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PerÐlhyh

Stic mèrec mac, ènac shmantikìc par�gontac pou periorÐzei thn pl rh axiopoÐhsh twn

dunatot twn pou mac prosfèrei h sÔgqronh teqnologÐa suskeu¸n anadiatassìmenhc lo-

gik c, eÐnai h èlleiyh enìc gr gorou, axiìpistou kai eÔqrhstou trìpou metafor�c dedo-

mènwn sto epÐpedo tou qr sth metaxÔ hlektronikoÔ upologist  (H/U) kai FPGA (field-
programmable gate array). Autìc eÐnai kai o apotreptikìc lìgoc dhmiourgÐac pl rwn

susthm�twn ta opoÐa ja èqoun tautìqrona software kai hardware mèroc.

Sta plaÐsia thc diplwmatik c ergasÐac melet jhke kai ulopoi jhke èna eÔqrhsto

ergaleÐo to opoÐo basÐzetai sto montèlo exuphretht  - pel�th kai dÐnei ston qr sth

thn dunatìthta thc eÔkolhc qr shc tou prwtokìllou Gigabit Ethernet kai tou odh-

goÔ PCI-Express ta opoÐa ulopoi jhkan apì proptuqiakoÔc foithtèc tou ergasthrÐou

Mikroepexergast¸n kai UlikoÔ stic diplwmatikèc ergasÐec touc. O pel�thc èqei thn

dunatìthta apomakrusmènhc prìsbashc se anaptuxiakì sÔsthma to opoÐo brÐsketai ston

exuphretht .

H qr sh tou ergaleÐou Re. DO. FPGA (Remote Download FPGA) epitrèpei ston

qr sth na qrhsimopoi sei eÔkola to prwtìkollo MTP (MHL Trasfer Protocol) kai tou
odhgoÔ qr shc tou PCI-Express me skopì thn eÔkolh ulopoÐhsh pl rwn susthm�twn

miac kai me qr sh stajer¸n diepaf¸n automatopoieÐtai h diadikasÐa qr shc touc. To

Re. Do. FPGA qrhsimopoieÐ to montèlo exuphretht  - pel�th me skopì na mei¸sei ton

apaitoÔmeno arijmì anaptuxiak¸n apì touc foithtèc miac kai mporeÐ na gÐnei qr sh touc

mèsw diktÔou.

H sqedÐash ulopoi jhke gia mÐa anaptuxiak  platfìrma thc oikogèneiac Virtex 5 se

Linux leitourgikì.
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Kef�laio 1

Eisagwg 

Sto pr¸to kef�laio gÐnetai anafor� sto prìblhma to opoÐo antimetwpÐzoume, o skopìc

kai h suneisfor� thc paroÔsac diplwmatik c ergasÐac kai perigr�fetai h dom  thc.

1.1 Prìblhma

ParathreÐtai ìti ènac meg�loc arijmìc diplwmatik¸n ergasi¸n pou diekpere¸nontai sto

PoluteqneÐo Kr thc den axiopoioÔntai kat�llhla. K�ti tètoio isqÔei kai sto Ergast rio

Mikroepexergast¸n kai UlikoÔ (MHL). Plèon diekperai¸nontai diplwmatikèc ergasÐec

oi opoÐec an axiopoihjoÔn kat�llhla ja dhmiourghjoÔn qr sima ergaleÐa.

EpÐshc, plèon oi diplwmatikèc ergasÐec sto Ergast rio Mikroepexergast¸n kai U-

likoÔ apaiteÐtai h qrhsimopoÐhsh anadiatassìmenwn suskeu¸n me skopì th dhmiourgÐa

diafìrwn perifereiak¸n kai h ulopoÐhsh pl rwn susthm�twn. Autì ìmwc apaiteÐ thn

Ôparxh meg�lou arijmoÔ anadiatassìmenwn suskeu¸n, kurÐwc thc oikogèneiac Virtex-5,
pr�gma to opoÐo den eÐnai efiktì lìgo kìstouc agor�c.

To kÔrio prìblhma pou antimetwpÐzoun ìmwc oi sqedi�seic eÐnai to pl joc twn de-

domènwn pou qrei�zontai gia epexergasÐa, miac kai oi diajèsimoi pìroi thc FPGA den

eparkoÔn gia apoj keush aut¸n se mn mec. Autì èqei wc apotèlesma ton periorismì twn

dedomènwn pou mporoÔn na qrhsimopoihjoÔn kai thn mh dunatìthta dhmiourgÐac enìc pl -

rouc sust matoc. EpÐshc gia thn allag  twn dedomènwn qrei�zetai na gÐnei dhmiourgÐa

enìc kainoÔrgiou Bitstream, diadikasÐa h opoÐa eÐnai qronobìra.

H ulopoÐhsh pl rwn susthm�twn apaiteÐ èna axiìpisto meso metafor�c dedomènwn sto

epÐpedo tou qr sth metaxÔ hlektronikoÔ upologist  (H/U) kai FPGA (field-programmable
gate array). Tèloc to mèso to opoÐo epijumeÐ na qrhsimopoi sei o qr sthc, ektìc apì

axiìpisto, prèpei na eÐnai eÔqrhsto kai na prosarmìzetai eÔkola sth sqedÐash tou.
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1. EISAGWG�H

1.2 Skopìc

Stìqoc thc diplwmatik c ergasÐac eÐnai h an�ptuxh enìc eÔqrhstou ergaleÐou to opoÐo

na qrhsimopoieÐ to montèlo exuphretht  - pel�th. O pel�thc ja èqei thn dunatìthta

apomakrusmènhc prìsbashc se anaptuxiakì sÔsthma gia programmatismì tou. EpÐshc ja

mporeÐ na dhmiourg sei nèo project, na qrhsimopoi sei project pou èqei  dh dhmiourg sei
  na st lei ètoimo Bitstream ston exuphretht  kai afoÔ programmatisteÐ to anaptuxiakì

sÔsthma, pou brÐsketai ston exuphretht , na l�bei mèsw diktÔou thn èxodo thc sqedÐashc

tou. Tèloc, ja èqei thn dunatìthta na axiopoieÐ thn teqnologÐa Gigabit Ethernet kai

PCI-Express 1x Lane pou uposthrÐzontai apì ta anaptuxiak� sust mata thc oikogèneiac

Virtex-5 .

O exuphretht c, ston opoÐo ja brÐsketai to anaptuxiakì, ja eÐnai dèkthc entol¸n apì

ton pel�th kai ja automatopoieÐ thn diadikasÐa eisagwg c twn sqedi�sewn gia qr sh twn

teqnologi¸n Gigabit Ethernet kai PCI-Express 1x Lane. EpÐshc ja dÐnei thn dunatìthta
ston pel�th gia par�llhlh qr sh twn dÔo teqnologi¸n.

Gia to skopì autì qrhsimopoieÐtai o driver gia qr sh tou diaÔlou PCI-Express 1x
Lane, pou èqei ulopoihjeÐ sta plaÐsia thc diplwmatik c ergasÐac tou Iw�nnh Kartswn�kh[1]
kai to prwtìkollo gia qr sh tou Gigabit Ethernet, pou ulopoi jhke apì ton Dhm trio

Basilìpoulo[2].

H prosarmog  twn proaneferjèntwn mèswn metafer�c dedomènwn kai eidik� tou PCI-
Express stic sqedi�seic �llwn qrhst¸n den eÐnai apl  diadikasÐa miac kai epijumeÐtai h

qr sh tou ergaleÐou Xilinx EDK 10.1 kai ìqi tou Xilinx ISE Design Suite 10.1. Gia

to lìgo autì to sÔsthma pou ulopoi jhke dieukolÔnei to qr sth sthn prosarmog  kai

qr sh twn mèswn metafor�c dedomènwn. EpÐshc, h qr sh tou ergaleÐou èqei wc sunèpeia

thn meÐwsh tou arijmoÔ twn apaitoÔmenwn anadiatassìmenwn suskeu¸n apì touc foithtèc

gia thn ulopoÐhsh twn diplwmatik¸n ergasi¸n touc miac kai dÐnetai h dunatìthta gia

apomakrusmènh prìsbash se autèc.

To gegonìc ìti sto ergast rio den up rqe prìterh empeirÐa se autìn ton tomèa, h

èlleiyh eparkoÔc upost rixhc gia ta anaptuxiak� sust mata pou eÐqame apì thn etairÐa

kataskeu c kai tou leitourgikoÔ Linux gia to PCI-Express, dhmioÔrghsan shmantik� em-
pìdia kaj¸c akìma kai gia probl mata twn opoÐwn h lÔsh  tan sqetik� apl  katabl jhke

èntonh prosp�jeia kai katanal¸jhke polÔc qrìnoc.

1.3 Org�nwsh Diplwmatik c ErgasÐac

Sth sunèqeia h ergasÐa perilamb�nei akìmh eft� kef�laia.

Arqik�, sto kef�laio 2 perigr�fontai oi leitourgikìthtec tou Client kai Server kai
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1.3 Org�nwsh Diplwmatik c ErgasÐac

parousi�zetai mÐa episkìphsh twn prwtokìllwn UDP, TCP, tou prwtokìllou diktÔou

SSH kai tèloc thc gl¸ssac programmatismoÔ Python kai thc biblioj khc PyQt4.
Sto 3o kef�laio gÐnetai anafor� se prohgoÔmenh sqetik  èreuna pou èqei gÐnei sto

PoluteqneÐo Kr thc, kai pio sugkekrimèna sto ergast rio Mikroepexergast¸n kai Uli-

koÔ, kai apì kajhghtèc tou tomèa se Panepisthmiak� idrÔmata tou exwterikoÔ.

SuneqÐzontac sto kef�laio 4 gÐnetai perigraf  thc arqitektonik c pou dhmiourg sa-

me kai to ti prèpei na gnwrÐzei o qr sthc tou sust matoc. EpÐshc perigr�fetai mèsw

diagramm�twn ro c h diadikasÐa qr shc thc anadiatassìmenhc suskeu c atomik� kai h

qr sh thc mèsw tou ergaleÐou pou ulopoi jhke.

Sto epìmeno kef�laio, to kef�laio 5, perigr�fontai oi arqitektonikèc pou ulopoi -

jhkan sto ergaleÐo Xilinx EDK kai sthn sunèqeia gÐnetai mia leptomer c perigraf  twn

leitourgi¸n tou Client kai twn bhm�twn pou akoloujeÐ o Server se k�je mÐa apì aut .

Sto 6o kef�laio gÐnetai pistopoÐhsh thc leitourgikìthtac tou ergaleÐou mèsw para-

deigm�twn pou ulopoi jhkan. Ta apotelèsmata kai oi metr seic wc proc thn apìdosh

tou sust matoc kai h euqrhstÐa tou Re.Do. FPFA parousi�zontai sto 7o kef�laio. Sto

kef�laio 8 diatup¸nontai ta sumper�smata kaj¸c kai prot�seic gia mellontik  beltÐwsh

kai epèktash thc sqedÐashc.

Tèloc, sto par�rthma A, B kai C perigr�getai h diadiakasÐa qr shc tou ergaleÐou

Xilinx EDK, eisagwg c thc arqitektonik c qr shc tou PCI-Express kai tou prwtokìllou
MTP se EDK Project antÐstoiqa.
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Kef�laio 2

Sqetikèc TeqnologÐec

Sto kef�laio autì gÐnetai anafor� sta ergaleÐa kai stic teqnikèc oi opoÐec qrhsimopoi-

 jhkan sta plaÐsia thc diplwmatik c ergasÐac. Arqik� perigr�fetai to montèlo Client
- Server. Sthn sunèqeia gÐnetai anafor� sta prwtìkolla epikoinwnÐac, sto prwtìkol-

lo diktÔou SSH kai sthn gl¸ssa programmatismoÔ Python kai pio sugkekrimèna sthn

biblioj kh PyQt.

2.1 Montèlo Client - Server

H qr sh tou montèlou Client - Server eÐnai mia efarmog  dianemhmènhc arqitektonik c h

opoÐa qwrÐzei touc stìqouc   ta fortÐa ergasÐac metaxÔ twn forèwn paraq c uphresi¸n

(Servers) kai twn aitoÔntwn uphresi¸n (Client)[3].Suqn� oi Clients kai oi Servers lei-

tourgoÔn pèra apì èna dÐktuo upologist¸n, se qwristì ulikì (sq ma 2.1). 'Enac Server
eÐnai èna mhq�nhma uyhl c apìdoshc to opoÐo trèqei èna   perissìtera progr�mmata kai

oi pìroi tou diamoir�zontai stouc Client. 'Enac Client den moir�zetai touc pìrouc tou,

all� zht� apì ton Server th leitourgÐa uphresi¸n. Oi Client epomènwc arqÐzoun thn

epikoinwnÐa me ton Server o opoÐoc anamènei ta eiserqìmena ait mata.

Genik�, to Client-Server computing anafèretai se mia basik  allag  sto stul twn

upologist¸n, thn allag  apì ta sust mata pou basÐzontai sta mhqan mata sta sust ma-

ta pou basÐzontai ston qr sth. Eidikìtera, èna sÔsthma Client-Server eÐnai èna sÔsthma
sto opoÐo to dÐktuo en¸nei di�forouc upologistikoÔc pìrouc, ¸ste oi Clients na mpo-

roÔn na zhtoÔn uphresÐec apì ènan Server, o opoÐoc prosfèrei plhroforÐec   epiprìsjeth
upologistik  isqÔ.

Me �lla lìgia, sto Client-Server montèlo, o Client jètei mia aÐthsh kai o Server
epistrèfei mia antapìkrish   k�nei mia seir� apì enèrgeiec. O Server mporeÐ na ener-
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2. SQETIK�ES TEQNOLOG�IES

Σχήμα 2.1: Μοντέλο Client - Server.

gopoieÐtai �mesa gia thn aÐthsh aut    na prosjètei thn aÐthsh se mia our�. H �mesh

energopoÐhsh gia thn aÐthsh mporeÐ, gia par�deigma, na shmaÐnei ìti o Server upologÐzei

ènan arijmì kai ton epistrèfei amèswc ston Client. H topojèthsh thc aÐthshc se mia

our� mporeÐ na shmaÐnei ìti h aÐthsh prèpei na tejeÐ se anamon  gia na exuphrethjeÐ.

To Client-Server computing eÐnai polÔ shmantikì, diìti epitugq�nei ta ex c:

• Apotelesmatik  qr sh thc upologistik c isqÔoc.

• MeÐwsh tou kìstouc sunt rhshc, dhmiourg¸ntac sust mata Client-Server pou a-

paitoÔn ligìterh sunt rhsh kai kostÐzoun ligìtero sthn anab�jmish.

• AÔxhsh thc paragwgikìthtac, prosfèrontac stouc qr stec xek�jarh prìsbash

stic anagkaÐec plhroforÐec mèsw stajer¸n kai eÔkolwn sthn qr sh diasundèsewn.

• AÔxhsh thc euelixÐac kai thc dunatìthtac dhmiourgÐac susthm�twn pou uposthrÐ-

zoun poll� perib�llonta.

Sto basikì Client-Server montèlo h pleur� tou Client pr¸ta stèlnei èna m numa gia

na kalèsei se etoimìthta ton Server. Apì th stigm  pou o Client kai o Server èqoun

epikoinwnÐa metaxÔ touc, o Client mporeÐ na upob�llei thn aÐths  tou [4].

2.1.1 Client

O Client [4] eÐnai o ait¸n twn uphresi¸n kai den mporeÐ par� na eÐnai ènac upologist c.

Oi uphresÐec pou zhtoÔntai apì ton Client mporeÐ na up�rqoun stouc Ðdiouc stajmoÔc
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2.2 Prwtìkolla EpikoinwnÐac

ergasÐac   se apomakrusmènouc stajmoÔc ergasÐac pou sundèontai metaxÔ touc mèsw

enìc diktÔou. O Client xekin�ei p�nta thn epikoinwnÐa.

O Client paÐzei tèsseric basikoÔc rìlouc, eÐnai sthn pragmatikìthta to kèntro thc

Client-Server efarmog c. O qr sthc allhlepidr� me ton Client, o Client xekin�ei to

megalÔtero mèroc thc an�ptuxhc thc efarmog c, kai o Server up�rqei gia na apant�ei

stic an�gkec tou Client.

2.1.2 Server

O Server [4] apant�ei stic ait seic pou gÐnontai apì touc Clients . 'Enac Client mporeÐ

na energeÐ wc Server e�n lamb�nei kai epexerg�zetai ait seic. Oi Servers den xekin�ne tic
epikoinwnÐec, perimènoun tic ait seic twn Clients.

Ta sustatik� tou Server eÐnai polÔ apl�. Mia Server mhqan  prèpei na mporeÐ na

k�nei ta akìlouja :

• Na apojhkeÔei, na anakt� kai na prostateÔei plhroforÐec.

• Na epijewreÐ tic ait seic twn Clients.

• Na dhmiourgeÐ efarmogèc diaqeÐrishc plhrofori¸n, ìpwc dhmiourgÐa antigr�fwn,

asf�leia ktl.

• Na diaqeirÐzetai plhroforÐec.

O Server eÐnai h kardi� tou Client-Server sust matoc. Oi Servers eÐnai ta shmeÐa ìpou
apojhkeÔontai oi plhroforÐec kai ekteloÔntai oi ergasÐec. S mera, o Server mporeÐ na

eÐnai opoiad pote morf  upologist .

2.2 Prwtìkolla EpikoinwnÐac

2.2.1 UDP

To prwtìkollo User Datagram Protocol (UDP) [5] eÐnai èna apì ta basik� prwtìkolla

pou qrhsimopoioÔntai sto DiadÐktuo. MÐa enallaktik  onomasÐa tou prwtokìllou eÐ-

nai Universal Datagram Protocol. Di�fora progr�mmata qrhsimopoioÔn to prwtìkollo

UDP gia thn apostol  sÔntomwn mhnum�twn apì ton ènan upologist  ston �llon mèsa

se èna dÐktuo upologist¸n.

'Ena apì ta kÔria qarakthristik� tou UDP eÐnai ìti den eggu�tai axiìpisth epikoi-

nwnÐa. Ta pakèta UDP pou apostèllontai apì èna upologist  mporeÐ na ft�soun ston

paral pth me l�joc seir�, dipl�   na mhn ft�soun kajìlou e�n to dÐktuo èqei meg�lo
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2. SQETIK�ES TEQNOLOG�IES

fìrto. Antijètwc, to prwtìkollo TCP diajètei ìlouc touc aparaÐthtouc mhqanismoÔc

elègqou kai epibol c thc axiopistÐac kai sunep¸c mporeÐ na egguhjeÐ thn axiìpisth epi-

koinwnÐa metaxÔ twn upologist¸n. H èlleiyh twn mhqanism¸n aut¸n apì to prwtìkollo

UDP to kajist� arket� pio gr goro kai apotelesmatikì, toul�qiston gia tic efarmogèc

ekeÐnec pou den apaitoÔn axiìpisth epikoinwnÐa.

Oi efarmogèc audio kai video streaming qrhsimopoioÔn kat� kìro pakèta UDP. Gia
tic efarmogèc autèc eÐnai polÔ shmantikì ta pakèta na paradojoÔn ston paral pth se

sÔntomo qronikì di�sthma oÔtwc ¸ste na mhn up�rqei diakop  sthn ro  tou  qou   thc

eikìnac. Kat� sunèpeia protim�tai to prwtìkollo UDP diìti eÐnai arket� gr goro, pa-

rìlo pou up�rqei h pijanìthta merik� pakèta UDP na qajoÔn. Sthn perÐptwsh pou

qajeÐ k�poio pakèto, oi efarmogèc autèc diajètoun eidikoÔc mhqanismoÔc diìrjwshc kai

parembol c oÔtwc ¸ste o telikìc qr sthc na mhn parathreÐ kamÐa alloÐwsh   diakop 

sthn ro  tou  qou kai thc eikìnac lìgw tou qamènou pakètou. Se antÐjesh me to prw-

tìkollo TCP, to UDP uposthrÐzei broadcasting, dhlad  thn apostol  enìc pakètou

se ìlouc touc upologistèc enìc diktÔou, kai multicasting, dhlad  thn apostol  enìc

pakètou se k�poiouc sugkekrimènouc upologistèc enìc diktÔou. H teleutaÐa dunatìthta

qrhsimopoieÐtai polÔ suqn� stic efarmogèc audio kai video streaming oÔtwc ¸ste mÐa

ro   qou   eikìnac na metadÐdetai tautìqrona se polloÔc sundromhtèc.

