÔme to arqikì autì m numa endiafèrontoc san diereunhtikì,pou prospajeÐ

na exakrib¸sei an ìntwc up�rqoun kìmboi pou entopÐzontai to ìqhma pou zhteÐtai. Gia

na gÐnei k�ti tètoio, to diereunhtikì autì m numa perièqei èna rujmì dedomènwn (to

antÐstrofo thc periìdou) pou eÐnai polÔ qamhlìc.

Tìte to m numa paÐrnei th morf :

type = wheeled vehicle

interval = 1s

rect = [ -100, 200, 200, 400]

timestamp = 01 : 20 : 40 //hh:mm:ss

expiresAt = 01 : 30 : 40

Ed¸ prèpei na shmeiwjeÐ ìti to m numa endiafèrontoc eÐnai �soft state�, dhlad 
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periodik� anane¸netai apì ton kìmbo sink, apl� stèlnont�c to xan� aux�nontac to

timestamp. Aut  eÐnai k�ti to shmantikì giatÐ h apostol  twn mhnum�twn endiafè-

rontoc den eÐnai axiìpisth. O rujmìc ananèwshc eÐnai mia sqediastik  par�metroc pou

prokaleÐ èna trade-o� metaxÔ overhead kai aÔxhshc axiopistÐac akìma kai me mhnÔmata

endiafèrontoc pou q�nontai.

K�je kìmboc diathreÐ èna q¸ro apoj keushc gia ta mhnÔmata endiafèrontoc pou

lamb�nei; o q¸roc autìc onom�zetai interest cache. Gia k�je endiafèron up�rqei mia

eggraf . Oi eggrafèc autèc diathroÔn plhroforÐa mìno gia ton geitonikì kìmbo apì

ìpou el fjh to endiafèron kai ìqi gia ton kìmbo sink. K�je eggraf  apoteleÐtai apì

to pedÐo timestamp, pou deÐqnei th qronik  stigm  pou el fjh to endiafèron, kai apì

ta pedÐa gradients,diathreÐ èna gia k�je geitonikì kìmbo. K�je gradient pedÐo perièqei

èna pedÐo datarate, pou antistoiqeÐ sto rujmì met�doshc dedomènwn pou z thse o antÐ-

stoiqoc geÐtonac, kai èna pedÐo duration, pou deÐqnei to qrìno zw c tou endiafèrontoc.

H tim  tou duration ja prèpei na eÐnai mikrìterh apì thn kajustèrhsh tou diktÔou.

Ac doÔme t¸ra ti sumbaÐnei ìtan ènac kìmboc lamb�nei èna m numa endiafèrontoc.

Katarq n elègqei thn interest cache gia to an up�rqei  dh mia eggraf  gia to sugke-

krimèno m numa. An den up�rqei, dhmiourgeÐ mia nèa eggraf . Ta pedÐa thc eggraf c

pou perigr�fhsan parap�nw paÐrnoun tic timèc touc apì to perieqìmeno tou mhnÔmatoc

endiafèrontoc. Gurn¸ntac sto par�deigm� mac, blèpoume pwc h eggraf  gia to sug-

kekrimèno endiafèron ja èqei èna gradient gia ton kìmbo apì ìpou el fjh to m numa

kai èna datarate me thn tim  tou enìc gegonìtoc an� deuterìlepto. Gia na eÐnai dunatì

k�ti tètoio, ja prèpei na eÐnai dunatìc kai o diaqwrismìc twn kìmbwn. 'Etsi, k�je

kìmboc apaiteÐtai na èqei èna monadikì anagnwristikì pou na ton qarakthrÐzei. Gia

par�deigma ja mporoÔsan na qrhsimopoihjoÔn oi 802.11 MAC dieujÔnseic, oi Blue-

tooth cluster dieujÔnseic   topikèc ef merec monadikèc dieujÔnseic. An o kìmboc brei

sthn interest cache mia eggraf  gia to sugkekrimèno m numa endiafèrontoc, all� den

up�rqei gradient gia ton apostolèa, prosjètei èna me th sugkekrimènh tim . Epiplèon,

enhmer¸nei tic timèc twn timestamp kai duration. Tèloc, an o kìmboc brei mia eggraf 

pou èqei kai tim  gradient gia to sugkekrimèno apostolèa, apl� enhmer¸nei ta pedÐa

timestamp kai duration.

Sqetik� me ta gradients. 'Otan ekpnèei o qrìnoc zw c k�poiou gradient, tìte
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afaireÐtai apì thn eggraf  tou endiafèrontoc. Den l goun ìla ta gradients ston

Ðdio qrìno; exart�tai apì thn tim  twn timestamp kai duration, ta opoÐa èqoun ar-

qikopoihjeÐ apì ton kìmbo sink. 'Otan èqoun l xei ìla ta gradients gia mia eggraf 

endiafèrontoc, h eggraf  aut  afaireÐtai apì thn cache.

Met� touc parap�nw elègqouc, o kìmboc Ðswc apofasÐsei na steÐlei to endiafèron

pou èlabe proc èna uposÔnolo twn geitìnwn tou, qwrÐc na steÐlei kai k�poia epiplèon

plhroforÐa gia ton kìmbo pou dhmioÔrghse arqik� to endiafèron. 'Etsi faÐnetai san

na dhmiourg jhke se autìn ton kìmbo to endiafèron kai ìqi se k�poio makrinì kìmbo

sink. 'Etsi ja to antilhfjoÔn kai oi geÐtonec pou ja l�boun to endiafèron apì autìn

ton kìmbo. To parap�nw eÐnai èna par�deigma topik c allhlepÐdrashc kai me aut  th

diadikasÐa to endiafèron taxideÔei kai diadÐdetai mèsa sto dÐktuo aisjht rwn. Den

epanapostèlontai ìla ta endiafèronta pou lamb�nei ènac kìmboc. K�poia apì aut�

Ðswc apofasÐsei na mhn ta steÐlei, lìgw tou ìti èsteile èna Ðdio endiafèron prin èna

mikrì qronikì di�sthma.

Genik�, up�rqoun pollèc enallaktikèc apof�seic pou mporeÐ na lhfjoÔn sqetik�

me th di�dosh tou endiafèrontoc, ìpwc faÐnetai kai ston pÐnaka 2.1. H pio apl  eÐnai

h epanamet�dosh tou endiafèrontoc se ìlouc touc geitonikoÔc kìmbouc. Autì isodu-

nameÐ me th diadikasÐa thc plhmmÔrac. An den eÐnai gnwst  h plhroforÐa gia to poioi

kìmboi mporoÔn na exuphret soun to endiafèron, aut  Ðswc na eÐnai h monadik  lÔsh.

Up�rqoun kai �lloi trìpoi epanamet�doshc, ìpwc eÐnai h gewgrafik  dromolìghsh, me

thn opoÐa periorÐzetai h èktash tou q¸rou gia th di�dosh. K�ti tètoio eÐnai epijumhtì

apì thn �poyh thc diat rhshc enèrgeiac. EpÐshc, gia dÐktuo aisjhhrwn me akÐnhtouc

kìmbouc, ènac kìmboc mporeÐ na qrhsimopoi sei mia cache dedomènwn gia thn epaname-

t�dosh twn endiaferìntwn. Gia par�deigma, an k�poioc kìmboc �akoÔsei� dedomèna na

stèlnontai se ènan geitonikì tou kìmbo A apì èna kìmbo pou brÐsketai sthn perioq 

pou orÐzei to qarakthristikì rect,wc apìkrish se endiafèron, mporeÐ na kateujÔnei to

endiafèron se autìn ton kìmbo.

B. EgkajÐdrush twn Gradients Sthn perÐptwsh thc di�doshc twn mhnum�-

twn sto dÐktuo me th mèjodo thc plhmmÔrac, ta gradients sqhmatÐzontai me ton trìpo
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Di�ussion Element Design Choices

Interest Propagation

� Echo algorithm

� Constrained or directional 
ooding based on
location

� Directional propagation based on previously
cached data

Data Propagation

� Breadth-�rst Search algorithm

� Multipath delivery with selective quality along
di�erent paths

� PFR protocol using the BFS and Echo Algori-
thms

Data caching and aggregation

� For robust data delivery in the face of node
failure

� For coordinated sensing and data reduction

� For directing interests

Reinforcement

� Rules for deciding when to reinforce

� Rules for how many neighbors to reinforce

� Negative reinforcement mechanisms and rules

PÐnakac 2.1: Sqediastikèc apof�seic gia to directed di�usion
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Sq ma 2.1: a.EgkajÐdrush twn gradients b.EnÐsqush c.PollaploÐ sources d.PollaploÐ sinks

e.Epidiìrjwsh

pou faÐnetai sto sq ma 2.1(a). Autì pou mporeÐ na parathr sei kaneÐc eÐnai h �me-

sh sunèpeia thc topik c allhlepÐdrashc metaxÔ twn kìmbwn, to gegonìc dhlad  ìti

sqhmatÐzetai èna gradient gia k�je zeug�ri geitonik¸n kìmbwn. 'Otan ènac kìmboc

l�bei èna m numa endiafèrontoc apì touc geitonikoÔc tou kìmbouc den eÐnai se jèsh na

gnwrÐzei an to endiafèron autì èrqetai se apìkrish enìc endiafèrontoc pou èsteile

nwrÐtera   an proèrqetai apì ènan �llo makrinì kìmbo sink pou brÐsketai sthn �l-

lh pleur� tou geÐton� tou. K�ti tètoio odhgeÐ sthn pijan  l yh apì èna kìmbo tou

Ðdiou antigr�fou qamhloÔ rujmoÔ dedomènwn apì k�je geitonikì tou kìmbo, k�ti pou

den eÐnai idiaitèwc epijumhtì; apì thn �llh pleur� bèbaia, k�ti tètoio suneisfèrei sthn

an�kamyh apì katestrammèna monop�tia   sthn enÐsqush twn monopati¸n pou apodeik-

nÔetai ìti eÐnai pio apodotik� kai epiplèon den parasÔrei ton algìrijmo se kÔklouc

¸ste na egklwbisteÐ se epanalhptìmenouc brìqouc.

Autì pou k�noun ousiastik� ta gradients se èna kìmbo eÐnai na orÐzoun gia k�je

geitonikì tou kìmbo mia kateÔjunsh kai èna rujmì met�doshc dedomènwn gia thn apo-

stol  twn gegonìtwn. 'Etsi o sqediast c mporeÐ na qrhsimopoi sei to qarakthristikì

autì me ton trìpo pou ton dieukolÔnei perissìtero. Sto sq ma 2.1(c) parousi�zetai

èna gradient pou paÐrnei duadikèc timèc. Sto par�deigm� mac, to gradient orÐzei dÔo

timèc pou kajorÐzoun to rujmì pou ja stèlnontai ta gegonìta. Se �lla dÐktua ai-

sjht rwn mporeÐ na qrhsimopoihjeÐ gia th met�dosh twn mhnum�twn stouc epìmenouc

kìmbouc, stèlnont�c ta me pijanotikì trìpo proc di�fora monop�tia, epitugq�nontac

ètsi exisorrìphsh tou fortÐou tou diktÔou.
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G. Genik� H diadikasÐa tou Interest propagation, thc di�doshc dhlad  tou en-

diafèrontoc, ekteleÐtai me skopì na st sei ètsi to dÐktuo twn aisjht rwn ¸ste na

dhmiourg sei drìmouc pou ja odhgoÔn tic plhroforÐec pou sullègoun kai epexertg�-

zontai oi kìmboi proc ton kìmbo sink. 'Opwc perigr�fhke parap�nw, h di�dosh gÐnetai

k�je for� se topikì epÐpedo, dhlad  metaxÔ geitonik¸n kìmbwn.

O trìpoc di�doshc pou perigr�fhke parap�nw basÐsthke se èna sugkekrimèno pa-

r�deigma, se èna sugkekrimèno er¸thma pou ja prèpei na apant soun oi kìmboi. 'Etsi,

gia diaforetik� erwt mata k�poioi kanìnec thc di�doshc mporeÐ na diafèroun, ìpwc gia

par�deigma o rujmìc met�doshc dedomènwn. Parìla aut�, oi basikoÐ kanìnec, ìpwc h

diat rhsh thc interest cache se k�je kìmbo, oi kanìnec di�doshc tou endiafèrontoc,k.�,

den all�zoun.

2.1.3 Di�dosh dedomènwn (Data propagation)

'Otan ènac kìmboc l�bei èna m numa endiafèrontoc kai h jèsh tou brÐsketai sthn pe-

rioq  pou orÐzetai apì to qarakthristikì rect pou apaiteÐ to endiafèron, b�zei se

leitourgÐa touc aisjht rec tou kai arqÐzei na sullègei plhroforÐec gia to perib�llon

tou. 'Otan entopÐsei k�poio stìqo, elègqei thn cache twn endiaferìntwn kai y�qnei

na brei an up�rqei k�poia eggraf  pou na tairi�zei sta qarakthristik� tou stìqou

pou entìpise. Mìlic brei mia tètoia eggraf , upologÐzei to gradient me to megalÔtero

rujmì apostol c dedomènwn pou apait jhke kai rujmÐzei touc aisjht rec tou ¸ste na

par�goun gegonìta me autì to rujmì. Sto par�deigm� mac o rujmìc autìc eÐnai èna

gegonìc an� deuterìlepto. O kìmboc pou entìpise to stìqo onom�zetai source. O

kìmboc source, loipìn, xekin�ei na stèlnei se ìlouc touc kìmbouc gia touc opoÐouc èqei

gradient gia to sugkekrimèno endiafèron, mia perigraf  tou gegonìtoc k�je deuterì-

lepto, èna m numa dedomènwn dhlad  an� deuterìlepto. H perigraf  tou gegonìtoc

èqei thn parak�tw morf :

type = wheeled vehicle //tÔpoc tou oq matoc pou entopÐsthke

instance = truck //stigmiìtupo autoÔ tou tÔpou

location = [ 125, 220] // jèsh tou kìmbou

intensity = 0.6 // mètro tou pl�touc tou s matoc
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con�dence = 0.85 // bebaiìthta ìti h plhroforÐa tairi�zei stic apait seic tou endia-

fèrontoc

timestamp = 01 : 20 : 40 // qrìnoc paragwg c tou gegonìtoc

To m numa stèlnetai xeqwrist� se k�je sqetikì kìmbo.

Ac doÔme t¸ra ti gÐnetai ìtan ènac kìmboc lamb�nei èna m numa dedomènwn. Arqik�

elègqei thn interest cache gia eÔresh eggraf c pou na tairi�zei me ta qarakthristik�

pou perièqei to m numa dedomènwn pou èlabe. An den up�rqei, den proqwr�ei se kami�

enèrgeia. An up�rqei, tìte elèqei thn data cache pou sqetÐzetai me th sugkekrimènh

eggraf  endiafèrontoc. H data cache diathreÐ ìla ta dedomèna pou èqoun ft�sei

ston kìmbo kai pou apantoÔn sta endiafèronta pou èqei apojhkeumèna. An brejeÐ mia

eggraf  se aut  thn cache, o kìmboc p�li den proqwr�ei se kami� enèrgeia. An ìmwc

den up�rqei prosjètei thn eggraf  kai stèlnei to m numa twn dedomènwn se ìlouc

touc geitonikoÔc tou kìmbouc.

Sto shmeÐo autì o kìmboc ja prèpei na apofasÐsei to rujmì me ton opoÐo ja stèl-

nei ta dedomèna. 'Etsi upologÐzei to rujmì twn eiserqìmenwn dedomènwn, elègqontac

th data cache. Katìpi, elègqei ta gradients pou up�rqoun gia to sugkekrimèno en-

diafèron. An ìlec orÐzoun rujmì met�doshc megalÔtero   Ðso apì ton eiserqìmeno, o

kìmboc apl� epanametadÐdei ta mhnÔmata stouc kat�llhlouc geitonikoÔc kìmbouc. An

ìmwc k�poia gradients orÐzoun mikrìtero rujmì met�doshc, ja prèpei pr¸ta na rÐxei

to rujmì twn eiserqìmenwn mhnum�twn sthn kat�llhlh tim .

2.1.4 EnÐsqush gia sÔstash monopati¸n kai Truncation

'Opwc perigr�fhke stic prohgoÔmenec paragr�fouc, arqik� o kìmboc sink diadÐdei èna

endiafèron gia anÐqneush enìc gegonìtoc pou èqei san qarakthristikì èna mikrì ruj-

mì met�doshc dedomènwn. Ta gegonìc autì kaleÐtai diereunhtikì gegonìc kai stìqo

èqei th dhmiourgÐa monopati¸n kai thn apokat�stash se perÐptwsh katastrof c touc.

'Otan ènac kìmboc source aniqneÔsei èna stìqo pou tairi�zei sto endiafèron, stèlnei

diereunhtik� gegonìta proc to sink, mèsw pollapl¸n monopati¸n. 'Otan o sink l�bei

aut� ta diereunhtik� gegonìta, enisqÔei k�poio sugkekrimèno geitonikì kìmbo, gia na

lamb�nei apì ekeÐ ta pragmatik� dedomèna. Ta gradients pou dhmiourgoÔntai me ton
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trìpo autì onom�zontai data gradients.

A. SÔstash monopati¸n qrhsimopoi¸ntac jetik  enÐsqush Genik�,

oi kanìnec pou qrhsimopoieÐ to directed di�usion gia th sÔstash twn monopati¸n eÐnai

kanìnec odhgoÔmenoi apì ta dedomèna. 'Ena par�deigma tètoiou kanìna parousi�ze-

tai sta parak�tw: 'Enac kìmboc enisqÔei èna geitonikì tou kìmbo ìtan lamb�nei èna

m numa dedomènwn apì autìn to opoÐo den to èqei xanal�bei. Tìte o kìmboc stèlnei

pÐsw to arqikì m numa endiafèrontoc apait¸ntac aut  th for� mikrìtero tim  gia to

qarakthristikì interval. To par�deigm� mac ja èqei wc ex c:

type = wheeled vehicle

interval = 10ms

rect = [ -100, 200, 200, 400]

timestamp = 01 : 22 : 35

expiresAt = 01 : 30 : 40

'Otan o geitonikìc kìmboc l�bei to m numa autì, diapist¸nei ìti up�rqei  dh sthn

interest cache èna gradient proc ton kìmbo apì ton opoÐo èlabe to m numa kai epi-

plèon ìti o rujmìc dedomènwn pou orÐzetai se autì to m numa eÐnai megalÔteroc apì

ton apojhkeumèno. An afoÔ elègxei ìla ta upìloipa gradients diapist¸sei ìti o ruj-

mìc dedomènwn tou nèou mhnÔmatoc eÐnai megalÔteroc apì opoiond pote apojhkeumèno,

ja prèpei na enisqÔsei toul�qiston ènan geitonikì tou kìmbo. H data cache qrhsimo-

poieÐtai gia to skopì autì. Kai p�li efarmìzontai topikoÐ kanìnec gia thn epÐteuxh

thc enÐsqushc, ìpwc eÐnai to par�deigma tou kìmbou pou epilègei na enisqÔsei ton

geitonikì kìmbo apì ìpou èlabe to teleutaÐo gegonìc pou tairi�zei sto endiafèron  

na epilèxei na steÐlei se ìlouc touc kìmbouc apì ìpou èlabe prìsfata dedomèna. Ta

parap�nw deÐqnoun ìti enisqÔontai mìno ìsoi kìmboi stèlnoun diereunhtik� dedomèna,

en¸ den eÐnai aparaÐthto na enisqujoÔn kìmboi pou  dh stèlnoun me uyhloÔc rujmoÔc

dedomèna. Akolouj¸ntac loipìn thn parap�nw diadikasÐa sqhmatÐzetai èna monop�ti

apì ton kìmbo source proc ton kìmbo sink, mèsa apì to opoÐo stèlnontai ta dedomèna

(bl. sq ma 2.1(b) ).

H parap�nw diadikasÐa katal gei sto sqhmatismì tou monopatioÔ pou empeirik�
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apodeiknÔetai na èqei th mikrìterh kajustèrhsh. 'Etsi faÐnetai na eÐnai epirrep c se

pijanèc allagèc sthn poiìthta tou monopatioÔ. Gia par�deigma, an apì k�poio mono-

p�ti ft�soun ta dedomèna pio gr gora apì ta upìloipa, o kìmboc sink ja prospaj sei

na qrhsimopoi sei autì gia na lamb�nei ta dedomèna. Gia na gÐnei ìmwc k�ti tètoio ja

prèpei na staleÐ èna kainoÔrio gegonìc. H praktik  aut  mporeÐ na apaiteÐ th spat�lh

arket¸n apì touc pìrouc tou sust matoc. Bèbaia up�rqoun kai pio polÔplokec pra-

ktikèc, ìpwc eÐnai h epilog  tou kìmbou pou stèlnei ta perissìtera gegonìta   autoÔ

pou p�nta stèlnei gegonìta pio gr gora apì touc upìloipouc. Oi apof�seic autèc

dhmiourgoÔn trade-o�s metaxÔ antidrastikìthtac kai stajerìthtac.

B. DhmiourgÐa monopatioÔ gia pollaploÔc sink kai source kìmbouc

Oi parap�nw kanìnec eÐnai eÔkolo na efarmostoÔn kai se dÐktua me pollaploÔc sink

kai source kìmbouc. An gia par�deigma up�rqoun polloÐ kìmboi source, èstw dÔo, ìpwc

faÐnetai sto sq ma 3g, ta dedomèna ja ft�noun ston kìmbo sink mèsw twn kìmbwn C

kai D. 'Estw o kìmboc C èqei mìnima mikrìterh kajustèrhsh. Tìte h diadikasÐa pou

perigr�fhke parap�nw ja epilèxei na enisqÔsei to monop�ti mèsw tou C. An ìmwc o

sink lamb�nei ta dedomèna tou B pio gr gora mèsw tou kìmbou D, all� ta dedomèna tou

A pio gr gora mèsw tou C, ja prospaj sei na emisqÔsei kai touc dÔo kìmbouc ¸ste

na lamb�nei kai apì touc dÔo. To prìblhma se aut  thn perÐptwsh eÐnai ìti ja lamb�nei

ta dedomèna dÔo sources kai apì touc dÔo kìmbouc, k�ti pou den eÐnai apodotikì wc

proc thn katan�lwsh enèrgeiac. Me lÐgh ìmwc parap�nw poluplokìthta mporeÐ na

brejeÐ k�poia kalÔterh lÔsh.

H perÐptwsh pou up�rqoun parap�nw apì ènac kìmboi sink, tìte h diadikasÐa ja

doulèyei kai p�li swst�. 'Estw gia par�deigma arqik� up�rqei h sink U, ìpwc faÐ-

netai sto sq ma 2.1(d) kai èqei enisqÔsei èna uyhl c poiìthtac monop�ti proc ton

kìmbo source. An epileqjeÐ kai o kìmboc Q gia thn paragwg  enìc panomoiìtupou en-

diafèrontoc, tìte o kìmboc autìc mporeÐ na akolouj sei th diadikasÐa thc enÐsqushc

gia na dhmiourg sei to monop�ti pou faÐnetai kai sto sq ma, all� qwrÐc na apaiteÐtai

na steÐlei mhnÔmata diereÔnushc; mporeÐ na to epitÔqei qrhsimopoi¸ntac apl� th data

cache tou.
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G. Topik  epidiìrjwsh gia katestrammèna monop�tia Oi kanìnec thc

enÐsqushc mporoÔn qrhsimopoihjoÔn kai apì endi�mesouc kìmbouc me skopì thn epi-

diìrjwsh monopati¸n pou èqoun katastrafeÐ. An k�poioc endi�mesoc kìmboc diapi-

st¸sei ìti k�poioc geitonikìc kìmboc diapist¸nei ìti h met�dosh twn dedomènwn apì

ton geÐton� tou sto monop�ti den eÐnai pia axiìpisth mporeÐ efarmìsei enÐsqush gia th

dhmiourgÐa enìc �llou monopatioÔ. 'Opwc perigr�fhke stic prohgoÔmenec paragr�fouc

h diadikasÐa thc enÐsqushc se èna kìmbo prokaleÐ thn ekkÐnhsh thc Ðdiac diadikasÐac

kai gia touc �llouc kìmbouc tou monopatioÔ. Me autì ton trìpo ja dhmiourghjeÐ

xan� to empeirik� kalÔtero monop�ti, all� Ðswc na up�rqei spat�lh twn diajèsimwn

pìrwn. Sto sq ma 2.1(e) faÐnetai mia tètoia perÐptwsh, me ton kìmbo C na prokaleÐ

th dhmiourgÐa enìc nèou monopatioÔ.

Sq ma 2.2: Arnhtik  enÐsqush gia katastrof  monopati¸n kai afaÐresh brìqwn. a.Pollapl�
monop�tia b.Brìqoc pou mporeÐ na afairejeÐ c.Brìqoc pou de mporeÐ na afairejeÐ.

D. Katastrof (Truncation) monopati¸n qrhsimopoi¸ntac arnhtik 

enÐsqush Se èna dÐktuo up�rqei pijanìthta na enisqujoÔn parap�nw apì èna mo-

nop�tia. 'Ena tètoio par�deigma faÐnetai sto sq ma 2.2(a), ìpou up�rqoun dÔo mo-

nop�tia, èna pou dièrqetai apì ton kìmbo A kai to deÔtero apì ton kìmbo B. An to

monop�ti tou B parousi�zei mìnima kalÔterh sumperifor� apì autì tou A, ja prèpei

na up�rxei ènac trìpoc ¸ste to deÔtero na enisqujeÐ arnhtik�.