2.2.2 TCP

To TCP [6] (Transmission Control Protocol - Prwtìkollo Elègqou Metafor�c) eÐnai

èna apì ta kuriìtera prwtìkolla twn Prwtokìllwn DiadiktÔou. BrÐsketai p�nw apì

to IP protocol (prwtìkollo IP). Oi kÔrioi stìqoi tou prwtokìllou TCP eÐnai na epibe-

bai¸netai h axiìpisth apostol  kai l yh dedomènwn, epÐshc na metafèrontai ta dedomèna

qwrÐc l�jh metaxÔ tou str¸matoc diktÔou (network layer) kai tou str¸matoc efarmog c
(application layer) kai, ft�nontac sto prìgramma tou str¸matoc efarmog c, na èqoun

swst  seir�. Oi perissìterec sÔgqronec uphresÐec sto DiadÐktuo basÐzontai sto TCP.
Gia par�deigma to SMTP (port 25), to palaiìtero (kai mh-asfalèc) Telnet (port 23),
to FTP kai pio shmantikì to HTTP (port 80), gnwstì wc uphresÐec World Wide Web
(WWW - Pagkìsmioc Istìc). To TCP qrhsimopoieÐtai sqedìn pantoÔ, gia amfÐdromh

epikoinwnÐa mèsw diktÔou.

Arqik� to Transmission  tan Transfer, ènac ìroc pou prosdiìrize thn metabÐbash tou
elègqou sta �kra tou diktÔou TCPIP prin apospasteÐ to IP.
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2.2 Prwtìkolla EpikoinwnÐac

2.2.3 Diaforèc metaxÔ TCP kai UDP

To prwtìkollo TCP leitourgeÐ egkajidrÔontac sundèseic metaxÔ tou apostolèa kai tou

paral pth twn pakètwn. Apì thn stigm  pou mÐa sÔndesh egkajidrujeÐ me epituqÐa, ìla

ta dedomèna apostèllontai apì ton ènan upologist  ston �llo me thn morf  pakètwn

qrhsimopoi¸ntac thn sÔndesh aut . Ta kÔria qarakthristik� tou TCP eÐnai ta ex c[7],
[6]:

• AxiopistÐa:

To TCP qrhsimopoieÐ di�forouc mhqanismoÔc oÔtwc ¸ste na diasfalisteÐ ìti ta

pakèta pou metadÐdontai apì ton apostolèa ja ft�soun sÐgoura ston paral pth

kai sthn swst  seir�. Oi mhqanismoÐ autoÐ perilamb�noun thn epibebaÐwsh l yhc

pakètou apì ton paral pth, thn epanapostol  pakètwn pou q�jhkan kai ton ka-

jorismì enìc el�qistou qronikoÔ diast matoc mèsa sto opoÐo k�je pakèto pou

apostèlletai ja prèpei na èqei paralhfjeÐ (timeout). Sthn perÐptwsh pou qajeÐ

k�poio pakèto, o apostolèac prospajeÐ kai p�li na to xanasteÐlei. EpÐshc, e�n o

paral pthc diapist¸sei ìti èna pakèto den paral fjhke, tìte ja zht sei apì ton

apostolèa na tou to xanasteÐlei.

• Seir� pakètwn:

E�n dÔo pakèta apostaloÔn se mÐa sÔndesh to èna met� to �llo, tìte to prw-

tìkollo TCP eggu�tai ìti ja ft�soun ston paral pth me thn Ðdia seir� me thn

opoÐa st�ljhkan. Sthn perÐptwsh pou leÐpei èna pakèto kai èrjoun mellontik�

pakèta, tìte aut� katakratoÔntai sthn proswrin  mn mh (buffer) mèqri na ft�sei

to pakèto pou leÐpei. Tìte anadiat�ssontai kai emfanÐzontai me thn swst  seir�

ston paral pth.

• BarÔthta:

To prwtìkollo TCP jewreÐtai idiaÐtera barÔ, dedomènou ìti qrei�zontai toul�qi-

ston 3 pakèta gia thn egkajÐdrush thc sÔndeshc, prÐn akìmh metadojeÐ opoiod pote

pakèto dedomènwn. EpÐshc, oi mhqanismoÐ axiopistÐac pou ulopoieÐ to k�noun akìmh

pio barÔ, pr�gma pou èqei fusik� shmantikì antÐktupo sthn taqÔthta met�doshc

dedomènwn.

To UDP eÐnai èna pio aplì kai elafrÔ prwtìkollo, sto opoÐo den up�rqei h ènnoia

thc sÔndeshc. K�je pakèto UDP dianÔei to dÐktuo san mÐa xeqwrist  autìnomh mon�da

kai ìqi san mÐa seir� pakètwn se mÐa sÔndesh, ìpwc sto TCP. Ta kÔria qarakthristik�

tou UDP eÐnai ta ex c[5],[7]:
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2. SQETIK�ES TEQNOLOG�IES

• Anaxiìpisto:

Kat� thn apostol  enìc pakètou, o apostolèac den eÐnai se jèsh na gnwrÐzei e�n

to pakèto ja ft�sei swst� ston proorismì tou   e�n ja qajeÐ mèsa sto dÐktuo.

Den èqei problefjeÐ h dunatìthta epibebaÐwshc l yhc pakètou apì ton paral pth,

oÔte h epanamet�dosh enìc qamènou pakètou.

• Den up�rqei seir�:

Ta pakèta UDP, se antÐjesh me to TCP, den arijmoÔntai kai kat� sunèpeia den

up�rqei k�poia sugkekrimènh seir� me thn opoÐa ja prèpei na ft�soun ston para-

l pth.

• ElafrÔ:

To prwtìkollo autì kaj' autì eÐnai polÔ elafrÔ se sÔgkrish me to TCP diìti

den efarmìzei ìlouc touc mhqanismoÔc axiìpisthc epikoinwnÐac pou up�rqoun sto

deÔtero. Autì èqei wc sunèpeia na eÐnai arket� pio gr goro.

• Datagrams:
K�je pakèto UDP onom�zetai epÐshc kai datagram, jewreÐtai de wc memonwmènh

ontìthta pou ja prèpei na metadojeÐ olìklhrh. Kat� sunèpeia den ufÐstatai h

ènnoia thc dioqèteushc pakètwn mèsa se èna kan�li/sÔndesh.

2.3 SSH Server

Secure Shell   SSH[8]eÐnai èna prwtìkollo diktÔou pou epitrèpei thn antallag  dedo-

mènwn qrhsimopoi¸ntac èna asfalèc kan�li metaxÔ dÔo diktuwmènwn suskeu¸n. Arqik�

qrhsimopoi jhke se GNU/Linux kai se Unix sust mata gia prìsbash se logariasmoÔc

Shell. O SSH sqedi�sthke wc h antikat�stash tou Telnet kai �lla mh asfal  apomakru-
smèna shells, ta opoÐa stèlnoun tic plhroforÐec, eidikìtera touc kwdikoÔc prìsbashc se
keÐmeno, pr�gma to opoÐo ta kajist� euaÐsjhta sthn an�lush pakètwn. H kruptogr�fhsh

pou qrhsimopoieÐtai apì to SSH parèqei thn empisteutikìthta kai thn akeraiìthta twn

stoiqeÐwn p�nw apì èna mh asfalèc dÐktuo.

2.4 Python

H Python [9] eÐnai mia genik c qr shc uyhloÔ epipèdou gl¸ssa programmatismoÔ, thc

opoÐac h filosofÐa sqediasmoÔ thc dÐnei èmfash sthn anagnwsimìthta tou k¸dika. H

Python èqei wc stìqo na sundu�zei axioshmeÐwth isqÔ me polÔ saf  sÔntaxh kai na

diajètei meg�lo kai oloklhrwmèno arijmì prìtupwn biblioj kwn.
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2.4 Python

H Python uposthrÐzei pollapl� paradeÐgmata programmatismoÔ, kat� kÔrio lìgo,

all� den periorÐzetai se antikeimenostref  programmatismì kai se mikrìtero bajmì se

leitourgikì programmatismì. Diajètei èna pl rwc dunamikì sÔsthma tÔpou kai autìmath

diaqeÐrish mn mhc, parìmoia me ekeÐnh tou sust matoc, Ruby, Perl, kai Tcl . 'Opwc kai

�llec dunamikèc gl¸ssec, h Python suqn� qrhsimopoieÐtai wc scripting language , all�

qrhsimopoieÐtai epÐshc se èna eurÔ f�sma non-scripting contexts.

2.4.1 Python Qt4

H PyQt [10] eÐnai èna sÔnolo ergaleÐwn gia th dhmiourgÐa GUI efarmog¸n. Prìkeitai gia
mia an�mixh Python gl¸ssa programmatismoÔ kai thc biblioj khc Qt . H epÐshmh isto-

selÐda gia thn PyQt eÐnai h http:\\www.riverbankcomputing.co.uk. H biblioj kh

anaptÔqjhke apì ton Phil Thompson.
H PyQt ulopoieÐtai wc èna sÔnolo enot twn Python. 'Eqei p�nw apì 300 kathgorÐec

kai sqedìn 6000 leitourgÐec kai mejìdouc. EÐnai èna multiplatform toolkit. Trèqei

se ìla ta shmantik� leitourgik� sust mata, sumperilambanomènwn twn Unix, Windows
kai Mac. H PyQt èqei dipl  �deia qr shc. Oi programmatistèc mporoÔn na epilèxoun

metaxÔ GPL kai emporik  �deia. Prohgoumènwc, h GPL èkdosh  tan diajèsimh mìno

se Unix. Xekin¸ntac apì thn èkdosh PyQt 4, h �deia GPL eÐnai diajèsimh se ìlec tic

uposthrizìmenec platfìrmec.

Epeid  up�rqoun pollèc diajèsimec kl�seic, èqoun qwristeÐ se di�forec enìthtec

ìpwc faÐnetai kai sto sq ma 2.2.

Σχήμα 2.2: Python Qt modules.

H enìthta QtCore perièqei ton pur na o opoÐoc den èqei GUI leitourgikìthta. H
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2. SQETIK�ES TEQNOLOG�IES

enìthta aut  qrhsimopoieÐtai gia thn ergasÐa me to qrìno, arqeÐa kai katalìgouc, dia-

fìrwn tÔpwn dedomènwn, streams, URLs, tÔpouc MIME, thread   process. H enìthta

QtGui perièqei ta grafik� stoiqeÐa kai tic sqetikèc kl�seic. Se aut� perilamb�nontai gia
par�deigma ta koumpi�, ta par�jura, oi di�forec mp�rec, grammèc ergaleÐwn, qr¸mata,

grammatoseirèc klp. H enìthta QtNetwork perièqei tic kl�seic gia ton programmatismì

tou diktÔou. Oi kl�seic autèc epitrèpoun th qr sh twn prwtìkollo TCP/IP kai UDP
gia Server kai Client. H QtXml perilamb�nei kl�seic gia thn ergasÐa me arqeÐa xml. H

enìthta aut  parèqei ulopoÐhsh kai gia tic efarmogèc SAX kai DOM API. H enìthta

QtSvg diajètei kl�seic gia thn emf�nish tou perieqomènou SVG arqeÐwn. Scalable Vec-
tor Graphics (SVG) eÐnai mia gl¸ssa perigraf c disdi�statwn grafik¸n kai grafik¸n

efarmog¸n se XML. H enìthta QtOpenGL qrhsimopoieÐtai gia thn apìdosh 2D kai 3D
grafik¸n qrhsimopoi¸ntac thn OpenGL biblioj kh. H enìthta QtSql diajètei kl�seic
gia thn ergasÐa me b�seic dedomènwn.
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Kef�laio 3

Sqetik  'Ereuna

Sto kef�laio autì gÐnetai anafor� se sunafeÐc ergasÐec oi opoÐec ulopoi jhkan apì

akadhmaðkèc om�dec tou PoluteqneÐo Kr thc, kai pio sugkekrimèna sto ergast rio Mi-

kroepexergast¸n kai UlikoÔ, kai idrum�twn tou exwterikoÔ.

3.1 SunafeÐc ErgasÐec

3.1.1 Implementing an API for Distributed Adaptive Computing Sy-

stems

H om�da tou kaj. Peter Athanassto Virginia Tech ulopoÐhse èna sÔsthma to opoÐo

ekmetaleÔetai thn mèjodo cluster computing h opoÐa eÐnai mia oikonomik  kai apodoti-

k  mèjodoc kataskeu c par�llhlwn upologist¸n oi opoÐoi qrhsimopoioÔn teqnologÐa

off-the-shelf gia na ekmetalleuteÐ ton parallhlismì. H ergasÐa aut  dhmosieÔjhke to

1999[11].

To sÔsthma pou ulopoi jhke onom�zetai Tower of Power [11] kai to opoÐo eÐnai èna

sÔmplegma upologist¸n. 'Opwc faÐnetai sto sq ma 3.1 [11] o Tower of Power apoteleÐtai
apì dekaèxi upologistèc Pentium II exoplismènoc o kajènac apì mia WildForce board
h opoÐa eÐnai sundedemènh me mÐa k�rta Myricom LAN/SAN. Oi upologistèc eÐnai su-

dedemènoi mèsw enìc diakìpth se dekaèxi switch. 'Ena sÔnolo apì ogdìnta FPGAs thc

geni�c XC4062XL twn opoÐwn h mn mh dianèmetai se olìklhrh thn platfìrma me tètoio

trìpo ¸ste na eÐnai diajèsimoi wc upologistikoÐ pìroi.

To perib�llon an�ptuxhc efarmog¸n gia ta meg�la upologistik� sust mata, den eÐnai

eniaÐa. Sun jwc ènac programmatist c qrhsimopoieÐ VHDL prosomoÐwsh kai di�fora

ergaleÐa sÔnjeshc gia na programmatÐsei tic FPGA se èna adaptive computing boards.
Gia ton exwterikì èlegqo tou anaptuxiakoÔ, ìpwc h l yh nèwn arqitektonik¸n   h rÔjmish
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3. SQETIK�H �EREUNA

Σχήμα 3.1: Virginia Tech ToP architecture and a ”ring” based image-processing
pipeline.

thc suqnìthtac rologioÔ parèqetai mèsw tou API.
To API eÐnai prosb�simo apì èna prìgramma C (sq mata 3.2, 3.3 kai 3.4 [11]) pou

onom�zetai host program.

Figure 3.2: Code fragment for creating a ”ring” system object.

To host program frontÐzei gia ton èlegqo olìklhrou tou sust matoc. O program-

matist c qrei�zetai mìno na gr�yei èna host program qwrÐc na ton endiafèrei pìsa ana-

ptuxiak� èqei to sÔsthma. To host program mporeÐ na dÐnei prìsbash se perissìterec

kathgorÐec kl sewn sto API epitrèpontac leitourgÐec ìpwc h diaqeÐrhsh tou sust ma-
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3.1 SunafeÐc ErgasÐec

Figure 3.3: Code fragment for configuring and writing to ACS boards.

Figure 3.4: Code fragment demonstrating channel-based communication.

toc, tic prosb�seic mn mhc, sta dedomèna ro c kai sthn diaqeÐrish tou anaptuxiakoÔ.

Prìsjetec leitourgÐec oi opoÐec epitrèpoun na gÐnontai tautìqrona pr�xeic se pol-

lapl� anaptuxiak� eÐnai epÐshc mèroc tou API. 'Enac apì touc sqediastikoÔc stìqouc

tou ACS API eÐnai h dhmiourgÐa enìc aploÔ API gia ton èlegqo sÔnjetwn susthm�-

twn. O qr sthc prèpei me thn qr sh enìc mikroÔ sunìlou entol¸n na dhmiourg sei èna

leitourgikì sÔsthma.

H sunolik  leitourgÐa tou API faÐnetai sto sq ma 3.5 [11].

Me qr sh tou API èginan ulopoi seic pou èqoun sqèseic me gennhtikoÔc algìrijmouc
[? ] kai diepafèc qr shc twn Distributed Adaptive Computing Systems [12].
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3. SQETIK�H �EREUNA

Σχήμα 3.5: Description of objects and threads on two computers.

3.1.2 A Universal Low Cost Run-Time and Programming Environ-

ment for Reconfigurable Computing

Sta plaÐsia thc diplwmatik c ergasÐac tou Jwm� KuriakÐdh kai DionÔsio EustajÐou,

sto Ergast rio Mikroepexergast¸n kai UlikoÔ, to 2002 anaptÔqjhke mÐa gl¸ssa pro-

grammatismoÔ kai èna Run-time perib�llon gia ton programmatismì twn anaptuxiak¸n

me thn onomasÐa ReRun [13]. Autì ègine me skopì na apofeuqjeÐ h qrhsimopoÐhsh è-

toimwn efarmog¸n meg�lou kìstouc. Gia thn dhmiourgÐa thc efarmog c qrei�zetai ènac

mikroepexergast c tÔpou Atmer AVR o opoÐoc èqei qamhlì kìstoc.

Sto sq ma 3.6 [13] faÐnetai to sqhmatikì di�gramma tou sust matoc. To ReRun
trèqei se èna hlektronikì upologist  o opoÐoc uposthrÐzei to grafikì perib�llon. O

upologist c epikoinwneÐ me qr sh me qr sh thc seiriak c jÔrac RS-232 me ton program-

matist  ulikoÔ kai ton elekt  (HPT) kai o opoÐoc eÐnai o mhqanismìc programmatismoÔ.

O HPT mporeÐ na programmatÐsei to anaptuxiakì �mesa mèsw di�forwn mhqanism¸n.

H arqitektonik  tou sust matoc pou ulopoi jhke faÐnetai sto sq ma 3.7 [13]. Arqik�

dhmiourgeÐtai apì ton qr sth to Bitstream apì to ergaleÐo pou o Ðdioc epijumeÐ. To

ReRun afoÔ prosdiorÐsei ta qarakthristik� tou anaptuxiakoÔ kai diab�sei tic entolèc
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3.1 SunafeÐc ErgasÐec

Σχήμα 3.6: Σχηματικό διάγραμμα ReRun.

gia to PTL kai to Bitsream dhmiourgeÐ èna script programmatismoÔ mazÐ me tic odhgÐec

programmatismoÔ, me to Bitsream tou qr sth kai tic entolèc elègqou. To sÔsthma mporeÐ

na uposthrÐxei s mata kai om�dec shm�twn, qronikèc exart seic kai tic sqèseic metaxÔ

twn shm�twn, ton trìpo me ton opoÐo ta arqeÐa ja prèpei na fort¸nontai sto anaptuxiakì

kaj¸c kai oi enèrgeiec gia ton èlegqo tou sust matoc.

Σχήμα 3.7: Αρχιτεκτονική ReRun.

'Opwc anafèrjhke, to ReRun eÐnai èna kajolikì Run-Time perib�llon gia ton pro-

grammatismì anaptuxiak¸n. Kat� thn ulopoÐhsh tou ReRun ulopoi jhke mÐa gl¸ssa

programmatismoÔ h opoÐa lègetai PTL (Programming and Testing Language) mazÐ me
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3. SQETIK�H �EREUNA

grafikì perib�llon ergasÐac. H gl¸ssa PTL mporeÐ na qrhsimopoihjeÐ gia thn dhmiour-

gÐa script ta opoÐa perigr�foun tic rujmÐseic   ton èlegqo thc diadikasÐac kai to opoÐo

me qr sh tou GUI gÐnetai suntaktikìc kai lektikìc èlegqoc.
O pio p�nw èlegqoc par�gei dÔo arqeÐa, to èna gia na katèbei sto anaptuxiakì to kai

to deÔtero qrhsimopoieÐtai apì to GUI. Sthn perÐptwsh pou to script proorÐzetai gia tic
rujmÐseic tou anaptuxiakoÔ, tìte prèpei na parèqetai apì ton qr sth to Bitstream. Sthn
sunèqeia, mèsw tou GUI mporeÐ na programmatisteÐ kai na pragmatopoi sei dokimèc se

ìpoio anaptuxiakì epijumeÐ. H epikoinwnÐa metaxÔ tou software kai tou hardware gÐnetai

me qr sh thc seiriak c jÔrac RS-232.
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Kef�laio 4

Arqitektonik  Sust matoc

To kef�laio 4 anafèretai stic leitourgikèc tou Client kai tou Server kai sto ti prèpei na

gnwrÐzei o qr sthc gia na mporeÐ na qrhsimopoi sei to ergaleÐo kai tic mejìdouc seiriak c

epikoinwnÐac. Tèloc gÐnetai perigraf , mèsw diagramm�twn ro c h apokleistik  qr sh

thc anadiatassìmenhc suskeu c apì ton qr sth kai h qr sh thc mèsw tou ergaleÐou pou

ulopoi jhke kai onom�sthke Re. Do. FPGA (Remote Download FPGA).
'Opwc faÐnetai sto sq ma 4.1, to Re. Do. FPGA apoteleÐtai apì tic leitourgÐec

pou aforoÔn ton Client kai thn ulopoÐhsh tou k¸dika kai twn kat�llhlwn rujmÐsewn

tou Server. Tèloc, me thn qr sh tou Re. Do. FPGA mporeÐ na gÐnei apomakrusmènh

qr sh tou anaptuxiakoÔ sust matoc. Gi' autì to lìgo ègine h ulopoÐhsh kat�llhlwn

sqedi�sewn gia qr sh tou prwtokìllou MTP[2], tou odhgoÔ qr shc tou PCI-Express[1]
kai twn dÔo mèswn par�llhla.