'Enac soft state mhqanismìc eÐnai h periodik  enÐsqush tou B monopatioÔ kai paÔsh

twn upìloipwn gradients. Telik�, ìla ta gradients kat� m koc tou monopatioÔ A ja

upobibastoÔn se diereunhtik� gradients. Mia �llh teqnik  eÐnai h saf c upob�jmish

tou monopatioÔ A, stèlnontac èna m numa arnhtik c enÐsqushc ston kìmbo A, ìpou
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arnhtik  enÐsqush shmaÐnei m numa endiafèrontoc pou orÐzei to mikrìtero rujmì met�-

doshc dedomènwn. 'Otan o kìmboc A l�bei autì to m numa ja upobajmÐsei to gradient

proc ton sink. Epiplèon, an ìla tou ta gradients katal xoun na eÐnai diereunhtik�, o

A ja steÐlei arnhtikèc enisqÔseic se ìlouc touc kìmbouc apì touc opoÐouc lamb�nei

dedomèna. Oi diadoqikèc antidr�seic enÐsqushs( arnhtik c aut  th for�) eggu¸ntai

pwc to monop�ti ja upobajmisteÐ se mikrì qronikì di�sthma, se b�roc bèbaia thc

auxhmènhc qr shc twn pìrwn tou sust matoc.

H apìfash enìc kìmbou gia to poion geitonikì kìmbo ja prèpei na emisqÔsei arnh-

tik� basÐzetai ston parak�tw topikì kanìna: ja enisqujeÐ arnhtik� o kìmboc apì ton

opoÐo den èqei l�bei kajìlou gegonìta gia èna sugkekrimèno qronikì di�sthma. Mia

parallag  eÐnai h arnhtik  enÐsqush tou kìmbou apì ton opoÐo èqei l�bei ta ligìtera

gegonìta se èna sugkekrimèno qronikì di�sthma.

D. AfaÐresh brìqwn qrhsimopoi¸ntac arnhtik  enÐsqush H teqnik 

thc arnhtik c enÐsqushc mporeÐ na qrhsimopoihjeÐ kai gia thn afaÐresh twn brìqwn,

afoÔ ta mhnÔmata pou diadÐdontai apì monop�tia pou perièqoun kÔklouc potè den ja

eÐnai aut� pou ja ft�noun pr¸ta. Parìlo pou èna m numa pou pern�ei apì èna kÔklo ja

katapnigeÐ qrhsimopoi¸ntac thn cache twn mhnum�twn, h katastrof  twn monopati¸n

qrhsimopoi¸ntac arnhtik  enÐsqush prosfèrei k�poio pleonèkthma sth diat rhsh thc

enèrgeiac. K�poioi kÔkloi de ja prèpei na afair¸ntai, ìpwc sumbaÐnei me ton kÔklo

tou sq matoc 2.2(c).

2.1.5 Analutik  ektÐmhsh

'Estw ìti h morf  tou diktÔou akoloujeÐ to montèlo enìc grid twn N kìmbwn (bl.

sq ma 2.3). Sto sq ma autì faÐnontai oi sundèseic metaxÔ twn geitonik¸n kìmbwn.

K�je endi�mesoc kìmboc èqei akrib¸c oqt¸ geitonikoÔc kìmbouc. Oi n sources brÐ-

skontai sthn arister  pleur� tou grid en¸ ìloi oi m sinks kìmboi sth dexi� pleur�.

O pr¸toc kìmboc source brÐsketai sto kèntro thc arister c pleur�c. Kajènac apì

touc i upìloipouc sources brÐskontai dnb i/2 c b mata p�nw (an to i eÐnai �rtioc)  

k�tw (an to i eÐnai perittìc) apì to pr¸to source. To Ðdio isqÔei kai gia touc sinks
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Sq ma 2.3: Par�deigma diktÔou morf c tetragwnikoÔ grid.

mìno pou h apost�seic eÐnai dm b mata. Dedomènou ìti oi soutces kai oi sinks eÐnai

topojethmènoi mìno k�jeta, h
p
N de ja èqei tim  mikrìterh apì to max(ndn,mdm).

Gia na aplopoihjeÐ h an�lush, upojètoume ìti to dèndro ìpou efarmìzontai oi

topikoÐ algìrijmoi tou directed di�usion eÐnai h ènwsh twn suntomìterwn monopati¸n

me rÐzec k�je èna apì ta sources. Aut  h upìjesh eÐnai proseggistik� ègkurh ìtan

to dÐktuo leitourgeÐ me fortÐa qamhl¸n megej¸n. Epiplèon, h di�dosh epilègei to

suntomìtero monop�ti sÔmfwna me thn parak�tw kanìna: Apì èna sink proc èna source,

mia diag¸nia akm  eÐnai p�nta h epìmenh met�bash an odhgeÐ sto suntomìtero monop�ti;

diaforetik� epilègetai mia orizìntia akm .

An ìla ta sources stèlnoun panomoiìtupec ektim seic gia th jèsh tou stìqou, tìte,

dedomènou tou ìti to di�usion mporeÐ na aposiwpoi sei ta dipl� mhnÔmata se epÐpedo

efarmog c, to kìstoc thc di�doshc twn dedomènwn eÐnai to dipl�sio tou arijmoÔ twn

sundèsewn thc ènwshc ìlwn twn dèndrwn suntomìterwn diadrom¸n me rÐzec ta sources.

Epomènwc:
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Cd=C(UT1 ! n) = C(T1) +

nX

j=2

fH(Tj � UT1!(j�1)) +D(Tj � UT1!(j�1))g

ìpou

H(Tj - UT1!(j�1)) = H(Tj)

D(Tj - UT1!(j�1)) =

2fdm+ (jmod2)

2
edn +

min(bbj=2cdn=dmc;bm�(jmod2)=2)c)X

l=1

min(dn; dnbj
2
c � ldm)g

Cd eÐnai O(n
p
N) gia m� pN .

2.2 A Probabilistic Forwarding Protocol for Ef-

�cient Data Propagation in Sensor Networks

'Ena shmantikì prìblhma gia ta WSNs eÐnai to prìblhma thc �topik c anÐqneushc kai

pro¸jhshc �, h anÐqneush dhlad  topik� enìc gegonìtoc kai h apodotik  wc proc thn

enèrgeia kai ton qrìno pro¸jhsh twn dedomènwn pou gnwstopoioÔn to gegonìc se

k�poio kèntro elègqou, to sink.

To PFR (Probabilistic Forwarding Protocol), to opoÐo proteÐnetai sto [7] apì

touc I. Qatzhgiann�kh, T. DhmhtrÐou, S. Nikoletsèa kai P. Spur�kh, prospajeÐ na

elaqistopoi sei thn katan�lwsh enèrgeiac gia to prìblhma autì se èna dÔo diast�-

sewn lattice dÐktuo aisjht rwn, qrhsimopoi¸ntac pijanotik  epilog  sugkekrimènwn

monopati¸n gia thn pro¸jhsh twn dedomènwn proc to sink.

H basik  idèa pÐsw apì th dhmiourgÐa tou PFR eÐnai h apofug  thc plhmmÔrac gia

th met�dosh twn dedomènwn, epilègontac me èna pijanotikì trìpo th di�dosh apì kìm-

bo se kìmbo ètsi ¸ste na epiteuqjeÐ èna monop�ti pou plhsi�zei to bèltisto monop�ti

met�doshc metaxÔ tou kìmbou pou aniqneÔei to gegonìc kai tou sink. Ja prèpei na
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epishmanjeÐ ìti to prwtìkollo qrhsimopoieÐ mìno topikèc plhroforÐec kai den proôpo-

jètei gn¸sh gia ìlo to dÐktuo, en¸ de qrhsimopoieÐ mhnÔmata elègqou gia na apokt sei

aut  th gn¸sh. Epiplèon, exaitÐac thc pijanotik c tou fÔshc, to prwtìkollo qrh-

simopoieÐ èna mhqanismì plhmmÔrac gia th dhmiourgÐa enìc arket� meg�lou met¸pou

aisjht rwn, oi opoÐoi epexerg�zontai ta dedomèna proc met�dosh, ètsi ¸ste na apo-

feuqjeÐ h prìwrh apotuqÐa tou algorÐjmou. Mìlic dhmiourghjeÐ to mètwpo autì,

xekin�ei h pijanotik  pro¸jhsh.

2.2.1 To Montèlo

'Opwc anafèrjhke kai parap�nw to montèlo tou diktÔou pou uiojeteÐtai eÐnai to di-

di�stato lattice dÐktuo, me n x n kìmbouc. K�je mia apì tic sukeuèc èqei mègisth

aktÐna met�doshc R. Oi suskeuèc topojetoÔntai orizìntia kai k�jeta me apìstash d

metaxÔ touc. To d exart�tai apì to R kai epiplèon dÐnei thn puknìthta tou diktÔou.

Sth sugkekrimènh perÐptwsh epilègetai R = d
p
2. 'Etsi k�je eswterik  suskeu  èqei

oqt¸ geitonikoÔc kìmbouc.

'Ena kai monadikì shmeÐo tou diktÔou apoteleÐ ton kìmbo sink S , pou antipro-

swpeÔei to kèntro elègqou. Sth basik  upìjesh o kìmboc autìc eÐnai akÐnhtoc, se

k�poia parallag  ìmwc ja mporoÔse na kineÐtai ¸ste na sullègei plhroforÐec pou

den kat�feran na ft�soun se autìn.

H mình gn¸sh pou up�rqei se k�je kìmbo eÐnai aut  thc jèshc tou mèsa sto dÐktuo

kaj¸c epÐshc kai h jèsh tou sink, den up�rqei dhlad  gn¸sh gia ìlh thn kat�stash

tou diktÔou. Ac shmeiwjeÐ ìti akìma kai aut  h upìjesh mporeÐ na qalar¸sei, gia

par�deigma Ðswc na  tan arket  apl¸c h plhroforÐa gia th genik  kateÔjunsh tou

sink kai o kìmboc na mporeÐ na thn anagnwrÐsei apì ta mhnÔmata pou lamb�nei.

2.2.2 To Prìblhma

Ac upojèsoume ìti k�poioc kìmboc p aniqneÔei èna gegonìc E. Tìte to prìblhma thc

di�doshc eÐnai to ex c:

�P¸c mporeÐ o kìmboc p, mèsw sunergasÐac me touc upìloipouc kìmbouc, na diadìsei

apodotik� thn plhroforÐa info(E), gnwstopoi¸ntac thn pragmatopoÐhsh tou gegonìtoc
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E, ston kìmbo sink S?�

H elaqistopoÐhsh thc katan�lwshc enègeiac gÐnetai apofeÔgontac thn plhmmÔra

kai elaqistopoi¸ntac twn arijmì twn metab�sewn kat� th diadikasÐa thc di�doshc. Mia

�llh pleur� tou probl matoc eÐnai to pìso kont� ston kìmbo sink ft�nei h di�dosh

twn dedomènwn sthn perÐptwsh pou de ft�noun ìla ta dedomèna ston sink.

2.2.3 To Prwtìkollo

To prwtìkollo exelÐssetai se dÔo f�seic:

H f�sh thc dhmiourgÐac tou �met¸pou�: 'Opwc anafèrjhke kai parap�nw,

exaitÐac thc pijanotik c fÔshc tou prwtokìllou kai me stìqo thn epibÐwsh thc dia-

dikasÐac di�doshc twn mhnum�twn, arqik� kataskeu�zetai èna mètwpo pou apoteleÐtai

apì ènan arket� ikanopoihtikì arijmì kìmwn aisjht rwn, me th qr sh enìc mhqani-

smoÔ plhmmÔrac. Kat� th f�sh aut  loipìn, k�je kìmboc pou lamb�nei dedomèna ta

prowjeÐ nteterministik� proc ton kìmbo sink, stèlnontac se k�je b ma thn plhroforÐa

se ìlouc touc geitonikoÔc tou kìmbouc. Epiplèon (gia thn perÐptwsh tou parap�nw

montèlou), an epileqjeÐ h kat�llhlh aktÐna met�doshc, tìte o k�je kìmboc ja stèlnei

se treic mìno apì touc geitonikoÔc tou kìmbouc, afoÔ mìno autoÐ ja eÐnai pio kont�

ston kìmbo sink. Bèbaia, an den eÐnai gnwst  h kateÔjunsh proc thn opoÐa brÐsketai o

sink, tìte oi kìmboi anagkastik� prowjoÔn se ìlouc touc geÐtonèc touc ta dedomèna.

H f�sh thc pijanotik c pro¸jhshc: Se aut  th f�sh k�je kìmboc epilègei

pijanotik� th met�dosh twn dedomènwn, ètsi ¸ste na epiteuqjeÐ èna monop�ti apì ton

kìmbo pou aniqneÔei to gegonìc proc thn phg  pou na plhsi�zei to bèltisto. O k�je

kìmboc, dhlad , stèlnei me mia kat�llhla epilegmènh pijanìthta p   den stèlnei me

pijanìthta 1-p.

H p upologÐzetai wc ex c: Pfw = �
�
,

ìpou f eÐnai h gwnÐa pou sqhmatÐzetai apì th gramm  pou en¸nei ton kìmbo pou ani-

qneÔei to gegonìc kai ton kìmbo pou etoim�zetai na steÐlei ta dedomèna, kai th gramm 

pou en¸nei to deÔtero autì kìmbo me ton kìmbo sink. Epomènwc, ìso megalÔterh eÐnai
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h gwnÐa f, tìso pio kont� sto bèltisto eÐnai to monop�ti pou sqhmatÐzetai, me mègisth

bèbaia tim  thn f = p, k�ti pou shmaÐnei ìti o kìmboc brÐsketai p�nw sto bèltisto

monop�ti.

Epiplèon, an gia dÔo kìmbouc p1, p2 isqÔei f1 >f2, tìte h p1 brÐsketai pio kont�

sto bèltisto monop�ti kai epomènwc Pfw(p1) > Pfw(p2).

To parak�tw sq ma parousi�zei grafik� ìla ta parap�nw:

Sq ma 2.4: a.H lept  z¸nh kìmbwn gÔrw apì th gramm  pou en¸nei ton kìmbo pou aniqneÔei to
gegonìc E kai ton kìmbo sink. b.H gwnÐa f c.H gwnÐa f kai h eggÔthta sth bèltisth gramm .
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Kef�laio 3

KumatikoÐ Algìrijmoi

Kat� to sqediasmì katanemhmènwn algorÐjmwn gia poikÐlec efarmogèc emfanÐzontai

suqn� k�poia stoiqei¸dh probl mata wc upoleitourgÐec. Se aut� ta probl mata peri-

lamb�nontai h di�dosh plhroforÐac, h epÐteuxh sugqronismoÔ twn diergasi¸n, o èleg-

qoc thc ektèleshc orismènwn gegonìtwn se k�je diergasÐa  , tèloc, o upologismìc thc

tim c miac sun�rthshc, apì thn opoÐa h diergasÐa diathreÐ mèroc thc eisìdou. Oi ergasÐ-

ec autèc ulopoioÔntai me to pèrasma mhnum�twn sÔmfwna me k�poio prodiagegrammèno

sq ma, pou den exart�tai apì thn topologÐa kai pou exasfalÐzei th summetoq  ìlwn

twn diergasi¸n. Pragmatik�, ta parap�nw probl mata eÐnai tìso jemeli¸dh, ¸ste pio

polÔploka probl mata, ìpwc h eklog  arqhgoÔ, h anÐqneush termatismoÔ, o amoibaÐoc

apokleismìc, mporoÔn na epilujoÔn mìno ìtan h epikoinwnÐa metaxÔ twn diergasi¸n

sumbaÐnei mèsw autoÔ tou sq matoc per�smatoc mhnum�twn.

Sth bibliografÐa oi algìrijmoi di�doshc thc plhroforÐac me pèrasma mhnum�twn

sunant¸ntai kai san kumatikoÐ(wave) algìrijmoi. H spoudaiìtht� touc dikaiologeÐ

thn xeqwrist  metaqeÐris  touc, apomon¸nont�c touc apì thn efarmog  ìpou ja en-

swmatwjoÔn, gia dÔo kurÐwc lìgouc. Katarq�c dieukolÔnei thn argìterh diaqeÐri-

sh pio exeligmènwn algorÐjmwn, afoÔ oi uporoutÐnec touc ja èqoun  dh melethjeÐ.

DeÔteron, k�poia sugkekrimèna probl mata katanemhmènou upologismoÔ mporoÔn na

epilujoÔn me generic ulopoi seic pou par�goun èna sugkekrimèno algìrijmo ìtan pa-

rametropoihjoÔn me ènan sugkekrimèno kumatikì algìrijmo. H Ðdia kataskeu  mporeÐ

41



42 KEF�ALAIO 3. KUMATIKO�I ALG�ORIJMOI

na qrhsimopoihjeÐ gia na d¸sei algorÐjmouc se dÐktua diaforetik¸n topologi¸n   se

diaforetikèc upojèseic gia thn arqikopoÐhsh twn diergasi¸n.

3.1 Orismìc kai qr sh twn Kumatik¸n Algo-

rÐjmwn

3.1.1 Arqikèc upojèseic

Sto kef�laio autì upojètoume ìti de sumb�noun allagèc sthn topologÐa tou diktÔou,

ìti dhlad  eÐnai stajer , ìti to dÐktuo eÐnai mh dieujunìmeno, opìte se k�je kan�li

mporoÔn na metafèrontai mhnÔmata kai proc tic dÔo kateujÔnseic, kai tèloc, to dÐktuo

eÐnai sunektikì, dhlad  up�rqei monop�ti metaxÔ dÔo opoiwnd pote kìmbwn. To sÔnolo

twn kìmbwn-diergasi¸n tou diktÔou onom�zetai R kai to sÔnolo twn kanali¸n E.

EpÐshc, upojètoume ìti to sÔsthma eÐnai asÔgqrono kai oi ènnoiec tou kajolikoÔ

qrìnou kai tou rologioÔ pragmatikoÔ qrìnou den ufÐstantai, an kai oi algìrijmoi pou

ja parousiastoÔn parak�tw mporoÔn na qrhsimopoihjoÔn kai me sÔgqrona sust ma,

pijan¸c me k�poiec tropopoi seic gia thn apofug  adiexìdwn.

3.1.2 OrismoÐ

'Ena katanemhmèno sÔsthma apoteleÐtai apì èna sÔnolo diergasi¸n kai èna sÔsth-

ma epikoinwnÐac. Oi diergasÐec allhlepidroÔn me to epikoinwniakì sÔsthma me ta

eswterik� gegonìta (internal events), kaj¸c epÐshc stèlnontac (send) kai lamb�-

nontas(receive) gegonìta. 'Enac katanemhmènoc algìrijmoc eÐnai èna sÔnolo topik¸n

algorÐjmwn, ènan gia k�je diergasÐa. ExaitÐac tou mh-nteterminismoÔ mèsa stic dierga-

sÐec kai sto sÔsthma epikoinwnÐac, oi katanemhmènoi algìrijmoi epitrèpoun èna meg�lo

sÔnolo pijan¸n upologism¸n. 'Enac upologismìc eÐnai èna sÔnolo gegonìtwn, pou eÐ-

nai merik¸c taxinomhmèna sÔmfwna me th sqèsh thc aitiat c proteraiìthtac �. O

arijmìc twn gegonìtwn tou upologismoÔ C sumbolÐzetai me jCj kai to uposÔnolo twn

gegonìtwn pou sumbaÐnoun sth diadikasÐa p onom�zetai Cp. EpÐshc upotÐjetai ìti
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up�rqei ènac eidikìc tÔpoc ewterikìu gegonìtoc pou kaleÐtai decide gegonìc. Stouc

algorÐjmouc pou ja parousiastoÔn parak�tw, to gegonìc autì upodhl¸netai me thn

èkfrash decide. 'Enac kumatikìc algìrijmoc antall�ssei ènan peperasmèno arijmì

mhnum�twn kai èpeita lamb�nei mia apìfash pou exart�tai apì k�poio gegonìc se k�je

diergasÐa.

Orismìc 1. 'Enac kumatikìc algìrijmoc eÐnai ènac katanemhmènoc algìrijmoc pou

ikanopoieÐ tic ex c treic apait seic:

1. Termatismìc � K�je upologismìc eÐnai peperasmènoc:

8C : jCj <1

2. Apìfash � K�je upologismìc perièqei toul�qiston èna decide gegonìc:

8C : 9e 2 C: to e eÐnai èna decide gegonìc

3. Ex�rthsh � Se k�je upologismì k�je decide gegonìc prohgeÐtai aitiologik�

apì èna gegonìc se k�je diergasÐa:

8C : 9e 2 C: (to e eÐnai èna decide gegonìc ) 8q 2 P 9f 2 Cq : f � e)

'Enac upologismìc enìc algorÐjmou onom�zetai kÔma (wave). EpÐshc, gÐnetai ènac

epiplèon diaqwrismìc kat� ton upologismì, se arqikopoihtèc (initiators) kai mh arqi-

kopoihtèc(non-initiators). 'Enac arqikopoiht c eÐnai autìc pou xekin�ei thn ektèlesh

enìc topikoÔ algorÐjmou tuqaÐa. 'Enac mh arqikopoiht c summetèqei ston algìrijmo

mìno ìtan ft�nei èna m numa kai prokaleÐ thn ènarxh thc ektèleshc tou algorÐjmou.

To pr¸to gegonìc enìc arqikopoiht  eÐnai èna eswterikì gegonìc   èna gegonìc apo-

stol c, en¸ to pr¸to gegonìc enìc arqikopoiht  eÐnai èna gegonìc l yhc.

Mia lÐsta qarakthristik¸n pou emfanÐzontai stouc kumatikoÔc algorÐjmouc kai pou

touc k�nei na xeqwrÐzoun metaxÔ touc faÐnetai parak�tw:
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1. Sugkentrwtismìc (Centralization) � 'Enac algìrijmoc kaleÐtai sugken-

trwtikìc ìtan prèpei na up�rqei akrib¸c ènac arqikopoiht c se k�je upologismì

kai apokentrwtikìc an mporeÐ na xekin sei tuqaÐa apì èna aujaÐreto uposÔnolo

twn diergasi¸n. Oi sugkentrwtikoÐ algìrijmoi kaloÔntai kai algìrijmoi mona-

dik c phg c, en¸ oi apokentrwtikoÐ kaloÔntai algìrijmoi pollapl¸n phg¸n. O

sugkntrwtismìc ephre�zei shmantik� thn poluplokìthta twn kumatik¸n algo-

rÐjmwn.

2. TopologÐa � 'Enac algìrijmoc mporeÐ ma sqediasteÐ gia mia sugkekrimènh to-

pologÐa, gia par�deigma èna daktÔlio, èna dèntro, mia klÐka ktl.

3. Arqik  gn¸sh � 'Enac algìrijmoc mporeÐ na upojèsei th diajesimìthta dia-

fìrwn tÔpwn arqik c gn¸shc stic diergasÐec, ìpwc gia par�deigma:

(aþ) Thn tautìthta thc diergasÐac. K�je diergasÐa gnwrÐzei th monadik  tau-

tìthta pou thn qarakthrÐzei.

(bþ) Tic tautìthtec twn geitonik¸n kìmbwn

(gþ) AÐsjhsh prosanatolismoÔ.

(dþ) Arijmì apof�sewn. Se k�je diergasÐa lamb�netai toul�qiston mÐa apìfa-

sh. O arijmìc twn diergasi¸n pou apofasÐzoun mporeÐ na poikÐlei; apì mÐa

mèqri kai ìlec oi diergasÐec mporoÔn na prokalèsoun èna decide gegonìc.

(eþ) Poluplokìthta. Afor� ton arijmì mhnum�twn   twn bits pou antall�sson-

tai kai ton qrìno pou apaiteÐ k�je upologismìc gia na oloklhrwjeÐ.

Ta mhnÔmata pou qrhsimopoioÔntai apì touc algorÐjmouc sun jwc eÐnai ken� mh-

nÔmata, miac kai o rìloc touc den eÐnai h metafor� plhroforÐac all� h aitiatìthta.

'Iswc, ìmwc, na qrei�zetai h prosj kh k�poiwn bits gia to diaqwrismì twn mhnum�twn,

ìtan oi algìrijmoi qrhsimopoioÔn diaforetikoÔ tÔpou mhnÔmata. Bèbaia, ìtan ènac

kumatikìc algìrijmoc eÐnai efarmosmènoc up�rqoun perissìterec plhroforÐec pou pe-

rilamb�nontai sta mhnÔmata, ìtan up�rqoun poll� kÔmata pou diadÐdontai kai prèpei

na eÐnai gnwstì se poio kÔma an kei k�je m numa.
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'Ena uposÔnolo twn kumatik¸n algorÐjmwn pou sqhmatÐzontai apì sugkentrwti-

koÔc kumatikoÔc algorÐjmouc èqoun tic ex c dÔ o idiìthtec: Pr¸ton, arqikopoiht c

eÐnai h mình diergasÐa pou apofasÐzei kai deÔteron, ìla ta gogonìta eÐnai taxinomh-

mèna me b�sh th seir� aitiatìthtac. To uposÔnolo autì twn algorÐjmwn kaloÔntai

algìrijmoi di�sqishc (traversal algorithms).

3.1.3 Stoiqei¸dh apotelèsmata gia touc KumatikoÔc Al-

gorÐjmouc

Sthn par�grafo aut  parousi�zontai k�poia stoiqei¸dh l mmata pou perigr�foun

th dom  twn kumatik¸n algorÐjmwn, kaj¸c epÐshc kai k�poia kat¸tata ìria gia thn

poluplokìthta mhnum�twn.