Σχήμα 4.1: Σύστημα Re. Do. FPGA

Me to sÔsthma autì, o qr sthc (se stajmì Client) mporeÐ na:

• Na stèlnei ston Server ta arqeÐa thc sqedÐashc tou
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4. ARQITEKTONIK�H SUST�HMATOS

• Na stèlnei ston Server ètoimo Bitstream

• Na stèlnei ston Server ta dedomèna tou

• Na epexerg�zetai kai na qrhsimopoieÐ sqedi�shc pou brÐskontai  dh ston Server

• Na lamb�nei apì ton Server thn èxodo thc sqedÐashc tou

4.1 Arqitektonik  Client - Server

Skopìc tou ergaleÐou, ìpwc anafèrjhke sthn eisagwg , eÐnai h dhmiourgÐa enìc eÔqrh-

stou ergaleÐou me qr sh tou montèlou exuphretht  - pel�th gia thn qr sh thc jÔrac

Ethernet kai tou diaÔlou PCI-Express tou anaptuxiakoÔ mac.

4.1.1 Client

Gia thn dhmiourgÐa tou k¸dika o opoÐoc qrhsimopoieÐtai apì ton Client dhmiourg jhke

grafik  diepaf  se Python. Mèsw thc grafik c diepaf c (GUI) kai akolouj¸ntac ta

b mata thc diadikasÐac mporeÐ na dhmiourg sei nèa sqedÐash ston Server, na qrhsimopoi-

 sei sqedÐash thn opoÐa dhmioÔrghse palaiìtera kai brÐsketai ston q¸ro ergasÐac tou

ston Server   na steÐlei ston Server ètoimo Bitstream. AfoÔ gÐnei programmatismìc

tou anaptuxiakoÔ, me thn sqedÐash pou epèlexe o qr sthc, lamb�nei thn epistrefìmenh

tim  thc sqedÐashc. 'Olec oi enèrgeiec pou anafèrjhkan gÐnontai me qr sh tou diktÔou

(internet) kai tou prwtokìllou TCP.
'Opwc faÐnetai sto sq ma 4.2, o qr sthc tou Re. Do. FPGA den èqei sthn di�jesh

tou k�poio anaptuxiakì sÔsthma, all� gÐnetai prìsbash se autì me thn qr sh tou Server.

Σχήμα 4.2: Σύστημα Re. Do. FPGA - Client
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4.1 Arqitektonik  Client - Server

Kat� thn dhmiourgÐa nèac sqedÐashc, mporeÐ na qrhsimopoihjeÐ to prwtìkollo MTP[2],
o odhgìc qr sh tou PCI-Express[1]   kai ta dÔo mèsa par�llhla. Gia na eÐnai efikt  h

qrhsimopoÐhsh touc, o qr sthc prèpei na gnwrÐzei thn diepaf  kai thn leitougÐa twn sh-

m�twn. Oi treic sqedi�shc, qr shc tou prwtokìllou MTP, PCI-Express kai par�llhlhc
qr shc touc kai oi diepafèc qr shc touc perigr�fontai analutik� stic enìthtec 5.1.1,

5.1.2 kai 5.1.3 antÐstoiqa.

Ta b mata kai h leitourgikìthta tou Client perigr�fontai sthn enìthta 5.2.1 mèsw

mÐac perigraf c sqedÐashc me to sÔsthma.

RujmÐseic Client

To ergaleÐo eÐnai anex�rthto platfìrmac miac kai qrhsimopoi jhke gia thn ulopoÐhsh

tou Python [14]. An o qr sthc qrhsimopoieÐ Linux leitourgikì ja prèpei na èqei egka-

testhmènec tic akìloujec biblioj kec:

• python2.6

• python-qt4

• python-qt4-dbg

• python-qt4-gl

• python-qt4-gl-dbg

• python-tk

Oi pio p�nw biblioj kec eÐnai qr simec gia na trèxei to grafikì mèroc tou ergaleÐou.

Gia na eÐnai efikt  h epikoinwnÐa me ton Linux Server, o opoÐoc douleÔei wc SSH Server
prèpei na egkatastajeÐ h biblioj kh:

• openssh-client

An o qr sthc epijumeÐ na douleÔei se leitourgikì Windows ja prèpei na gÐnetai qr sh
tou Python konsìlac gia to grafikì mèroc thc efarmog c kai to ergaleÐo PuTTY gia

thn epikoinwnÐa me ton Server.

Fusik� gia thn epikoinwnÐac me ton Server apaiteÐtai h gn¸sh tou IP sto opoÐo eÐnai

sundedemènoc o Server kai o qr sthc na èqei logariasmì se autìn. H dhmiourgÐa enìc

logariasmoÔ eÐnai sthn armodiìthta tou diaqeirist  sust matoc (Administrator).

Gia na qrhsimopoi sei k�poioc to ergaleÐo prèpei na akolouj sei ta b mata:
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4. ARQITEKTONIK�H SUST�HMATOS

• Me qr sh Linux konsìlac kai me thn entol  “ssh -X username@hostname” ìpou

hostname to IP tou Server gÐnetai sÔndesh me ton Server.

• AfoÔ gÐnei me epituqÐa h sÔndesh, sthn Ðdia konsìla ekteleÐtai o k¸dikac tou Server
me thn entol : “sudo server re do fpga.sh”.

• Se mÐa deÔterh Linux konsìla ekteleÐtai o k¸dikac tou Client me thn entol :

“python client re do fpga.py”

kai plèon mporeÐ na qrhsimopoihjeÐ to ergaleÐo Re.Do.FPGA (Remote Download
FPGA).

Qr sh Prwtokìllou GB Ethernet

'Opwc anafèretai sthn diplwmatik  ergasÐa tou Dhm trh Basilìpoulou[2] gia thn meta-

for� dedomènwn apì ton upologist  sto anaptuxiakì mac anaptÔqjhke to prwtìkollo

epipèdou efarmog c MTP (MHL Transfer Protocol) [2]. Ta pakèta tou prwtokìllou

MTP diakrÐnontai se pakèta elègqou (control packets) kai pakèta dedomènwn (data pack-
ets). To Sq ma 4.3 [2] deÐqnei th dom  tou pakètou. Ta proc metafor� dedomèna katalam-
b�noun to pedÐo Data to opoÐo mporeÐ na èqei mègejoc wc 1467 bytes ¸ste na mporeÐ to

dedomenìgramma na enjulak¸netai se èna mìno plaÐsio Ethernet. To pedÐo Data up�rqei

mìno sta pakèta dedomènwn. To pedÐo Type kajorÐzei ton tÔpo kai to pedÐo Number
kajorÐzei ton arijmì tou pakètou (unsigned integer - 232 pakèta).

Σχήμα 4.3: Δομή πακέτου MTP.

To prwtokìllou MTP den exasfalÐzei axiìpisth metafor� dedomènwn. To prìgramma

pou ulopoieÐ to prwtìkollo qrhsimopoieÐ èna UDP socket gia na metad¸sei arijmhmèna

pakèta kai h sqedÐash mac, sthn pleur� tou anaptuxiakoÔ sust matoc, ta lamb�nei kai

elègqei an èqoume ap¸leia dedomènwn. Sthn teleutaÐa perÐptwsh h metafor� termatÐzetai.

Ta pakèta tou MTP:

• Pakèto ènarxhc sunìdou (Start of Session). To pedÐo Type paÐrnei thn tim  S
(0x53) kai to pedÐo Number paÐrnei tim  0.

• Pakèto dedomènwn (Data Packet). To pedÐo Type paÐrnei thn tim  D (0x44) kai

sto pedÐo Number anatÐjetai o arijmìc tou pakètou (0 wc 232). To pedÐo Data
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4.1 Arqitektonik  Client - Server

èqei mporeÐ na èqei mègejoc 1467 bytes ètsi ¸ste to dedomenìgramma na mporeÐ na

enjulakwjeÐ se èna plaÐsio Ethernet.

• Pakèto l xhc sunìdou (End Session). To pedÐo Type paÐrnei tim  E (0x45) kai to
pedÐo Number paÐrnei tim  tou teleutaÐou pakètou dedomènwn auxhmènh kat� èna.

Gia perissìterec leptomèreiec gia thn ulopoÐhsh tou prwtokìllou MTP kai thc

ulopoÐhsh tou GB Ethernet mporoÔn na brejoÔn sto keÐmeno thc diplwmatik c ergasÐac

tou Dhm trh Basilìpoulou [2]. ParadeÐgma k¸dika dhmiourgÐac pakètwn kai apostol 

aut¸n me qr sh UDP socket brÐsketai sto par�rthma C.

Qr sh PCI-Express

Me qr sh thc diplwmatik c ergasÐac tou Iw�nnh Kartswn�kh [1], parathreÐtai ìti h

qr sh tou PCI-Express qwrÐzetai se dÔo diadikasÐec, diadikasÐa eggraf c kai an�gnwshc.

• DiadikasÐa Eggraf c:

Kat� thn ektèlesh tou Software gia eggraf  sto anaptuxiakì mporeÐ na gÐnei qr sh
mìno miac sugkekrimènhc dieÔjunshc mn mhc. H tim  thc dieÔjunshc aut c eÐnai:

– Write Address: 0x024

Ta dedomèna pou stèllontai eÐnai megèjouc 32 bits. Ta dedomèna eggr�fontai sto

anaptuxiakì mìno ìtan h dieÔjunsh eggraf c eÐnai h pio p�nw alli¸c aporrÐptontai.

• DiadiakasÐa An�gnwshc:

Gia na gÐnei an�gnwsh qrhsimopoieÐtai h mèjodoc thc deigmatolhyÐac. Arqik� gÐnetai

èlegqoc an up�rqoun ègkura dedomèna sthn mn mh (Valid Address) tou anaptuxia-

koÔ. An up�rqoun ègkura dedomèna tìte gÐnetai an�gnwsh apì thn mn mh (Read
Address) mia posìthtac 32 bits. H tim  twn dieujÔnsewn pou anafèrjhkan eÐnai:

– Valid Address: 0x01c

– Read Address: 0x054

Gia perissìterec leptomèreiec gia thn ulopoÐhsh tou odhgoÔ gia to PCI-Express
mporoÔn na brejoÔn sto keÐmeno thc diplwmatik c ergasÐac tou Iw�nnh Kartswn�kh

[1]. ParadeÐgma k¸dika apostol c kai l yhc dedomènwn sto anaptuxiakì me qr sh tou

PCI-Express brÐsketai sto par�rthma B.
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4. ARQITEKTONIK�H SUST�HMATOS

4.1.2 Server

Gia thn ulopoÐhsh tou k¸dika, o opoÐoc apant�ei stic ait seic tou Client (lamb�nontai

mèsw diktÔou), qrhsimopoi jhke h gl¸ssa programmatismoÔ Python. Se k�je aÐthsh

tou Client ekteleÐtai kai h an�logh enèrgeia.

O Server , opwc faÐnetai sto sq ma 4.4, eÐnai sundedemènoc me to anaptuxiakì sÔsth-

ma kai me to dÐktuo (Internet). Gia thn qr sh tou prwtokìllou MTP qrhsimopoieÐtai

mia deÔterh k�rta diktÔou h opoÐa eÐnai sundedemènh me thn V5 Embedded Tri-Mode
Ethernet Media Access Controller (MAC) tou anaptuxiakoÔ sust matoc. EpÐshc, gia

na qrhsimopoihjeÐ o odhgìc qr shc tou PCI-Express to anaptuxiakì sÔsthma prèpei na

topojethjeÐ sto PCI-Express 1x Lane tou hlektronikoÔ upologist . Gia ton program-

matismì tou anaptuxiakoÔ (DiadikasÐa Download Bitstream) gÐnetai qr sh tou kalwdÐou
programmatismoÔ (Cable Programmer) tou anaptuxiakoÔ.

Σχήμα 4.4: Σύστημα Re. Do. FPGA - Server

'Otan o qr sthc zht sei na dhmiourg sei nèo Project, kai afoÔ lhfjeÐ to mèsw sei-

riak c epikoinwnÐac pou ja qrhsimopoihjeÐ kai ta arqeÐa thc sqedÐashc, oloklhr¸netai

autìmata h arqitektonik  me thn eisagwg  thc sqedÐashc qr shc tou mèsou apostol c

twn dedomènwn pou epilèqjhke kai dhmiourgeÐ to Bitstream. EpÐshc, mporeÐ na lhfjeÐ

kai na apojhkeuteÐ se autìn ètoimo Bitstream kai na qrhsimopoi sei o qr sthc (Client)
arqitektonik  h opoÐa brÐsketai  dh se autìn.

Tèloc, mÐa basik  enèrgeia h opoÐa probaÐnei o Server eÐnai o programmatismìc tou

anaptuxiakoÔ sust matoc me qr sh tou programmatist . Sthn sunèqeia eis�getai h

eÐsodoc sthn arqitektonik  me qr sh tou mèsou seiriak c epikoinwnÐac pou epilèqjei

kai lamb�netai h èxodoc apì aut n kai h opoÐa epistrèfetai mèsw diktÔou ston Client.

Ta b mata pou akoloujoÔntai kai h leitourgikìthta tou Server perigr�fontai analu-
tik� sthn enìthta 5.2.2.
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4.1 Arqitektonik  Client - Server

4.1.3 RujmÐseic Server

O Server trèqei leitourgikì sÔsthma LINUX kai pio sugkekrimèna èkdosh UBUNTU. E-
pilèqjhke h qr sh Linux leitourgikoÔ miac kai eÐnai eleÔjero logismikì kai mac dÐnei thn

dunatìthta gia paremb�seic ston pur na tou. EpÐshc o odhgìc tou diaÔlou PCI-Express
ulopoi jhke gia to sugkekrimèno leitourgikì. Gia na egkatastajoÔn ta aparaÐthta arqeÐ-

a ston pur na qrei�zetai h teleutaÐa stajer  èkdosh pur na h opoÐa brÐsketai sthn isto-

selÐda http://www.kernel.org kai gÐnetai sthn sunèqeia to ktÐsimo tou sÔmfwna me tic

odhgÐec pou up�rqoun. EpÐshc qrei�zetai fusik� o odhgìc tou diaÔlou PCI-Express. Tè-
loc, mèsa apì thn istoselÐda thc Xilinx http://www.xilinx.com/support/download/

index.htm prèpei na gÐnei l yh thc �deiac (licence) gia qr sh tou endpoint blk plus v1 9
kai to opoÐo topojeteÐtai sto monop�ti /home/username/.Xilinx/Coregen/CoreLicenses.

Tèloc h anadiatassìmenh suskeu  topojeteÐtai sto PCI-Express 1x Lane tou hle-

ktronikoÔ upologist  [15] kai gÐnontai oi rujmÐseic [15] pou perigr�fontai sto par�rth-

ma B.

Gia thn tautìqronh leitourgÐa tou upologist  wc Server kai qr sh tou V5 Embedded
Tri-Mode Ethernet Media Access Controller (MAC) tou anaptuxiakoÔ eÐnai epitaktik 

h qr sh deÔterhc k�rtac diktÔou, ìpwc anafèrjhke kai pio p�nw, tÔpou 1000/100/10
Mbps. EpÐshc prèpei na apenergopoihjeÐ h leitourgÐa tou prwtokìllou ipv6. Autì

mporeÐ na gÐnei me dÔo trìpouc, an�loga me thn Linux èkdosh pou qrhsimopoieÐtai.

Kai se aut  thn perÐptwsh prèpei na gÐnoun allagèc stic rujmÐseic thc anadiatas-

sìmenhc logik c gia na gÐnetai qr sh thc taqÔthtac 1000 Mbps. Oi rujmÐseic autèc

perigr�fontai sto par�rthma C.

Sthn sunèqeia prèpei na gÐnei egkat�stash twn ergalei¸n thc Xilinx ìpwc aut  pe-

rigr�fetai ston par�rthma A.

Gia na eÐnai dunatìc o programmatismìc tou anaptuxiakoÔ prèpei na gÐnei qr sh

twn Cable Driver oi opoÐoi brÐskontai sthn istoselÐda http://rmdir.de/~michael/

xilinx/ ìpou kai up�rqoun odhgÐec egkat�stashc touc.

Tèloc gia thn leitourgÐa tou Server qrei�zetai na egkatastajeÐ to pakèto:

• openssh-server

miac kai douleÔei wc SSH Server .
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4. ARQITEKTONIK�H SUST�HMATOS

4.2 Apokleistik  - Mèsw Re.Do. FPGA qr sh thc

Anadiatassìmenhc Suskeu c

'Opwc anafèrjhke eÐdh, me thn qr sh tou Re.Do. FPGA ja mporeÐ na gÐnei qr sh

thc anadiatassìmenhc suskeu c apomakrusmèna. Sthn sunèqeia gÐnetai mia sÔgkrish

ìtan h anadiatassìmenh suskeu  qrhsimopoieÐtai apokleistik� apì ton qr sth kai ìtan

qrhsimopoieÐtai mèsw tou Re.Do. FPFA. H sÔgkrish ja gÐnei gia thn dhmiourgÐa enìc

Project tou ergaleÐou Xilinx 10.1.

4.2.1 Apokleistik  Qr sh Anadiatassìmenhc Suskeu c

'Otan o k�je qr sthc èqei sthn di�jesh tou èna anaptuxiakì tìte aux�netai o apaitoÔme-

noc arijmìc anaptuxiak¸n pou prèpei na èqei sthn di�jesh tou to ergast rio. An prèpei

na gÐnei qr sh enìc ek twn dÔo mèswn seiriak c metafor�c dedomènwn, PCI-Express  

Gigabit Ethernet tìte anagkastik� oi upologistèc pou ulopoioÔntai oi arqitektonikèc

prèpei na diajètoun k�rta diktÔou tÔpou 1000/100/10 Mbps kai PCI-Express slot x1.
EpÐshc, gia na qrhsimopoihjoÔn oi pio p�nw sqedi�seic qrei�zontai na gÐnoun oi rujmÐseic

pou perigr�fhkan pio p�nw (RujmÐseic Server) oi opoÐec eÐnai kai qronobìrec.

'Opwc faÐnetai kai sto di�gramma ro c tou sq matoc 4.5 afoÔ dhmiourghjeÐ h arqite-

ktonik  sto ergaleÐo Xilinx ISE Design Suite sthn sunèqeia prèpei na dhmiourghjeÐ kai

h kat�llhlh arqitektonik  sto ergaleÐo Xilinx EDK. Sto b ma autì, an den èqei o qr -

sthc meg�lh empeirÐa, tìte ja antimetwpÐsei sobar� probl mata, eidik� sthn eisagwg 

thc arqitektonik c pou ulopoÐhse sto Xilinx ISE Design Suite ìtan aut  prèpei na pro-

sarmosteÐ ¸ste na qrhsimopoi tai o odhgìc gia PCI-Express   to prwtìkollo Gigabit
Ethernet miac kai mporeÐ na prokÔyoun prob mata qronismoÔ. EpÐshc kai h diadikasÐa

eisagwg c thc arqitektonik c MTP kai eidik� thc arqitektonik c gia qr sh tou odhgoÔ

PCI-Express den eÐnai kajìlou apl .

4.2.2 Qr sh anadiatassìmenhc suskeu c mèsw tou

Re.Do. FPGA

'Otan gÐnetai h qr sh tou ergaleÐou tìte mei¸netai amèswc o apaitoÔmenoc arijmìc a-

nadiatassìmenwn suskeu¸n miac kai qrei�zetai mìno mia h opoÐa brÐsketai ston Server.
Plèon, ìpwc faÐnetai kai apì to di�gramma ro c tou sq matoc 4.6 o qr sthc plèon to

mìno pou qrei�zetai na ulopoieÐ eÐnai h arqitektonik  tou sto ergaleÐo Xilinx ISE Design
Suite. Sthn sunèqeia aploc akoloujeÐ ta b mata tou ergaleÐou kai lamb�nei ta apote-

lèsmata thc arqitektonik c tou. To mìno pou prèpei na gnwrÐzei eÐnai thn diepaf  tou
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4.2 Apokleistik  - Mèsw Re.Do. FPGA qr sh thc Anadiatassìmenhc
Suskeu c

seiriakoÔ mèsou metafor�c pou epijumeÐ na qrhsimopoi sei kai oi opoÐec perigr�fontai

analutik� sto kef�laio 5.1.

An den epijumeÐ k�poioc na qrhsimopoi sei to PCI-Express   to Gigabit Ethernet
tìte mporeÐ na qrhsimopoi sei thn epilog  apostol c Bitsream kai na tou epistrafoÔn

ta apotelèsmata thc arqitektonik c tou. O mìnoc periorismìc pou up�rqei eÐnai wc proc

thn oikogèneia anadiatassìmenhc suskeu c pou mporeÐ na qrhsimopoi sei.

Me thn qr sh tou Re. Do. FPGA mei¸netai o apaitoÔmenoc arijmìc anaptuxiak¸n

apì touc foithtèc miac kai mporeÐ na qrhsimopoihjeÐ to anaptuxiakì pou brÐsketai ston

Server, all� ìqi tautìqrona. Tèloc, oi apaitoÔmenec rujmÐseic gia qr sh twn seiriak¸n

mèswn metafor�c efarmìzontai mìno se èna hlektronikì upologist  (Server).
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4. ARQITEKTONIK�H SUST�HMATOS

Σχήμα 4.5: Διάγραμμα ροής αποκλειστικής χρήσης αναδιατασσόμενης συσκευής.
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4.2 Apokleistik  - Mèsw Re.Do. FPGA qr sh thc Anadiatassìmenhc
Suskeu c

Σχήμα 4.6: Διάγραμμα ροής χρήσης αναδιατασσόμενης συσκευής μέσο του Re.Do.
FPGA.
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4. ARQITEKTONIK�H SUST�HMATOS
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Kef�laio 5

SqedÐash Sust matoc

Sto kef�laio autì arqik� perigr�fontai oi arqitektonikèc pou ulopoi jhkan sto ergaleÐo

Xilinx EDK kai sthn sunèqeia gÐnetai mia leptomer c perigraf  twn leitourgi¸n tou

Client kai twn bhm�twn pou akoloujeÐ o Server se k�je mÐa apì aut .

5.1 UlopoÐhsh Hardware Project

Gia thn ulopoÐhsh tou Hardware mèrouc thc diplwmatik c ergasÐac, qrhsimopoi jhke

to ergaleÐo Xilinx EDK 10.1 kai h anaptuxiak  platfìrma Virtex 5 XC5VLX110T.
Epilèqjhke h pio p�nw platfìrma miac, ìpwc anafèrjhke kai sthn eisagwg , ègine mia

prosp�jeia gia qr sh palaiìterwn diplwmatik¸n ergasi¸n, pr�gma to opoÐo stèfjhke

me epituqÐa, kai oi opoÐec ulopoi jhkan gia thn sugkekrimènh platfìrma. Sta plaÐsia

thc diplwmatik c ergasÐac qrhsimopoi jhkan oi diplwmatikèc ergasÐec tou Dhm triou

Basilìpoulou kai Iw�nnh Kartswn�kh.

H diplwmatik  ergasÐa tou Dhm triou Basilìpoulou [2] eÐqe wc jèma ”Melèth kai

peiramatik  di�taxh gia uyhl c taqÔthtac seiriak  epikoinwnÐa me FPGA”, h opoÐa u-

lopoi jhke sto ergaleÐo Xilinx EDK 10.1, kai tou Iw�nnh Kartswn�kh [1] ”An�ptuxh
odhgoÔ leitourgikoÔ sust matoc anoiqtoÔ logismikoÔ (Linux) kai VHDL k¸dika gia

seiriak  epikoinwnÐa uyhl c taqÔthtac (PCle) hlektronikoÔ upologist  me thn anadia-

tassìmenh suskeu  Virtex-5 Xilinx” kai h opoÐa ulopoi jhke sto ergaleÐo Xilinx ISE
Design Suite 10.1 .

Gia to skopì autì ulopoi jhkan trÐa Project. Sto pr¸to gÐnetai qr sh tou prwto-

kìllou Gigabit Ethernet, sto deÔtero qrhsimopoieÐtai to PCI Express kai sto teleutaÐo

kai ta dÔo mèsa seiriak c epikoinwnÐac par�llhla. EpÐshc gÐnetai qr sh tou SoftCore
epexergast  Microblaze gia thn dunatìthta qr shc thc seiriak c jÔrac RS232 gia e-
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5. SQED�IASH SUST�HMATOS

pistrof  apotelèsmatoc ìtan gÐnetai qr sh tou prwtokìllou MTP. Arqik� kai ta trÐa

perifereiak� prosarmìsthkan se koinì Project all� lìgo twn pìrwn pou katanal¸non-

tai aporrÐfjhke. Ston pÐnaka 5.1 parousi�zontai oi pìroi thc FPGA pou katanal¸nei

h arqik  sqedÐash. To posostì twn pìrwn pou katalamb�netai den eÐnai meg�lo all�

protim jhke na mhn qrhsimopoihjeÐ miac kai ètsi ja meiwnìtan to posostì pou ja eÐqe

sthn di�jesh tou o qr sthc tou ergaleÐou.

Device utilization summary Used Available Utilization

Number of Slice Registers 4689 69120 6%

Number of Slice LUTs 4445 69120 6%

Number of Occupied Slices 2206 17280 12%

Number of bonded IOBs 7 640 1%

Number of Block RAM/FIFO 34 148 22%

Number of BUFG/BUFGCTRLs 7 32 21%

Πίνακας 5.1: Χρησιμοποίηση πόρων της FPGA από την αρχική σχεδίαση.

5.1.1 SqedÐash Qr shc Prwtokìllou MTP

Sthn sqedÐash aut  qrhsimopoi jhke h ulopoÐhsh tou Dhm trh Basilìpoulou. To mìno

pou qrei�sthke na ulopoihjeÐ eÐnai to perifereiakì sto opoÐo o qr sthc mporeÐ na pro-

sjèsei thn dik  tou sqedÐash. Gia na eÐnai efiktì, na prostejeÐ h sqedÐash, prèpei na

qrhsimopoihjeÐ h pio k�tw diepaf :
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5.1 UlopoÐhsh Hardware Project

entity my black box is
port(

mtp rd en out : out std logic;
mtp data in : in std logic vector(7 downto 0);
mtp empty in : in std logic;
mtp full in : in std logic;
mtp overflow in : in std logic;
mtp prog full in : in std logic;
mtp valid in : in std logic;
mtp underflow in : in std logic;
clk : in std logic;
reset : in std logic;
FSL M enable : out std logic;
data out : out std logic vector(31 downto 0)

);
end my black box;

H leitourgÐa twn shm�twn perigr�fetai ston pÐnaka 5.2

To pio p�nw eÐnai anagkaÐo miac kai prèpei o qr sthc na dÐnei timèc sta s mata elègqou

sÔmfwna me tic apait seic thc sqedÐashc tou. To apotèlesma thc sqedÐashc anagkastik�

epistrèfetai me seiriak  jÔra RS232 miac kai h ulopoÐhsh tou Gigabit Ethernet den

parèqei thn leitourgikìthta gia epistrof  tim¸n. Gia autì to lìgo qrhsimopoieÐtai o

SoftCore epexergast c Microblaze . To sqhmatikì di�gramma thc arqitektonik c faÐnetai
sto sq ma 5.1.

Oi pìroi thc FPGA pou katanal¸nontai parousi�zontai ston pÐnaka 5.3.

H diadikasÐa eisagwg c twn proanaferjèntwn perifereiak¸n perigr�fetai analutika

sto par�rthma C.
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5. SQED�IASH SUST�HMATOS

S ma TÔpoc EÔroc Perigraf 

(bits)

An h FIFO eisìdou perièqei

mtp rd en out 'Exodoc 1 dedomèna h energopoÐhsh autoÔ

tou s matoc prokaleÐ thn an�gnwsh

dedomènwn

mtp data in EÐsodoc 8 Dedomèna eisìdou

mtp empty in EÐsodoc 1 Dhl¸nei an h FIFO eisìdou eÐnai �deia

mtp full in EÐsodoc 1 Dhl¸nei an h FIFO eisìdo eÐnai pl rhc

mtp overflow in EÐsodoc 1 Dhl¸nei ìti up rxe mia apotuqhmènh eggraf 

mtp prog full in EÐsodoc 1 Dhl¸nei ìti ta perieqìmena thc FIFO
eisìdou xepèrasan èna kat¸fli

mtp valid in EÐsodoc 1 Dhl¸nei an diab�zontai ègkura dedomèna

mtp underflow in EÐsodoc 1 Dhl¸nei ìti h FIFO eisìdo eÐnai �deia

kai to s ma mtp rd en out eÐnai Ðso me èna

clk EÐsodoc 1 Rolìi sust matoc, 120MHz

reset EÐsodoc 1 Reset sust matoc

FSL M enable 'Exodoc 1 Dhl¸nei ìti epijum tai h eggraf  tim c sto

FSL Bus

data out 'Exodoc 32 H tim  pou epijum tai na eggrafoÔn sto

FSL Bus

Πίνακας 5.2: Διεπαφή χρήσης πρωτοκόλου MTP.

Device utilization summary Used Available Utilization

Number of Slice Registers 1240 69120 1%

Number of Slice LUTs 1372 69120 1%

Number of Occupied Slices 786 17280 4%

Number of bonded IOBs 7 640 1%

Number of Block RAM/FIFO 17 148 11%

Number of BUFG/BUFGCTRLs 3 32 9%

Πίνακας 5.3: Χρησιμοποίηση πόρων της FPGA από την σχεδίαση χρήσης πρωτοκόλλου
MTP.
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5.1 UlopoÐhsh Hardware Project

Σχήμα 5.1: Διάγραμμα αρχιτεκτονικής χρήσης πρωτοκόλλου MTP.

5.1.2 SqedÐash Qr shc OdhgoÔ PCI-Express

Arqik� prosarmìsame thn ulopoÐhsh tou Iw�nnh Kartswn�kh h opoÐa ulopoi jhke sto

ergaleÐo Xilinx ISE Design Suite 10.1 sthn sqedÐash sto Xilinx EDK 10.1. H diadikasÐa

aut   tan kai h pio qronobìra sta plaÐsia thc diplwmatik c ergasÐac miac kai qreiazìtan

na brejoÔn oi swstèc rujmÐseic gia to rolìi pou qrhsimopoieÐtai apì to PCI-Express.
Sto par�rthma B perig�fetai h diadikasÐa eisagwg c tou perifereiakoÔ kai sto sq ma 5.2

faÐnetai to sqhmatikì di�gramma thc arqitektonik c.

Tèloc me thn qr sh UNIX entol¸n apofeÔqjhke h qr sh thc Compact Flash gia ton

programmatismì thc FPGA. Plèon qrhsimopoieÐtai o programmatist c thc FPGA (Cable
USB) qwrÐc na qrei�zetai epanekkÐnhsh tou upologist . 'Opwc kai sthn prohgoÔmenh

sqedÐash (qr sh Gigabit Ethernet), o qr sthc to mìno pou qrei�zetai na gnwrÐzei eÐnai

th diepaf :
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5. SQED�IASH SUST�HMATOS

entity my black box is
port(

PCIE CLK : in std logic;
RST : in std logic;
FSL Rst : in std logic;
FSL Clk : in std logic;
FSL M enable : out std logic;

RX engine CLK : out std logic;
RX engine data : in std logic vector(31 downto 0);
RX engine RD EN : out std logic;
RX engine WR EN : in std logic;

TX engine CLK : out std logic;
TX engine data : out std logic vector(31 downto 0);
TX engine WR EN : out std logic;
TX engine RD PCIE : in std logic;
TX engine RD EN : out std logic;

FIFO RST : out std logic;

TX fifo full : in std logic;
TX fifo empty : in std logic;
RX fifo full : in std logic;
RX fifo empty : in std logic

);
end my black box;

Nikìdhmoc Gewrgi�dhc
36

IoÔnioc 2010



5.1 UlopoÐhsh Hardware Project

Σχήμα 5.2: Διάγραμμα αρχιτεκτονικής χρήσης οδηγού PCI-Express.

H leitourgÐa twn shm�twn perigr�fetai ston pÐnaka 5.4
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5. SQED�IASH SUST�HMATOS

S ma TÔpoc EÔroc Perigraf 

(bits)

PCIE CLK EÐsodoc 1 Rolìi pou qrhsimopoieÐtai apì to

PCI-Express, 62.5MHz

RST EÐsodoc 1 Reset to opoÐo qrhsimopoieÐtai apì

to dÐaulo PCI-Express

FSL RST EÐsodoc 1 Reset sust matoc

FSL Clk EÐsodoc 1 Rolìi sust matoc, 120MHz

FSL M enable 'Exodoc 1 Dhl¸nei ìti epijum tai h eggraf 

tim c sto FSL Bus

Rolìi me to opoÐo epijum tai na

RX engine CLK 'Exodoc 1 diab�zontai dedomèna apì thn

FIFO eisìdou

RX engine data EÐsodoc 32 Dedomèna eisìdou

An h FIFO eisìdou perièqei dedomèna

RX engine RD EN EÐsodoc 1 h energopoÐhsh autoÔ tou s matoc

prokaleÐ thn an�gnwsh dedomènwn

RX engine WR EN EÐsodoc 1 'Otan èqei thn tim  èna tìte

eggr�fontai dedomèna sthn FIFO eisìdou

TX engine CLK 'Exodoc 1 Rolìi me to opoÐo epijum tai na

eggr�fontai dedomèna sthn FIFO exìdou

TX engine data 'Exodoc 32 Dedomèna exìdou

An h FIFO exìdou den eÐnai pl rhc h

TX engine WR EN 'Exodoc 1 energopoÐhsh tou prokaleÐ eggraf 

dedomènwn se aut 

Dhl¸nei ìti to PCI-Express èqei thn
TX engine RD PCIE EÐsodoc 1 dunatìthta na diab�sei dedomèna

apì thn FIFO exìdou

An h FIFO exìdou perièqei dedomèna h

TX engine RD EN 'Exodoc 1 energopoÐhsh autoÔ tou s matoc

prokaleÐ thn an�gnwsh dedomènwn

FIFO RST 'Exodoc 1 Me thn energopoÐhsh tou gÐnontai Reset
oi FIFO eisìdou kai exìdou

TX fifo full EÐsodoc 1 Dhl¸nei an h FIFO exìdou eÐnai pl rhc

TX fifo empty EÐsodoc 1 Dhl¸nei an h FIFO exìdou eÐnai �deia

RX fifo full EÐsodoc 1 Dhl¸nei an h FIFO eisìdou eÐnai pl rhc

RX fifo empty EÐsodoc 1 Dhl¸nei an h FIFO eisìdou eÐnai �deia

Πίνακας 5.4: Διεπαφή χρήσης οδηγούPCI-Express.
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5.1 UlopoÐhsh Hardware Project

Tèloc, ston pÐnaka 5.5 parousi�zontai oi pìroi thc FPGA pou katanal¸nontai apì

thn sqedÐash.

Device utilization summary Used Available Utilization

Number of Slice Registers 4157 69120 6%

Number of Slice LUTs 3790 69120 5%

Number of Occupied Slices 1856 17280 10%

Number of bonded IOBs 4 640 1%

Number of Block RAM/FIFO 16 148 10%

Number of BUFG/BUFGCTRLs 5 32 15%

Πίνακας 5.5: Χρησιμοποίηση πόρων της FPGA από την σχεδίαση χρήσης οδηγού PCI-
Express.

5.1.3 SqedÐash Par�lhllhc Qr shc Prwtokìlou MTP kai odh-

goÔ PCI-Express

H teleutaÐa sqedÐash pou ulopoi jhke dÐnei ston qr sth thn dunatìthta par�llhlhc

qr shc tou Gigabit Ethernet kai PCI-Express. Me autì ton trìpo epitugq�netai mega-

lÔterh taqÔthta eÐsodou dedomènwn sthn arqitektonik . EpÐshc mporeÐ na qrhsimopoihjeÐ

to PCI-Express gia thn epistrof  apotelesm�twn, dhlad  parèqetai èmmesa h leitourgi-
kìthta gia epistrof  tim¸n ìtan qrhsimopoieÐtai to MTP. H diadiakasÐa dhmiourgÐac thc

sqedÐashc eÐnai ènac sundiasmìc twn dÔo prohgoÔmenwn arqitektonik¸n kai to sqhmatikì

di�gramma thc arqitektonik c faÐnetai sto sq ma 5.3. H diafor� pou èqoume eÐnai sthn

diepaf  pou prèpei na ulopoi sei o qr sthc miac kai plèon qrei�zetai na dÐnei timèc sta

s mata elègqou kai tou PCI-Express kai tou Gigabit Ethernet. H diepaf  eÐnai:
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5. SQED�IASH SUST�HMATOS

entity my black box is
port(

mtp rd en in : out std logic;
mtp data out : in std logic vector(7 downto 0);

mtp empty out : in std logic;
mtp full out : in std logic;
mtp overflow out : in std logic;
mtp prog full out : in std logic;
mtp valid out : in std logic;
mtp underflow out : in std logic;

RST : in std logic;
FSL Rst : in std logic;
FSL Clk : in std logic;
FSL M enable : out std logic;

PCIE CLK : in std logic;

RX engine CLK : out std logic;
RX engine data : in std logic vector(31 downto 0);
RX engine RD EN : out std logic;
RX engine WR EN : in std logic;

TX engine CLK : out std logic;
TX engine data : out std logic vector(31 downto 0);
TX engine WR EN : out std logic;
TX engine RD PCIE : in std logic;
TX engine RD EN : out std logic;

FIFO RST : out std logic;

TX fifo full : in std logic;
TX fifo empty : in std logic;
RX fifo full : in std logic;
RX fifo empty : in std logic

);
end my black box;
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H leitourgÐa twn shm�twn eÐnai h Ðdia me aut  pou perigr�fhke pio p�nw, qrhsimopoÐ-

hsh enìc ek twn dÔo mèson seiriak c epikoinwnÐac.

Σχήμα 5.3: Διάγραμμα αρχιτεκτονικής παράλληλης χρήσης οδηγού PCI-Express και πρω-
τοκόλλου MTP.

Ston pio k�tw pÐnaka, 5.6, parousi�zontai oi pìroi thc FPGA pou katanal¸nontai

apì thn sqedÐash.

5.2 SqedÐash Client-Server

To ergaleÐo pou dhmiourg jhke, ìpwc anafèretai kai ston tÐtlo, qrhsimopoieÐ to montèlo

exuphretht  - pel�th. Akolouj tai autì to montèlo miac kai protim�tai na mhn stèlletai

ston Server èna ètoimo project all� na dhmiourgeÐtai autìmata se autìn. Autì mac

prostateÔei apì sf�lmata kat� thn dhmiourgÐa enìc nèou Project, exoikonìmhsh qrìnou,
miac kai sthn perÐptwsh sf�lmatoc o qr sthc mporeÐ eÔkola na k�nei diorj¸seic sta

arqeÐa tou.
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Device utilization summary Used Available Utilization

Number of Slice Registers 4330 69120 6%

Number of Slice LUTs 3950 69120 5%

Number of Occupied Slices 1939 17280 11%

Number of bonded IOBs 6 640 1%

Number of Block RAM/FIFO 31 148 20%

Number of BUFG/BUFGCTRLs 6 32 18%

Πίνακας 5.6: Χρησιμοποίηση πόρων της FPGA από την σχεδίαση για παράλληλη χρήση
οδηγού PCI-Express - MTP.

Gia thn swst  epikoinwnÐa metaxÔ Client - Server qrhsimopoi jhke TCP [16] prwtì-
kollo miac kai prosdÐdei asf�leia ìti ja gÐnetai swst  antallag  mhnum�twn kai pakètwn.