Katarq�c, se ènan upologismì èna gegonìc se ènan arqikopoiht  prohgeÐtai opoiou-

d pote gegonìtoc.

L mma 1. Gia k�je gegonìc e 2 C up�rqei ènac arqikopoiht c p kai èna gegonìc f

sto Cp ètsi ¸ste f � e.

Apìdeixh. Epilègoume to gegonìc f ètsi ¸ste na eÐnai to el�qisto (to paliìtero)

gegonìc sthn istorÐa tou e, dhlad  na isqÔei ìti f � e kai den up�rqei �llo gegonìc f '�
f. 'Ena tètoio gegonìc up�rqei, afoÔ h istorÐa tou e eÐnai peperasmènh. ArkeÐ, loipìn,

na deÐxoume ìti h diergasÐa p ìpou sumbaÐnei to f, eÐnai arqikopoiht c. Ed¸ prèpei na

shmei¸soume ìti to f eÐnai to pr¸to gegonìc pou sumbaÐnei sthn p; an den Ðsque k�ti

tètoio ja up rqe k�poio �llo el�qisto gegonìc, to opoÐo bebaÐwc ja prohgoÔntan

tou f. An upojèsoume ìti h p eÐnai mh arqikopoiht c, tìte to pr¸to gegonìc pou ja

sunèbaine ja  tan h l yh enìc mhnÔmatoc, thc opoÐac ìmwc ja prohgoÔntan to gegonìc

thc apostol c. K�ti tètoio den mporeÐ na isqÔei, afoÔ antibaÐnei sto ìti to gegonìc f

eÐnai el�qisto. Epomènwc, h p eÐnai arqikopoiht c.

L mma 2. 'Estw C èna kÔma me ènan arqikopoiht  p kai gia k�je mh arqikopoiht 

q ac eÐnai father(q) o geÐtonac tou q apì ton opoÐo o q èlabe èna m numa kat� to pr¸to

tou gegonìc. Tìte o gr�foc T = (P, ET ), me ET = fqr: q 6= p ^ r = fatherqg, eÐnai
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èna epikaluptikì dèntro me kateÔjunsh proc to p.

Apìdeixh. Efìson o arijmìc twn kìmbwn tou T uperbaÐnei kat� èna ton arijmì twn

akm¸n, arkeÐ na deÐxoume ìti to T den perièqei kÔklo. To parap�nw isqÔei afoÔ to

eq eÐnai to pr¸to gegonìc tou q, to qr 2 ET deÐqnei ìti er � eq, en¸ o telest c �
epiteleÐ merik  taxinìmhsh.

L mma 3. 'Estw C èna kÔma kai dp 2 C èna decide gegonìc sth diergasÐa p. Tìte

8q 6= p : 9f 2 Cq : (f � dp ^ f eÐnai èna gegonìc apostol c)

Autì praktik� shmaÐnei ìti sthn idiìthta thc ex�rthshc ston orismì twn kumatik¸n

algorÐjmwn, ìpou kajenìc decide gegonìtoc prohgeÐtai èna gegonìc f pou prokaleÐ

thn apìfash, mporeÐ na epilegeÐ to f na eÐnai èna gegonìc apostol c gia ìlec tic

diergasÐec q ektìc apì th diergasÐa ìpou to decide gegonìc sumbaÐnei.

Apìdeixh. Efìson to C eÐnai kÔma up�rqei f 2 Cq, pou prohgeÐtai tou dp aitiologik�.

Epilègoume to f na eÐnai to teleutaÐo gegonìc tou Cq pou prohgeÐtai tou dp. Gia na

deÐxoume ìti to f eÐnai èna gegonìc apostol c, prèpei na prosèxoume ìti o orismìc thc

aitiologikìthtac upodhl¸nei to gegonìc ìti up�rqei mia seir� (alusÐda aitiot twn) f

= e0; e1; :::; ek = dp , ètsi ¸ste gia k�je i < k, ei kai ei+1 eÐnai eÐte allep�llhla

gegonìta thc Ðdiac diergasÐac   èna send - receive zeug�ri. Efìson to f einai to

teleutaÐo gegonìc sthn q pou prohgeÐtai tou dp, to e1 sumbaÐnei se mia diergasÐa

diaforetik  apì thn q kai epomènwc to f eÐnai èna gegonìc apostol c.

To l mma 3 dÐnei amèswc kai to kat¸tato ìrio gia ton arijmì twn mhnum�twn pou

antall�ssontai se èna kÔma. To ìrio autì eÐnai ta N-1 mhnÔmata. Gia thn perÐptwsh

ìpou up�rqei ènac monadikìc arqikopoiht c kai to decide gegonìc sumbaÐnei se autìn

(ìpwc gia par�deigma stouc algìrijmouc di�sqishc), tìte to kat¸tato ìrio eÐnai ta

N mhnÔmata. Gia algorÐjmouc pou efarmìzontai se tuqaÐa dÐktua, to kat¸tato ìrio

twn mhnum�twn eÐnai toul�qiston jEj. Ta parap�nw orÐzontai kai apodeiknÔontai me

ta epìmena dÔo jewr mata.

Je¸rhma 1. An C eÐnai èna kÔma me ènan arqikopoiht  p, tètoion ¸ste èna decide

gegonìc dp sumbaÐnei ston p, tìte toul�qiston N mhnÔmata antall�ssontai sto C.
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Apìdeixh. Apì to l mma 1 èqoume ìti èna gegonìc sth diergasÐa p prohgeÐtai

k�je gegonìtoc tou C. Epiplèon, an qrhsimopoi soume mÐa alusÐda di�taxh aitiot twn

ìpwc aut  tou l mmatoc 3, eÔkola mporoÔme na doÔme ìti toul�qiston èna gegonìc

apostol c sumbaÐnei sthn p. EpÐshc, apì to l mma 3 prokÔptei ìti kai se ìlec tic �llec

diergasÐec sumbaÐnei èna gegonìc apostol c. Epomènwc, katal goume ston arijmì twn

N mhnum�twn apostol c.

Je¸rhma 2. 'Estw A ènac kumatikìc algìrijmoc gia tuqaÐa dÐktua qwrÐc k�poia

arqik  gn¸sh gia tic tautìthtec twn geitonik¸n kìmbwn. Tìte o A antall�ssei tou-

l�qiston jEj mhnÔmata se k�je upologismì.

Apìdeixh. Ac upojèsoume ìti o A èqei ènan upologismì C, o opoÐoc antall�ssei

ligìtera apì jEj mhnÔmata kai èstw ìti up�rqei èna kan�li xy, ìpou de metafèrontai

kajìlou mhnÔmata. DhmiourgoÔme èna nèo dÐktuo G' prosjètontac ènan akìmh kìmbo,

ton z, an�mesa stouc x kai y. Oi kìmboi tou diktÔou den èqoun arqik  gn¸sh gia tic

tautìthtec twn geitonik¸n touc kìmbwn; ètsi h arqik  kat�stash twn kìmbwn sta

dÔo dÐktua eÐnai Ðdia. Epomènwc, ìla ta gegonìta tou C mporoÔn na efarmostoÔn sto

G' me thn Ðdia seir�. T¸ra, ìmwc, to decide gegonìc ston kìmbo z den èpetai k�poiou

�llou gegonìtoc.

3.1.4 Di�dosh plhroforÐac me an�drash

Se k�poiec efarmogèc apaiteÐtai k�poia sugkekrimènh plhroforÐa na metadojeÐ se ìlec

tic diergasÐec kai k�poiec apì autèc prèpei na l�boun mia eidopoÐhsh gia thn olokl -

rwsh thc parap�nw met�doshc. Oi kumatikoÐ algìrijmoi eÐnai oi pio kat�llhloi gia

tic peript¸seic autèc. Sthn par�grafo aut  melet¸ntai oi algìrijmoi di�doshc plh-

roforÐac me an�drash (propagation of information with feedback   PIF). Katarq�c,

sqhmatÐzetai èna uposÔnolo twn diergasi¸n pou èqoun to Ðdio m numa M kai to opoÐo

prèpei na apostaleÐ kai na gÐnei dektì apì ìlec tic diergasÐec. K�poiec diergasÐec prè-

pei na eidopoihjoÔn gia ton termatismì thc diadikasÐac ekpomp c, ìtan kai mìno ìtan

ìlec oi diergasÐec èqoun deqteÐ to m numa M. Ja prèpei, dhlad , na proklhjeÐ èna

eidikì gegonìc �eidopoÐhshc �, to opoÐo jewreÐtai èna decide gegonìc. O algìrijmoc

ja prèpei na qrhsimopoieÐ peperasmèno arijmì mhnum�twn.
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Je¸rhma 3. K�je PIF algìrijmoc eÐnai kumatikìc algìrijmoc.

Apìdeixh. 'Estw R ènac PIF algìrijmoc. K�je upologismìc tou R ja prèpei na

eÐnai peperasmènou arijmoÔ bhm�twn kai ja prèpei na sumbaÐnei èna gegonìc eidopoÐhshc

(decide). An se k�poion upologismì tou R sumbeÐ èna gegonìc eidopoÐhshc dp to opoÐo

den èpetai k�poiou �llou gegonìtoc se mia diergasÐa q, tìte up�rqei mia ektèlesh tou

R ìpou h eidopoÐhsh sumbaÐnei prin h q l�bei k�poio m numa, k�ti pou antibaÐnei stic

apait seic.

Je¸rhma 4. K�je kumatikìc algìrijmoc mporeÐ na qrhsimopoihjeÐ san PIF algì-

rijmoc.

Apìdeixh. 'Estw A eÐnai ènac kumatikìc algìrijmoc. Gia na qrhsimopoihjeÐ o A

san PIF algìrijmoc ja prèpei oi diergasÐec pou arqik� èqoun thn plhroforÐa M na

eÐnai autèc pou ja xekin soun thn ektèlesh tou A. H plhroforÐa M episun�ptetai se

k�je m numa tou A. Autì eÐnai dunatì, afoÔ apì kataskeu c oi arqikopoihtèc tou

A gnwrÐzoun to M kai oi mh arqikopoihtèc den stèlnoun kanèna m numa prin l�boun

k�poio, ètsi ¸ste na èqoun thn plhroforÐa M. 'Ena decide gegonìc se èna kÔma èpetai

enìc �llou gegonìtoc se k�je diergasÐa. 'Etsi, ìtan to decide gegonìc sumbeÐ, k�je

diergasÐa ja gnwrÐzei to M kai autì jewreÐtai h apaitoÔmenh, apì ton PIF algìrijmo,

eidopoÐhsh.

O PIF algìrijmoc pou dhmiourg jhke èqei thn Ðdia poluplokìthta mhnum�twn kai

tic Ðdiec idiìthtec me ton kumatikì algìrijmo A. H mình diafor� eÐna sthn poluplokì-

thta bit, h opoÐa mporeÐ na meiwjeÐ episun�ptontac to M mìno sto pr¸to m numa pou

stèlnetai se k�je kan�li. An eÐnai w o arijmìc twn bits tou M, tìte h poluplokìthta

mhnum�twn tou PIF xepern�ei aut  tou kumatikoÔ kat� wjEj.

3.1.5 Sugqronismìc

'Otan prèpei na epiteuqjeÐ kajolikìc sugqronismìc metaxÔ twn diergasi¸n, oi kuma-

tikoÐ algìrijmoi eÐnai kai p�li oi pio kat�llhloi. To prìblhma tou sugqronismoÔ

(Synchronization   SYN) orÐzetai wc ex c: Se k�je diergasÐa q prèpei na ektelesteÐ

èna gegonìc aq kai se k�poiec diergasÐec prèpei na ektelesteÐ to gegonìc bp ètsi ¸ste



3.2. O KUMATIK�OS ALG�ORIJMOS ECHO 49

h ektèlesh ìlwn twn aq na èqei oloklhrwjeÐ prin opoiod pote apì ta bp ektelesteÐ. O

algìrijmoc prèpei na qrhsimopoieÐ peperasmèno arijmì mhnum�twn. Se ènan algìrijmo

SYN ta gegonìta bp jewroÔntai decide gegonìta.

Je¸rhma 5. K�je SYN algìrijmoc eÐnai ènac kumatikìc algìrijmoc.

Apìdeixh. 'Estw S ènac SYN algìrijmoc. K�je upologismìc tou S ja prèpei na

eÐnai peperasmènou arijmoÔ bhm�twn kai ja prèpei na sumbaÐnei èna bp gegonìc (decide).

An se k�poion upologismì tou S sumbeÐ èna gegonìc bp to opoÐo den èpetai k�poiou

gegonìtoc aq se mia diergasÐa q, tìte up�rqei mia ektèlesh tou S ìpou to bp sumbaÐnei

prin to aq.

Je¸rhma 6. K�je kumatikìc algìrijmoc mporeÐ na qrhsimopoihjeÐ san SYN algì-

rijmoc.

Apìdeixh. 'Estw A eÐnai ènac kumatikìc algìrijmoc. Gia na qrhsimopoihjeÐ san

SYN algìrijmoc, ja prèpei k�je diergasÐa q na ekteleÐ èna aq prin h q steÐlei k�poio

m numa tou A   prokalèsei k�poio decide gegonìc ston A. To gegonìc bp sumbaÐnei

met� apì èna decide gegonìc sthn p. Apì to l mma 3, k�je decide gegonìc èpetai

aitiologik� apì èna aq gia k�je q.

O SYN algìrijmoc pou dhmiourg jhke èqei thn Ðdia poluplokìthta mhnum�twn kai

tic Ðdiec idiìthtec me ton kumatikì algìrijmo A.

3.2 O kumatikìc algìrijmoc Echo

O algìrijmoc Echo eÐnai ènac sugkentrwtikìc algìrijmoc gia dÐktua tuqaÐac topo-

logÐac. Prot�jhke pr¸th for� apì ton Chang kai ètsi merikèc forèc kaleÐtai kai �o

algìrijmoc echo tou Chang�. MÐa k�pwc pio apodotik  èkdosh prot�jhke apì ton

Segall. Sthn par�grafo aut  ja parousiasteÐ h deÔterh aut  èkdosh.

O algìrijmoc metadÐdei tok mhnÔmata se ìlec tic diergasÐec me th mèjodo thc

plhmmÔrac, dhmiourg¸ntac ètsi èna epikaluptikì dèntro, ìpwc autì pou orÐzetai sto

l mma 2. Ta toks epistrèfontai pÐsw diamèsw twn akm¸n tou dèntrou. AkoloujeÐ mia

sÔntomh perigraf  tou algorÐjmou.
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O arqikopoht c stèlnei mhnÔmata se ìlouc touc geitonikoÔc tou kìmbouc. K�je

mh arqikopoiht c, ìtan l�bei to pr¸to m numa prowjeÐ mhnÔmata se ìlouc touc gei-

tonikoÔc tou kìmbouc, ektìc apì autìn apì ton opoÐo èlabe to pr¸to autì m numa.

'Otan o mh arqikopoiht c l�bei mhnÔmata apì ìlouc touc geÐtonèc tou, stèlnei èna

m numa echo ston patèra tou. 'Otan o arqikopoiht c l�bei èna m numa apì ìlouc touc

geitonikoÔc tou kìmbouc apofasÐzei.

Je¸rhma 7. O algìrijmoc echo eÐnai ènac kumatikìc algìrijmoc.

Apìdeixh. Katarq�c, efìson k�je diergasÐa stèlnei to polÔ èna m numa se k�je

kan�li thc, o arijmìc twn mhnum�twn pou antall�ssontai se k�je upologismì eÐnai

peperasmènoc. 'Estw g h telik  kat�stash se ènan upologismì C me arqikopoiht  ton

p0.

Gia aut  thn kat�stash orÐzoume èna gr�fo T = (R,ET ) ètsi ¸ste pq 2 ET ()
fatherp = q. Gia na deÐxoume ìti o gr�foc autìc apoteleÐ èna dèntro prèpei na

apodeiqteÐ ìti o arijmìc twn akm¸n tou eÐnai kat� èna mikrìteroc apì ton arijmì twn

kìmbwn tou. Ed¸ prèpei na parathr soume ìti k�je diergasÐa pou summetèqei ston

C stèlnei mhnÔmata se ìlouc touc geÐtonèc thc, ektìc autoÔ apì ton opoÐo èlabe to

pr¸to m numa (an h diergasÐa eÐnai mh arqikopoiht c). Epomènwc, k�je geÐton�c thc

lamb�nei toul�qiston èna m numa ston C kai summetèqei epÐshc se autìn. Sunep¸c,

isqÔei ìti fatherp 6= udef gia k�je p 6= p0. Gia na eÐnai o T dèntro ja prèpei epiplèon

na mhn perièqei kÔklouc. H apìdeixh autoÔ eÐnai ìmoia me aut  tou l mmatoc 2.

H rÐza tou dèntrou eÐnai o kìmboc - diergasÐa p0. SumbolÐzoume me Tp to sÔnolo

twn kìmbwn tou diktÔou pou an koun sto dèntro tou p. Oi akmèc tou diktÔou pou

den an koun sto T onom�zontai frond akmèc. Sthn kat�stash g k�je diergasÐa èqei

steÐlei mhnÔmata se ìlec tic geitonikèc diergasÐac, ektìc apì ton patèra thc. 'Etsi

k�je frond akm  èqei metafèrei èna m numa se k�je dieÔjunsh ston C. 'Estw ìti eÐnai fp

to gegonìc ìpou h diergasÐa p stèlnei èna m numa ston patèra thc kai gp to gegonìc

ìpou o patèrac lamb�nei autì to m numa. Me epagwg  stouc kìmbouc tou diktÔou

apodeiknÔontai ta ex c:

1. O upologismìc C perièqei to gegonìc fp gia k�je p 6= p0.
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2. Gia ìla ta s 2 Tp up�rqei èna gegonìc e 2 Cs, tètoio ¸ste na prohgeÐtai tou gp,

dhlad  e � gp.

Upojètoume tic ex c dÔo peript¸seic:

1. H p eÐnai fÔllo.

Sthn perÐptwsh aut  h p èqei l�bei èna m numa apì ton patèra thc kai apì

ìlouc touc geÐtonèc thc; ìla ta upìloipa kan�lia eÐnai fronds. 'Etsi  tan dunat 

h apostol  tou tok mhnÔmatoc ston patèra thc, kai afoÔ h g eÐnai h telik 

kat�stash, h apostol  exetelèsjh. To Tp perièqei mìno thn p kai eÐnai profanèc

ìti fp � gp.

2. H p den eÐnai fÔllo.

Ed¸, h p èqei l�bei kat� ton upologismì C èna m numa apì ton patèra thc. Me

epagwg , o C perilamb�nei to fp0 , pou eÐnai to gegonìc apostol c twn mhnum�twn

thc p proc ìla ta paidi� thc p'. Efìsoc h kat�stash g eÐnai h telik , o C

perilamb�nei epÐshc kai to gp0 . Sunep¸c, eÐnai efarmìsimh h apostol  tok ston

patèra thc p, kai afoÔ h g eÐnai telik , h apostol  exetelèsjh. To Tp prokÔptei

apì thn ènwsh twn Tp0 twn paidi¸n thc p kai thc Ðdiac thc p. H epagwgik 

upìjesh mporeÐ na qrhsimopoihjeÐ gia na apodeiqteÐ ìti se k�je diergasÐa up�rqei

èna gegonìc pou prohgeÐtai tou gp.

Apì ta parap�nw prokÔptei ìti h p0 èqei l�bei èna m numa apì ìlouc touc gei-

tonikoÔc thc kìmbouc kai èqei ektelèsei èna decide gegonìc, to opoÐo èpetai k�poiou

�llou gegonìtoc se k�je diergasÐa. 'Etsi apodeÐqthke ìti o algìrijmoc echo eÐnai

ènac kumatikìc algìrijmoc.

AkoloujeÐ o yeudok¸dikac gia ton algìrijmo echo, o opoÐoc dhmiourgeÐ èna epikalupti-

kì dèntro to opoÐo mporeÐ na qrhsimopoihjeÐ apì k�poion algìrijmo pou ja ektelesteÐ

sth sunèqeia; gia par�deigma o algìrijmoc Merlin-Segall o opoÐoc upologÐzei pÐnakec

dromolìghshc suntomìterwn diadrom¸n, upojètei thn Ôparxh k�poiou epikaluptikoÔ

dèntrou.
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var recp : integer init 0? � *Counts number of received messages *

fatherp: P init udef?

For the initiator:

begin forall q 2 Neighp do send htoki to q?
while recp < #Neighp do

begin receive htoki? recp := recp + 1 end?

decide

end

For non-initiators:

begin receive htoki from neighbor q? fatherp:=q? recp := recp + 1?

forall q 2 Neighp, q 6= fatherp do send htoki to q?
while recp < #Neighp do

begin receive htoki? recp := recp + 1 end?

send htoki to fatherp
end

Sto tèloc tou algorÐjmou, k�je kìmboc gnwrÐzei ton patèra tou, ìmwc de gnwrÐzei

touc kìmbouc - paidi� tou, en¸ ìla ta mhnÔmata pou stèlnontai eÐnai panomoiìtupa. An

apaiteÐtai h gn¸sh twn paidi¸n, o algìrijmoc mporeÐ na tropopoihjeÐ elafr¸c oÔtwc

¸ste na apostèletai diaforetikì m numa ston patèra. 'Etsi, o k�je kìmboc ja eÐnai se

jèsh na anagnwrÐsei poioi kìmboi eÐnai paidi� tou lìgw tou ìti ja lamb�nei diaforetik�

mhnÔmata apì autoÔc.

3.3 Algìrijmoi Di�sqishc

Sthn par�grafo aut  melet�tai mia eidik  kathgorÐa kumatik¸n algorÐjmwn, oi algì-

rijmoi di�sqishc. Se autoÔc ìla ta gegonìta se èna kÔma diat�ssontai sÔmfwna me th

sqèsh aitiìthtac, en¸ to teleutaÐo gegonìc sumbaÐnei sthn Ðdia diergasÐa ìpou sunèbh

kai to pr¸to gegonìc.
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Orismìc 2. 'Enac algìrijmoc di�sqishc eÐnai ènac algìrijmoc me ta ex c qarakth-

ristik�:

1. Se k�je upologismì up�rqei ènac arqikopoiht c, o opoÐoc xekin�ei ton algìrijmo

stèlnontac akrib¸c èna m numa.

2. Mia diergasÐa, mèqri na l�bei èna m numa, eÐte stèlnei k�poio   apofasÐzei.

3. O algìrijmoc termatÐzei ston arqikopoiht  kai ìtan autì sumbeÐ, k�je diergasÐa

èqei steÐlei toul�qiston èna m numa.

Apì tic dÔo pr¸tec idiìthtec katalabaÐnei kaneÐc ìti se k�je peperasmèno upologismì

akrib¸c mÐa diergasÐa apofasÐzei. Se k�je apodekt  kat�stash tou algorÐjmou eÐte

up�rqei akrib¸c èna m numa upì met�dosh   akrib¸c mia diergasÐa mìlic èlabe èna

m numa kai den èqei steÐlei akìma ap�nthsh. Koit¸ntac pio afairetik� thn ektèlesh

tou algorÐjmou, ja lègame pwc to sÔnolo twn mhnum�twn miac ektèleshc mporeÐ na

jewrhjeÐ èna antikeÐmeo (token) to opoÐo, pern¸ntac apì diergasÐa se diergasÐa, tic

episkèptetai telik� ìlec. Tìte h diergasÐa pou katèqei to token katèqei tautìqrona

kai k�poia �pronìmia� se sqèsh me tic upìloipec. Algìrijmoi di�sqishc èqoun qrhsi-

mopoihjeÐ gia to prìblhma eklog c arqhgoÔ kai to prìblhma amoibaÐou apokleismoÔ.

Orismìc 3. 'Enac algìrijmoc eÐnai algìrijmoc f-di�sqishc gia k�poia kl�sh diktÔwn

1. an eÐnai algìrijmoc di�sqishc, gia thn kl�sh aut  kai

2. an se k�je k�je upologismì o algìrijmoc èqei episkefteÐ toul�qiston min(N; x+

1) diergasÐec met� apì f(x) per�smata twn tokens.

3.3.1 Di�sqish sunektik¸n diktÔwn

O Tarry èdwse ènan algìrijmo di�sqishc gia tuqaÐa sunektik� dÐktua to 1895. O

algìrijmoc autìc basÐzetai se dÔo kanìnec:

R1. Mia diergasÐa den prowjeÐ dÔo forèc to Ðdio token sto Ðdio kan�li.
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R2. 'Enac mh-arqikopoiht c prowjeÐ to token ston patèra tou, mìno an den up�rqei

�llh epilog , sÔmfwna me ton kanìna R1.

AkoloujeÐ o algìrijmoc tou Tarry se morf  yeudok¸dika.

var usedp[q]: boolean init false for each q 2 Neighp ? *Indicates whether p

has already sent to q *

fatherp: process init udef?

For the initiator only, execute once:

begin fatherp := p ? choose q 2 Neighp ?

usedp[q] := true ? send htoki to q?
end?

For each process, upon receipt of htoki from q0:

begin if fatherp:=udef? then fatherp := q0?

if 8q 2 Neighp : usedp[q]

then decide

else if 9q 2 Neighp : (q 6= fatherp ^ :usedp[q])
then begin choose q 2 Neighp n ffatherpg

with :usedp[q]?
usedp[q]:=true ? send htoki to q?

end

else begin usedp[fatherp]:=true ?

send htoki to fatherq ?
end

end

Je¸rhma 8. O algìrijmoc tou Tarry eÐnai ènac algìrijmoc di�sqishc.

Apìdeixh. Epeid  to token stèlnetai to polÔ mia for� se k�je kateÔjunsh se k�je

kan�li, qrei�zetai to polÔ 2jEj qrìnoc gia na termatÐsei o algìrijmoc. EpÐshc, epeid 
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k�je k�je diergasÐa stèlnei to polÔ mia for� to token se k�je kan�li, lamb�nei to

polÔ mia for� to token apì k�je kan�li, en¸ k�je for� pou ènac mh arqikopoiht c

p krat�ei to token, èqei pragmatopoi sei mÐa l yh parap�nw apì tic apostolèc tou

token. Autì deÐqnei ìti o arijmìc twn kanali¸n tou p eÐnai kat� èna toul�qiston mega-

lÔteroc twn qrhsimopoihmènwn kanali¸n tou, opìte o p den apofasÐzei all� prowjeÐ

to token. Apì ta parap�nw eÔkola mporeÐ na dei kaneÐc pwc mìno o arqikopoiht c

apofasÐzei.

'Otan o algìrijmoc termatÐzei k�je diergasÐa èqei l�bei kai èqei prowj sei to

token. Autì prokÔptei apì ta ex c trÐa shmeÐa:

� 'Ola ta geitonik� kan�lia tou arqikopoiht  èqoun qrhsimopoihjeÐ toul�qiston

mÐa for� gia k�je kateÔjunsh.

K�je kan�li èqei qrhsimopoihjeÐ apì ton arqikopoiht  gia na steÐlei to token,

diaforetik� o algìrijmoc de ja term�tize. Epiplèon, o arqikopoiht c lamb�nei

to token tìsec forèc ìsec to èsteile kai apì diaforetikì kan�li k�je for�;

autì shmaÐnei ìti to lamb�nei mia for� apì k�je kan�li.

� Gia k�je diergasÐa p, ìla ta geitonik� thc kan�lia èqoun qrhsimopoihjeÐ mia for�

gia k�je kateÔjunsh.

Upojètontac ìti den isqÔei h prìtash, epilègoume thn pio pali� apì tic dierga-

sÐec pou episkèfthke o algìrijmoc, èstw thn p. SÔmfwna me thn prohgoÔmenh

prìtash, h p den eÐnai o arqikopoiht c. 'Ola ta geitonik� kan�lia tou fatherp

èqoun qrhsimopoihjeÐ mia for� gia k�je kateÔjunsh, pou shmaÐnei ìti h p èqei

steÐlei to token ston patèra thc, k�ti pou me th seir� tou deÐqnei ìti h p èqei

qrhsimopoi sei ìla ta geitonik� thc kan�lia gia na steÐlei to token. Efìson,

ìmwc, to token katal gei ston arqikopoiht , h p èqei l�bei to token tìsec forèc

ìsec to èsteile; opìte to èlabe mia for� apì k�je geitonikì kan�li, k�ti pou

dhmiourgeÐ antÐfash.

� 'Olec oi diergasÐec èqoun l�bei to token kai k�je kan�li èqei qrhsimopoihjeÐ mia

for� kai proc tic dÔo kateujÔnseic.

èstw up�rqoun diergasÐec pou den èqoun l�bei to token. An eÐnai p kai q gei-

tonikèc diergasÐec, ètsi ¸ste h p na èqei l�bei to token en¸ h q ìqi, tìte h
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kat�stash aut  antitÐjetai sthn prìtash ìti k�je kan�li thc p èqei qrhsimo-

poihjeÐ kai proc tic dÔo kateujÔnseic. 'Etsi, ìlec oi diergasÐec èqoun l�bei to

token kai ìla ta kan�lia èqoun qrhsimopoihjeÐ kai proc tic dÔo kateujÔnseic,

sÔmfwna me thn prohgoÔmenh prìtash.

O algìrijmoc tou Tarry orÐzei èna gennhtikì dèntro sto dÐktuo, ìpwc deÐqnei

kai to l mma 2, me rÐza tou dèntro ton arqikopoiht . K�je mh arqikopoiht c èqei

apojhkeÔsei ton patèra tou sto tèloc k�je upologismoÔ. An epiplèon apaiteÐtai h

gn¸sh twn paidi¸n twn kìmbwn, autì mporeÐ na epiteuqjeÐ me thn antallag  k�poiwn

parap�nw eidik¸n mhnum�twn.

3.4 Anaz thsh pr¸ta kat� b�joc

3.4.1 Poluplokìthta qrìnou

Sthn par�grafo aut  ja doÔme ton algìrijmo anaz thshc pr¸ta kat� b�joc   Depth-

�rst Search (DFS). O algìrijmoc autìc kataskeu�zei èna gennhtikì dèntro me thn

prìsjeth idiìthta ìti k�je frond akm  sundèei dÔo kìmbouc, o ènac apì touc opoÐouc

eÐnai o prìgonoc tou �llou. 'Opwc anafèrjhke kai nwrÐtera, mia frond akm  eÐnai

aut  pou den an kei sto gennhtikì dèntro. Dosmènou tou gennhtikoÔ dèntrou T tou

diktÔou G, gia k�je p, to T[p] antistoiqeÐ sto sÔnolo twn diergasi¸n tou upodèntrou

p kai A[p] antistoiqeÐ stouc progìnouc tou p, touc kìmbouc dhlad  pou brÐskontai sto

monop�ti metaxÔ thc rÐzac tou dèntrou kai tou kìmbou p. MporeÐ kaneÐc na parathr sei

pwc an q 2 T [p]() p 2 A[q] .

Orismìc 4. 'Ena gennhtikì dèntro T tou G eÐnai èna dèntro anaz thshc pr¸ta-

kat�-b�joc an gia k�je frond akm  pq, q 2 T [p] _ q 2 A[p] .

Ta dèntra anaz thshc pr¸ta-kat�-b�joc qrhsimopoioÔntai se polloÔc algorÐj-

mouc gr�fwn.

Orismìc 5. H poluplokìthta qrìnou enìc katanemhmènou algorÐjmou eÐnai o mè-

gistoc qrìnoc pou apaiteÐtai apì ènan upologismì tou algorÐjmou, upì tic parak�tw

proôpojèseic:
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� T1. Mia diergasÐa mporeÐ na ektelèsei opoiod pote peperasmèno arijmì gegonì-

twn se mhdenikì qrìno.

� T2. O qrìnoc pou mesolabeÐ metaxÔ miac apostol c kai miac l yhc enìc mhnÔ-

matoc eÐnai to polÔ mia mon�da qrìnou.

H mon�da qrìnou pou qrhsimopoieÐtai gia th mètrhsh thc di�rkeiac miac katanemh-

mènhc ektèleshc isoÔtai me th mègisth kajustèrhsh mhnÔmatoc aut c thc ektèleshc.

L mma 4. Gia touc algorÐjmouc di�sqishc h poluplokìthta qrìnou isoÔtai me thn

poluplokìthta mhnum�twn.

Apìdeixh. Ta mhnÔmata antall�ssontai seiriak� kai k�je antallag  mporeÐ na

diarkèsei mÐa mon�da qrìnou.

3.4.2 O algìrijmoc

O algìrijmoc anaz thshc pr¸ta-kat�-b�joc (Depth-�rst Search   DFS) prokÔptei an

ston algìrijmo tou Tarry prosjèsoume ènan akìma kanìna, o opoÐoc periorÐzei thn

dunatìthta eleÔjerhc epilog c geÐtona gia thn pro¸jhsh tou token.

R3. 'Otan mia diergasÐa l�bei to token to stèlnei pÐsw qrhsimopoi¸ntac to Ðdio

kan�li, an autì eÐnai epitreptì apì touc kanìnec R1 kai R2.

AkoloujeÐ o DFS me th morf  yeudok¸dika.

Je¸rhma 9. O klassikìc DFS algìrijmoc upologÐzei èna gennhtikì dèntro anaz -

thshc pr¸ta-kat�-b�joc qrhsimopoi¸ntac 2jEj mhnÔmata kai 2jEj mon�dec qrìnou.

Apìdeixh. O DFS algìrijmoc ulopoieÐ ton algìrijmo tou Tarry, �ra eÐnai algì-

rijmoc di�sqishc pou upologÐzei èna gennhtikì dèntro. 'Eqei  dh apodeiqteÐ ìti k�je

kan�li metafèrei dÔo mhnÔmata (èna se k�je kateÔjunsh), to opoÐo apodeiknÔei ìti h

poluplokìthta mhnum�twn eÐnai 2jEj kai afoÔ ta mhnÔmata antall�ssontai seiriak�,

me k�je antallag  na diarkeÐ mÐa mon�da qrìnou, prokÔptei ìti h poluplokìthta qrì-

nou eÐnai epÐshc 2jEj. Apomènei na apodeiqteÐ ìti o trÐtoc kanìnac pou prostèjhke

sunep�getai th dhmiourgÐa enìc dèntrou anaz thshc pr¸ta-kat�-b�joc.
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var usedp[q]: boolean init false for each q 2 Neighp ? *Indicates whether p

has already sent to q *

fatherp: process init udef?

For the initiator only, execute once:

begin fatherp := p ? choose q 2 Neighp ?

usedp[q] := true ? send htoki to q?
end

For each process, upon receipt of htoki from q0:

begin if fatherp:=udef? then fatherp := q0?

if 8q 2 Neighp : usedp[q]

then decide

else if 9q 2 Neighp : (q 6= fatherp ^ :usedp[q])
then begin if fatherp 6= q0 ^ :usedp[q0]

then q := q0

else choose q 2 Neighp n ffatherpg
with :usedp[q]?
usedp[q]:=true ? send htoki to q?

end

else begin usedp[fatherp]:=true ?

send htoki to fatherq ?
end

end

Katarq�c, o kanìnac R3 deÐqnei ìti to pr¸to pèrasma miac frond akm c akoloujeÐtai

�mesa apì èna deÔtero pèrasma, proc thn an�podh kateÔjunsh. An upojèsoume ìti

h pq eÐnai mia frond akm  kai h p eÐnai h pr¸th diergasÐa pou th qrhsimopoieÐ, tìte,

h q èqei  dh l�bei to token mia for� prin to l�bei apì thn p, alli¸c h p ja  tan o

patèrac thc q, kai h metablht  usedq[p] ja eÐnai yeud c, afoÔ h p eÐnai h pr¸th pou

qrhsimopoieÐ thn akm  pq. Epomènwc, efarmìzontac ton kanìna R3, h q stèlnei �mesa
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to token pÐsw sthn p.

T¸ra ja apodeiqteÐ ìti an h pq eÐnai frond akm , pou qrhsimopoieÐtai pr¸ta apì

thn p, tìte q 2 A[p]: 'Estw to monop�ti pou akoloÔjhse to token prin staleÐ mèsw

thc pq. AfoÔ h pq eÐnai frond akm , tìte h q èqei  dh l�bei k�poia stigm  to token,

prin ft�sei se aut  mèsw thc akm c ...,q,...,p, q

An sto parap�nw monop�ti antikatast soume ta sq mata thc morf c �r1; r2; r1�,

ìpou r1r2 eÐnai frond akm , me to r1, tìte ja afairejoÔn ìlec oi frond akmèc apì to

monop�ti. Epomènwc, to monop�ti autì ja an kei sto T kai ja apoteleÐtai mìno apì tic

akmèc pou qrhsimopoi jhkan prin thn pr¸th qrhsimopoÐhsh thc akm c pq. An h q den

eÐnai prìgonoc thc p, tìte h akm  apì thn q proc thn fatherq ja èqei qrhsimopoihjeÐ

prin qrhsimopoihjeÐ h akm  qp, to opoÐo antitÐjetai ston kanìna R2 tou algorÐjmou.

3.5 Anaz thsh pr¸ta kat� eÔroc

Se aut  thn par�grafo ja parousiasteÐ ènac akìmh algìrijmoc, o opoÐoc kataskeu�zei

èna gennhtikì dèntro anaz thshc pr¸ta-kat�-eÔroc (Breadth-�rst Search 'h BFS).

Orismìc 5. 'Ena gennhtikì dèntro T enìc diktÔou G apoteleÐ dèntro anaz thshc

pr¸ta-kat�-eÔroc, an gia k�je kìmbo, to monop�ti gia k�je dèntro pou kateujÔnetai

eÐnai èna monop�ti elaqÐstwn bhm�twn sto G.

3.5.1 O algìrijmoc

O upologismìc enìc BFS dèntrou gÐnetai me th bo jeia enìc sugkentrwtikoÔ algorÐj-

mou pou arqikopoieÐtai apì th rÐza tou dèntrou, me ènan, dhlad , algìrijmo di�sqishc.

H kataskeu  tou BFS dèntrou proqwr�ei an� epÐpeda. Mìlic oloklhrwjeÐ to epÐpedo

i, oi geitonikoÐ kìmboi tou epipèdou autoÔ prostÐjentai sto dèntro san epÐpedo i+1.

O algìrijmoc leitourgeÐ wc ex c: 'Olec oi diergasÐec diathroÔn mia metablht  du,

opou apojhkeÔoun tic apost�seic touc apì th rÐza tou dèntrou u0. H metablht  aut 

èqei arqik� thn tim  0 gia th rÐza tou dèntrou kai 1 gia ìlec tic �llec diergasÐec.

Gia na xekin sei o algìrijmoc, o arqikopoiht c, dhlad  h diergasÐa u0, stèlnei thn



60 KEF�ALAIO 3. KUMATIKO�I ALG�ORIJMOI

tim  thc du0 , se ìlouc touc geitonikoÔc kìmbouc. Se k�je gÔro, an mia diergasÐa l�bei

èna m nuna m, apì thn p kai isqÔei m + 1< du, jètei du = m + 1 kai th metablht 

fatheru = p.

3.5.2 Qarakthristik� tou BFS

O algìrijmoc BFS parousi�zei ta ex c qarakthristik�:

� An d(u) eÐnai h apìstash thc u0 apì thn u sto dÐktuo G, tìte kat� thn ektèlesh

tou algorÐjmou, gia opoiesd pote geitonikèc diergasÐec u,p eÐte isqÔei dp <

du + 1, eÐte to di stèlnetai apì thn u sthn p.

� Se k�je qronik  stigm  thc ektèleshc, an h du den eÐnai �peirh, tìte antistoiqeÐ

sto m koc enìc monopatioÔ apì th rÐza tou dèntrou proc thn u.

� IsqÔei ìti d(u)� du < n.

� H tim  du all�zei to polÔ n forèc.

� H poluplokìthta mhnum�twn eÐnai O(nm).

L mma 5. Gia k�je u ja isqÔei du = d(u) entìc qrìnou d(u)n((l) + (m)).

Apìdeixh. Gia d(u) = 0 eÐnai profanèc. 'Estw ìti isqÔei gia k�je p. ìpou dp � k.

Ac p�roume mia diergasÐa u me du = k + 1 kai mia geitonik  thc p me dp = k. Se qrìno

kn((l) + (d)) h p èjese d(p) = k kai apof�sise na steÐlei thn tim  k sth u. Se n(l)

epiplèon qrìno h p ja steÐlei to k sto kan�li pu. Se p(d) epiplèon qrìno h u ja

l�bei to m numa, ja jèsei du = k + 1 kai ja epilèxei wc gonèa thc thn p.

Je¸rhma 10. Me thn ektèlesh tou BFS algorÐjmou, to sÔsthma sugklÐnei se

mia kat�stash ìpou èqei kataskeuasteÐ epikaluptikì dèntro T(G): H apìstash miac

koruf c apìt h u0 eÐnai Ðdia kai sto G kai sto T(G) kai autì oloklhr¸netai se qrìno

O( dn(l+d) ).



Kef�laio 4

To leitourgikì sÔsthma TinyOS

kai h gl¸ssa programmatismoÔ

nesC

4.1 Jèmata sqediasmoÔ enìc leitourgikoÔ su-

st matoc gia AsÔrmata DÐktua Aisjht -

rwn

Ta paradosiak� leitourgik� sust mata eÐnai to logismikì tou sust matoc kai pe-

rilamb�noun progr�mmata pou diaqeirÐzontai touc pìrouc tou upologist , elègqoun

tic perifereiakèc suskeuèc kai genik� prosfèroun mia afairetikìthta sto logismikì

twn efarmog¸n. Epomènwc, oi leitourgÐec enìc paradosiakoÔ leitourgikoÔ sust -

matoc up�rqoun gia na diaqeirÐzontai diergasÐec, mn mh, CPU, sÔsthma arqeÐwn kai

suskeuèc. Sun jwc h ulopoÐhsh pou akoloujeÐtai eÐnai èna kat� tm mata kai kat�

epÐpeda prìtupo, sumperilamb�nontac èna kat¸tero epÐpedo, autì tou pur na (kernel)

kai èna an¸tero epÐpedo pou perièqei tic biblioj kec tou sust matoc. Ta paradosiak�

leitourgik� sust mata den eÐnai kat�llhla gia ta WSNs exaitÐac twn periorismènwn

pìrwn, twn poikÐlwn dedomenokentrik¸n (data-centric) efarmog¸n kai thc eumet�blh-

thc topologÐac touc. Ta WSNs qrei�zontai èna nèo tÔpo leitourgikoÔ sust matoc,
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pou na lamb�nei upìyin ta idiaÐtera qarakthristik� touc.

Up�rqoun arket� jèmata pou ja prèpei na lamb�nontai upìyin kat� to sqediasmì

enìc leitourgikoÔ sust matoc gia WSNs.

� DiaqeÐrish twn diergasi¸n tou sust matoc kai qronoprogrammatismìc Ta para-

dosiak� leitourgik� sust mata parèqoun prostasÐa stic diergasÐec desmeÔontac

èna xeqwristì q¸ro sth mn mh gia k�je mÐa. 'Etsi oi diergasÐec diathroÔn ta de-

domèna kai tic plhroforÐec touc sto dikì touc q¸ro. Autì èqei san apotèlesma

thn pollapl  antigraf  dedomènwn, k�ti pou profan¸c den eÐnai apodotikì wc

proc thn katan�lwsh enèrgeiac gia ta WSNs. 'Oso anafor� ton qrnoprogram-

matismì, ènac pragmatikoÔ-qrìnou scheduler, ìpwc ènac earliest deadline �rst

(EDF), gia ta WSNs eÐnai mia kal  epilog , gia efarmogèc pragmatikoÔ qrìnou,

ìmwc ja prèpei na tejoÔn k�poia ìria ston arijmì twn diergasi¸n, miac kai autì

kajorÐzei thn poluplokìthta tou EDF scheduler.

� DiaqeÐrish mn mhc 'Opwc anafèrjhke parap�nw, ta paradosiak� leitourgik�

sust mata desmeÔoun èna xeqwristì q¸ro mn mhc gia k�je diergasÐa. Autì

mporeÐ na eÐnai shmantikì gia jèmata asf�leiac kai prostasÐac twn diergasi¸n,

ìmwc sta WSNs h mn mh twn kìmbwn aisjht rwn eÐnai periorismènh. Epomènwc,

o diamoirasmìc tou Ðdiou q¸rou mn mhc mporeÐ na mei¸sei tic apait seic.

� To montèlo tou pur na Ta montèla twn �odhgoÔmenou-apì-gegonìta� pur na kai

mhqan c peperasmènwn katast�sewn (�nite state machine   FSM) èqoun qrh-

simopoihjeÐ gia to sqediasmì mikropur nwn gia WSNs. To �odhgoÔmena-apì-

gegonìta� montèlo Ðswc na exuphret sei arket� kal� ta WSNs, ta opoÐa moi�-

zoun me �odhgoÔmena-apì-gegonìta� sust mata. 'Ena gegonìc mporeÐ na eÐnai h

apostol    h l yh enìc pakètou, h anÐqneush enìc gegonìtoc, sunagermìc gia

ex�ntlhsh mpatarÐac, k.o.k. To FSM montèlo eÐnai bolikì gia thn anapar�stash

tou sÔgqronou qarakt ra tou sust matoc, thc dunatìthtac antÐdras c tou kai

tou sugqronismoÔ pou apaiteÐtai.

� Diepaf  me to qr sth (API) Ta APIs pou ja prosfèroun oi kìmboi aisjht rwn

ja prèpei na dÐnoun stic efarmogèc th dunatìthta prìsbashc sto hardware.
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� Epanaprogrammatismìc H sumperifor� twn kìmbwn aisjht rwn kai oi algìrijmoÐ

touc Ðswc qreiasteÐ na tropopoihjoÔn, eÐte gia beltÐwsh thc leitourgikìtht�c

touc eÐte gia th diat rhsh thc enèrgeiac. 'Etsi, to leitourgikì sÔsthma ja prèpei

na eÐnai se jèsh na epanaprogrammatisteÐ.

� SÔsthma arqeÐwn Oi kìmboi twn aisjht rwn de diajètoun exwterikì dÐsko, su-

nep¸c de mporoÔn na èqoun sÔsthma arqeÐwn.

4.2 To leitourgikì sÔsthma TinyOS

Qili�dec ereunhtèc se ìlo ton kìsmo èqoun emplakeÐ sthn ulopoÐhsh tou leitourgikoÔ

sust matoc TinyOS gia efarmogèc twn WSNs. Ja mporoÔse na pei kaneÐc ìti h

epituqÐa twn WSNs ofeÐletai kat� èna meg�lo bajmì sthn an�ptuxh tou leitourgikoÔ

autoÔ sust matoc.

To TinyOS sqedi�sthke eidik� gia taWSNs. Eis�gei èna domhmèno, �odhgoÔmenou-

apì-ta-gegonìta� (event-driven) montèlo kai èna sqediasmì tou logismikoÔ basismèno

se components. To logismikì autì uposthrÐzei se èna meg�lo bajmì thn ènnoia tou

sugqronismoÔ, enisqÔei thn eurwstÐa kai elaqistopoieÐ thn katan�lwsh enèrgeiac, en¸

dieukolÔnei thn an�ptuxh polÔplokwn algorÐjmwn kai prwtokìllwn. To TinyOS apo-

teleÐtai apì components pou sundèontai me kal� orismèna interfaces. Ja mporoÔsame

na to fantastoÔme san komm�tia ulikoÔ pou sundèontai metaxÔ touc. H meg�lh poi-

kilÐa se platfìrmec ulikoÔ kai se efarmogèc antimetwpÐzetai me thn sunènwsh twn

kat�llhlwn components.

To TinyOS loipìn diafèrei apì ta paradosiak� leitourgik� sust mata. Oi èn-

noiec twn Kernel, diaqeÐrish diergasi¸n (process management), eikonik  mn mh (virtual

memory), dunamik  dèsmeush mn mhc (dynamic memory allocation), software s mata

(signals) den up�rqoun ed¸. QwrÐc Kernel h diaqeÐrish tou hardware gÐnetai apèujeÐac,

up�rqei mìno mÐa diadikasÐa sto sÔsthma, up�rqei grammikìc q¸roc dieujÔnsewn kai h

mn mh anatÐjetai statik� kat� th di�rkeia tou compile thc efarmog c. Wc apotèlesma,

to TinyOS den xepern�ei ta 3500 bytes.
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Components To TinyOS prosfèrei èna Event-driven montèlo logismikoÔ pou epi-

plèon uposthrÐzei thn tmhmatikìthta (modularity). 'Ola aut� epitugq�nontai me th

bo jeia twn components. Ta components eÐnai ta sustatik� stoiqeÐa tou TinyOS kai

parèqoun antÐstoiqec leitourgÐec. 'Ena component, gia par�deigma, ja mporoÔse na

qeirÐzetai ton upologismì twn diadrom¸n gia th dromolìghsh twn pakètwn.

Sq ma 4.1: Component

Sto parap�nw sq ma (Sq. 4.1) parousi�zetai h genik  dom  enìc component. To

frame emperièqei ìlh thn plhroforÐa gia thn kat�stash twn dedomènwn tou com-

ponent.Stic ergasÐec (tasks) gÐnetai ousiastik� ìlo to upologistikì mèroc twn lei-

tourgi¸n twn components, en¸ ta gegonìta (events) kai oi entolèc (commands) pou

apoteloÔn th diepaf  (interface) tou component qrhsimopoioÔntai gia th sunergasÐa

me �lla components. Tasks, events kai commands ekteloÔntai sto q¸ro pou orÐzetai

apì ta frames.

Ta components ierarqoÔntai se kathgorÐec, xekin¸ntac apì aut� pou apoteloÔn mia

afairetik  anapar�stash tou hardware (hardware abstractions) èwc uyhloÔ epipèdou

components. Aut� pou montelopoioÔn to hardware parèqoun interfaces pou antikato-

ptrÐzoun tic leitourgÐec tou kai tic diakopèc. 'Ena tupikì hardware abstraction eÐnai

to RFM radio component, to opoÐo parèqei entolèc gia èlegqo twn I/O exìdwn tou

RFM pompodèkth. EpÐshc parèqei events gia thn enhmèrwsh �llwn components gia
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thn kat�stash thc apostol c/l yhc se epÐpedo bit. To Radio Byte component eÐnai

èna par�deigma component pou brÐsketai èna epÐpedo pio p�nw apì ta primitive. H

doulei� tou eÐnai na epikoinwneÐ me to upokeÐmeno RFM component, stèlnontac kai

lamb�nontac dedomèna proc kai apì autì kai na prokaleÐ èna event ìtan h metafor�

enìc byte èqei oloklhrwjeÐ. Tèloc ta pio uyhloÔ epipèdou components eÐnai upeÔjuna

gia ton èlegqo twn upokeÐmenwn components, kaj¸c epÐshc gia th dromolìghsh, thn

epexergasÐa twn dedomènwn kai thn efarmog  leitourgi¸n sun�jroishc.