K�ti tètoio to dÐnei kai to UDP prwtìkolla all� den eggu�tai ìti ta mhnÔmata kai ta

pakèta lamb�nontai me thn swst  seir�. Se k�je b ma thc diadikasÐac pou akoloujeÐ o

qr sthc, apostèllontai ta an�loga mhnÔmata ston Server gia na probeÐ sthn an�logh

enèrgeia.

MÐa anagkaÐa leitourgÐa pou qrhsimopoi jhke eÐnai h qr sh epibebai¸sewn kat� thn

antallag  mhnum�twn kai pakètwn. Autì  tan anagkaÐo miac kai ta dÔo prwtìkolla

dhmiourgoÔn autìmata ta pakèta touc, kai ta opoÐa èqoun stajerì eÔroc, kai me thn

mèjodo aut  apofÔgame thn tautìqronh apostol  dÔo mhnum�twn sto Ðdio pakèto k�ti

pou ja odhg sei se sf�lma sthn diadikasÐa tou Server.
Gia thn dhmiourgÐa tou Client qrhsimopoieÐtai h biblioj kh PyQt4 [17] mèsw thc

opoÐac ulopoi jhke to grafikì perib�llon.

5.2.1 Leitourgikìthta Client

To ergaleÐo arqik� dÐnei ston qr sth treic epilogèc, ìpwc faÐnetai kai sto sq ma 5.4

Σχήμα 5.4: Δυνατότητες εργαλείου Re.Do. FPGA.
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• DhmiourgÐa kainoÔrgiou Project
Kat� thn dhmiourgÐa enìc nèou Project o qr sthc arqik� kaleÐtai na d¸sei to

ìnoma pou epijumeÐ se autì (sqhma 5.5). Sth sunèqeia èqei tic epilogèc thc qrh-

simopoÐhshc tou diaÔlou PCI-Express, Gigabit Ethernet   kai twn dÔo par�llhla

(sq ma 5.6) gia thn apostol  twn dedomènwn tou sthn anadiatassìmenh suskeu .

Σχήμα 5.5: Επιλογή ονόματος αρχιτεκτονικής.

Σχήμα 5.6: Επιλογή μέσου σειριακής επικοινωνίας αρχιτεκτονικής - αναπτυξιακού.

To mìno pou qrei�zetai na gnwrÐzei eÐnai thn diepaf  pou qrhsimopoieÐtai gia k�je

mÐa apì tic peript¸seic. Oi diepafèc perigr�fhkan kai analÔjhkan sthn enìthta 5.1

'Opwc faÐnetai kai sto sq ma 5.7 o qr sthc qrei�zetai na upodeÐxei to monop�ti

pou brÐskontai ta arqeÐa VHDL, Verilog, Netlist pou qrhsimopoieÐ. Anagkastik�

qrei�zetai na upodeiqjoÔn arqeÐa VHDL   Verilog gia na dhmiourghjeÐ to project me
thn dik  tou sqedÐash. Tèloc qrei�zetai na dojeÐ èna arqeÐo me ìnoma pao conf.txt .
Sto arqeÐo autì o qr sthc prèpei na anagr�fei ta arqeÐa .vhd   .v pou qrhsimopoieÐ

xekin¸ntac apì to kat¸tero sthn ierarqÐa proc to an¸tero.

H qrhsimìthta tou arqeÐou pao conf.txt eÐnai gia thn swst  dhmiourgÐa tou arqeÐou
.pao pou eÐnai upeÔjuno gia thn upìdeixh twn arqeÐwn kai thc swst c ierarqÐac touc

pou qrhsimopoioÔntai apì thn arqitektonik .

To pio p�nw b ma eÐnai Ðdio kai gia ta trÐa perifereiak�. To mìno pou diafèrei eÐnai
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Σχήμα 5.7: Επιλογή των αρχείων για αποστολή τους στον Server για δημιουργία του
Project.

ta mhnÔmata pou stèllontai ston Server.

Sthn sunèqeia o qr sthc me mia seir� apì koumpi� kaleÐtai na dhmiourg sei to

download.bit arqeÐo (sq ma 5.8). Sta dexi� tou parajÔrou emfanÐzontai ta apote-

lèsmata thc diadikasÐac. H ìlh diadikasÐa eÐnai kai h pio qronobìra tou ergaleÐou.

Sthn perÐptwsh pou prokÔyei k�poio sf�lma h diadikasÐa diakìptetai kai mporeÐ

o qr sthc na diorj¸sei to sf�lma sta arqeÐa tou me qr sh thc epilog c Modify
Files kai na suneqÐsei thn diadikasÐa ktisÐmatoc tou project.

Σχήμα 5.8: Διαδικασία δημιουργίας αρχείου download.bit.

Me thn epilog  Modify Files mporeÐ eÔkola mèsa apì thn lÐsta twn arqeÐwn kwdÐkwn
pou emfanÐzetai na epilèxei to arqeÐo sto opoÐo jèlei na epèmbei kai me qr sh tou

tou koumpioÔ Text Editor na anoÐxei se grafikì perib�llon (qr sh tou Linux
text editor) na k�nei tic allagèc (sq ma 5.9). H leitourgÐa aut  mporoÔse na

paralhfjeÐ miac kai eÔkola mporeÐ o qr sthc, me qr sh UNIX entol¸n, na epitÔqei

to Ðdio apotèlesma.
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Σχήμα 5.9: Λίστα αρχείων κωδίκων που χρησιμοπούνται από την αρχιτεκτονική με σκοπό

την τροποποίηση τους.

• Qr sh Project pou brÐsketai ston q¸ro ergasÐac tou qr sth ston Server
Me aut  thn epilog  o qr sthc mèsa apì mÐa lÐsta pou emfanÐzetai sto par�juro

kaleÐtai na upodeÐxei to project pou epijumeÐ na qrhsimopoi sei, ìpwc faÐnetai kai

sto sq ma 5.10.

Σχήμα 5.10: Χρήση έτοιμου Project.

Epilègontac to Project pou epijumeÐ na doulèyei tou dÐnetai h dun�tothta na k�nei

allagèc sta arqeÐa pou èsteile kat� thn diadikasÐa dhmiourgÐac tou (sq ma 5.11)

Me thn epilog  allag c arqeÐwn, o qr sthc mporeÐ na steÐlei ston Server kainoÔr-
gia arqeÐa, VHDL, Verilog   Ngc, ìpwc faÐnetai kai apì to sq ma 5.12. H mình

proupìjesh gia na eÐnai epituq c h enèrgeia aut  prèpei ta nèa arqeÐa pou stèl-

lontai na antigr�foun ta ufist�mena arqeÐa thc sqedÐashc tou. H deÔterh epilog 

mac odhgeÐ sto par�juro ktisÐmatoc enìc Project, diadikasÐa h opoÐa perigr�fate

pio p�nw. Tèloc, epilègontac thn trÐth epilog  (Nothing) odhgoÔmaste sto telikì

par�juro to opoÐo perigr�fetai sthn sunèqeia.
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Σχήμα 5.11: Επιλογές κατά το άνοιγμα ενος Project.

Σχήμα 5.12: Αλλαγή αρχείων της αρχιτεκτονικής.

• Apostol  BitStream
Efìson o qr sthc epilèxei na steÐlei BitStream ston server prèpei na d¸sei to

monop�ti pou brÐsketai to .bit arqeÐo (sq ma 5.13). H qr sh aut c thc epilog c

proôpojètei ìti èqei dhmiourghjeÐ apì to ergaleÐo Xilinx EDK 10.1   Xilinx ISE
Design Suite kai gia thn anadiatassìmenh suskeu  Virtex-5 lx110t.

Kai stic treic pio p�nw peript¸seic, to epìmeno b ma eÐnai to Ðdio. O qr sthc èqei

treic epilogèc gia epilog  k¸dika dhmiourgÐac dedomènwn, sq ma 5.14.

• Mh qr sh k¸dika:

Me thn epilog  aut  odhgoÔmaste sto telikì par�juro (sqhma 5.15) ìpou o qr -

sthc pat¸ntac to koumpÐ Download BitStream ja emfanistoÔn ston pÐnaka ta

apotelèsmata pou epistrèfei sqedÐash tou. Plèon an o qr sthc epijumeÐ na k�nei

allagèc sthn arqitektonik  tou, me qr sh tou koumpioÔ Modify Architecture Files
epistrèfei sto par�juro ktisÐmatoc enìc Project kai h diadikasÐa epanalamb�netai

mèqri na katèbei h nèa arqitektonik .
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Σχήμα 5.13: Αποστολή έτοιμου αρχείου bitstream (.bit).

Σχήμα 5.14: Επιλογή τρόπου αποστολής δεδομένων.

• Qr sh k¸dika pou  dh brÐsketai ston Server:
To par�juro pou emfanÐzetai ston qr sth eÐnai autì tou sq matoc 5.16. AfoÔ

o qr sthc epilèxei ton k¸dika pou epijumeÐ (pat¸ntac to koumpÐ Browse) kai to
f�kelo me ta arqeÐa dedomènwn tou pou epijumeÐ na steÐlei ston Server, an up�rqoun
fusik�, mporeÐ na suneqÐsei sto teleutaÐo b ma thc diadikasÐac.

• Qr sh k¸dika qr sth:

Me qr sh aut c thc epilog c, o qr sthc mporeÐ na qrhsimopoi sei dikì tou k¸dika

gia thn dhmiourgÐa twn dedomènwn tou. EpÐshc mporeÐ na steÐlei kai to f�kelo

me ta arqeÐa dedomènwn to opoÐo epexerg�zetai o k¸dikac tou (sq ma 5.17). Sthn

sunèqeia odhgoÔmaste sto teleutaÐo b ma thc diadikasÐac.

Sto teleutaÐo b ma o qr sthc afoÔ pat sei to koumpi Download BitStream ja em-

fanistoÔn ston pÐnaka pou brÐsketai sto par�juro (sq ma 5.18) ta apotelèsmata pou

epistrèfei o k¸dikac pou èqei epilèxei. EpÐshc mporeÐ na dei kai k�poio apotèlesma apì

thn seiriak  jÔra (RS232) an to uposthrÐzei h sqedÐash tou.

Tèloc, an o qr sthc epijumeÐ na k�nei allagèc sthn arqitektonik  tou, me qr sh tou

koumpioÔ Modify Architecture Files epistrèfei sto par�juro ktisÐmatoc enìc Project
kai h diadikasÐa plèon epanalamb�netai mèqri to pio p�nw b ma, programmatismìc tou
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Σχήμα 5.15: Download BitStream και επιστροφή της εξόδου της σχεδίασης με χρήση
RS232.

Σχήμα 5.16: Επιλογή κώδικα που βρίσκεται στον Server.

anaptuxiakoÔ. 'Otan gÐnetai apostol  Bitstream tìte h epilog  ”Modify Architecture
Files” den eÐnai diajèsimh.

Gia thn ulopoÐhsh twn pio p�nw qrhsimopoioÔntai epÐshc kai Python Threads [18].
H qr sh twn Threads eÐnai epitaktik  eidik� sthn diadikasÐa ktisÐmatoc tou Project gia
na èqei thn dunatìthta o qr sthc, an epijumeÐ, na termatÐsei thn diadikasÐa. EpÐshc qrh-

simopoioÔntai gia thn dhmiourgÐa progress bar stic qronobìrec diadikasÐec tou ergaleÐou
(dhmiourgÐa Bitstream, Download Bitstream, Apostol c Bitstream).

Ta b mata pou perigr�fhkan pio p�nw anaparist¸ntai apì to di�gramma ro c tou

sq matoc 5.19
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Σχήμα 5.17: Επιλογή και αποστολή κώδικα από το χρήστη.

Σχήμα 5.18: Download BitStream και επιστροφή των αποτελεσμάτων του κώδικα και της
σειριακής θύρας - RS232.

5.2.2 Leitourgikìthta Server

'Opwc anafèrjhke sthn arq  tou kefalaÐou, o Server eÐnai dèkthc mhnum�twn kai pakè-

twn apì ton Client an�loga me to ek�stote b ma pou brÐsketai o qr sthc tou ergaleÐou.

Arqik� ekteleÐtai ènac arijmìc entol¸n sust matoc gia thn dhmiourgÐa twn kat�llhlwn

metablht¸n sust matoc pou qrei�zontai apì ta ergaleÐa thc Xilinx gia thn swst  lei-

tourgÐa touc kaj¸c epÐshc kai gia touc Cable Driver. Tèloc gÐnetai èlegqoc an up�rqei
o f�keloc Workspace kai Code sto Home Directory tou qr sth, e�n ìqi dhmiourgoÔntai

mèsw tou k¸dika.

Sthn sunèqeia perigr�fontai analutik� ta b mata pou akoloujeÐ o Server an�loga

me tic epilogèc tou qr sth,
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• DhmiourgÐa kainoÔrgiou Project:
AfoÔ l�bei to m numa ìti o qr sthc epijumeÐ na dhmiourg sei kainoÔrgio Project o
Server plèon perimènei to ìnoma pou ja d¸sei se autì. AfoÔ to l�bei, dhmiourgeÐtai
sto q¸ro ergasÐac (WorkSpace) kainoÔrgioc f�keloc me to ìnoma pou èdwse o

qr sthc prosjètontac thn kat�lhxh project. Prin ìmwc apì thn dhmiourgÐa tou

fakèlou gÐnetai èlegqoc an den up�rqei  dh f�keloc me autì to ìnoma. An up�rqei

tìte stèlletai to an�logo m numa ston Client gia na d¸sei o qr sthc kainoÔrgio

ìnoma.

To epìmeno b ma eÐnai h epilog  apì ton qr sth tou mèsou metafor�c twn dedomè-

nwn tou (PCI-Express, Gigabit Ethernet   kai twn dÔo par�llhla). AfoÔ lhfjeÐ

to m numa me thn epilog , tìte antigr�fontai sto f�kelo pou dhmiourg jhke sto

prohgoÔmeno b ma ta arqeÐa thc antÐstoiqhc sqedÐashc kai ta opoÐa brÐskontai  dh

ston Server sto monop�ti /usr/src/ gia na eÐnai diajèsimoi gia ìlouc touc qr stec.

Sthn sunèqeia gÐnetai l yh twn arqeÐwn VHDL   Verilog kai tuqìn Ngc pou qrh-

simopoioÔntai. Ta arqeÐa aut� topojetoÔntai stouc fakèlouc

/pcores/peripheral user select/vhd/vhdl/, /pcores/peripheral user select/vhd/verilog/
kai /pcores/peripheral user select/netlist/ antÐstoiqa. EpÐshc gÐnontai allagèc

sta arqeÐa me kat�lhxh .pao (eggraf  twn arqeÐwn VHDL kai Verilog) kai .bbd
(eggraf  twn arqeÐwn Ngc) ta opoÐa brÐskontai sto monop�ti

/pcores/peripheral user select/data/.

To teleutaÐo b ma dhmiourgÐac enìc kainoÔrgiou Project eÐnai h diadikasÐac ktisÐma-
toc tou. DhmiourgÐa Netlist, Bitstream, Generate Libraries and BSPs, Build All
User Apllication kai tèloc Update Bitstream gia na sundejeÐ to hardware komm�ti
me to software mèroc. Met� to pèrac thc k�je diadikasÐac stèlletai ston qr sth

èna arqeÐo me to ek�stote apotèlesma.

An lhfjeÐ m numa ìti o qr sthc epijumeÐ na k�nei allagèc stouc k¸dikec tou, tìte

perimènenei na l�bei to arqeÐo k¸dika to opoÐo epijumeÐ na tropopoi sei. Miac kai

h sundesh ston Server gÐnetai me thn epilog  -X , gÐnetai qr sh thc entol c:

$geditfile name

gia na eukolunjeÐ o qr sthc me tic allagèc pou epijumeÐ na k�nei.

Se ìlh thn pio p�nw diadikasÐa qrhsimopoieÐtai èna arqeÐo sto opoÐo gr�foume to

IP pou qrhsimopoieÐtai kai ìla ta arqeÐa ta opoÐa èqoun lhfjeÐ gia thn dhmiourgÐa

tou Project. To arqeÐo dhmiourgeÐtai gia na gnwrÐzoume to monop�ti sto opoÐo

brÐskontai ta arqeÐa thc arqitektonik c tou qr sth.
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• 'Anoigma ètoimou Project:
Me aut  thn epilog  apì ton qr sth, o Server eÐnai upeÔjunoc na steÐlei ston

Client ta onìmata ìlwn twn Project , qwrÐc thn kat�lhxh project pou brÐskontai

sto q¸ro erg�siac tou. H kat�lhxh project mac bohj� na gnwrÐzoume poioi f�-

keloi perièqoun k�poio Project. Plèon o Server anamènei apì ton Client to ìnoma

tou fakèlou pou epijumeÐ o qr sthc na doulèyei kai gÐnetai allag  sto monop�ti

ergasÐac. Me qr sh tou arqeÐou pou dhmiourgeÐtai kat� thn diadikasÐa dhmiour-

gÐac nèou Project, apostèlletai ston qr sth to mèso metafor�c dedomènwn pou

qrhsimopoieÐtai.

An o qr sthc epijumeÐ na tropopoi sei ta arqeÐa tou tìte akoloujeÐtai h diadikasÐa

ktisÐmatoc enìc Project . An jèlei na all�xei ta arqeÐa tou, tìte pr¸ta elègqetai

an to kainoÔrgio arqeÐo pou lamb�netai an kei  dh sto Project. An an kei tìte

diagr�fetai to paliì arqeÐo apì to monop�ti tou perifereiakoÔ pou qrhsimopoieÐtai

sto Project kai gÐnetai h dhmiourgÐa tou kainoÔrgiou arqeÐou k¸dika. H pio p�nw

plhroforÐa brÐsketai sto arqeÐo pou anafèrame pio p�nw.

• Apostol  BitStream:
AfoÔ lhfjeÐ to kat�llhlo m numa, plèon o Server perimènei to arqeÐo. To arqeÐo

apojhkeÔetai me thn onomasÐa download.bit sto q¸ro ergasÐac tou qr sth.

'Opwc anafèrjhke kat� thn perigraf  tou Client to epìmeno b ma eÐnai kai gia tic treic

peript¸seic Ðdio. Ed¸ to m numa pou lamb�netai eÐnai kat� to pìso ja qrhsimopoihjeÐ

k¸dikac pou brÐsketai  dh ston Server, an ja staleÐ k¸dikac tou qr sth   an den ja

qrhsimopoihjeÐ.

• Den ja qrhsimopoihjeÐ k¸dikac:

Me aut  thn epilog  h diadikasÐa odhgeÐtai sto teleutaÐo b ma thc, afoÔ plèon

to epìmeno m numa pou ja lhfjeÐ ja eÐnai gia na katèbei h sqedÐash sthn ana-

diatassìmenh suskeu . AfoÔ katèbei h arqitektonik  stèlletai ston qr sth to

apotèlesma thc diadiakasÐac kai sthn sunèqeia ta apotelèsmata ta opoÐa lamb�non-

tai apì thn seiriak  jÔra (RS232) kai eÐnai h èxodoc thc arqitektonik c. Plèon to

mìno pou epomènei eÐnai na kleÐsei h sÔndesh   na zhthjeÐ tropopoÐhsh twn arqeÐwn

thc arqitektonik c, ektìc kai an ègine apostol  Bitsream.

• Qr sh k¸dika pou brÐsketai ston Server:
Arqik� stèllontai ston Client ta onìmata twn arqeÐwn pou brÐskontai sto q¸-

ro ergasÐac tou qr sth kai pio sugkekrimèna ston f�kelo Code. Sthn sunèqeia

lamb�netai to ìnoma tou k¸dika pou ja qrhsimopoihjeÐ kai o f�keloc dedomènwn
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pou ja qrhsimopoi sei o qr sthc. An o k¸dikac pou ja qrhsimopoihjeÐ eÐnai ènac

apì touc k¸dikec pou ulopoi jhke sta plaÐsia thc diplwmatik c ergasÐac tìte ta

dedomèna apojhkeÔontai me thn onomasÐa data.txt ston f�kelo UseCurrentCode.

• Qr sh k¸dika qr sth:

AfoÔ upodeÐxei to arqeÐo k¸dika, stèlletai ston Server kai apojhkeÔetai sto q¸ro
ergasÐac tou, ston f�kelo Code. Gia thn apostol  twn dedomènwn akoloujoÔme

thn Ðdia diadikasÐa me pio p�nw.