Tasks 'Opwc anafèrjhke parap�nw, ta tasks eÐnai komm�tia k¸dika ìpou gÐnetai sqe-

dìn ìlh h upologistik  doulei� kai ja prèpei na ekteloÔntai mèqri na oloklhrwjoÔn,

all� h ektèles  touc mporeÐ na diakopeÐ apì commands kai events handlers. K�je

task kaleÐtai, gÐnetai posted, apì commands kai events kai ekteleÐtai anex�rthta apì

�lla tasks, eÐnai dhlad  atomic ergasÐa. Epeid  poll� tasks mporeÐ na dhmiourghjoÔn

apì di�forouc handlers, o Scheduler tou TinyOS akoloujeÐ FIFO politik  gia thn

ektèles  touc. 'Otan kanèna den perimènei na ektelesteÐ   den ekteleÐtai o scheduler

apenergopoieÐ ton kìmbo.

Sto sq ma 4.2 faÐnetai to perib�llon ektèleshc miac efarmog c tou TinyOS. To

tm ma tou k¸dika pou prospelaÔnetai apì handlers diakop¸n onom�zetai �asÔgqronoc

k¸dikac �. An autì to komm�ti k¸dika prospelaÔnetai tautìqrona apì polloÔc hand-

lers mporeÐ na dhmiourghjoÔn sunj kec sunagwnismoÔ. Gia na apofeuqjeÐ k�ti tètoio,

o programmatist c ja mporoÔse na topojet sei ton asÔqrono k¸dika se task.

Entolèc (Commands) kai Gegonìta (Events) Oi entolèc eÐnai ait seic uyh-

loÔ epipèdou proc qamhlìterou epipèdou components, gia ektèlesh miac sugkekrimènhc

ergasÐac. Ta gegonìta eÐnai s mata pou stèlnoun qamhloÔ epipèdou components proc

uyhlìterou epipèdou components. Oi antÐstoiqoi handlers pou up�rqoun mèsa sta

components autì pou k�noun eÐnai na metab�lloun thn eswterik  tou kat�stash, to-

pojet¸ntac k�poiec plhroforÐec sto frame tou. EpÐshc, mporoÔn na kalèsoun se lei-

tourgÐa k�poio task, k�poia entol    akìma kai na prokalèsoun k�poio �llo gegonìc.

EÐnai shmantikì na prosèxoume ìti gia na diathreÐ ton �odhgoÔmeno-apì-ta-gegonìta�

qarakt ra tou to TinyOS, ja prèpei kai oi entolèc kai ta gegonìta na ekteloÔntai
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Sq ma 4.2: Perib�llon ektèleshc tou TinyOS

èwc ìtou oloklhrwjoÔn. H ektèlesh twn entol¸n de ja prèpei na perimènei polÔ na

xekin sei, oÔte ìmwc kai na mplok�retai. Ta gegonìta mporoÔn na anasteÐloun th

leitourgÐa k�poiou task, afoÔ eÐnai pio shmantik�. To antÐstrofo de mporeÐ na sumbeÐ.

H leitourgikìthta twn components sto TinyOS perigr�fetai apì diepafèc (interfaces),

oi opoÐec sqhmatÐzontai apì ta commands kai ta events. 'Ena components prosfèrei

interfaces kai qrhsimopoieÐ k�poiec apì �lla components. O handler tou command

ulopoieÐtai sto component-paroqèa, en¸ h ulopoÐhsh tou handler twn events sto

component-qr sth.

Split-phase programming 'Opwc anafèrjhke sta parap�nw, oi entolèc kai ta ge-

gonìta eÐnai o mìnoc trìpoc epikoinwnÐac thc miac sunist¸sac logismikoÔ me mia �llh.

Epiplèon, eÐdame ìti kai oi entolèc all� kai ta gegonìta ja prèpei na suneqÐzoun th

leitourgÐa touc èwc ìtou oloklhrwjoÔn. Autì pou den eÐnai safèc eÐnai to p¸c k�poia

sunist¸sa logismikoÔ pou èqei steÐlei mia entol  se mia �llh, ja p�rei k�poio feed-

back apì autì, p¸c dhlad  ja enhmerwjeÐ gia thn kat�stash thc aÐthshc pou èsteile.
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Gia par�deigma, p¸c èna prwtìkollo �Autìmathc Epan�lhyhc AÐthshc � (Automatic

Repeat Request) ja enhmerwjeÐ apì to MAC prwtìkollo gia to an èna pakèto èqei

staleÐ epituq¸c; Apì ta parap�nw prokÔptei h idèa tou split-phase programmatismoÔ,

o opoÐoc qrhsimopoieÐ thn ènnoia twn amfÐdromwn diepaf¸n: se k�je entol  antistoi-

qÐzetai èna gegonìc. Mia uyhloÔ epipèdou sunist¸sa logismikoÔ stèlnei mia entol 

ènarxh k�poiac drasthriìthtac se mia �llh sunist¸sa logismikoÔ. H entol  epistrè-

fei amèswc, deÐqnontac thn kat�stash thc aÐthshc, akìma ki an h leitourgÐa den èqei

oloklhrwjeÐ. 'Otan oloklhrwjeÐ h leitourgÐa, h antÐstoiqh sunist¸sa prokaleÐ èna

gegonìc proc tic sunist¸sec pou ja suneqÐsoun me �llec drasthriìthtec. Sto en-

di�meso, o epexergast c mporeÐ na exuphret sei �lla gegonìta   tasks   na èrjei se

kat�stash �Ôpnou �, an den perimènei k�poia ergasÐa sthn our� gia ektèlesh. 'Etsi

epitugq�netai kai kal  diaqeÐrish enèrgeiac apì to sÔnolo twn sunistws¸n logismikoÔ

tou TinyOS.

4.3 H gl¸ssa programmatismoÔ nesC

H nesC eÐnai mia gl¸ssa programmatismoÔ enswmatwmèna diadiktuwmèna sust mata.

ApoteleÐ mia epèktash th C kai èqei qrhsimopoihjeÐ gia th dhmiourgÐa tou TinyOS.

'Etsi uposthrÐzei to �odhgoÔmeno-apì-ta-gegonìta� montèlo programmatismoÔ, ton tau-

toqronismì stic leitourgÐec, kaj¸c epÐshc kai to apoteloÔmeno apì xeqwrist� domik�

stoiqeÐa (components) montèlo sqediasmoÔ. KÔrioc stìqoc eÐnai o eÔkoloc sundua-

smìc twn domik¸n aut¸n stoiqeÐwn gia th dhmiourgÐa miac oloklhrwmènhc efarmog c.

O sqediasmìc thc nesC basÐzetai sta parak�tw jèmata:

H nesC eÐnai proèktash thc C. H C par�gei polÔ apodotikì k¸dika gia ìlouc touc

mikroepexergastec pou qrhsimopoioÔntai sta dÐktua aisjht rwn kai epÐshc pa-

rèqei leitourgÐec gia èukolh prospèlash sto ulikì. Epiplèon, oi perissìteroi

programmatistèc eÐnai exoikeiwmènoi me ton k¸dika thc C. Par�ola aut� h C èqei

kai k�poia meionekt mata, ìpwc h mh upost rixh thc dhmiourgÐac asfaloÔc k¸-

dika   efarmog¸n pou apotelountai apì xeqwrist� domik� mèrh. Antijètwc h

nesC uposthrÐzei ìla ta parap�nw.
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Olik  an�lush tou progr�mmatoc kat� th di�rkeia thc metagl¸ttishc. Sth nesC

den eÐnai dunat  h metagl¸ttish xeqwrist¸n mel¸n tou progr�mmatoc. Autì

prosfèrei kalÔterh an�lush tou k¸dika kai kalÔterh apìdosh. 'Ena par�deigma

ìpou h praktik  aut  apodeiknÔetai qr simh eÐnai sto qeirismì katast�sewn

sunagwnismoÔ.

Statikìc k¸dikac. H praktik  thc dunamik c dèsmeushc mn mhc den uposthrÐzetai apì

th nesC, en¸ to gr�fhma twn diasundèsewn eÐnai gnwstì kat� th metagl¸ttish.

To Ðdio to montèlo twn components kai oi diepafèc (interfaces) pou epidèqontai

parametropoÐhshc elaqistopoioÔn tic an�gkec thc dunamik c dèsmeushc mn mhc.

Oi periorismoÐ autoÐ aux�noun thn apodotikìthta kai k�noun thn an�lush tou

k¸dika polÔ pio apl  kai epakrib .

H nesC uposthrÐzei kai antikatoptrÐzei to sqediasmì tou TinyOS. 'Opwc anafèrjhke

kai parap�nw, h nesC basÐzetai sto montèlo twn components kai uposthrÐzei to

�odhgoÔmeno-apì-ta-gegonìta� montèlo leitourgÐac tou TinyOS.

Diepafèc Oi diepafèc sth nesC eÐnai amfÐdromec: orÐzoun mia allhlepÐdrash meta-

xÔ dÔo sunistws¸n logismikoÔ, tou paroqèa kai tou qr sth, qrhsimopoi¸ntac polla-

plèc sunart seic. H diepaf  orÐzei èna sÔnolo apì commands pou ulopoioÔntai ston

paroqèa kai èna sÔnolo apì events pou ulopoioÔntai ston qr sth.

O orismìc mia diepaf c gÐnetai wc ex c:

interface:

interface identi�er f declaration-list g
storage-class-speci�er: also one of

command event async

O identi�er eÐnai to ìnoma thc diepaf c kai èqei global scope. 'Olec oi diepafèc

èqoun diaforetik� metaxÔ touc onìmata. Sto pedÐo declaration list orÐzontai ta com-

mands kai ta events. H lèxh async eÐnai proairetik  kai qrhsimopoieÐtai gia na deÐxei

ìti to antÐstoiqo command   event mporeÐ na ektelesteÐ se ènan qeirist  diakop¸n.
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'Ena par�deigma diepaf c faÐnetai parak�tw:

i n t e r f a c e SendMsgf

command r e s u l t t send ( u in t 16 t address , u i n t 8 t length ,

TOS MsgPtr msg ) ;

event r e s u l t t sendDone (TOS MsgPtr msg , r e s u l t t su c c e s s ) ;

g

Ta components pou parèqoun th diepaf  SendMsg prèpei na ulopoioÔn thn entol 

send kai ta components pou th qrhsimopoioÔn prèpei na ulopoioÔn to gegonìc send-

Done. O orismìc thc diepaf c èxw apì to component ìpou qrhsimopoieÐtai odhgeÐ sth

dhmiourgÐa k�poiwn prokajorismènwn diepaf¸n, k�nontac ta components pio eÔqrhsta

kai pio euèlikta.

Oi leitourgÐec pou montelopoioÔn ton split-phase programmatismì ulopoioÔntai to-

pojet¸ntac tic entolèc kai tic antÐstoiqec antidr�seic (gegonìta) sthn Ðdia diepaf .

Gia par�deigma, sthn parap�nw diepaf  SendMsg h entol  send kai to gegonìc send-

Done apoteloÔn mèlh tou split-phased pakètou Send.

Components Ta components sth nesC eÐnai dÔo tÔpwn: ta modules kai ta con�-

gurations. Ta modules apoteloÔn ousiastik� thn ulopoÐhsh thc efarmog c se k¸dika

C, en¸ sta con�gurations gÐnetai to wiring twn components, perigr�fetai, dhlad , o

trìpoc sÔndes c touc.

O k¸dikac enìc component xekin�ei me ton orismì tou:

nesC-�le:

fincludes-list moduleg
fincludes-list con�gurationg
...

module:

fmodule identi�er speci�cation module-implementationg
con�guration:
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fcon�guration identi�er speci�cation con�guration-implementationg

O orismìc enìc component apoteleÐtai apì mia proairetik  lÐsta me C arqeÐa kai ton

orismì toumodule   tou con�guration, ta opoÐa orÐzontai me to ìnom� touc (identi�er),

th lÐsta twn uses interface identi�er kai provides interface identi�er (speci�cation)

kai tèloc parajètontac thn ulopoÐhs  touc (module/con�guration implementation).

� Modules

'Ena module apoteleÐtai apì èna sÔnolo dhl¸sewn kai orism¸n se gl¸ssa C,

orismoÔc twn tasks kai ulopoi seic twn entol¸n kai twn gegonìtwn. H ulopoÐhsh

miac parametropoihmènhc entol c   enìc gegonìtoc èqei th sÔntaxh miac sun�r-

thshc thc C. Gia par�deigma, èna component pou parèqei th diepaf  SendMsg

ja prèpei to antÐstoiqo module na ulopoieÐ thn entol  Send:

command r e s u l t t Send . send ( u in t 16 t address , u i n t 8 t length ,

TOS MsgPtr msg)f

. . .

r e turn SUCCESS;

g

Mia entol  kaleÐtai gr�fontac call command identi�er(list of parameters). 'Ena

gegonìc prokaleÐtai gr�fontac signal event identi�er(list of parameters). H

ektèlesh twn entol¸n kai twn gegonìtwn eÐnai �mesh, akrib¸c ìpwc h ektèlesh

miac sun�rthshc.

Ektìc apì entolèc kai gegonìta, èna module perilamb�nei ton orismì twn tasks

(bl. 4.2). Sta tasks eÐnai pou gÐnontai ousiastik� oi upologistikèc ergasÐec thc

efarmog c. OrÐzontai wc ex c:

task void task identi�er()

'Opwc mporeÐ na dei kaneÐc, ta tasks den dèqontai paramètrouc kai den epistrèfoun

kamÐa tim , en¸ kaloÔntai gr�fontac post task identi�er.
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Sto shmeÐo autì prèpei na anafèroume tic atomic ekfr�seic. QrhsimopoioÔntai

gia amoibaÐo apokleismì, gia enhmèrwsh sÔgqronwn dedomènwn kai �llec parì-

moiec leitourgÐec, miac kai eggu¸ntai ìti h ektèlesh touc gÐnetai san na mhn

ekteleÐtai kanènac �lloc upologismìc tautìqrona.

'Ena par�deigma qr shc twn atomic ekfr�sewn faÐnetai ed¸:

bool busy ; // g l oba l

void f ( ) f

bool a v a i l a b l e ;

atomic f

av a i l a b l e =! busy ;

busy=TRUE;

g

i f ( a v a i l a b l e ) do something ;

atomic busy = FALSE;

g

� Con�gurations
H ulopoÐhsh enìc con�guration apoteleÐtai apì th sÔndesh, to wiring ìpwc

onom�zetai, twn components pou qrhsimopoieÐ h efarmog :

con�guration-implementation:

implementation f component-list connection-list g
Component-list eÐnai h lÐsta twn components pou qtÐzoun thn efarmog  kai

connection-list eÐnai o trìpoc pou aut� sundèontai.

H sÔntaxh twn sundèsewn faÐnetai ed¸:

connection:

endpoint = endpoint

endpoint ! endpoint

endpoint  endpoint
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Ta endpoints antistoiqoÔn se k�poio stoiqeÐo orismoÔ, pou mporeÐ na eÐnai mia

diepaf , mia entol    èna gegonìc. An onom�soume exwterik� ta stoiqeÐa orismoÔ

pou an koun ston orismì tou con�guration kai eswterik� ta stoiqeÐa orismoÔ

pou an koun se k�poio apì ta components tou, tìte h parap�nw sÔntaxh èqei

nìhma an isqÔoun oi parak�tw peript¸seic:

{ endpoint = endpoint: Me th sÔntaxh aut  ta dÔo stoiqeÐa gÐnonta isìtima.

Gia ta stoiqeÐa aut� h pr¸th perÐptwsh eÐnai to èna na eÐnai exwterikì kai

to �llo eswterikì kai na parèqontai   na qrhsimopoioÔntai kai ta dÔo, kai

h deÔterh perÐptwsh eÐnai kai ta dÔo stoiqeÐa na eÐnai exwterik� kai to èna

na parèqetai en¸ to �llo na qrhsimopoieÐtai.

{ endpoint ! endpoint: Aut  h sÔndesh afor� dÔo eswterik� stoiqeÐa. To

stoiqeÐo sthn arq  tou bèlouc p�nta qrhsimopoieÐtai kai sundèetai me to

stoiqeÐo sth dexi� pleur� tou bèlouc, to opoÐo p�nta parèqetai.

{ endpoint1 endpoint2: H sÔndesh aut  eÐnai isìtimh me th sÔndesh endpoint2

! endpoint1 .

Kai stic treic parap�nw peript¸seic sundèsewn ja prèpei ta stoiqeÐa orismoÔ

na eÐnai sumbat� metaxÔ touc. EpÐshc, an ta stoiqeÐa eÐnai entolèc   gegonìta

ja prèpei na èqoun to Ðdio prwtìtupo, an¸ an èna apì ta stoiqeÐa eÐnai parame-

tropoihmèno ja prèpei kai to �llo na dèqetai tic Ðdiec paramètrouc.

'Ena par�deigma thc ulopoÐhshc enìc con�guration faÐnetai parak�tw:

c on f i g u r a t i on Cf

prov ide s i n t e r f a c e X;

g

implementation f

components C1 , C2 ;

X = C1 .X;

X = C2 .X;

g
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Concurrency H ektèlesh miac efarmog c se nesC apoteleÐtai apì thn ektèlesh twn

tasks, pou prèpei na ekteloÔntai èwc ìtou oloklhrwjoÔn, kai apì qeiristèc diakop¸n

pou kaloÔntai asÔgqrona apì to hardware. H mh diakop  thc ektèleshc twn tasks èwc

ìtou oloklhrwjeÐ, ta kajist� atomic wc proc ta �lla tasks, ìmwc den eÐnai atomic

wc proc touc qeiristèc twn diakop¸n. To asÔgqrono autì monelo leitourgÐac k�nei

th nesC eu�lwth se sunj kec sunagwnismoÔ, se sugkekrimèna shmeÐa tou k¸dika pou

eÐnai diamoirazìmena, ìpwc eÐnai oi global metablhtèc. Oi sunj kec sunagwnismoÔ

mporoÔn na antimetwpistoÔn eis�gontac tic enèrgeiec prìsbashc se diamoirazìmena

shmeÐa eÐte se tasks eÐte se atomic ekfr�seic. Kat� th di�rkeia thc metagl¸ttishc h

nesC enhmer¸nei to qr sth gia pijan  emf�nish sunjhk¸n sunagwnismoÔ.

Tupik� o k¸dikac mia efarmog c qwrÐzetai se dÔo kathgorÐec:

1. SÔgqronoc K¸dikac (Synchronous Code   SC): o k¸dikac (sunart seic, entolèc,

gegonìta, tasks) pou eÐnai prospel�simoc mìno apì tasks.

2. AsÔgqronoc K¸dikac (Asynchronous Code   AC): o k¸dikac pou eÐnai prospe-

l�simoc apì ènan toul�qiston qeirist  diakop¸n.

SÔmfwna me ta parp�nw, prokÔptei to ex c sumpèrasma:

Mh Ôparxh sunjhk¸n sunagwnismoÔ: K�je enhmèrwsh se diamoirazìmenh kat�sta-

sh dedomènwn eÐte eÐnai mìno SC eÐte sumbaÐnei mèsa se atomic èkfrash. To s¸ma miac

sun�rthshc f pou kaleÐtai mèsa apì mia atomic èkfrash, jewreÐtai ìti brÐsketai mèsa

sthn èkfrash ìso oi kl seic thc sun�rthshc f.

4.4 'Alla Leitourgik� Sust mata

4.4.1 Mate

To Mate èqei sqediasteÐ ètsi ¸ste na douleÔei san èna component tou TinyOS pou

brÐsketai sto uyhlìtero epÐpedo. EÐnai ènac diermhnèac (byte-code interpreter) kai

skopì èqei na k�nei to TinyOS eÔkola prosb�simo se mh eidikoÔc programmatistèc,
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kaj¸c epÐshc kai na katast sei ton programmatismì enìc olìklhrou diktÔou aisjh-

t rwn mia eÔkolh kai gr gorh diadikasÐa. Epiplèon prosfèrei èna perib�llon ektèle-

shc, pou eÐnai polÔ exuphretikì gia to UC-Berkley mote, afoÔ sto sÔsthma autì den

up�rqei mhqanismìc prostasÐac tou ulikoÔ. Sto Mate, o k¸dikac tou progr�mmatoc

apoteleÐtai apì k�youlec (capsules). K�je k�youla èqei 24 entolèc kai to m koc k�je

entol c eÐnai 1 byte. Oi k�youlec perièqoun plhroforÐec gia ton tÔpo kai thn èkdos 

touc kai mporoÔn na anaptuqjoÔn mèsa sto dÐktuo. To Mate ulopoieÐ èna beaconless

(BLESS) ad-hoc prwtìkollo dromolìghshc, en¸ èqei th dunatìthta an�ptuxhc nèwn

prwtokìllwn dromolìghshc. 'Enac kìmboc aisjht ra pou lamb�nei mia kainoÔria èkdo-

sh miac k�youlac, thn egkajist�. Oi k�youlec taxinomoÔntai se tèsseric kathgorÐec:

k�youlec apostol c mhnÔmatoc, l yhc mhnÔmatoc, qronist  kai uporoutÐnac. 'Ena ge-

gonìc prokaleÐ thn ènarxh thc ektèleshc tou Mate, to opoÐo mporeÐ na qrhsimopoihjeÐ

tìso san mia eikonik  mhqan  gia an�ptuxh efarmog¸n, ìso kai san èna ergaleÐo gia

th diaqeÐrish olìklhrou tou diktÔou aisjht rwn.

4.4.2 MagnetOS

To MagnetOS eÐnai èna katanemhmèno prosarmostikì leitourgikì sÔsthma sqediasmè-

no eidik� gia prosarmog  twn efarmog¸n kai diat rhsh enèrgeiac. 'Alla leitourgik�

sust mata den parèqoun mhqanismoÔc gia diaskeu  twn efarmog¸n se eÔroc diktÔou

  teqnikèc gia diat rhsh thc enèrgeiac me apodotik  qr sh twn diajèsimwn pìrwn twn

kìmbwn apì tic efarmogèc. Oi mhqanismoÐ autoÐ sun jwc ulopoioÔntai apì thn Ðdia thn

efarmog , k�ti pou den eÐnai idiaÐtera apodotikì wc proc thn katan�lwsh enèrgeiac.

Oi stìqoi tou MagnetOS eÐnai:

1. h prosarmog  stouc up�rqontec pìrouc kai stic allagèc touc, se stajer  b�sh,

2. h apodotikìthta wc proc thn katan�lwsh enèrgeiac,

3. h paroq  miac afairetikìthtac gia tic efarmogèc,

4. h klimakwsimìthta gia efarmog  se meg�la dÐktua.
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To MagnetOS eÐnai èna single system image (SSI)   mia apl  eniaÐa eikonik  mhqa-

nik  Java pou perilamb�nei statik� kai dunamik� mèrh. Ta statik� mèrh xanagr�foun

thn efarmog  se epÐpedo byte kai prosjètoun tic aparaÐthtec entolèc stic arqikèc

efarmogèc. Ta dunamik� mèrh qrhsimopoioÔntai gia ton èlegqo twn efarmog¸n, th dh-

miourgÐa antikeimènwn kai �llec leitourgÐec. H SSI afairetikìthta parèqei perissìterh

eleujerÐa sthn dhmiourgÐa antikeimènwn kai aplopoieÐ thn an�ptuxh twn efarmog¸n.

To MagnetOS parèqei mia diepaf  gia touc programmatistèc ètsi ¸ste na topoje-

toÔn rht� ta antikeÐmena, parak�mptontac tic autìmatec apof�seic topojèthshc. To

leitourgikì autì sÔsthma epÐshc, prosfèrei dÔo online algorÐjmouc pou lamb�noun

upìyin thn katan�lwsh enèrgeiac (NetNull kai NetCenter) gia qr sh apì efarmogèc

pou kinoÔntai mèsa sto dÐktuo, ètsi ¸ste na meiwjeÐ h katan�lwsh enèrgeiac kai na

auxhjeÐ o qrìnoc zw c tou diktÔou. O Netpull leitourgeÐ me diadoqik� �lmata sto

fusikì epÐpedo, kai o NetCenter me pollapl� �lmata se epÐpedo diktÔou. H diafo-

r� metaxÔ thc paradosiak c ad-hoc dromolìghshc kai thc dromolìghshc tou NetPull

(NetCenter) eÐnai ìti ta �kra thc epikoinwnÐac sthn ad-hoc dromolìghsh eÐnai kajo-

rismèna, en¸ o NetPull prospajeÐ na metakineÐ ta �kra gia na petÔqei th meÐwsh thc

katan�lwshc.

4.4.3 MANTIS

To MANTIS eÐnai èna polunhmatikì katanemhmèno leitourgikì sÔsthma, to opoÐo me

genikeumèno single-board ulikì, dieukolÔnei th gr gorh kai euèlikth an�ptuxh efar-

mog¸n. O kentrikìc stìqoc eÐnai h dieukìlunsh twn programmatist¸n. 'Etsi qrhsimo-

poieÐ thn klasik  poluepÐpedh polunhmatik  dom  kai tupik  gl¸ssa programmatismoÔ.

H poluepÐpedh dom  tou perièqei polunhmatismì, preemptive qronoprogrammatismì me

kÔlish qrìnou, I/O sugqronismì mèsw amoibaÐou apokleismoÔ, mia stoÐba prwtokìl-

lwn diktÔou kai odhdoÔc gia suskeuèc. O trèqwn pur nac tou Magnet ulopoieÐ tic

parap�nw sunart seic se ligìtero apì 500 bytes RAM. O Ðdioc kaj¸c kai to API

ulopoioÔntai sth gl¸ssa programatismoÔ standard C.

Sthn trèqousa ulopoÐhsh tou MANTIS, to mègejoc thc RAM pou desmeÔetai gia
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k�je n ma eÐnai stajerì. O pÐnakac twn nhm�twn, pou apojhkeÔetai se mia kajoli-

k  dom  dedomènwn kai èqei qwrhtikìthta tess�rwn antikeimènwn, to kajèna apì ta

opoÐa eÐnai 10 bytes kai qrhsimopoieÐtai gia na apojhkeÔsei plhroforÐec sqetik� me

ta n mata. O qronoprogrammatist c twn nhm�twn tou MANTIS eÐnai basismènoc se

proteraiìthtec kai round robin sto k�je epÐpedo proteraiot twn. Epiplèon, o qro-

noprogrammatist c purodoteÐtai mìno apì diakopèc qronismoÔ apì to ulikì gia na

ektelèsei context switching. Oi upìloipec diakopèc exuphretoÔntai apì touc odhgoÔc

twn suskeu¸n.

H stoÐba twn prwtokìllwn diktÔou apoteleÐtai apì tèssera epÐpeda: efarmog c,

diktÔou, MAC, kai fusikì epÐpedo. to MANTIS ulopoieÐ ta parap�nw san èna  

perissìtera n mata epipèdou-qr sth, k�ti pou epitrèpei èna trade-o� metaxÔ euelixÐac

kai apìdoshc. H stoÐba diktÔou ulopoieÐtai me èna basikì API metaxÔ twn epipèdwn.

To MANTIS ulopoieÐ thn plhmmÔra wc èna prwtìkollo dromolìghshc kai èna aplì

prwtìkollo paÔshs-anamon c gia èlegqo ro c kai sumfìrhshc. To sunolikì mègejoc

tou k¸dika tou pur na, tou tou qronoprogrammatist  kai thc stoÐbac prwtokìllou

diktÔou eÐnai ligìtero apì 500 bytes kai 14kB 
ash. To MANTIS uposthrÐzei k�poia

pio exeligmèna qarakthristik�, ìpwc eÐnai to polu-montelikì perib�llon prwtotÔpwn

gia dokimèc stic efarmogèc twn diktÔwn aisjht rwn, dunamikì, duadikì, basismèno

se enhmer¸seic programmatismì kai èna apomakrusmèno exuphretht  pou dieukolÔnei

to qr sth sth sÔndes  tou me to sÔsthma kai sthn epit rhsh thc mn mhc kai thc

kat�stashc twn kìmbwn aisjht rwn.

4.4.4 OSPM

To OSPM(  dynamic power management, DPM - dunamik  diaqeÐrish enèrgeiac) eÐnai

prosanatolismèno se teqnikèc diaqeÐrishc enèrgeiac. H genikeumènh diaqeÐrish enèr-

geiac basÐzetai se èna �plhsto algìrijmo pou jètei to sÔsthma se kat�stash Ôpnou

ìso eÐnai anenergì. Lamb�nei upìyin touc parak�tw par�gontec:

� H metafor� se kat�stash Ôpnou èqei to overhead thc diadikasÐac apoj keushc

thc kat�stashc tou epexergast  kai thc aposÔndeshc apì ton paroqèa enèrgeiac.
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� H epanafor� apì thn kat�stash Ôpnou apaiteÐ k�poion peperasmèno qrìno gia

na oloklhrwjeÐ.

� 'Oso pio bajei� eÐnai h kat�stash Ôpnou, tìso ligìterh eÐnai h katan�lwsh

enèrgeiac, en¸ o qrìnoc afÔpnishc ja eÐnai megalÔteroc.

Epomènwc, basizìmeno se èna sugkekrimèno montèlo �fixhc mhnum�twn, qrìnou

allag c kat�stashc kai rujmoÔ katan�lwshc enèrgeiac, mei¸nei ta apojèmata enèr-

geiac. An oi timèc twn apojem�twn eÐnai se jetik� epÐpeda, tìte prokaleÐ mia allag 

kat�stashc; diaforetik� diathreÐtai h trèqousa kat�stash. Autìc o prosarmosti-

kìc algìrijmoc termatismoÔ apoteleÐ èna trade-o� metaxÔ diat rhshc enèrgeiac kai to

kìstoc twn kajuster sewn kai pijan¸c twn qamènwn mhnum�twn.

4.4.5 EYES OS

'Opwc epishm�njhke sthn arq  tou kefalaÐou, èna leitourgikì sÔsthma gia WSNs ja

prèpei na eÐnai polÔ mikrì wc proc ton k¸dika kai tic apait seic gia mn mh, ja prèpei

na lamb�nei upìyin jèmata enèrgeiac en¸ ja prèpei na dieukolÔnei ton katanemhmèno

upologismì kai thn epanadiamìrfwsh. To EYES OS qrhsimopoieÐ èna odhgoÔmeno-apì-

ta-gegonìta montèlo kai ènan mhqanismì me ergasÐec (tasks) gia na pragmatopoi sei

tic parap�nw apait seic. LeitourgeÐ me thn ex c apl  akoloujÐa: pragmatopoieÐ èna

upologismì, epistrèfei mia tim  kai eisèrqetai se kat�stash Ôpnou. 'Ena task mporeÐ

na qronoprogrammatisteÐ qrhsimopoi¸ntac eÐte mia politik  FIFO, eÐte b�sh proteraio-

t twn   me mia prosèggish pou basÐzetai se projesmÐec, kai prokaleÐtai apì gegonìta

me èna non-blocking trìpo. To EYES OS orÐzei èna ARI topik� kai gia ta diktuak�

mèrh. To mèroc thc topik c plhroforÐac parèqei sunart seic ìpwc eÐnai h prìsba-

shsta dedomèna tou aisjht ra, diajesimìthta pìrwn kai thn kat�stas  touc, kaj¸c

epÐshc kai orismìc twn paramètrwn   twn metablht¸n mèsa stouc kìmbouc aisjht rwn.

To dikuakì mèroc parèqei sunart seic gia thn apostol  kai l yh dedomènwn kai thn

sullog  plhrofori¸n apì to dÐktuo. SunoyÐzontac, to EYES OS ulopoieÐ dÔo sÔnola

sunart sewn: autèc pou mporoÔn na ektelestoÔn kat� thn ekkÐnhsh gia na fort¸sei

ta tm mata tou logismikoÔ kai aut� pou mporoÔn na parèqoun plhroforÐec entopismoÔ

thc jèshc tou kìmbou.
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To EYES OS prosfèrei epÐshc ènan apodotikì mhqanismì katanom c tou k¸dika

me ta parak�tw qarakthristik�:

1. enhmèrwsh tou k¸dika ston kìmbo aisjht ra, sumperilambanomènou tou leitour-

gikoÔ sust matoc

2. thn axiopistÐa se perÐptwsh ap¸leiac pakètwn kat� thn enhmèrwsh

3. th qrhsimopoÐhsh ìso dunatìn ligìterouc pìrouc kai

4. thn proswrin  diakop  thc efarmog c gia èna mikrì di�sthma kaa thn enhmèrwsh.

H diadikasÐa gia thn katanom  tou k¸dika akoloujeÐ tèssera b mata: arqikopoÐsh,

kataskeu  miac apeikìnishc tou k¸dika, pistopoÐhsh kai fìrtwsh. Up�rqoun treic

epilogèc gia thn enhmèrwsh tou k¸dika pou trèqei: diairemènh mn mh, mia prosèggish

twn dÔo f�sewn kai enswmatwmènh EEPROM, pou qrhsimopoieÐtai apì to EYES OS.

4.4.6 SenOS

To SenOS eÐnai èna leitourgikì sÔsthma pou basÐzetai se mhqan  peperasmènwn ka-

tast�sewn. ApoteleÐtai apì trÐa mèrh:

1. Apì ton pur na, pou perièqei thn akoloujÐa twn katast�sewn kai mia our� gego-

nìtwn. H akoloujÐa katast�sewn perimènei gia eÐsodo apì thn our� gegonìtwn

pou eÐnai FIFO.

2. Apì èna pÐnaka metab�sewn metaxÔ katast�sewn ìpou ful�ssontai oi plhro-

forÐec gia tic metab�seic autèc kai tic antÐstoiqec sunart seic qeirismoÔ touc.

K�je tètoioc pÐnaxac prosdiorÐzei mia efarmog . Qrhsimopoi¸ntac pollaploÔc

pÐnakec met�bashc kai enall�ssont�c touc, to SenOS uposthrÐzei pollaplèc

efarmogèc kat� sÔgqrono trìpo.

3. Mia biblioj kh twn sunart sewn qeirismoÔ twn metab�sewn. 'Ena eiserqìme-

no gegonìc ja topojethjeÐ sthn our� gegonìtwn.To pr¸to gegonìc sth our�

qronoprogrammatÐzetai kai prokaleÐtai mia met�bash, me thn opoÐa kaloÔntai oi

sqetikèc sunart seic.
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O pur nac kai h biblioj kh twn sunart sewn brÐskontai sth 
ash ROM enìc kìm-

bou aisjht ra, en¸ o pÐnakac metab�sewn mporeÐ na fortwjeÐ   na tropopoihjeÐ kat�

th di�rkeia thc ektèleshc afoÔ eÐnai anex�rthtoc efarmog¸n. Efìson to SenOS basÐ-

zetai se mhqan  peperasmènwn katast�sewn, mporeÐ polÔ eÔkola na pragmatopoi sei

sugqronismì kai epanadiamìrfwsh. Epiplèon, mporeÐ na epektajeÐ gia diaqeÐrish di-

ktÔou.

4.4.7 EMERALDS

To EMERALDS eÐnai ènac epekt�simoc mikropur nac grammènoc se C++ gia enswma-

twmèna, pragmatikoÔ qrìnou sust mata me enswmatwmènec efarmogèc pou trèqoun se

argèc diergasÐec (15 me 25 MHz) kai me periorismènh mn mh (32 me 128 kB). UposthrÐ-

zei polunhmatikèc diergasÐec kai pl rh prostasÐa mn mhc, pou qronoprogrammatÐzon-

tai qrhsimopoi¸ntac ènan sunduasmì nwrÐterhc - projesmÐac - pr¸ta kai monotonikoÔ

- rujmoÔ qronoprogrammatist . Oi odhgoÐ twn suskeu¸n ulopoioÔntai se epÐpedo

qr sth, en¸ o qeirismìc twn diakop¸n gÐnetai sto epÐpedo tou pur na. To EME-

RALDS qrhsimopoieÐ shmafìrouc kai metablhtèc kat�stashc gia to sugqronismì kai

tautìqrona klhronomikìthta proteraiot twn. H epikoinwnÐa entìc tou epexergast 

basÐzetai sthn antallag  mhnum�twn, grammatokib¸tia kai diamoirasmì mn mhc, belti-

stopoihmèna gia tic an�gkec twn kìmbwn aisjht rwn. To EMERALDS de qrhsimopoieÐ

grammatokib¸io all� kajolikèc metablhtèc gia thn antallag  plhrofori¸n metaxÔ twn

ergasi¸n, gia thna apofug  thc apostol c mhnum�twn. EpÐshc, de lamb�nei upìyin

jèmata diktÔou.

4.4.8 PicOS

Mia idiìthta twn leitourgik¸n susthm�twn gia mikroelegktèc me periorismènh RAM

eÐnai h prosp�jei gia dèsmeush ìso to dunatìn mikrìterh posìthta mn mhc gia thn

epexergasÐa enìc n matoc. To PicOS eÐnai grammèno se C gia mikroelegktèc me pe-

riorismènh on-chip RAM. Sto PicOS ìlec oi ergasÐec moir�zontai thn Ðdia kajolik 

stoÐba kai leitourgoÔn wc sun-routÐnec. EpÐshc, k�je ergasÐa eÐnai san mia mhqan 

peperasmènwn katast�sewn ìpou h met�bash metaxÔ katast�sewn prokaleÐtai apì
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gegonìta. H prosèggish aut  eÐnai apodotik  gia antidrastikèc efarmogèc twn opoÐ-

wn o rìloc eÐnai h apìkrish se gegonìta kurÐwc, par� h epexergasÐa dedomènwn. O

kÔkloc mhqan c poluplèketai me metaxÔ pollapl¸n ergasi¸n. 'Eqei el�qistec apait -

seic kai uposthrÐzei multitasking, mia epÐpedh dom  diergasi¸n, Ðswc ìmwc na mhn eÐnai

kat�llhlo gia efarmogèc pragmatikoÔ qrìnou.



Kef�laio 5

Melèth - UlopoÐhsh Kumatik¸n

AlgorÐjmwn sto TinyOS

Sto parìn kef�laio ja melethjeÐ h ulopoÐhsh k�poiwn kumatik¸n algorÐjmwn sto

perib�llon tou TinyOS kai me th bo jeia thc gl¸ssac programmatismoÔ nesC. Ka-

jènac apì touc algorÐjmouc apoteleÐ èna Module. Ta Modules diasundèontai metaxÔ

touc me skopì thn an�ptuxh miac oloklhrwmènhc efarmog c kai ètsi sqhmatÐzontai ta

Con�gurations. Up�rqei èna Con�guration gia k�je efarmog . H ulopoÐhsh twn pa-

rap�nw sunistws¸n logismikoÔ (Components) sumperilamb�nei ìla ìsa anafèrjhkan

sto prohgoÔmeno kef�laio (diepafèc, entolèc, gegonìta, tasks) kai ta opoÐa sunistoÔn

to TinyOS (dec par. 4.2).

Katarq�c, ulopoieÐtai o algìrijmoc Echo(dec par. 3.2). Gia na leitourg sei o

algìrijmoc apaiteÐtai h gn¸sh k�je kìmbou gia touc geitonikoÔc tou kìmbouc. Me b�sh

thn apaÐthsh aut  kai me skopì thn eÔresh twn geitìnwn k�je kìmbou ulopoi jhkan

oi algìrijmoi anaz thshc pr¸ta-kat�-b�joc (DFS) kai anaz thshc pr¸ta-kat�-eÔroc

(BFS), kaj¸c epÐshc kai ènac aplìc algìrijmoc plhmmÔrac. O qr sthc mporeÐ na

epilèxei èna apì touc treic autoÔc algorÐjmouc gia na ton qrhsimopoi sei mazÐ me

ton algìrijmo Echo. 'Etsi, an epilegeÐ k�poioc apì touc algorÐjmouc anaz thshc, oi

opoÐoi dhmiourgoÔn epikaluptik� dèntra p�nw sto dÐktuo, tìte o algìrijmoc Echo ja

stèlnei ta mhnÔmat� tou p�nw sth denrik  dom  pou dhmiourg jhke.

81
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Gia thn an�lush kai dokim  twn algorÐjmwn, qrhsimopoi jhke o TOSSIM, o ensw-

matwmènoc prosomoiwt c tou TinyOS.

5.1 O prosomoiwt c tou TinyOS, TOSSIM

O TOSSIM eÐnai ènac prosomoiwt c gia dÐktua aisjht rwn pou basÐzontai sto lei-

tourgikì sÔsthma TinyOS. Me th bo jeia autoÔ, oi qr stec mporoÔn na analÔoun kai

na dokim�zoun algorÐjmouc prin touc qrhsimopoi soun se pragmatikì perib�llon. O

TOSSIM, bèbaia, den prospajeÐ na prosomoi¸sei to pragmatikì perib�llon all� na

d¸sei ìso to dunatìn pio axiìpista apotelèsmata gia efarmogèc tou TinyOS kai gia

to lìgo autì, epikentr¸netai sthn prosomoÐwsh thc leitourgÐac tou TinyOS. K�poia

apì ta qarakthristik� tou parousi�zontai parak�tw en¸ sto sq ma 5.1 faÐnetai èna

par�deigma ektèles c tou.

� AxiopistÐa Ek twn pragm�twn, o TOSSIM aiqmalwtÐzei th sumperifor� tou

TinyOS apì to pio qamhlì akìma epÐpedo. Prosomoi¸nei k�je diakop , k�je

metafor� dedomènwn sto dÐktuo, k�je ADC leitourgÐa.

� Qrìnoc An kai o TOSSIM mporeÐ na katagr�yei me akrÐbeia to qrìno prìklh-

shc miac diakop c, entoÔtoic de montelopoieÐ to qrìno ektèleshc tou k¸dika,

all� jewreÐ ìti ekteleÐtai stigmiaÐa.

� Montèla 'Opwc anafèrjhke kai parap�nw, o TOSSIM den prospajeÐ na pro-

somoi¸sei to pragmatikì perib�llon. Parìla aut�, parèqei mia afairetikìthta

gia sugkekrimèna fainìmena tou pragmatikoÔ kìsmou, ìpwc eÐnai ta sf�lmata

kat� thn met�dosh. Qrhsimopoi¸ntac ta ergaleÐa aut� oi qr stec mporoÔn na

montelopoi soun tic katast�seic pou epijumoÔn. 'Etsi kai o TOSSIM paramè-

nei euèliktoc, qwrÐc na apaiteÐtai na dhmiourg sei tic �swstès� sunj kec kai h

diadikasÐa prosomoÐwshc paramènei apl  kai apodotik .

{ Radiomet�dosh O TOSSIM den parèqei montèlo gia th radiomet�dosh. AntÐ

autoÔ parèqei èna afairetikì montèlo met�doshc anax�rthtwn laj¸n metaxÔ
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dÔo kìmbwn. 'Ena exwterikì prìgramma mporeÐ na par�sqei èna montèlo thc

radiomet�doshc to opoÐo na antistoiqhjeÐ se aut� ta l�jh

{ Enèrgeia O TOSSIM den parèqei montèlo gia thn katan�lwsh enèrgeiac.

Wstìso eÐnai aplì na sullèxei kaneÐc sqetikèc plhroforÐec apì ta compo-

nents pou katanal¸noun enèrgeia.

� An�ptuxh k¸dika O TOSSIM anaptÔssetai apèujeÐac apì ton k¸dika tou

TinyOS. Gia na prosomoi¸sei kaneÐc èna prwtìkollo ja prèpei na to ulopoi sei

sto TinyOS. Apì th mia pleur� autì eÐnai pi dÔskolo apì mia afairetik  ulo-

poÐhsh, apì thn �llh ìmwc, o k¸dikac autìc mporeÐ na efarmosteÐ �mesa (Ðswc

me k�poiec tropopoi seic) se pragmatikèc suskeuèc.

� Elatt¸mata Par� to gegonìc ìti o TOSSIM sullamb�nei th sumperifor�

tou TinyOS se polÔ qamhlì epÐpedo, wstìso k�nei k�poiec upojèseic aploÔ-

steushc. 'Etsi eÐnai polÔ pijanì mia efarmog  pou leitourgeÐ swst� kat� thn

prosomoÐwsh, na mhn douleÔei an efarmosteÐ se pragmatikèc suskeuèc. 'Ena

tètoio par�deigma eÐnai ìti oi diakopèc ston TOSSIM den eÐnai preemptive. Su-

nep¸c, an to gegonìc autì mporeÐ na prokalèsei thn paÔsh thc leitourgÐac se

mia suskeu , kat� thn prosomoÐwsh mporeÐ na mh sumbeÐ k�ti tètoio. EpÐshc,

an oi exuphretht c twn diakop¸n qrei�zontai polÔ qrìno gia na oloklhrwjoÔn,

tìte mia suskeu  Ðswc katarreÔsei; sthn prosomoÐwsh ìmwc de ja proklhjeÐ

k�poio prìblhma, afoÔ o k¸dikac ston TOSSIM ekteleÐtai stigmiaÐa.

� DiktÔwsh Proc to parìn, o TOSSIM prosomoi¸nei thn 40Kbit RFM mica

stoÐba diktÔou, sumperilambanomènou tic MAC, tic enhmer¸seic kwdikopoÐhshc

kai sugqronismoÔ.

� Egkurìthta Oi efarmogèc tou TinyOS ston pragmatikì kìsmo èqoun deÐxei

ìti ta dÐktua tou TinyOS eÐnai perÐploka kai h sumperifor� touc suneq¸c meta-

ballìmenh. Epomènwc, en¸ o TOSSIM eÐnai arket� kalìc gia mia pr¸th aÐsjhsh

thc leitourgÐac twn algorÐjmwn kai thc metaxÔ touc sÔgkrishc, wstìso de ja

prèpei na eklamb�netai wc ègkurh phg  plhrofori¸n.
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Sq ma 5.1: Par�deigma ektèleshc ston TOSSIM

Sta epìmena ja doÔme analutik� p¸c ulopoioÔntai oi algìrijmoi sto perib�llon

tou TinyOS.

5.2 Diepafèc

Oi diepafèc pou qrhsimopoioÔntai eÐnai oi ex c:

� interface StdControl

� interface Timer

� interface SendMsg

� interface ReceiveMsg

� interface Neighborhood

StdControl EÐnai h kajierwmènh diepaf  elègqou tou TinyOS. 'Olec oi sunist¸sec

logismikoÔ pou apaitoÔn arqikopoÐhsh   pou mporoÔn na stamathsoun na leitourgoÔn

parèqoun th diepaf  aut . H StdControl parèqei treic entolèc: arqikopoÐhsh, ekkÐnh-

sh, paÔsh.
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i n t e r f a c e StdControl f

command r e s u l t t i n i t ( ) ;

command r e s u l t t s t a r t ( ) ;

command r e s u l t t stop ( ) ;

g

Timer H diepaf  aut  parèqei ènan genikeumèno qronist  pou qrhsimopoieÐtai gia na

par�gei gegonìta se sugkekrimènec qronikèc stigmèc. OrÐzei dÔo entolèc gia ènarxh

kai paÔsh tou qronist  kai èna gegonìc pou sumbaÐnei ìtan o qronist c �qtup��, ìtan

sumphr¸netai o qrìnoc pou èqei oristeÐ.

i n t e r f a c e Timerf

command r e s u l t t s t a r t ( char type , u i n t 32 t i n t e r v a l ) ;

command r e s u l t t stop ( ) ;

event r e s u t t f i r e d ( ) ;

g

SendMsg Oi algìrijmoi pou ulopoi jhkan leitourgoÔn me th bo jeia twn Active

Messages. Sto montèlo twn Active Messages orÐzetai gia k�je pakèto pou kineÐtai

sto dÐktuo ènan akèraio arijmì pou apoteleÐ to ID tou mhnÔmatoc kai to qarakthrÐzei.

'Otan to pakèto ft�nei ston dèkth prokaleÐtai èna gegonìc pou exuphreteÐ autoÔ tou

tÔpou ta pakèta.

H SendMsg diepaf  qrhsimopoieÐtai gia thn apostol  AM mhnum�twn. OrÐzei mia

entol  gia thn apostol  tou mhnÔmatoc kai èna gegonìc pou prokaleÐtai ìtan oloklh-

r¸netai h apostol .

i n t e r f a c e SendMsgf

command r e s u l t t send ( u in t 16 t address , u i n t 8 t length ,

TOS MsgPtr msg ) ;

event r e s u t t sendDone (TOS MsgPtr msg , r e s u l t t su c c e s s ) ;

g

Ta mhnÔmata apoteloÔntai apì dÔo mèrh, thn epikefalÐda kai to kurÐwc mèroc. H

dom  enìc mhnÔmatoc apoteleÐtai apì ta parak�tw stoiqeÐa:
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� DieÔjunsh paral pth

� TÔpoc

� Om�da

� Mègejoc

� KurÐwc mèroc

� crc

ReceiveMsg H diepaf  ReceiveMsg eÐnai armìdia gia th l yh twn mhnum�twn kai

ètsi parèqei to antÐstoiqo gegonìc.

i n t e r f a c e ReceiveMsgf

event TOS MsgPtr r e c e i v e (TOS MsgPtr msg ) ;

g

Neighborhood H diepaf  aut  parèqei plhroforÐec gia th �geitoni�� enìc kìmbou.

OrÐzei dÔo entolèc oi opoÐec dÐnoun ton arijmì twn geitonik¸n kìmbwn kai touc Ðdiouc

touc geÐtonec.

i n t e r f a c e Neighborhoodf

async command u in t 16 t g e tS i z e ( ) ;

async command u in t 16 t � getNeighbors ( ) ;

g

5.3 Modules

'Opwc anafèrjhke sthn arq  tou kefalaÐou, èqei oristeÐ èna module gia k�je algì-

rijmo pou ulopoi jhke. 'Etsi èqoume ta ex c modules:

� module DFSM

� module BFSM
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� module NeighborsDetectionM

� module EchoM

5.3.1 To BFSM module

To module autì ulopoieÐ ton algìrijmo anaz thshc pr¸ta-kat�-eÔroc; kataskeu�zei

èna gennhtikì dèntro ìpou k�je kìmboc gnwrÐzei touc geÐtonèc tou touc opoÐouc mporeÐ

na epistrèyei mèsw thc diepaf c Neighborhood. To BFSM loipìn, parèqei tic diapafèc

StdControl, Neighborhood kai qrhsimopoieÐ tic SendMsg, ReceiveMsg, Timer.

module BFSMf

prov ide s f

i n t e r f a c e StdControl ;

i n t e r f a c e Neighborhood ;

g

uses f

i n t e r f a c e SendMsg ;

i n t e r f a c e ReceiveMsg ;

i n t e r f a c e Timer as BfsTimer ;

g

g

Entolèc K�je kìmboc tou diktÔou qarakthrÐzetai apì mia sugkekrimènh dieÔjun-

sh. Kat� thn arqikopoÐhsh tou algorÐjmou orÐzoume tic apost�seic tou k�je kìm-

bou apì ton kìmbo - arqikopoiht , pou ja eÐnai h rÐza tou dèntrou. 'Etsi, kat� thn

ulopoÐhsh thc entol c StdControl.init, anatÐjetai se k�je kìmbo h dieÔjunsh tou

TOS LOCAL ADDRESS kai epiplèon, an o kìmboc èqei th mhdenik  dieÔjunsh orÐ-

zoume thn apìstash d = 0 kai ton parent Ðso me 0 epÐshc, alli¸c th jètoume Ðsh me

mia arket� meg�lh tim ; omoÐwc kai gia th metablht  parent.