Gia tic peript¸seic pou o qr sthc epijumeÐ na qrhsimopoi sei k¸dika, o Server perimè-

nei na p�rei m numa gia na katèbei h sqedÐash sthn anadiatassìmenh suskeu . AfoÔ

epistrafeÐ to apotèlesma thc diadiakasÐac ston Client ekteleÐtai o k¸dikac pou èqei epi-

lèxei o qr sthc kai epistrèfetai h èxodoc thc arqitektonik c mèsw thc seiriak c jÔrac

(RS232) ston Client. EpÐshc an gÐnetai qr sh tou PCI-Express mporeÐ na gÐnei qr sh

kai autoÔ tou mèsou gia epistrof  twn apotelesm�twn. To ergaleÐo uposthrÐzei thn

ektèlesh kwdÐkwn C, Python kai Perl.
Tèloc, to epìmeno m numa pou ja l�bei o Server eÐnai tou termatismoÔ thc sÔndeshc

  ìti o qr sthc epijumeÐ na k�nei k�poiec allagèc sthn arqitektonik  tou (ektìc kai

an ègine apostol  Bitsream). An lhfjeÐ to m numa gia allag  thc arqitektonik c tìte

odhgoÔmaste sto b ma ktisÐmatoc enìc Project kai h diadiakasÐa epanalamb�netai mèqri

to pio p�nw b ma.

Oi leitourgÐec pou perigr�fhkan pio p�nw anaparist¸ntai apì to di�gramma ro c tou

sq matoc 5.20

'Olec oi entolèc pou anafèrjhkan pio p�nw pou èqoun sqèsh me to ergaleÐo thc Xilinx
EDK, Generate Netlist, Generate Bitstream, Generate Libraries and BSPs, Build All
User Apllication, Update Bitstream kai Download Bitstream ekteloÔntai apì tic pio

k�tw entolèc:[19][20]

• Generate Makefiles:
$xps − nw system.xmp

%make

%save make

• Generate Netlist:
$make − f system.make netlist

• Generate Bitstream:
$make − f system.make bit
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5.2 SqedÐash Client-Server

• Generate Library Files:

$make − f system.make libs

• Build User Application:

$make − f system.make program

• Initialise BRAM:
$make − f system.make init bram

• Download Bitstream:

$make − f system.make download

Sthn perÐptwsh pou o qr sthc epÐlexe thn diadikasÐa apostol c Bitstream tìte gia na

katèbei sthn anadiatassìmenh logik  qrhsimopoioÔme thn entol :

• Download Bitstream Using Impact:

$impact − batch download.cmd

ìpou to perieqìmeno tou arqeÐou download.cmd eÐnai:

setMode -bscan

setCable -p auto

identify

assignfile -p 5 -file download.bit

program -p 5

quit

Oi entolèc pou qrhsimopoioÔntai gia thn dhmiourgÐa twn metablht¸n sust matoc eÐnai:

os.environ[”XILINX”]=”/opt/Xilinx/10.1/ISE”
os.environ[”XILINX EDK”]=”/opt/Xilinx/10.1/EDK”
os.environ[”LMC HOME”]=”/opt/Xilinx/10.1/ISE/smartmodel/lin/installed lin”
os.environ[”PATH”]=”/opt/Xilinx/10.1/ISE/bin/lin:”+os.environ[”PATH”]
os.environ[”PATH”]=”/opt/Xilinx/10.1/EDK/bin/lin:/opt/Xilinx/10.1/EDK/lib/lin:”

+os.environ[”PATH”]
os.environ[”LD LIBRARY PATH”]=”/opt/Xilinx/10.1/ISE/lib/lin:/usr/X11R6/lib:”
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+os.getenv(”LMC HOME”)+”/lib/linux.lib:”
+os.getenv(”LMC HOME”)+”/lib/amd64.lib”

os.environ[”LD LIBRARY PATH”]=”/opt/Xilinx/10.1/EDK/lib/lin:”+os.environ
[”LD LIBRARY PATH”]

os.environ[”LD PRELOAD”]=”/usr/src/Cable Driver/libusb-driver.so”

An o qr sthc epilèxei qr sh tou PCI-Express, arqik� gÐnetai èlegqoc an eÐnai egka-

testhmènoc o driver pou ulopoi jhke sta plaÐsia thc diplwmatik c ergasÐac tou Iw�nnh

Kartswn�kh. Se diaforetik  perÐptwsh ekteleÐtai èna .sh script:

#/bin/bash

cp -R /usr/src/beta driver /usr/src/linux-2.6.28.7/drivers/pci/pcie/
cp -R /usr/src/beta mmap /usr/src/linux-2.6.28.7/drivers/pci/pcie/beta driver/
cd /usr/src/linux-2.6.28.7/
make
make modules

Tèloc prèpei na dhmiourghjeÐ h diergasÐa sto sÔsthma h opoÐa ja mac epitrèyei thn

qr sh tou PCI-Express. Gi' autì ton skopì dhmiourg jhke èna .sh script to opoÐo

ekteleÐtai kat� thn ekkÐnhsh tou upologist  me tic akìloujec entolèc:

#/bin/bash

insmod /usr/src/linux-2.6.28.7/drivers/pci/pcie/beta driver/
Xilinx pcix driver.ko

mknod /dev/Xilinx pcix c ‘more /proc/devices | grep Xilinx |
awk ’printf ”%d”, strtonum($0)’‘ 0

Sthn sunèqeia, kat� thn ektèlesh tou k¸dika ekteloÔntai oi entolèc:[21]

rmmod pciehp
modprobe pciehp pciehp force=1

H qr sh twn pio p�nw entol¸n epib�lletai miac kai to leitourgikì sÔsthma elègqei

tic PCI-Express jÔrec mìno kat� thn ekkÐnhsh tou upologist . Gia na apofeuqjeÐ h

diadikasÐa (epanekkÐnhsh upologist ) gÐnetai epanekkÐnhsh tou hotplug. To hotplug
eÐnai upeÔjuno gia ìlec tic PCI-Express suskeuèc pou qrhsimopoieÐ ènac upologist c.
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Autì epitugq�netai, ìpwc faÐnetai kai apì ton k¸dika, me diagraf  thc diergasÐac kai h

upoqrewtik  epanekkÐnhsh thc.

'Otan gÐnetai qr sh tou Gigabit Ethernet qrei�zetai na ektelesteÐ h entol :

arp -s 1.2.3.5 66:66:66:66:66:66

ìpou eth1 eÐnai oi rujmÐseic thc sÔndesh ston upologist ,

IP Address : 1.2.3.9
Broadcast Address : 1.2.3.254
Subnet Mask : 255.255.255.0

Gia to lìgo ìti oi pio p�nw entolèc pou perigr�fhkan k�noun epemb�seic ston f�kelo

sust matoc tou leitourgikoÔ anagkastik� h ektèlesh tou k¸dika ston Server prèpei na
ekteleÐtai afoÔ pr¸ta apokthjoÔn dikai¸mata sudo.

'Ola ta pio p�nw arqeÐa pou anaferj kame brÐskontai sto monop�ti /usr/src/. 'E-

qoun topojethjeÐ se autì gia na eÐnai eÔkolh h prìsbash se ìlouc touc qr stec kai na

ekteloÔntai ìloi oi k¸dikec plhktrolog¸ntac sthn konsìla apl¸c to ìnoma touc.
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Σχήμα 5.19: Διάγραμμα ροής κώδικα λειτουργίας Client.
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5.2 SqedÐash Client-Server

Σχήμα 5.20: Διάγραμμα ροής κώδικα λειτουργίας Server.

Nikìdhmoc Gewrgi�dhc
57

IoÔnioc 2010



5. SQED�IASH SUST�HMATOS

Nikìdhmoc Gewrgi�dhc
58

IoÔnioc 2010



Kef�laio 6

EpibebaÐwsh orj c leitourgÐac

- ParadeÐgmata

H epibebaÐwsh thc swst c leitourgÐac tou ergaleÐou Re.Do. FPGA qwrÐsthke se dÔo

f�seic. Sthn pr¸th f�sh elèqjhke h swst  epikoinwnÐa metaxÔ Client - Server kai twn

leitourgi¸n tou ergaleÐou kai se deÔterh f�sh h swst  leitourgÐa twn tri¸n sqedi�sewn

pou ulopoi jhkan.

6.1 EpibebaÐwsh leitourgeÐac montèlou Client - Server

Gia ton skopì autì ègine èlegqoc ìlwn twn leitourgi¸n tou ergaleÐou me skopì thn

apofug  sfalm�twn kat� thn ektèlesh twn diafìrwn ergasi¸n. EpÐshc ègine èlegqoc

tou ergaleÐou apì sunadèlfouc tou ergasthrÐou Mikroepexergast¸n kai UlikoÔ kai apì

sunadèlfouc oi opoÐoi èqoun apl¸c stoiqei¸dhc gn¸seic apì ulopoÐhsh arqitektonik¸n.

H kÔria leitourgÐa pou eleqjhke apì touc sunadèlfouc tou ergasthr riou  tan h

dhmiourgÐa kainoÔrgiou Project en¸ apì touc upìloipouc sunadèlfouc h leitourgÐa a-

postol c Bitstream. Gia ton èlegqo thc apostol c Bitstream ulopoi jhke mÐa apl 

sqedÐash h opoÐa upologÐzei to paragontikì miac tim c pou dÐnetai wc ìrisma.

Me autì ton trìpo belti¸jhke h epikoinwnÐa metaxÔ Client - Server miac kai antimetw-
pÐsthkan sf�lmata pou ofeÐlontan se l�joc b mata kat� thn diadikasÐa dhmiourgÐac enìc

project. Tèloc prostèjhke epiprìsjeth leitourgÐa (allag  kai tropopoÐhsh arqeÐwn pou
brÐskontai ston Server) h opoÐa  tan eis ghsh touc.
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6.2 EpibebaÐwsh leitourgeÐac SqedÐasewn

Gia thn epibebaÐwsh thc orj c leitourgÐac twn sqedi�sewn qrhsimopoi jhke to ergaleÐo

Xilinx Chipscope Pro 10.1, me to opoÐo ègine deigmatolhyÐa twn shm�twn twn sqedi�sewn
sthn FPGA. EpÐshc ulopoi jhke se gl¸ssa perigraf c ulikoÔ (VHDL) ènac ajroist c
o opoÐoc prosarmìsthke sthn k�je sqedÐash pou ulopoi jhke. Gia thn dhmiourgÐa twn

sqedi�sewn qrhsimopoi jhke to ergaleÐo Re.Do. FPGA .EpÐshc, qrhsimopoi jhke h

leitourgÐa gia tropopoÐhsh twn arqeÐwn thc sqedÐashc gia allagèc sthn sqedÐash.

Sthn sqedÐash gia qr sh tou GB Ethernet ta dedomèna pou lamb�nontai èqoun mè-

gejoc okt¸ bits. Gia autì to lìgo o ajroist c pou ulopoi jhke dèqetai wc eÐsodo èna

s ma okt¸ bits kai h èxodoc eÐnai èna s ma tri�nta dÔo bits.

6.2.1 EpibebaÐwsh leitourgeÐac SqedÐashc qr shc prwtokìllou

MTP

AfoÔ ulopoi jhke se VHDL o ajroist c kai h mon�da elègqou twn shm�twn tou MTP
ègine qr sh tou ergaleÐo Re.Do. FPGA gia thn dhmiourgÐa thc sqedÐashc ston Server.
Gia thn metafor� dedomènwn ulopoi jhke se gl¸ssa Python èna UDP socket kai st�l-
jhkan sthn FPGA sunolik� èna GByte ASCII qarakt rec se UDP pakèta megèjouc 1

KByte.

'Opwc anafèrjhke kai sto kef�laio 5.1 to MTP den parèqei leitourgikìthta gia e-

pistrof  tim¸n. Gia autì qrhsimopo jhke h seiriak  jÔra RS232 gia thn epistrof  tou

apotelèsmatoc. EpÐshc, qrhsimopoi jhke kai to ergaleÐo Chipscope pro gia deigmatolh-

yÐa twn shm�twn elègqou pou qrhsimopoioÔntai gia diapÐstwsh thc swst c leitourgÐac

touc.

Gia na epibebaiwjeÐ h swst  leitourgÐa kai h mh ap¸leia pakètwn, ektìc apì to erga-

leÐo Chipscope pro, ègine sÔgkrish tou apotelèsmatoc tou ajroÐsmatoc twn dedomènwn

twn pakètwn me qr sh Software me to apotèlesma pou epistrèfetai apì thn sqedÐash

ston Client me qr sh thc seiriak c jÔrac RS232.

Kat� thn apostol  enìc GByte ASCII qarakt rec diapist¸jhke ap¸leia pakètwn

lìgw uperqeÐlishc twn FIFO. Gia autì to lìgo, gia thn epibebaÐwsh thc swst c lei-

tourgÐac thc sqedÐashc st�ljhke mikrìteroc ìgkoc dedomènwn, thc t�xhc twn MByte.
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6.2.2 EpibebaÐwsh leitourgeÐac SqedÐashc qr shc odhgoÔ PCI-

Express

'Opwc kai pio p�nw ulopoi jhke h mon�da elègqou twn shm�twn thc arqitektonik c gia

qr sh tou PCI-Express kai me qr sh tou Ðdiou ajroist  ulopoi jhke h sqedÐash me

qr sh tou Re.Do. FPGA. Gia thn metafor� twn dedomènwn ulopoÐjhke se gl¸ssa

C to prìgramma gia epikoinwnÐa me to PCI-Express Slot tou hlektronikoÔ upologist .

St�ljhkan sthn FPGA sunolik� 1 GByte se posìthtec twn 32 bits apì thc opoÐec o

ajroist c ekmetalleÔetai ta teleutaÐa okt¸ bits.

Gia thn epistrof  tou apotelèsmatoc qrhsimopoi jhke h dunatìthta epistrof c tim¸n

pou mac parèqei o odhgìc tou PCI-Express. To apotèlesma autì sugkrÐjhke me autì

pou epistrèfetai apì to Software. EpÐshc kai ed¸ ègine qr sh tou ergaleÐou Chipscope
pro gia deigmatolhyÐa twn shm�twn elègqou pou qrhsimopoioÔntai gia diapÐstwsh thc

swst c leitourgÐac touc.

Sthn sunèqeia ulopoi jhke kai mia deÔterh sqedÐash h opoÐa antÐ na qrhsimopoieÐ to

rolìi tou diaÔlou PCI-Exrpess (62.5 MHz) stic FIFO eisìdou kai exìdou dedomènwn

kai sthn sqedÐash, qrhsimopoieÐtai to rolìi tou sust matoc (120 MHz). Kai ed¸ to

apotèlesma pou epistr�fhke apì thn sqedÐash eÐnai to Ðdio me autì pou epistr�fhke apì

to Software.

H pio p�nw dunatìthta eÐnai efiktoÐ miac kai mporeÐ na qrhsimopoihjoÔn diaforetik�

rolìgia an�gnwshc kai eggraf c stic FIFO eisìdou kai exìdou dedomènwn.

Tèloc, h proptuqiak  foit tria Nausik� Qrus�njou qrhsimopoÐhse to Re.Do. FPGA
gia thn ulopoÐhsh thc sqedÐashc thc. Me qr sh tou PCI-Express, gia seiriak  epikoi-

nwnÐa me thn FPGA, ulopoÐhse èna pl rec sÔsthma to opoÐo enall�setai h leitourgÐa

Software me Hardware.

6.2.3 EpibebaÐwsh leitourgeÐac SqedÐashc par�llhlhc qr shc

GB Ethernet - PCI-Express

Me qr sh thc diepaf c pou perigr�fhke sto kef�laio 5.1 ulopoi jhke h mon�da elègqou

twn shm�twn tou MTP kai thc arqitektonik c qr shc tou PCI-Experss gia par�llhlh

qr sh tou prwtokìllou GB Ethernet kai odhgoÔ PCI-Express kai me thn qr sh tou er-

galeÐou Re.Do. FPGA ulopoi jhke h sqedÐash ston Server. H sqedÐash apoteleÐtai apì

dÔo ajroistèc, o ènac qrhsimopoieÐ ta dedomèna pou lamb�nontai me thn qr sh tou PCI-
Express kai o deÔteroc ta dedomèna pou lamb�nontai apì to GB Ethernet. St�ljhkan

sthn FPGA sunolik� 1 GByte dedomènwn.

Gia thn apostol  twn dedomènwn ègine enac sundiasmìc twn prohgoÔmenwn dÔo pro-
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gramm�twn, se C kai Python. St�ljhkan ta pr¸ta 512 MByte se UDP pakèta megèjouc

1 KByte me qr sh tou GB Ethernet kai ta upìloipa 512 MByte se posìthtec twn 32
bits me qr sh tou PCI-Express.

'Otan st�ljhke o pio p�nw ìgkoc dedomènwsn me qr sh tou MTP diapist¸jhke kai

se aut  thn perÐptwsh ap¸leia pakètwn. 'Otan qrhsimopoi jhke to rolìi tou diaÔlou

PCI-Exrpess (62.5 MHz) tìte parathr jhke megalÔterh ap¸leia pakètwn miac kai ta

dedomèna katanal¸nontan me mikrìtero rujmì apì autìn pou katèfjanan. Kat� thn

apostol  twn dedomènwn me qr sh tou odhgoÔ PCI-Express den diapist¸jhke ap¸leia

dedomènwn.
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Kef�laio 7

Peiramatik� Apotelèsmata -

EuqrhstÐa Re.Do. FPGA

Sto kef�laio autì parousi�zontai ta apotelèsmata twn peiramatik¸n apotelesm�twn

thc taqÔthtac metafor�c twn dÔo seiriak¸n mèswn metafor�c dedomènwn kaj¸c kai h

euqrhstÐa tou Re.Do. FPGA.

7.1 Peiramatik� Apotelèsmata

Sta peir�mata mac qrhsimopoi jhke ènac Hlektronikìc Upologist c me epexergast  Intel
Core 2 2.8 GHz, 1 GByte RAM me Ethernet PHY 1000/100/10 Mbps kai leitourgikì

sÔsthma Ubuntu 8.10.
Sto anaptuxiakì st�ljhkan dedomèna diafìrwn ìgkwn kai ègine èlegqoc tou apo-

telèsmatoc pou epistr�fhke apì thn arqitektonik  pou ulopoi jhke gia pistopoÐhsh thc

leitourgikìthtac, ènac ajroist c, me autì pou epistrèfei to software.
Oi metr seic pou p�rjhkan  tan o apaitoÔmenoc qrìnoc gia na staloÔn dedomèna sto

anaptuxiakì kai na epistrafeÐ to �jroisma touc apì ton ajroist . Apì touc qrìnouc

autoÔc kai me thn qr sh thc sqèshc:

Trasfer Rate(Mbps) =
Data Transfer(MB) ∗ 220 ∗ 8

10002 ∗ time

metr jhke o rujmìc metafor�c dedomènwn.

7.1.1 Apotelèsmata Qr shc prwtokìllou MTP

Gia na qrhsimopoihjeÐ to Gigabit Ethernet gia thn apostol  twn dedomènwn ulopoi jhke
ènac Python k¸dikac mèsw tou opoÐou qrhshmopoieÐtai èna UDP Socket. Oi qrìnoi pou
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p�rjhkan faÐnontai ston pÐnaka 7.1. Gia l yh tou apotelèsmatoc qrhsimopoi jhke h

dunatìthta pou mac parèqei o odhgìc tou PCI-Experss. Autì  tan anagkaÐo miac kai eÐnai
adÔnato na metrhjeÐ o qrìnoc ìtan h l yh gÐnetai me qr sh thc seiriak c jÔrac RS-232.
H diafor� pou ja eÐqame an ginìtan qr sh thc RS-232 ja  tan mÐa epiplèon kajustèrhsh

miac kai èqei qamhlì rujmì met�doshc dedomènwn. H sqedÐash sthn opoÐa metr jhkan

oi pio k�tw qrìnoi katanal¸nei èna dedomèno k�je kÔklo kai epistèfei èna dedomèno, to

opoÐo eÐnai to �jroisma twn tim¸n pou st�ljhkan, me to tèloc tou k�je pakètou, ìtan h

tim  thc eisìdou eÐnai 255 (”11111111”). O ìgkoc dedomènwn pou st�ljhke eÐnai qwrÐc

thc epiprìsjethc plhroforÐac pou qrei�zetai na prostejeÐ sto k�je pakèto.