// i n i t i a l i z e component

command r e s u l t t StdControl . i n i t ( )f

atomicf
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m ID = TOS LOCAL ADDRESS;

m totChi ldren = 0 ;

i f (m ID == 0)f

d = 0 ;

parent = m ID ;

g

e l s e f

d = 1000 ; //some max value

parent = 1000 ;

g

g

re turn SUCCESS;

g

// i n i t i a l i z e component

command r e s u l t t StdControl . i n i t ( )f

atomicf

m ID = TOS LOCAL ADDRESS;

m totChi ldren = 0 ;

i f (m ID == 0)f

d = 0 ;

parent = m ID ;

g

e l s e f

d = 1000 ; //some max value

parent = 1000 ;

g

g

re turn SUCCESS;

g

Sthn ulopoÐhsh thc entol c StdControl.start ekkinoÔme ton qronist , o opoÐoc ja
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�qtup�� k�je 1000 msec.

// Star t � Set Timer to f i r e a f t e r 1000ms

command r e s u l t t StdControl . s t a r t ( )f

re turn c a l l BfsTimer . s t a r t (TIMER REPEAT, 1 0 0 0 ) ;

g

Katìpin, prèpei na ulopoihjeÐ h entol  StdControl.stop. EkeÐ, autì pou gÐnetai eÐnai h

paÔsh tou qronist .

// Star t � Set Timer to f i r e a f t e r 1000ms

command r e s u l t t StdControl . stop ( )f

re turn c a l l BfsTimer . stop ( ) ;

g

H entol  Neighborhood.getNeighbors ìpwc anafèrjhke kai parap�nw, epistrèfei

touc geÐtonec enìc kìmbou. Kat� th di�rkeia ektèleshc tou algorÐjmou, ìsoi geÐ-

tonec anakalÔptontai apojhkeÔontai sth dom  children array, pou eÐnai ousiastik�

mia diasundedemènh lÐsta apì antikeÐmena tÔpou NodeNeighbor. H entol  Neighbo-

rhood.getNeighbors qrhsimopoieÐ th biblioj kh sglib kai me th bo jeia thc makroento-

l c SGLIB LIST MAP ON ELEMENTS diatrèqei th lÐsta kai topojeteÐ touc kìm-

bouc se èna pÐnaka, ton opoÐo epistrèfei h entol .

//Return a l l ch i ld r en�ne ighbors

async command u in t 16 t � Neighborhood . getNeighbors ( )f

u in t 16 t i =0;

u i n t 16 t � ch i l d r en ;

i f ( m totChi ldren <1)

re turn NULL;

/� a l l o c a t e memory �/

atomic ch i l d r en= ( u in t 16 t �) mal loc ( s i z e o f ( u i n t 16 t )

� m totChi ldren ) ;

atomic memset ( ch i ld r en , 0 , s i z e o f ( u i n t 16 t )

� m totChi ldren ) ;
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/� Update array �/

SGLIB LIST MAP ON ELEMENTS(NodeNeighbor , ch i l d r en a r r ay ,

node , next ptr , f ch i l d r en [ i++] = node�>id ; g ) ;

r e turn ch i l d r en ;

g

H epìmenh entol  thc diepaf c Neighborhood pou prèpei na ulopoihjeÐ sto BFS

module eÐnai h Neighborhood.getSize, h opoÐa epistrèfei ton arijmì twn geitonik¸n

kìmbwn. H tim  aut  anane¸netai kat� th leitourgÐa tou algorÐjmou.

//Return the number o f ch i ld r en�ne ighbors

async command u in t 16 t Neighborhood . g e tS i z e ( )f

re turn m totChi ldren ;

g

Gegonìta Oi treic apì tic diepafèc pou qrhsimopoieÐ to BFS module ìpwc eÐdame

orÐzoun trÐa gegìnota. To gegonìc BfsTimer.�red prokaleÐ thn epanalambanìmeh

ekkÐnhsh tou algorÐjmou. 'Otan o qronist c �qtup sei�, o arqikopoiht c, pou sth

perÐptws  mac eÐnai kìmboc 0, ja anagkasteÐ na steÐlei èna m numa anaz thshc stouc

geitonikoÔc tou kìmbouc.

event r e s u l t t BfsTimer . f i r e d ( )f

i f (m ID==0)

post sendSearchMsg ( ) ;

r e turn SUCCESS;

g

H l yh enìc mhnÔmatoc gÐnetai me th bo jeia tou gegonìtoc ReceiveMsg.receive.

Mìlic ènac kìmboc l�bei èna m numa xekin�ei touc elègqouc pou orÐzei o algìrijmoc,

kal¸ntac to antÐstoiqo task.

// Process a message r e c e i v ed

event TOS MsgPtr ReceiveMsg . r e c e i v e (TOS MsgPtr r ecv packe t ) f

ChannelsMsg � msgdata = (ChannelsMsg �) recv packet�>data ;
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/� . . . d e c l a r a t i o n s . . . �/

dbg (DBGTEMP, "Received msg from %d with d i s t anc e %dnn" ,

sender , s e n t d i s t ) ;

/� a l l o c a t e memory �/

newNeighbor = (NodeNeighbor �) mal loc ( s i z e o f ( NodeNeighbor ) ) ;

memset ( newNeighbor , 0 , s i z e o f ( NodeNeighbor ) ) ;

newNeighbor�>id = sender ;

//Check i f i t i s message from a ch i l d

i f ( s ender parent == myID)f

//dbg (DBGTEMP, "Trying to add ch i l d nn " ) ;

SGLIB SORTED LIST ADD IF NOT MEMBER(NodeNeighbor ,

ch i l d r en a r r ay , newNeighbor ,Neighbor COMPARATOR, next ptr ,

member ) ;

i f (member!=NULL)f

//dbg (DBGTEMP, "Already in ch i l d r e n s nn " ) ;

g e l s e f

atomicf

m totChi ldren = m totChi ldren + 1 ;

count = m totChi ldren ;

g

g

g

//Check i f t h i s i s a message from our parent

e l s e i f ( my parent == sender )f

//Check i f parent has changed he ight

i f ( my dist != s e n t d i s t + 1)

//Update d i s t ance
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atomic d = s e n t d i s t + 1 ;

g

//Check i f t h i s i s a message from a node c l o s e r to the

// root

e l s e i f ( s e n t d i s t + 1<my dist )f

SGLIB SORTED LIST DELETE IF MEMBER(NodeNeighbor ,

ch i l d r en a r r ay , newNeighbor , Neighbor COMPARATOR,

next ptr , member ) ;

i f (member != NULL) f

atomic f

i f ( m totChi ldren > 0)

m totChi ldren = m totChi ldren �1;

g

g

atomicf

d = s e n t d i s t + 1 ;

//Change parent (new parent i s c l o s e r )

parent = sender ;

count = m totChi ldren ;

g

g

e l s e f

SGLIB SORTED LIST DELETE IF MEMBER(NodeNeighbor ,

ch i l d r en a r r ay , newNeighbor ,Neighbor COMPARATOR,

next ptr , member ) ;

// check i f c h i l d a l r eady in l i s t

i f (member != NULL) f

atomic f

i f ( m totChi ldren > 0)

m totChi ldren = m totChi ldren �1;

count = m totChi ldren ;
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g

g

g

re turn recv packe t ;

g

To teleutaÐo gegonìc pou prèpei na ulopoihjeÐ eÐnai to SendMsg.sendDone, to

opoÐo apl¸c epistrèfei �EpituqÐa�, gia na deÐxei ìti oloklhr¸jhke h apostol  tou

mhnÔmatoc; eÐnai h antÐdrash sthn entol  SendMsg.send. 'Opwc anafèrjhke sto

prohgoÔmeno kef�laio (dec par. 4.3), h entol  SendMsg.send kai to gegonìc SendM-

sg.sendDone apoteloÔn ta dÔo mèlh tou split-phased pakètou SendMsg.

// handles the sendDone event

event r e s u l t t SendMsg . sendDone (TOS MsgPtr msg , bool su c c e s s )f

re turn SUCCESS;

g

Tasks Sta tasks gÐnontai ìlec oi upologistikèc ergasÐec twn algorÐjmwn. Ta tasks

topojetoÔntai se mia stoÐba kai akoloujeÐtai FIFO politik  gia thn ektèles  touc.

K�je task ekteleÐtai anex�rthta apì ta upìloipa kai mporeÐ na qrhsimopoihjeÐ gia thn

apofug  sunjhk¸n sunagwnismoÔ.

Sto BFS module h entol  apostol c enìc mhnÔmatoc kaleÐtai mèsa apì to task

sendSearchMsg , afoÔ sumplhrwjoÔn ta pedÐa tou mhnÔmatoc

//Send message to Neighbors

task void sendSearchMsg ( )f

r e s u l t t r ;

ChannelsMsg �msgdata = (ChannelsMsg �) m msg . data ;

// s e t message contents

atomic f

msgdata�>id = m ID ;

msgdata�>d i s t = d ;

msgdata�>parent = parent ;
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g

// try to send the message

r = c a l l SendMsg . send (TOS BCAST ADDR, s i z e o f ( ChannelsMsg ) ,

&m msg ) ;

i f ( r )

dbg (DBGTEMP,"nnBFS : Sending my id (%d)

with parent %dnn" , msgdata�>id , msgdata�>parent ) ;

g

5.3.2 To DFS module

To module autì ulopoieÐ ton algìrijmo anaz thshc pr¸ta-kat�-b�joc; kataskeu�zei

èna gennhtikì dèntro ìpou k�je kìmboc gnwrÐzei touc geÐtonèc tou touc opoÐouc mporeÐ

na epistrèyei mèsw thc diepaf c Neighborhood. To DFSM loipìn, parèqei tic diapa-

fèc StdControl, Neighborhood kai qrhsimopoieÐ tic SendMsg, ReceiveMsg, Timer.

Epiplèon, epeid  apaiteÐtai h gn¸sh thc plhroforÐac thc geitoni�c gia na xekin sei o

algìrijmoc, arqik� o k�je kìmboc sullègei aut  thn plhroforÐa qrhsimopoi¸ntac to

NeighborsDetection module.

module DFSM f

prov ide s f

i n t e r f a c e StdControl ;

i n t e r f a c e Neighborhood ;

g

uses f

i n t e r f a c e Neighbors ;

i n t e r f a c e SendMsg as SendSearch ;

i n t e r f a c e ReceiveMsg as Rece iveSearch ;

i n t e r f a c e Timer as SearchTimer ;

i n t e r f a c e Timer as SendTimer ;

i n t e r f a c e Timer as ReckonTimer ;

g
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g

'Opwc kai sthn ulopoÐhsh tou algorÐjmou BFS, antall�ssontai mhnÔmata metaxÔ

twn kìmbwn kai me di�forouc elègqouc sullègetai telik� h plhroforÐa twn paidi¸n tou

k�je kìmbou. H plhroforÐa aut  epistrèfetai stic entolèc Neighborhood.getNeighbors

kai Neighborhood.getSize, me ton Ðdio trìpo ìpwc sto BFSM.

Entolèc Katarq�c ulopoieÐtai h entol  StdControl.init, h opoÐa sth sugkekrimènh

perÐptwsh den epiteleÐ kami� idiaÐterh leitourgÐa. Epistrèfei p�nta �EpituqÐa�.

// I n i t i a l i z e the component .

command r e s u l t t StdControl . i n i t ( ) f

re turn SUCCESS;

g

Sthn entol  StdControl.start �xupn�ei� o arqikopoiht c tou algorÐjmou kai gÐnetai

epÐshc, h ekkÐnhsh twn qronist¸n. Pio k�tw ja doÔme ti gÐnetai ìtan �qtup�ei� kajènac

apì touc qronistèc.

// Star t th ing s up . This j u s t s e t s the ra t e f o r the c l o ck

//component .

command r e s u l t t StdControl . s t a r t ( ) f

/� Read neighborhood in fo rmat ion from Reckon module

� a f t e r DELAY RECKONRESULT ms

� f o r the module to have enough time to c o l l e c t a l l

� the a v a i l a b l e in fo rmat ion

�/

c a l l ReckonTimer . s t a r t (TIMER ONE SHOT, DELAY RECKONRESULT) ;

i f ( (TOS LOCAL ADDRESS==0)&&(m parentID==DFS MAX NODE ID) )

f

/� DFS root wakes up �/

m parentID = 0 ;

/� Star t exp l o r i ng a f t e r DELAY DFS SEARCH ms
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� so that complete neighborhood in fo rmat ion i s a v a i l a b l e

�/

c a l l SearchTimer . s t a r t (TIMER ONE SHOT, DELAY DFS SEARCH) ;

g

c a l l SendTimer . s t a r t (TIMER REPEAT, INTERVAL SEND MSG) ;

re turn SUCCESS;

g

H entol  StdControl.stop apl� apenergopoieÐ touc dÔo qronistèc kai paÔei th lei-

tourgÐa thc efarmog c.

/� Halt execut ion o f the app l i c a t i o n .

� This j u s t d i s a b l e s the c l o ck component .�/

command r e s u l t t StdControl . stop ( ) f

c a l l SendTimer . stop ( ) ;

r e turn c a l l SearchTimer . stop ( ) ;

g

H entol  Neighborhood.getNeighbors ìpwc anafèrjhke kai parap�nw, epistrèfei

touc geÐtonec enìc kìmbou. Kat� th di�rkeia ektèleshc tou algorÐjmou, ìsoi geÐtonec

anakalÔptontai apojhkeÔontai sth dom m children, pou eÐnai ousiastik� mia diasunde-

demènh lÐsta apì antikeÐmena tÔpou DFSChild. H entol  Neighborhood.getNeighbors

qrhsimopoieÐ th biblioj kh sglib kai me th bo jeia thc makroentol c SGLIB LIST MAP ON ELEMENTS

diatrèqei th lÐsta kai topojeteÐ touc kìmbouc se èna pÐnaka, ton opoÐo epistrèfei h

entol .

//Return a l l ch i ld r en�ne ighbors

async command u in t 16 t � Neighborhood . getNeighbors ( )f

u in t 16 t i =0;

u i n t 16 t � ch i l d r en ;

u i n t 16 t totChi ld ;
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atomic totChi ld = m totChi ldren ;

i f ( to tCh i ld <1)

re turn NULL;

/� a l l o c a t e memory �/

atomic ch i l d r en = ( u in t 16 t �) mal loc ( s i z e o f ( u i n t 16 t )

� m totChi ldren ) ;

atomic memset ( ch i ld r en , 0 , s i z e o f ( u i n t 16 t )

� m totChi ldren ) ;

/� Update array �/

SGLIB LIST MAP ON ELEMENTS(DFSChild , m chi ldren , node ,

next ptr ,f ch i l d r en [ i++] = node�>id ; g ) ;

r e turn ch i l d r en ;

g

H epìmenh entol  thc diepaf c Neighborhood pou prèpei na ulopoihjeÐ eÐnai h

Neighborhood.getSize, h opoÐa epistrèfei ton arijmì twn geitonik¸n kìmbwn. H tim 

aut  anane¸netai kat� th leitourgÐa tou algorÐjmou.

// Return the number o f ch i ld r en�ne ighbors

async command u in t 16 t Neighborhood . g e tS i z e ( )f

u in t 16 t totChi ld ;

atomic totChi ld = m totChi ldren ;

re turn totChi ld ;

g

Gegonìta Ta gegonìta pou ulopoioÔntai sto DFS module prokaloÔntai eÐte apì

touc qronistèc tou eÐte apì th diepaf  thc apostol c mhnum�twn, ìpwc sumbaÐnei kai

sto BFS module. To gegonìc ReckonTimer.�red sullègei thn arqik  plhroforÐa
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sqetik� me touc geÐtonec tou k�je kìmbo. An to mègejoc thc geitoni�c eÐnai mikrìtero

apì èna kat¸fli, h diadikasÐa sullog c plhrofori¸n epanalamb�netai. 'Oloi oi geÐto-

nec topojetoÔntai sth lÐsta me touc anexereÔnhtouc geÐtonec kai kat� thn ektèlesh

tou algorÐjmou ènac ènac apomakrÔnontai apì aut .

// Respond to the <code>SearchTimer . f i r e d </code> event

//by count ing the ch i l d r en

event r e s u l t t ReckonTimer . f i r e d ( ) f

u in t 16 t n s i z e = c a l l Neighbors . g e tS i z e ( ) ;

i f ( n s i ze<MINIMUMBEACON)

return c a l l ReckonTimer . s t a r t (TIMER ONE SHOT,

DELAYRECKONRESEARCH) ;

i f ( n s i z e > 0) f

u in t 16 t �narray = c a l l Neighbors . getNeighbors ( ) ;

u i n t 16 t i = 0 ;

/� I t e r a t e through a l l ne ighbors ��/

f o r ( i = 0 ; i < n s i z e ; i++) f

unexploredAdd ( narray [ i ] ) ;

g

dbg (DBG USR1, "MyPlotName PLOT: add po int x :

%d y : %d p l o t S t y l e : dots nn" , TOS LOCAL ADDRESS, n s i z e ) ;

g e l s e

/� Not enough data were c o l l e c t e d

� ( or network i s p a r t i t i o n ed ) ��/

return c a l l ReckonTimer . s t a r t (TIMER ONE SHOT,

DELAYRECKONRESEARCH) ;

re turn SUCCESS;

g
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'Otan qtup sei o epìmenoc qronist c SearchTimer.�red xekin�ei h diadikasÐa exe-

reÔnhshc tou algorÐjmou.

// Respond to the <code>SearchTimer . f i r e d </code>

// event by s t a r t i n g the DFS cons t ruc t i on

event r e s u l t t SearchTimer . f i r e d ( ) f

/� DFS root s t a r t s exp l o r i ng ��/

post exp lo r e ( ) ;

r e turn SUCCESS;

g

Sto shmeÐo autì prèpei na anafèroume ìti ta proc apostol  mhnÔmata topojetoÔn-

tai se mia lÐsta. 'Etsi, h doulei� tou trÐtou kai teleutaÐou qronist  SendTimer.�red

eÐnai na diat�zei thn apostol  tou mhnÔmatoc pou èqei seir�, kal¸ntac to task send-

NextMessage.

// Respond to the <code>SendTimer . f i r e d </code>

// event by sending out an unsent message

event r e s u l t t SendTimer . f i r e d ( ) f

i f ( m unsent != NULL)

post sendNextMessage ( ) ;

r e turn SUCCESS;

g

H l yh enìc mhnÔmatoc gÐnetai me th bo jeia tou gegonìtoc ReceiveMsg.receive.

Mìlic ènac kìmboc l�bei èna m numa xekin�ei touc elègqouc pou orÐzei o algìrijmoc.

/� Process a search message r e c e i v ed

� from the neighborhood based on the s t a t e

� o f the l o c a l s t r u c tu r e v a r i a b l e s �/

event TOS MsgPtr Rece iveSearch . r e c e i v e (TOS MsgPtr r ecv packe t ) f

DFSMsgSearch � search = (DFSMsgSearch �) recv packet�>data ;
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/� Overhear nearby t r an smi s s i on s �/

i f ( search�>t a r g e t i d != TOS LOCAL ADDRESS) f

/� Remove node from l i s t o f unexplored nodes ��/

unexploredDel ( search�>s r c i d ) ;

r e turn recv packe t ;

g

/� Confirm re c e i v ed messages �/

dbg (DBGTEMP, "DFS�SEARCH�RCVDn t%dn t%dnn" ,

search�>s r c id , search�>msgtype ) ;

/� Examine message type ��/

switch ( search�>msgtype ) f

/� Check i f t h i s i s a search message ��/

case DFS MSG SEARCH:

/� Node has not r e c e i v ed a search message be f o r e ��/

i f ( m parentID == DFS MAX NODE ID) f

/� Set parent to node id that sent the search message ��/

m parentID = search�>s r c i d ;

/� Add Edge in Debug�Graph (TOSSIM Plugin ) ��/

dbg (DBG USR1, "MyGraphName DIRECTED GRAPH: add edge

%d d i r e c t i o n : backward nn" , m parentID ) ;

/� Remove node from l i s t o f unexplored nodes ��/

unexploredDel (m parentID ) ;

/� Star t exp l o r i ng neighborhood ��/

post exp lo r e ( ) ;

g e l s e f

/� Already in DFS t r e e ��/
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messageAdd ( search�>s r c id , DFS MSG ALREADY) ;

/� Remove node from l i s t o f unexplored nodes ��/

unexploredDel ( search�>s r c i d ) ;

g

break ;

/� Check i f t h i s i s a parent message ��/

case DFS MSG PARENT:

childAdd ( search�>s r c i d ) ;

post exp lo r e ( ) ;

break ;

/� Check i f t h i s i s an a l ready message ��/

case DFS MSG ALREADY:

post exp lo r e ( ) ;

break ;

g

re turn recv packe t ;

g

Sthn parap�nw ulopoÐhsh, gia na diagrafeÐ ènac kìmboc apì th lÐsta twn anexe-

reÔnhtwn kìmbwn qrhsimopoieÐtai h sun�rthsh unexploredDel en¸ gia kaleÐtai kai h

sun�rthsh childAdd gia thn prosj kh enìc kìmbou sth lÐsta me ta �paidi�� tou kìmbou

pou ekteleÐ ton algìrijmo.

H sun�rthsh unexploredDel èqei wc ex c:

// Remove a node from the l i nked l i s t o f

// unexplored nodes

void unexploredDel ( u i n t 16 t c id ) f

DFSChild � ch i ld , �member ;
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/� a l l o c a t e memory ��/

ch i l d = (DFSChild �) mal loc ( s i z e o f (DFSChild ) ) ;

memset ( ch i ld , 0 , s i z e o f (DFSChild ) ) ;

/� f i x parameters ��/

ch i ld�>id = c id ;

// remove the element frome the l i s t whi l e keeping

// i t so r t ed

SGLIB SORTED LIST DELETE IF MEMBER(DFSChild ,

m unexplored , ch i ld ,DFSChild COMPARATOR, next ptr ,member ) ;

g

H sun�rthsh childAdd èqei wc ex c:

// Add a new node in the l i nked l i s t o f c h i l d r en nodes

void childAdd ( u in t 16 t c id ) f

DFSChild � ch i ld , �member ;

/� a l l o c a t e memory ��/

ch i l d = (DFSChild �) mal loc ( s i z e o f (DFSChild ) ) ;

memset ( ch i ld , 0 , s i z e o f (DFSChild ) ) ;

/� f i x parameters ��/

ch i ld�>id = c id ;

// i n s e r t the new element in to the l i s t whi l e keeping

// i t so r t ed

SGLIB SORTED LIST ADD IF NOT MEMBER(DFSChild , m chi ldren ,

ch i ld , DFSChild COMPARATOR, next ptr , member ) ;

/� check i f c h i l d a l r eady in l i s t ��/
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i f (member != NULL) f

f r e e ( c h i l d ) ;

g e l s e f

/�update number o f ch i l d r en ��/

atomic m totChi ldren++;

g

g

To teleutaÐo gegonìc pou prèpei na ulopoihjeÐ eÐnai to SendMsg.sendDone, to

opoÐo apl¸c epistrèfei �EpituqÐa�, gia na deÐxei ìti oloklhr¸jhke h apostol  tou

mhnÔmatoc.

// handles the sendDone event

event r e s u l t t SendMsg . sendDone (TOS MsgPtr msg , bool su c c e s s )f

re turn SUCCESS;

g

Tasks Sto DFS module èqoun ulopoihjeÐ dÔo tasks. To pr¸to afor� thn exe-

reÔnhsh thc geitoni�c tou kìmbou. An up�rqoun kìmboi pou den èqoun exereunhjeÐ,

epilègei k�poion apì autìn kai ton �mark�rei�, apomakrÔnont�c ton apì th lÐsta twn

anexereÔnhtwn kìmbwn.

//Explore the neighborhood

task void exp lo r e ( ) f

i f ( m unexplored != NULL) f

DFSChild �node = m unexplored ;

/� Send message to node ��/

messageAdd ( node�>id , DFS MSG SEARCH) ;

/� Remove node from m unexplored ��/

m unexplored = m unexplored�>next pt r ;

i f ( m parentID != TOS LOCAL ADDRESS) f
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/� We are done exp l o r i ng our neighborhood

� �� r epor t back to parent ��/

messageAdd (m parentID , DFS MSG PARENT) ;

g e l s e i f ( m parentID == TOS LOCAL ADDRESS) f

dbg (DBGTEMP, "DFS�DONEnn " ) ;

g e l s e f

g

g

g

'Opwc mporeÐ na parathr sei kaneÐc, ta mhnÔmata pou prèpei na staloÔn kat� thn

exereÔnhsh topojetoÔntai se mia lÐsta qrhsimopoi¸ntac th sun�rthsh messageAdd.