'Ogkoc Qrìnoc TaqÔthta Metafor�c

Dedomènwn (sec) Dedomènwn (Mbps)

64 MByte 1.96527 324.94

128 MByte 3.1692 338.45

256 MByte 6.3531 338.02

512 MByte 13.2569 323.98

1024 Mbyte 25.0725 342.6

Πίνακας 7.1: Πειραματικές Μετρήσεις χρήσης Gigabit Ethernet.

Sta peir�mata pou ektelèsthkan parathr jhke ap¸leia pakètwn ìtan metaferìtan

meg�loc ìgkoc dedomènwn kai h opoÐa  tan diaforetik  se k�je ektèlesh. Autì sumbaÐnei

ìtan o hlektronikìc upologist c den diajètei ep�rkeia se mn ma RAM miac kai up�rqoun

sf�lmata selÐdac kat� thn di�rkeia thc met�doshc twn dedomènwn kaj¸c epÐshc kai lìgw

uperqeÐlishc twn FIFO.

7.1.2 Apotelèsmata Qr shc odhgoÔ PCI-Express

'Opwc kai kat� thn qrhsimopoÐhsh tou Gigabit Ethernet ulopoi jhke ènac C k¸dikac

mèsw tou opoÐou apostèllontai ta dedomèna sto anaptuxiakì. Oi qrìnoi pou qrei�sthkan

gia na lhfjeÐ to apotèlesma tou ajroÐsmatoc faÐnontai ston pÐnaka 7.2. Gia thn l yh

tou apotelèsmatoc qrhsimopoi jhke h dunatìthta tou odhgoÔ PCI-Express gia epistrof 
dedomènwn apì to anaptuxiakì. 'Opwc kai pio p�nw, h sqedÐash katanal¸nei èna dedomèno

an� kÔklo kai epistrèfetai to apotèlesma thc prìsjeshc twn tim¸n pou st�ljhkan ìtan

h tim  thc eisìdou eÐnai 255 (”11111111”).
Gia eÔresh thc taqÔthtac metafor�c dedomènwn apì to anaptuxiakì ston upologist 

qrhsimopoi jhke mia deÔterh sqedÐash h opoÐa epistrèfei tic timèc eisìdou. Se aut 

thn perÐptwsh o mègistoc ìgkoc dedomènwn pou mporeÐ na lhfjeÐ eÐnai 16KB. O perio-
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7.1 Peiramatik� Apotelèsmata

'Ogkoc Qrìnoc TaqÔthta Metafor�c

Dedomènwn (sec) Dedomènwn (Mbps)

64 MByte 2.090 256.88

128 MByte 4.180 256.88

256 MByte 8.360 256.88

512 MByte 16.780 255.96

1024 Mbyte 33.410 257.11

Πίνακας 7.2: Πειραματικές Μετρήσεις χρήσης PCI-Express (Download).

rismìc autìc ofeÐletai sthn ulopoÐhsh tou odhgoÔ PCI-Express kai thc arqitektonik c

qr shc tou. H taqÔthta metafor�c dedomènwn gia ton sugkekrimèno ìgko dedomènwn

upologÐsthke me thn pio p�nw sqèsh sta 9.3Mbps.
Sta peir�mata pou ektelèsthkan den parathr jhke ap¸leia dedomènwn, oÔte kat� thn

diadikasÐa metafor�c dedomènwn apì ton H/U sto anaptuxiakì, oÔte kata thn diadikasÐa

metafor�c dedomènwn apì to anaptuxiakì ston H/U (mèqri 16KB).

7.1.3 Apotelèsmata Par�llhlhc Qr shc Gigabit Ethernet kai

PCI-Express

'Egine ènac sunduasmìc twn kwdÐkwn pou qrhsimopoi jhkan pio p�nw kai st�ljhkan tau-

tìqrona dedomèna (qr sh dÔo diergasi¸n) me to Gigabit Ethernet kai to PCI-Express.
Gia thn l yh tou apotelèsmata qrhsimopoi jhke to PCI-Express. Oi qrìnoi pou qrei�-

sthkan gia thn l yh tou apotelèsmatoc faÐnontai ston pÐnaka 7.3. Plèon sthn sqedÐash

qrhsimopoioÔntai dÔo ajroistèc. O pr¸toc ekmetalleÔetai ta dedomèna pou lamb�nontai

mèsw tou prwtokìllou MTP kai o deÔteroc mèsw tou odhgoÔ PCI-Express. H epistre-

fìmenh tim  eÐnai to �jroisma twn epimèrouc ajroism�twn. Epistrèfetai tim  ìtan ìtan

h tim  pou diab�zetai apì ton odhgì tou PCI-Express èqei thn tim  255.

Sta peir�mata pou ektelèsthkan parathr jhke ìti kai kat� thn qr sh enìc ek twn

dÔo mèswn. Kat� thn qr sh tou prwtokìllou MTP parathr jhke ap¸leia pakètwn kat�

thn metafor� meg�lou ìgkou dedomènw, en¸ kat� thn qr sh tou odhgoÔ PCI-Express
den parathr jhke ap¸leia dedomènwn.
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7. PEIRAMATIK�A APOTEL�ESMATA - EUQRHST�IA RE.DO.
FPGA

'Ogkoc dedomènwn 'Ogkoc dedomènwn Qrìnoc TaqÔthta Metafor�c

(PCI-Express) (Gigabit Ethernet) (sec) Dedomènwn (Mbps)

64 MByte 64 MByte 2.190 490.29

128 MByte 128 MByte 4.100 523.78

256 MByte 256 MByte 8.350 514.37

512 MByte 512 MByte 16.775 512.07

1024 Mbyte 1024 MByte 33.510 512.68

Πίνακας 7.3: Πειραματικές Μετρήσεις παράλληλης χρήσης Gigabit Ethernet - PCI-
Express.

7.2 EuqrhstÐa Re.Do. FPGA

Gia na diapistwjeÐ kat� to pìso to Re.Do. FPGA eÐnai eÔqrhsto ergaleÐo zht jhke

h gn¸mh foitht¸n apì to Ergast rio Mikroepexergast¸n kai UlikoÔ kaj¸c kai apì

foithtèc tou tm matoc oi opoÐoi ìmwc èqoun mia stoiqi¸dh gn¸sh ulopoi sewn apl¸n

arqitektonik¸n.

Arqik� stouc foithtèc dìjhkan oi sqedÐashc pou perigr�fhkan pio p�nw, me tic opoÐec

l fjhkan ta peiramatik� apotelèsmata, kai me thn qr sh tou Re. Do. FPGA ulopoÐ-

hsan tic antÐstoiqec sqedi�seic kai èlaban ta apotelèsmata apì autèc. Sthn sunèqeia

touc zht jhke na ulopoi soun mia apl  sqedÐash (epistrof  tim c eisìdou) gia qr sh

tou odhgoÔ PCI-Express kai h opoÐa ulopoi jhke p�li me qr sh tou Re. Do. FPGA.
Ta apotelèsmata thc dokim c  tan apìluta ikanopoihtik� kaj¸c ìloi olokl rwsan me

epituqÐa thn dokim .

Tèloc, h qr sh tou Re.Do FPGA automatopoieÐ thn diadikasÐa eisagwg c seiriak¸n

mèswn metafor�c se arqitektonikèc. Me autì ton trìpo mei¸netai o qrìnoc pou apaiteÐtai

gia thn ulopoÐhsh thc epikoinwnÐac metaxÔ anadiatassìmenhc suskeu c kai hlektronikoÔ

upologist .

Me autì ton trìpo, antimetwpÐsthke to prìblhma eisìdou/exìdou pou antimet¸pizan

oi perissìterec arqitektonikèc. 'Etsi plèon eÐnai efikt  h ulopoÐhsh pl rwn susthm�twn

(tautìqronh qr sh software-hardware) miac kai me thn qr sh tou Re.Do. FPGA antime-

twpÐsthke kai to prìblhma thc poluplokìthtac epikoinwnÐac metaxÔ thc arqitektonik c

tou qr sth me thn arqitektonik  qr shc enìc ek twn dÔo mèswn seiriak c epikoinwnÐac.

Tèloc, me thn qr sh tou Server antimetwpÐzetai kai h an�gkh twn exeidikeumènwn

rujmÐsewn pou qrei�zontai ston hlektronikì upologist  gia na eÐnai dunat  h qr sh tou

odhgoÔ PCI-Express, ìpwc h allag  tou pur na tou leitourgikoÔ sust matoc Linux.
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Kef�laio 8

Sumper�smata kai Mellontik 

ErgasÐa

Sto teleutaÐo autì kef�laio anafèrontai ta sumper�smata kai mellontikèc epekt�seic

tou sust matoc mac.

8.1 Sumper�smata

Se aut  thn diplwmatik  ergasÐa melet jhke h dunatìthta eÔkolhc qrhsimopoÐhshc mè-

swn seiriak c epikoinwnÐac uyhl c taqÔthtac, PCI-Express kai Gigabit Ethernet gia

metafor� dedomènwn apì ton hlektronikì upologist  se mia anadiatassìmenh suskeu-

  thc oikogèneiac Virtex-5. Sta plaÐsia aut� ulopoi jhke èna eÔqrhsto ergaleÐo, to

Re.Do. FPGA, to opoÐo me qr sh tou montèlou exuphretht  - pel�th mporeÐ o qr -

sthc na qrhsimopoi sei ta pio p�nw mèsa seiriak c epikoinwnÐac. Tèloc, epibebai¸jhke

h swst  leitourgÐa tou Re.Do. FPGA kai sundèjhke h sqedÐash se èna megalÔtero

sÔsthma.

8.2 Mellontik  ErgasÐa

San mellontik  ergasÐa protÐnontai ta akìlouja:

• To Re.Do. FPGA na uposthrÐzei thn Ôparxh ston Server perissìterec apì mÐ-

a anadiatassìmenh suskeu  thc oikogèneiac Virtex-5. Autì ja eÐnai efiktì ìtan

tropopoihjeÐ kat�llhla o odhgìc tou PCI-Express miac kai uposthrÐzetai mìno h

leitourgÐa tou enìc PCI-Express slot. Sthn sunèqeia prèpei na tropopoihjoÔn oi

Cable Driver pou eÐnai upeÔjunoi gia thn eisagwg  sqedi�sewn sto anaptuxiakì.
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8. SUMPER�ASMATA KAI MELLONTIK�H ERGAS�IA

H allag  aut  prèpei na gÐnei miac kai prèpei oi dieujÔnseic twn USB na eÐnai sta-

jerèc gia na eÐnai gnwstì me poio USB port èqei epikoinwnÐa to k�je anaptuxiakì.

Tèloc, prèpei na gÐnei allag  sto k¸dika Python tou Client kai tou Server miac

kai qrhsimopoieÐtai mìno mÐa pìrta (ports) gia thn epikoinwnÐa touc.

• H dunatìthta qr shc diaforetikoÔ tÔpou anadiatassìmenwn suskeu¸n apì ton

qr sth tou Re.Do. FPGA. Kai se aut  thn epèktash prèpei na gÐnoun tropo-

poi seic stouc Cable Driver kai stouc Python k¸dikec tou Client kai tou Server.

• Na gÐnei tropopoÐhsh twn kwdÐkwn gia to PCI-Express kai tou Gigabit Ethernet me
skopì thn qrhsimopoÐhsh touc se perissìterec anadiatassìmenec suskeuèc Virtex-
5 kai Virtex-6.

• Na anaptuqjoÔn oi antÐstoiqoi k¸dikec me qr sh tou ergaleÐou Xilinx ISE De-
sign Suite 12.1 kai Xilinx EDK 12.1 h opoÐa eÐnai h teleutaÐa èkdosh Xilinx pou

ekdìjhke.

• Na dÐnetai h dunatìthta ston qr sth tou Re.Do. FPGA na qrhsimopoieÐ to ergaleÐo

Xilinx Chipscope Pro.
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Appendix A

Qr sh Xilinx se perib�llon

Linux

Arqik� prèpei na gÐnei egkat�stash twn ergaleÐwn thc Xilinx. Me thn egkat�stash eÐnai

dunat  h ektèlesh twn diafìrwn ergasi¸n mìno mèsa apì to ergaleÐo, den eÐnai dunat 

h ektèlesh touc me qr sh entol¸n mèsw UNIX konsìlac. Gia na eÐna efiktì prèpei na

gÐnoun oi pio k�tw enèrgeiec:

#Fake libdb-4.1.so:
sudo apt-get install libdb4.X
sudo ln -s libdb-4.X.so /usr/lib/libdb-4.1.so
ìpou ”X” h teleutaÐa èkdosh thc biblioj khc

#Fake gmake:
sudo ln -s make /usr/bin/gmake

#Fake microblaze libraries
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-addr2line /bin/mb-addr2line
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-ar /bin/mb-ar
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-as /bin/mb-as
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-c++ /bin/mb-c++
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-c++filt /bin/mb-c++filt
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-cpp /bin/mb-cpp
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-elf2flt /bin/mb-elf2flt
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-flthdr /bin/mb-flthdr
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-g++ /bin/mb-g++
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A. QR'HSH XILINX SE PERIB'ALLON LINUX

sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-gcov /bin/mb-gcov
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-gdb /bin/mb-gdb
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-gdbtui /bin/mb-gdbtui
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-gprof /bin/mb-gprof
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-insight /bin/mb-insight
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-ld /bin/mb-ld
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-ld.real /bin/mb-ld.real
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-nm /bin/mb-nm
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-objcopy /bin/mb-objcopy
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-objdump /bin/mb-objdump
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-ranlib /bin/mb-ranlib
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-readelf /bin/mb-readelf
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-size /bin/mb-size
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-strings /bin/mb-strings
sudo ln -s /opt/Xilinx/10.1/EDK/gnu/microblaze/lin/bin/mb-strip /bin/mb-strip

Oi entolèc pou prèpei na trèxoun se Linux konsìla gia 32bits leitourgikì eÐnai oi

akìloujec:

$source /opt/Xilinx/10.1/ISE/settings32.sh

$source /opt/Xilinx/10.1/Chipscope/settings32.sh

$source /opt/Xilinx/10.1/EDK/settings32.sh

$export LD PRELOAD = /path/to/cable− driver/libusb− driver.so

Me thn pr¸th entol  eÐnai dunat  h qrhsimopoÐhsh tou ergaleÐou Xilinx ISE Design
Suite 10.1 kai h opoÐa prèpei na ekteleÐtai upoqrewtik� gia thn qr sh twn ergalei¸n

Xilinx EDK 10.1 kai Xilinx Chipscope Pro 10.1. H teleutaÐa entol  qrhsimopoieÐtai gia

na gÐnei programmatismìc tou anaptuxiakoÔ me qr sh twn Cable Driver.
Sthn sunèqeia gia leitourgÐa tou grafikoÔ twn ergaleÐwn qrei�zetai na trèxoume tic

entolèc:

$ise

gia leitourgÐa tou Xilinx ISE Design Suite 10.1,

$xps

gia qr sh tou Xilinx EDK 10.1 kai

$analyzer.sh
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gia na qrhsimopoihjeÐ to Xilinx Chipscope Pro 10.1.
'Olec oi pio p�nw entolèc prèpei na qrhsimopoioÔntai sthn Ðdia Linux konsìla.

Nikìdhmoc Gewrgi�dhc
75

IoÔnioc 2010



A. QR'HSH XILINX SE PERIB'ALLON LINUX

Nikìdhmoc Gewrgi�dhc
76

IoÔnioc 2010



Appendix B

Eisagwg  Arqiteqtonik c

Qr shc PCI-Express

Arqik� prèpei na topojethjeÐ to anaptuxiakì sÔsthma sto PCI-Express 1x Lane tou

hlektronikoÔ upologist  (sq ma B.1 [15]) kai gÐnontai se autì oi rujmÐseic pou faÐnontai

sto sq ma B.2 [15].

Figure B.1:

AfoÔ topojethjeÐ h aparaÐthth �deia qr shc tou endpoint blk plus v1 9 sto mo-

nop�ti /home/username/.Xilinx/Coregen/CoreLicenses dhmiourgeÐtai project me qr sh

tou Xilinx EDK 10.1. Gia thn ulopoÐhsh qrhsimopoieÐtai h platfìrma XUPV5 thc oi-

kogèneiac ML505. Sugkekrimèna gÐnetai qr sh tou pakètou anadiatassìmenhc logik c
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Figure B.2:

xc5vlx110t kai Speed Grade -1. Kat� thn diadikasÐa dhmiourgÐac tou project mporoÔn na
epileqjoÔn kai na eisaqjoÔn ta perifereiak� pou ja qrhsimopoioÔntai apì thn sqedÐash

pou ulopoieÐtai plhn tou PCI-Express.
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B.1 DhmiourgÐa PerifereiakoÔ custom pcie

AfoÔ dhmiourghjeÐ to project prèpei na dhmiourghjeÐ to perifereiakì gia qr sh tou

PCI-Express me thn qr sh thc diadikasÐac ”Create or Import Peripheral” (Hardware⇒
Create or Import Peripheral) pou prosfèrei to ergaleÐo EDK thc Xilinx. Poio sug-

kekrimèna kat� thn diadikasÐa aut  prèpei na epileqjeÐ h epilog  ”Create templates for
a new peripheral”. EpÐshc qrhsimopoieÐtai to FSL bus gia thn epikoinwnÐa tou Microb-
laze me to perifereiakì pou dhmiourgeÐtai. 'Ena tupikì ìnoma pou mporeÐ na dojeÐ eÐnai

custom pcie kai to opoÐo ja qrhsimopoieÐtai sthn sunèqeia.

Ta b mata pou akoloujoÔntai gia thn dhmiourgÐa kainoÔrgiou perifereiakoÔ eÐnai ta

akìlouja:

• Peripheral Flow:
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• Repository or Project:

• Name and Version:
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• Bus Interface:

• FSL Bus Interface Settings:
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• (Optional) Peripheral Implementation Support:

• Driver Settings:
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• Final Step:

Sthn sunèqeia antigr�fontai ta arqeÐa me kat�lhxh .vhd kai ta opoÐa brÐskontai sto

f�kelo tou ISE project sto monop�ti /project/path/pcores/custom pcie v1 00 a/hdl/vhdl.
Gia to lìgo ìti sto project gia to PCI-Express sto Xilinx ISE Design Suite dh-

miourg jhke kai arqeÐo me kat�lhxh .v, qrei�zetai na dhmiourghjeÐ ènac f�keloc me thn

onomasÐa verilog kai o opoÐoc topojeteÐtai sto monop�ti

/project/path/pcores/custom pcie v1 00 a/hdl kai mèsa ston opoÐo ja topojethjeÐ to

arqeÐo verilog.

AfoÔ oloklhrwjoÔn ta pio p�nw qrei�zetai na gÐnoun allagèc sto top level thc sqe-
dÐashc, dhlad  sto arqeÐo custom pcie.vhd kai to opoÐo brÐsketai sto monop�ti sto opoÐo

topojet jhkan ta vhdl arqeÐa kat� to prohgoÔmeno b ma,

/project/path/pcores/custom pcie v1 00 a/hdl. Oi allagèc pou qrei�zetai na gÐnoun

eÐnai sto port map to opoÐo ja p�rei thn akìloujh morf :
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entity custom pcie is
port(

pci exp rxn : in std logic vector((1 - 1) downto 0);
pci exp rxp : in std logic vector((1 - 1) downto 0);
pci exp txn : out std logic vector((1 - 1) downto 0);
pci exp txp : out std logic vector((1 - 1) downto 0);
sys clk c : in std logic;
sys reset n : in std logic;

FSL Clk : in std logic;
.......
FSL M Full : in std logic

);
end custom pcie;

Ta tèssera pr¸ta s mata eÐnai qr sima gia thn eÐsodo kai èxodo dedomènwn apì to

PCI-Express sthn sqedÐash. To sys clk c eÐnai to rolìi to opoÐo qrhsimopoieÐtai apì to

PCI-Express kai eÐnai suqnìthtac 62.5MHz kai to opoÐo ja exhghjeÐ sthn sunèqeia pwc

dhmiourgeÐtai. Tèloc to sys reset n eÐnai to reset pou qrhsimopoieÐ o dÐauloc PCI-Express
kai den èqei sqèsh me to reset pou tuqìn qrhsimopoieÐ o qr sthc.