H sun�rthsh aut  lamb�nei san ìrisma th dieÔjunsh tou kìmbou ìpou prèpei na staleÐ

to m numa kai ton tÔpo tou mhnÔmatoc. O tÔpoc tou mhnÔmatoc mporeÐ na p�rei mÐa apì

tic timèc DFS MSG SEARCH, DFS MSG PARENT   DFS MSG ALREADY.

// Add a new message in the l i nked l i s t o f unsent messages

void messageAdd ( u in t 16 t t id , u i n t 8 t mtype ) f

DFSMsgQueue �msg , �oldmsg ;

/� a l l o c a t e memory ��/

msg = (DFSMsgQueue�) mal loc ( s i z e o f (DFSMsgQueue ) ) ;

memset (msg , 0 , s i z e o f (DFSMsgQueue ) ) ;

/� f i x parameters ��/

msg�>t a r g e t i d = t i d ;

msg�>s r c i d = TOS LOCAL ADDRESS;

msg�>msgtype = mtype ;

/� i n s e r t the new element in to the l i s t whi l e keeping

� i t s o r t ed ��/
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SGLIB SORTED LIST ADD IF NOT MEMBER(DFSMsgQueue , m unsent ,msg ,

DFSMsgQueue COMPARATOR, next ptr , oldmsg ) ;

g

To epìmeno task eÐnai autì pou apostèlei ta mhnÔmata kal¸ntac thn entol  Send-

Search.send. AfoÔ sumplhr¸sei ta dedomèna tou mhnÔmatoc, to stèlnei kai to afaireÐ

apì th lÐsta me ta proc apostol  mhnÔmata, qrhsimopoi¸ntac th sun�rthsh message-

Del.

To sendNextMessage èqei wc ex c:

// Send next message from the queue

task void sendNextMessage ( ) f

DFSMsgSearch � search = (DFSMsgSearch �) m msgSearch . data ;

// Fix message contents

atomic f

search�>t a r g e t i d = m unsent�>t a r g e t i d ;

search�>s r c i d = m unsent�>s r c i d ;

search�>msgtype = m unsent�>msgtype ;

search�>msgid = m nextMsgId ;

g

// Send the message to m unsent�>t a r g e t i d

i f ( ( c a l l SendSearch . send ( search�>t a rge t id ,

s i z e o f (DFSMsgSearch ) , m msgSearch ) ) != SUCCESS) f

dbg (DBGTEMP, "DFS: t ransmi s s i on <%d> to

%d FAILED [%d ]nn" ,

search�>msgtype , search�>t a rge t id , search�>msgid ) ;

g e l s e f

/� I n c r e a s e counter ��/

m nextMsgId++;

dbg (DBGTEMP, "DFS: t ransmi s s i on <%s> to
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%d SUCCEEDED [%d ]nn" ,

msgTypeDescr ( search�>msgtype ) , search�>t a rge t id ,

search�>msgid ) ;

/� drop message from the l i s t ��/

messageDel ( search�>t a rge t id , search�>msgtype ) ;

g

g

H messageDel sun�rthsh èqei wc ex c:

//Remove a message from the l i nked l i s t o f unsent

//messages

void messageDel ( u i n t 16 t t id , u i n t 8 t mtype ) f

DFSMsgQueue �msg , �oldmsg ;

/� a l l o c a t e memory ��/

msg = (DFSMsgQueue�) mal loc ( s i z e o f (DFSMsgQueue ) ) ;

memset (msg , 0 , s i z e o f (DFSMsgQueue ) ) ;

/� f i x parameters ��/

msg�>t a r g e t i d = t i d ;

msg�>s r c i d = TOS LOCAL ADDRESS;

msg�>msgtype = mtype ;

// remove the element frome the l i s t whi l e keeping

// i t so r t ed

SGLIB SORTED LIST DELETE IF MEMBER(DFSMsgQueue , m unsent ,

msg , DFSMsgQueue COMPARATOR, next ptr , oldmsg ) ;

/� check i f c h i l d a l r eady in l i s t ��/

whi l e ( oldmsg != NULL) f

//remove the element frome the l i s t whi l e keeping

// i t so r t ed
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SGLIB SORTED LIST DELETE IF MEMBER(DFSMsgQueue , m unsent ,

msg , DFSMsgQueue COMPARATOR, next ptr , oldmsg ) ;

g

g

5.3.3 To NeighborsDetection module

H leitourgÐa tou NeighborsDetection module eÐnai bohjhtik . H ulopoÐhs  tou eÐnai

polÔ apl . QrhsimopoieÐ ènan qronist , o opoÐoc qtup�ei epanalambanìmena. K�je

for� pou prokaleÐtai èna gegonìc apì to qronist , ìloi oi kìmboi ekpèmpoun èna

m numa anaz thshc proc ìlouc touc geÐtonèc touc kal¸ntac th sun�rthsh SendM-

sg.send. 'Otan k�poioc kìmboc l�bei èna m numa anaz thshc, prosjètei th dieÔjunsh

tou apostolèa sth lÐsta me touc geitonikoÔc tou kìmbouc.

5.3.4 To Echo module

To Echo module ìpwc martur� kai to ìnom� tou ulopoieÐ ton algìrijmo Echo. Lei-

tourgeÐ se sunergasÐa me èna apì ta modules BFSM   DFSM, apì ta opoÐa apokt�

thn arqik  gn¸sh tou gennhtikoÔ dèntrou pou dhmiourgoÔn, ètsi ¸ste na stèlnei ta

mhnÔmat� tou p�nw se aut  th dendrik  dom  kai ìqi na ta diaqèei pantoÔ sto dÐktuo.

'Etsi qrhsimopoieÐ th diepaf  Neighborhood kaj¸c epÐshc kai tic diepafèc SendMsg,

ReceiveMsg, Timer, en¸ parèqei th diepaf  StdControl.

module EchoMf

prov ide s f

i n t e r f a c e StdControl ;

g

uses f

i n t e r f a c e Neighborhood ;

i n t e r f a c e SendMsg as EchoSend ;

i n t e r f a c e ReceiveMsg as EchoReceive ;

i n t e r f a c e Timer as EchoStart ;

i n t e r f a c e Timer as EchoGetNeighbors ;
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g

g

Entolèc Sthn entol  StdControl.init pragmatopoioÔntai oi anagkaÐec arqikopoi -

seic metablht¸n.

// I n i t i a l i z a t i o n

command r e s u l t t StdControl . i n i t ( )f

u i n t 8 t i ;

atomic f

my ID = TOS LOCAL ADDRESS;

messages =0;

r ec = 0 ;

f i n i s h e d = FALSE;

i f (my ID==0)

parent=0;

e l s e

parent=DFS MAX NODE ID;

g

f o r ( i = 0 ; i < MESSAGE QUEUE SIZE; i++) f

msgqueue [ i ] . pMsg = NULL;

g

enqueue next = 0 ;

dequeue next = 0 ;

fQueueId le = TRUE;

return SUCCESS;

g

Sthn entol  StdControl.start arqikopoioÔntai oi qronistèc tou sust matoc.

// Star t

command r e s u l t t StdControl . s t a r t ( )f
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c a l l EchoGetNeighbors . s t a r t (TIMER ONE SHOT, 25000) ;

i f (TOS LOCAL ADDRESS == 0)

c a l l EchoStart . s t a r t (TIMER REPEAT, 3 0 0 0 0 ) ;

r e turn SUCCESS;

g

Sthn entol  StdControl.stop apenergopoioÔntai oi qronistèc tou sust matoc.

//Halt execut ion � d i s ab l e c l c k

command r e s u l t t StdControl . stop ( )f

c a l l EchoGetNeighbors . stop ( ) ;

r e turn c a l l EchoStart . stop ( ) ;

g

Gegonìta To gegonìc EchoGetNeighbors.�red prokaleÐtai apì ton antÐstoiqo qro-

nist . Gia to qeirismì tou gegonìtoc apl¸c kaleÐtai to task getNeighborsList pou ja

k�nei tic upologistikèc leitourgÐec. O qronist c autìc qrhsimopoieÐtai gia th l yh

thc plhroforÐac sqetik� me to gennhtikì dèntro; dhlad  k�je kìmboc majaÐnei poia

eÐnai ta paidi� tou.

event r e s u l t t EchoGetNeighbors . f i r e d ( )f

post ge tNe ighbor sL i s t ( ) ;

r e turn SUCCESS;

g

Mìlic qtup sei o deÔteroc qronist c, o arqikopoiht c xekin�ei ton algìrijmo stèl-

nontac to pr¸to m numa.

event r e s u l t t EchoStart . f i r e d ( )f

i f ( ! (TOS LOCAL ADDRESS==0 && f i n i s h e d==TRUE) )

post sendEchoMsg ( ) ;

r e turn SUCCESS;

g
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'Opwc kai stouc prohgoÔmenouc algorÐjmouc, ìtan lamb�netai èna m numa proka-

leÐtai to gegonìc EchoReceive.receive. To m numa topojeteÐtai se mia our� kai kaleÐtai

to task QueueServiceTask gia thn exuphrèths  thc.

// Process a message r e c e i v ed

event TOS MsgPtr EchoReceive . r e c e i v e (TOS MsgPtr r ecv packe t )f

EchoMsg � msgdata = (EchoMsg�) recv packet�>data ;

i f ( r e cv packe t == NULL)

dbg (DBGTEMP, "nnEcho : Received nu l l packet nn " ) ;

e l s e

dbg (DBGTEMP, "nnEcho : Received EchoMsg(%d) nn" ,

msgdata�>srcID ) ;

i f ( ( ( enqueue next + 1) % MESSAGE QUEUE SIZE)

== dequeue next ) f

// Fa i l i f queue i s f u l l

dbg (DBG USR2, "QueuedSend : queue i s f u l l !nn " ) ;

r e turn NULL;

g

atomicf

msgqueue [ enqueue next ] . address = msgdata�>srcID ;

msgqueue [ enqueue next ] . id = msgdata�>msgID ;

msgqueue [ enqueue next ] . pMsg = recv packe t ;

enqueue next++; enqueue next %= MESSAGE QUEUE SIZE;

g

dbg (DBG USR1, "QueuedSend : S u c c e s s f u l l y queued msg to

0x%x , enq %d , deq %d and queue i d l e s = %dnn" ,

msgdata�>srcID , enqueue next , dequeue next , fQueueId le ) ;

post QueueServiceTask ( ) ;
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re turn recv packe t ;

g

To teleutaÐo gegonìc eÐnai to EchoSend.sendDone gegonìc.

// handles the sendDone event

event r e s u l t t EchoSend . sendDone (TOS MsgPtr msg , bool su c c e s s )f

dbg (DBGTEMP, " send done nn " ) ;

r e turn SUCCESS;

g

Tasks Sto Echo module ulopoi jhke katarq�c èna task gia apostol  mhnÔmatoc se

èna aplì kìmbo kai èna deÔtero gia apostol  mhnÔmatoc ston patèra tou kìmbou.

To sendEchoMsg task stèlnei èna m numa se ìlouc touc geÐtonec enìc kìmbou,

ektìc apì ton patèra tou.

//Send echo message to ne ighbors

task void sendEchoMsg ( )f

/ � . . . . d e c l a r a t i o n s . . . � /

i f (mID == 0)f // send echo to a l l ne ighbors

SGLIB LIST MAP ON ELEMENTS(NodeNeighbor ,

ch i l d r en a r r ay , node , next ptr , f

c a l l EchoSend . send ( node�>id , s i z e o f (EchoMsg) ,&m msg ) ;

g ) ;

g e l s e f

// send echo to a l l ne ighbors except the f a th e r

SGLIB LIST MAP ON ELEMENTS(NodeNeighbor , ch i l d r en a r r ay ,

node , next ptr , f

i f ( ( node�>id )!=p) c a l l EchoSend . send ( node�>id ,

s i z e o f (EchoMsg) ,&m msg) ;

g ) ;

g
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g

Me to sendEchoParent task ènac kìmboc stèlnei èna m numa ston patèra tou.

// send echo answer to parent

task void sendEchoParent ( )f

r e s u l t t r ;

u i n t 16 t p ;

u i n t 16 t mID;

EchoMsg �msgdata = (EchoMsg�) m msg . data ;

// s e t message contents

atomicf

mID = my ID ;

msgdata�>srcID = my ID ;

msgdata�>msgID=messages+1;

p = parent ;

g

r = c a l l EchoSend . send (p , s i z e o f (EchoMsg) ,&m msg ) ;

i f ( r )

dbg (DBGTEMP,"n nEcho : Send to parent(%d) my

id = %d nn" , p , msgdata�>srcID ) ;

g

To getNeighborsList task kaleÐ tic entolèc Neighborhood.getNeighbors kai Neighbo-

rhood.getSize pou epistrèfoun ta paidi� enìc kìmbou kai ton arijmì aut¸n antÐstoiqa,

kai topojeteÐ ta paidi� se mia lÐsta.

task void ge tNe ighbor sL i s t ( )f

u in t 16 t i =0;

NodeNeighbor �newNeighbor , �member ;

ne i ghbor s a r ray = c a l l Neighborhood . getNeighbors ( ) ;

totNe ighbors = c a l l Neighborhood . g e tS i z e ( ) ;
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i f ( ! ( totNe ighbors <1))f

f o r ( i =0; i<totNe ighbors ; i++)f

/� a l l o c a t e memory �/

newNeighbor = (NodeNeighbor �) mal loc ( s i z e o f ( NodeNeighbor ) ) ;

memset ( newNeighbor , 0 , s i z e o f ( NodeNeighbor ) ) ;

newNeighbor�>id =ne i ghbor s a r ray [ i ] ;

SGLIB SORTED LIST ADD IF NOT MEMBER(NodeNeighbor ,

ch i l d r en a r r ay , newNeighbor , Neighbor COMPARATOR,

next ptr , member ) ;

g

g

g

To teleutaÐo task eÐnai to QueueServiceTask task. To task autì exuphreteÐ èna

proc èna ta mhnÔmata pou brÐskontai sthn our�. H exuphrèthsh ègkeitai sthn parag-

matopoÐhsh twn elègqwn pou orÐzei o algìrijmoc Echo.

task void QueueServiceTask ( ) f

u i n t 8 t id ;

u i n t 16 t address ;

// Try to send next message ( i gnore xmit count )

i f (msgqueue [ dequeue next ] . pMsg != NULL) f

id = msgqueue [ dequeue next ] . id ;

address = msgqueue [ dequeue next ] . address ;

i f (my ID==0)f

r e c++;
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// i f r e c e i v ed echo from a l l ch i ld ren , dec ide

i f ( r e c == totNeighbors )f

f i n i s h e d = TRUE;

dbg (DBGTEMP," Fin i shed !nn " ) ;

g e l s e f

ch i l dDe l ( address ) ;

g

g e l s e f // I am not the 0 node

i f ( r e c == 0 j j parent == 1000) f

parent = address ;

r e c++;

i f ( totNe ighbors ==0)f

post sendEchoParent ( ) ;

g e l s e f

post sendEchoMsg ( ) ;

g

g e l s e i f ( address == parent )f

i f ( totNe ighbors ==0 j j( rec�1==totNeighbors ) )f

post sendEchoParent ( ) ;

g e l s e f

post sendEchoMsg ( ) ;

g

g e l s e i f ( r e c== totNeighbors ) f

r e c++;

ch i l dDe l ( address ) ;

post sendEchoParent ( ) ;

g e l s e f

r e c++;

ch i l dDe l ( address ) ;

g

g //end e l s e

msgqueue [ dequeue next ] . pMsg = NULL;
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dequeue next++; dequeue next %= MESSAGE QUEUE SIZE;

dbg (DBG USR1, "QueuedSend : S u c c e s s f u l l y dequeued msg

from 0x%x , now enq %d , deq %d and queue i d l e s = %dnn" ,

address , enqueue next , dequeue next , fQueueId le ) ;

g

e l s e f

fQueueId le = TRUE;

g

g

5.4 Con�gurations

Gia na sunergastoÔn metaxÔ touc ta modules ja prèpei na prohghjeÐ h metaxÔ touc

sÔndesh. Me tic sundèseic pou pragmatopoioÔntai ousiastik� qtÐzetai olìklhrh h

efarmog . Sunep¸c, efìson oi efarmogèc mac eÐnai dÔo, prèpei na gÐnoun kai oi antÐ-

stoiqec sundèseic.

'Etsi èqoume dÔo con�gurations, èna gia th sÔndesh tou BFS module me to Echo

module kai èna gia th sÔndesh tou NeighborsDetection module me to DFS module kai

sth suèqeia to deÔtero me to Echo module.

BFSM kai EchoM O parak�tw k¸dikac deÐqnei p¸c gÐnontai oi sundèseic sto

pr¸to con�guration. H diepaf  apì to pr¸to component sundèetai me thn antÐstoiqh

diepaf  tou deÔterou.

c on f i g u r a t i on Echof

uses i n t e r f a c e Neighborhood ;

g

implementation f

components EchoM, QueuedSend , GenericComm ,BFSM, TimerC ,Main ;

Main . StdControl �>EchoM. StdControl ;

Main . StdControl �>BFSM. StdControl ;
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Main . StdControl �> GenericComm ;

Main . StdControl �> QueuedSend ;

Main . StdControl �> TimerC . StdControl ;

EchoM. Neighborhood�>BFSM. Neighborhood ;

EchoM. EchoSend�>QueuedSend . SendMsg [AMECHOMSG ] ;

EchoM. EchoReceive�>GenericComm . ReceiveMsg [AMECHOMSG ] ;

EchoM. EchoTimer �> TimerC . Timer [ unique ("Timer " ) ] ;

BFSM. BfsTimer �> TimerC . Timer [ unique ("Timer " ) ] ;

BFSM. StatusTimer �> TimerC . Timer [ unique ("Timer " ) ] ;

BFSM. SendMsg�>QueuedSend . SendMsg [AMBFSMSG] ;

BFSM. ReceiveMsg�>GenericComm . ReceiveMsg [AMBFSMSG] ;

Neighborhood = EchoM;

g

Grafik�, to parap�nw con�guration perigr�fetai apì to sq ma 5.2.

Sq ma 5.2: H sÔndesh twn components gia to Echo con�guration
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DFSM kai EchoM O parak�tw k¸dikac deÐqnei p¸c gÐnontai oi sundèseic sto

deÔtero con�guration.

c on f i g u r a t i on Echof

uses i n t e r f a c e Neighborhood ;

g

implementation f

components EchoM, QueuedSend , GenericComm as Comm,DFSM,

NeighborsDetectionM , TimerC ,Main ;

Main . StdControl �>EchoM. StdControl ;

Main . StdControl �>DFSM. StdControl ;

Main . StdControl �> NeighborsDetectionM . StdControl ;

Main . StdControl �> Comm;

Main . StdControl �> QueuedSend ;

Main . StdControl �> TimerC . StdControl ;

EchoM. Neighborhood�>DFSM. Neighborhood ;

EchoM. EchoSend�>QueuedSend . SendMsg [AMECHOMSG ] ;

EchoM. EchoReceive�>Comm. ReceiveMsg [AMECHOMSG ] ;

EchoM. EchoStart �> TimerC . Timer [ unique ("Timer " ) ] ;

EchoM. EchoGetNeighbors �> TimerC . Timer [ unique ("Timer " ) ] ;

NeighborsDetectionM . SendMsg�>QueuedSend . SendMsg [AMNEIGHMSG] ;

NeighborsDetectionM . ReceiveMsg�>Comm. ReceiveMsg [AMNEIGHMSG] ;

NeighborsDetectionM . NeighTimer �> TimerC . Timer [ unique ("Timer " ) ] ;

DFSM. Neighbors �> NeighborsDetectionM . Neighbors ;

DFSM. SendSearch �> QueuedSend . SendMsg [AM DFS SEARCH ] ;

DFSM. Rece iveSearch �> Comm. ReceiveMsg [AM DFS SEARCH ] ;

DFSM. SearchTimer �> TimerC . Timer [ unique ("Timer " ) ] ;

DFSM. SendTimer �> TimerC . Timer [ unique ("Timer " ) ] ;

DFSM. ReckonTimer �> TimerC . Timer [ unique ("Timer " ) ] ;
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Neighborhood = EchoM;

g

Grafik�, to parap�nw con�guration perigr�fetai apì to sq ma 5.3.

Sq ma 5.3: H sÔndesh twn components gia to deÔtero Echo con�guration

5.5 Peir�mata

TopologÐec Oi topologÐec pou qrhsimopoi jhkan gia tic dokimèc twn algorÐjmwn

apoteloÔntai apì pènte, ennèa kai dekaèxi kìmbouc. Oi topologÐec autèc faÐnontai sta

sq mata 5.4, 5.5 kai 5.6 antÐstoiqa.

Metr seic Ta apotelèsmata pou d¸sane oi algìrijmoi anaz thshc pr¸ta-kat�-

eÔroc kai pr¸ta-kat�-b�joc sqetik� me ton arijmì mhnum�twn pou antall�ssontai

faÐnontai stouc pÐnakec 5.1 kai 5.2 antÐstoiqa. Ston pÐnaka 5.3 faÐnetai o arijmìc

twn mhnum�twn pou antall�ssontai ìtan o algìrijmoc Echo efarmìzetai se dèntro

anaz thshc pr¸ta-kat�-eÔroc.
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Anaz thsh pr¸ta-kat�-eÔroc

TopologÐa Arijmìc mhnum�twn
Sunektikì dÐktuo 5 kìmbwn 18

DÐktuo 3x3 kìmbwn 11
DÐktuo 4x4 kìmbwn 19

PÐnakac 5.1: Anaz thsh pr¸ta-kat�-eÔroc

Anaz thsh pr¸ta-kat�-b�joc

TopologÐa Arijmìc mhnum�twn
Sunektikì dÐktuo 5 kìmbwn 20

DÐktuo 3x3 kìmbwn 26
DÐktuo 4x4 kìmbwn 50

PÐnakac 5.2: Anaz thsh pr¸ta-kat�-b�joc

Echo se BFS dèntro

TopologÐa Arijmìc mhnum�twn
Sunektikì dÐktuo 5 kìmbwn 8

DÐktuo 3x3 kìmbwn 30
DÐktuo 4x4 kìmbwn 53

PÐnakac 5.3: Efarmog  tou algorÐjmou Echo se BFS dèntro
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Sq ma 5.4: DÐktuo 5 kìmbwn kai 10 akm¸n.

Sq ma 5.5: DÐktuo 3x3 kìmbwn kai 11 akm¸n.

Sq ma 5.6: DÐktuo 4x4 kìmbwn kai 21 akm¸n.



Kef�laio 6

Sumper�smata kai Mellontik 

ErgasÐa

Sta prohgoÔmena kef�laia melet same mia basik  kathgorÐa algorÐjmwn, touc Ku-

matikoÔc algorÐjmouc, me skopì th qrhsimopoÐhs  touc se efarmogèc asÔrmatwn di-

ktÔwn aisjht rwn. AfoÔ loipìn orÐsame to plaÐsio ergasÐac kai melèthc, ulopoi same

k�poiouc kumatikoÔc algorÐjmouc � sugkekrimèna touc Echo, anaz thsh pr¸ta-kat�-

b�joc, anaz thsh pr¸ta-kat�-eÔroc � kai anaptÔxame mia efarmog  pou basÐzetai se

autoÔc. H an�ptuxh ègine sto leitourgikì sÔsthma TinyOS ètsi ¸ste na apokt soume

mia pr¸th gn¸sh wc proc th sumperifor� twn algorÐjmwn se perib�llon prosomoÐwshc

enìc pragmatikoÔ diktÔou aisjht rwn.

H an�lush twn algorÐjmwn se jewrhtikì epÐpedo dÐnei polÔ ikanopoihtik� apo-

telèsmata. Parousi�zoun polÔ kal  sumperifor� stic qeirìterec peript¸seic, ìso

anafor� thn poluplokìthta qrìnou kai epikoinwnÐac, èna stoiqeÐo pou eÐnai idiaÐtera

qr simo sta dÐktua aisjht rwn, lìgw twn eidik¸n qarakthristik¸n touc.

EntoÔtoic, se pragmatikèc efarmogèc oi algìrijmoi Ðswc na mh d¸soun ta jewrh-

tik¸c ananamenìmena apotelèsmata. Autì sumbaÐnei giatÐ èna dÐktuo aisjht rwn eÐnai

èna metaballìmeno sÔsthma, ìpou h epikoinwnÐa metaxÔ twn kìmbwn den eÐnai axiìpisth,

lìgw twn sfalm�twn pou emfanÐzontai kat� tic metadìseic. 'Hdh apì thn prosomoÐwsh

eÐdame ìti k�ti tètoio pr�gmati sumbaÐnei.

Mellontik� ja eÐqe endiafèron, na pragmatopoihjoÔn peir�mata efarmìzontac aut 

121
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th for� touc algorÐjmouc se pragmatikèc suskeuèc, ètsi ¸ste na parathr soume kat�

pìso apoklÐnoun ta pragmatik� apotelèsmata apì ta apotelèsmata thc prosomoÐwshc.

Me ton trìpo autì mporoÔme na metr soume thn axiopistÐa tou exomoiwt , kaj¸c

epÐshc na doÔme kat� pìso ephre�zei o par�gontac tou perib�llontoc th leitourgÐa

twn algorÐjmwn.

Epiplèon, ja mporoÔsame na enswmat¸soume touc algorÐjmouc autoÔc se up�rqon-

ta prwtìkolla, ìpwc aut� pou perigr�fhsan sto kef�laio 2 kai na parathr soume to

kat� pìso oi kumatikoÐ algìrijmoi belti¸noun thn apìdosh twn prwtokìllwn aut¸n.
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