Gia na oloklhrwjoÔn oi allagèc sto top level prostÐjetai to component FPGA to OS
kai to opoÐo vhdl arqeÐo eÐnai to top level component thc sqedÐashc pou ulopoi jhke

sto ISE.
Tèloc, prèpei na gÐnoun oi kat�llhlec allagèc sto arqeÐo custom pcie v2 1 0.pao

to opoÐo brÐsketai sto monop�ti /project/path/pcores/custom pcie v1 00 a/data. To

arqeÐo prèpei na èqei thn akìloujh morf :
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lib custom pcie v1 00 a PIO 64 TX ENGINE vhdl
lib custom pcie v1 00 a PIO 64 RX ENGINE vhdl
lib custom pcie v1 00 a TX ENGINE ACCESS vhdl
lib custom pcie v1 00 a RX ENGINE ACCESS vhdl
lib custom pcie v1 00 a PIO EP vhdl
lib custom pcie v1 00 a PIO TO CTRL vhdl
lib custom pcie v1 00 a PIO vhdl
lib custom pcie v1 00 a pci exp 1 lane 64b ep verilog
lib custom pcie v1 00 a pci exp 64b app vhdl
lib custom pcie v1 00 a my black box vhdl
lib custom pcie v1 00 a TX engine worldTopcie vhdl
lib custom pcie v1 00 a RX engine pcieToworld vhdl
lib custom pcie v1 00 a xilinx pci exp ep vhdl
lib custom pcie v1 00 a FPGA to OS vhdl
lib custom pcie v1 00 a custom pcie vhdl

An epijumeÐte ta dedomèna ta opoÐa apostèllontai apì to PCI-Express na qrhsimo-

poioÔntai se mia arqitektonik  prèpei ta arqeÐa thc arqitektonik c na topojethjoÔn sto

f�kelo pou topojet jhkan ta upìloipa .vhd arqeÐa. Sthn sunèqeia prèpei na gÐnoun

allagèc sto arqeÐo my black box.vhd, sto opoÐo prèpei na prostejeÐ to component tou
top level thc sqedÐashc. Tèloc prèpei na gÐnoun kai allagèc sto arqeÐo .pao. Prèpei na
prostejoÔn ta arqeÐa p�nw apì thn gramm  lib custom pcie v1 00 a my black box vhdl
kat� ton Ðdio trìpo pou prostèjhkan ta upìloipa arqeÐa thc sqedÐashc.

B.2 Eisagwg  PerifereiakoÔ custom pcie

Gia na oloklhrwjeÐ h diadikasÐa dhmiourgÐac tou perifereiakoÔ prèpei xan� mèsw thc

diadikasÐac Create or Import Peripheral (Hardware ⇒ Create or Import Peripheral),
all� me qr sh thc epilog c ”Import existing peripheral” na eisaqjeÐ to perifereiakì

sthn sqedÐash.

AkoloujoÔn analutik� ta b mata pou prèpei na akoloujhjoÔn:
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• Peripheral Flow:

• Repository or Project:
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• Name and Version (1):

• Name and Version (2):

Me qr sh thc epilog c ”Yes” dhl¸netai ìti gÐnetai anafor� sto perifereiakì pou

dhmiourg jhke kat� ta b ma dhmiourgÐac perifereiakoÔ.
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• Source File Types:

• HDL Source Files:

Sthn epilog  gia ”HDL language used to implement your peripheral” epilègetai

h epilog  ”Mixed” miac kai qrhsimopoioÔntai kai vhdl kai verilog arqeÐa.
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• HDL Analysis Information:

• Bus Interfaces:
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• MFSL : Port:

• SFSL : Port:
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• Identify Interrupt Signals:

• Port Attributes:
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• Netlist Files:

Mèsw thc epilog c ”Select Files” epilègontai ta arqeÐa me kat�lhxh .ngc ta opoÐa

qrhsimopoioÔntai apì thn sqedÐash (ta arqeÐa .ngc pou qrhsimopoioÔntai apì to

PCI-Express kai apì thn arqitektonik  pou dhmiourgeÐtai).

• Final Step:
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B.3 SundesmologÐec kai Eisagwg  Perifereiak¸n

Tèloc prèpei na enswmatwjeÐ to perifereiakì pou dhmiourg jhke pio p�nw me thn upìloiph

sqedÐash. Autì mporeÐ na gÐnei apl� me Drag and Drop   me thn entol  ”Add IP”. To

perifereiakì brÐsketai sthn kartèla ”IP Catalog ⇒ Project Local pcores ⇒ USER”.
'Opwc anafèrjhke kai prohgoumènwc gia thn epikoinwnÐa metaxÔ tou microblaze kai

tou PCI-Express qrei�zontai dÔo FSL Bus (Fast Simle Link). Autì gÐnetai me ton

Ðdio trìpo ìpwc kai kat� thn eisagwg  tou perifereiakoÔ kai brÐsketai sthn kartèla

”IP Catalog ⇒ Bus and Bridge”. Sthn sunèqeia prèpei na prostejeÐ èna FSL Link
ston microblaze. Autì gÐnetai me dexÐ klik ston ”microblaze 0”, epilègetai h epilog 

”Configure IP” kai phgaÐnontac sthn kartèla Buses epilègetai h qr sh enìc FSL Link.
Tèloc gÐnontai oi sundèseic twn FSL ìpwc faÐnetai sthn p�rakatw eikìna.

'Opwc anafèrjhke pio p�nw, sthn perigraf  dhmiourgÐac tou top level, prostèjhke
mia eÐsodoc h opoÐa afor� to rolìi pou qrhsimopoieÐ to PCI-Express. Gia na dhmiour-

ghjeÐ to sugkekrimèno rolìi me suqnìthta 62.5 MHz qrei�zetai na qrhsimopoihjeÐ apì

thn sqedÐash to ètoimo perifereiakì tou EDK, ”Differential Signaling IO Buffer” to

opoÐo metonom�sthke se ”PCIe Diff Clk”. To perifereiakì brÐsketai ston kat�logo ”IP
Catalog ⇒ Utility ⇒ Differential Signaling IO Buffer”.

AfoÔ oloklhrwjoÔn ta pio p�nw, prèpei na gÐnoun oi sundèseic twn eisìdwn kai
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exìdwn twn dÔo perifereiak¸n pou prostèjhkan, ”PCIe Diff Clk” kai ”custom pcie”.
Arqik� qrei�zetai na enwjoÔn oi eisìdoi IBUF DS N kai IBUF DS P me qr sh thc e-

pilog c Make External. Me autì ton trìpo gÐnetai sundesmologÐa twn dÔo eisìdwn

me ton èxw kìsmo. Plèon phgaÐnontac sthn kartèla External Ports up�rqoun ta pins
PCIe Diff Clk IBUF DS P pin kai PCIe Diff Clk IBUF DS N pin kai ta opoÐa ja peri-

grafeÐ sthn sunèqeia pwc qrhsimopoioÔntai. Wc èxodo qrhsimopoieÐtai to IBUF Out kai
sto opoÐo epilègetai nèa sÔndesh, New Connection stic epilogèc pou dÐnontai.

Sthn sunèqeia, sto perifereiakì pou dhmiourg jhke qrei�zetai ektìc apo to reset
tou qr sth kai èna epiplèon reset to opoÐo eÐnai gia apokleistik  qr sh apì to PCI-
Express. To Ðdio isqÔei kai gia to rolìi, miac kai to PCI-Express douleÔei sta 62.5MHz
kai ìqi sta 120MHz pou douleÔei h upìloiph sqedÐash. To reset (sys reset n) sundèetai
to s ma ”net vcc” kai to rolìi (sys clk c) me thn èxodo tou perifereiakoÔ PCIe Diff Clk
(PCIe Diff Clk IBUF OUT). Gia tic upìloipec eisìdouc kai exìdouc qrhsimopoieÐtai h

epilog  Make External miac kai eÐnai eÐsodoi kai èxodoi apokleistik� gia to PCI-Express.
Oi sundèseic pou perigr�fhkan pio p�nw faÐnontai kai sta parak�tw sq mata:
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Tèloc gia na oloklhr¸soume thn diadikasÐa thc sundesmologÐac prèpei na tropo-

poi soume to UCF arqeÐo. To telikì UCF prèpei na èqei thn akìloujh morf :

####################################################################

## This system.ucf file is generated by Base System Builder based on

## the settings in the selected Xilinx Board Definition file. Please

## add other user constraints to this file based on customer design

## specifications.

####################################################################

Net sys_clk_pin TNM_NET = sys_clk_pin;

Net sys_clk_pin LOC = AH15;

Net sys_clk_pin IOSTANDARD=LVCMOS33;

## System level constraints
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Net sys_clk_pin TNM_NET = sys_clk_pin;

TIMESPEC TS_sys_clk_pin = PERIOD sys_clk_pin 10000 ps;;

## IO Devices constraints

#### Module RS232_Uart_1 constraints

Net fpga_0_RS232_Uart_1_RX_pin LOC = AG15;

Net fpga_0_RS232_Uart_1_RX_pin IOSTANDARD=LVCMOS33;

Net fpga_0_RS232_Uart_1_TX_pin LOC = AG20;

Net fpga_0_RS232_Uart_1_TX_pin IOSTANDARD=LVCMOS33;

#### Module Push_Buttons_5Bit constraints

Net sys_rst_pin LOC = AJ6;

Net sys_rst_pin IOSTANDARD=LVCMOS33;

Net sys_rst_pin PULLUP;

Net sys_rst_pin SLEW=SLOW;

Net sys_rst_pin DRIVE=2;

#### Module PCIe_Diff_Clk constraints

Net PCIe_Diff_Clk_IBUF_DS_P_pin<0> LOC=AF4;

Net PCIe_Diff_Clk_IBUF_DS_P_pin<0> IOSTANDARD = LVDS_25;

Net PCIe_Diff_Clk_IBUF_DS_N_pin<0> LOC=AF3;

Net PCIe_Diff_Clk_IBUF_DS_N_pin<0> IOSTANDARD = LVDS_25;

#### Module PCIe_Bridge constraints

Net custom_pcie_0_pci_exp_rxp_pin<0> LOC=AE1;

Net custom_pcie_0_pci_exp_rxp_pin<0> IOSTANDARD = LVDS_25;

Net custom_pcie_0_pci_exp_rxn_pin<0> LOC=AF1;

Net custom_pcie_0_pci_exp_rxn_pin<0> IOSTANDARD = LVDS_25;

Net custom_pcie_0_pci_exp_txp_pin<0> LOC=AD2;

Net custom_pcie_0_pci_exp_txp_pin<0> IOSTANDARD = LVDS_25;

Net custom_pcie_0_pci_exp_txn_pin<0> LOC=AE2;
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Net custom_pcie_0_pci_exp_txn_pin<0> IOSTANDARD = LVDS_25;

B.4 K¸dikac qr shc PCI-Express

O pio k�tw k¸dikac ulopoi jhke sta plaÐsia thc diplwmatik c ergasÐac tou Iw�nnh Kar-

tswn�kh kai o opoÐoc tropopoi jhke gia tic an�gkec thc paroÔsac diplwmatik c ergasÐac.

Ston k¸dika arqik� gÐnontai arqikopoi seic gia na eÐnai dunat  h qrhsimopoÐhsh tou o-

dhgoÔ PCI-Express. Sthn sunèqeia gÐnetai eggraf  tim¸n sthn dieÔjunsh eggraf c tou

odhgoÔ PCI-Express (stèllontai dedomèna) kai tèloc diab�zontai timèc apì thn dieÔjunsh
an�gnwshc tou odhgoÔ PCI-Express (epistrefìmenec timèc).

////////////////////////////////////////////////////////////////////
// Beta Memory Map for IO via xupV5 - Linux OS
//
// author: Kartsonakis Ioannis
// email: <kartsonis@gmail.com>

//
////////////////////////////////////////////////////////////////////

#include <sys/mman.h>

#include <sys/types.hh>

#include <errno.h>

#include <fcntl.h>

#include <assert.h>

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#define XC MMAP LENGTH 4096
#define XC DEVNAME ”/dev/Xilinx pcix”

/*
∗ This sample program is supposed to work with Xilinx pcix driver.
∗ It maps the memory which the driver can loan to the user space,
∗ and tries to analyze state of interesting portions of it – these,
∗ to which physical devices are connected.
∗/
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int
main(int argc, char **argv)
{

FILE * pFile;
pFile = fopen (”temp.txt”,”w”);

int wr addr;
int valid addr;
int rd addr;
int size tran,size recei;
int flag d;
int fd;
int e,i;
unsigned long int count=0;

int b;
unsigned long int d;
unsigned int *p;
char buf[4096];
unsigned char *l;

/*
* Check -d existance as a first parameter.
*/
flag d = e = fd = 0;
if (argc == 2)
{

e = strcmp(argv[1], ”-d”);
if (e == 0)

flag d = 1;
}

fd = open(XC DEVNAME, O RDONLY);
assert(fd != -1 && ”open() failed”);

Nikìdhmoc Gewrgi�dhc
98

IoÔnioc 2010



B.4 K¸dikac qr shc PCI-Express

if (flag d)
printf(”# opened with file descriptor %d”, fd);

p = (unsigned int *)mmap(NULL, XC MMAP LENGTH, PROT READ—PROT WRITE,
MAP PRIVATE, fd, 0);
if (p == MAP FAILED)
{

printf(”Error: %s (errno=%d)”, strerror(errno), errno);
exit(EXIT FAILURE);

}

e = 0;
b=p;

wr addr=36;
valid addr=28;
rd addr=84;

// 268435456 :1 Giga Trasmit/Receive
// 262144 :1 Mega Trasmit/Receive
// 2621440 :10 Mega Trasmit/Receive
// 67108864 :256 Mega Trasmit/Receive

size tran=67108864;
size recei=2621440;

// Transmit Data
for (d=0;d<size tran;d=d+1)
{

*(p+wr addr)=count;
count++;

}

// Receive Data
for (d=0;d<size recei;d=d+1)
{
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if ( *(p+valid addr) == 0 )
fprintf (pFile,”#%d Read Data %x”,d,*(p+rd addr));

};

fclose (pFile);

/*
* Deinitialization.
*/
e = munmap(p, XC MMAP LENGTH);
assert(e != -1 && ”munmap() failed”);
e = close(fd);
assert(e != -1 && ”close() failed”);
exit(EXIT SUCCESS);
}
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Appendix C

Eisagwg  Arqitektonik c MTP

Arqika, ìpwc kai kat� thn qrhsimopoÐhsh tou PCI-Express prèpei na gÐnoun oi aparaÐ-

thtec rumÐseic. Gia thn apenergopoÐhsh tou prwtokìllou ipv6, an�loga me thn èkdosh

Linux pou qrhsimopoieÐtai, qrhsimopoioÔntai oi pio k�tw entolèc:

• Sto arqeÐo ”/etc/modprobe.d/aliases” gÐnetai allag  thc gramm c

alias net-pf-10 ipv6

se

alias net-pf-10 off

• Sto arqeÐo ”/etc/modprobe.d/blacklist.local”prostÐjetai sto tèloc h gramm 

blacklist ipv6

Tèloc prèpei na energopoihjeÐ h leitourgÐa tou ipv4. Autì gÐnetai me thn qr sh thc

entol c

echo "1" > /proc/sys/net/ipv4/ip_forward

Oi rujmÐseic pou qrei�zontai sto anaptuxiakì sÔsthma faÐnontai sto sq ma C.1 [22].
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Figure C.1:

'Opwc kai kat� thn dhmiourgÐa arqitektonik c h opoÐa qrhsimopoieÐ to PCI-Express,
dhmiourgeÐtai project me qr sh tou Xilinx EDK 10.1. Gia thn ulopoÐhsh qrhsimopoieÐtai

h platfìrma XUPV5 thc oikogèneiac ML505. Sugkekrimèna gÐnetai qr sh tou pakètou

anadiatassìmenhc logik c xc5vlx110t kai Speed Grade -1. Kat� thn diadikasÐa dh-

miourgÐac tou project mporoÔn na epileqjoÔn kai na eisaqjoÔn ta perifereiak� pou ja

qrhsimopoioÔntai apì thn sqedÐash pou ulopoieÐtai plhn tou PCI-Express.
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C.1 DhmiourgÐa PerifereiakoÔ eth mac

To mìno pou qrei�zetai se autì to b ma eÐnai na antigr�youme ton f�kelo eth mac v1 00 a
pou dÐnetai sto monop�ti /project/path/pcores/ .

C.2 Eisagwg  PerifereiakoÔ eth mac

Me qr sh thc diadikasÐac ”Create or Import Peripheral” (Hardware⇒ Create or Import
Peripheral) gÐnetai eisagwg  tou perifereiakoÔ eth mac sthn sqedÐash. Ta b mata pou

akoloujoÔntai eÐnai ta akìlouja:

• Peripheral Flow:
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• Repository or Project:

• Name and Version (1):

Nikìdhmoc Gewrgi�dhc
104

IoÔnioc 2010



C.2 Eisagwg  PerifereiakoÔ eth mac

• Name and Version (2): 'Opou kai pat�me thn epilog  ”Yes” gia na dhl¸soume

ìti anaferìmaste sto perifereiakì pou dhmiourg same kat� ta b ma dhmiourgÐac

perifereiakoÔ.

• Source File Types:
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• HDL Source Files:

• HDL Analysis Information:
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• Bus Interfaces:

• SPLB : Port:
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• SPLB Parameter:

• Identify Interrupt Signals:
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• Parameter Attributes:

• Netlist Files:

Mèsw thc epilog c ”Select Files” epilègontai ta arqeÐa me kat�lhxh .ngc ta opoÐa

qrhsimopoioÔntai apì thn sqedÐash kai brÐskontai  dh ston f�kelo netlist.
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• Final Step:

C.3 DhmiourgÐa PerifereiakoÔ custom eth mac gia qr sh

tou perifereiakoÔ eth mac

Sthn sunèqeia p�li me qr sh thc diadiakasÐac ”Create or Import Peripheral” (Hardware
⇒ Create or Import Peripheral) ja dhmiourg soume to perifereiakì mèso tou opoÐou ja

qrhsimopoieÐtai to Gigabit Ethernet. Aut  thn for� gia epikoinwnÐa thc arqitektonik c

me ton Microblaze gÐnetai qr sh tou FSL Bus.

Ta b mata pou akoloujoÔntai eÐnai ta Ðdia me aut� pou perigr�fhkan sto par�rthma B

sthn enìthta ”DhmiourgÐa PerifereiakoÔ custom pcie”.

Sto arqeÐo custom eth mac.vhd kai to opoÐo brÐsketai sto monop�ti

/project/path/pcores/custom eth mac v1 00 a/hdl/vhdl prèpei na gÐnoun oi akìloujec
allagèc sto port map:
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entity custom eth mac is
port(

reset in : in std logic;
mtp rd en in : out std logic;
mtp data out : in std logic vector(7 downto 0);
mtp empty out : in std logic;
mtp full out : in std logic;
mtp overflow out : in std logic;
mtp prog full out : in std logic;
mtp valid out : in std logic;
mtp underflow out : in std logic;

FSL Clk : in std logic;
.......
FSL M Full : in std logic

);
end custom eth mac;

Ta vhdl arqeÐa thc arqitektonik c topojetoÔntai sto monop�ti

/project/path/pcores/custom eth mac v1 00 a/hdl/vhdl kai ta Verilog sto monop�ti

/project/path/pcores/custom eth mac v1 00 a/hdl/verilog. Tèloc prèpei na gÐnoun oi

kat�llhlec allagèc sto arqeÐo custom eth mac v2 1 0.pao to opoÐo brÐsketai sto mo-

nop�ti /project/path/pcores/custom eth mac v1 00 a/data.

C.4 Eisagwg  PerifereiakoÔ custom eth mac

Gia thn eisagwg  tou perifereiakoÔ custom eth mac akoloujoÔntai ta Ðdia b mata me

aut� pou perigr�fontai sto par�rthma B sthn enìthta ”Eisagwg  PerifereiakoÔ cus-
tom pcie”. H mình diafor� eÐnai sto b ma Source File Types sthn opoÐa epilog  den

epilègetai h qrhsimopoÐhsh Netlist Files an den qrhsimopoioÔntai apì thn arqitektonik .

C.5 SundesmologÐec kai Eisagwg  Perifereiak¸n

Tèloc prèpei na enswmatwjoÔn ta dÔo perifereiak� pou dhmiourg jhkan pio p�nw me thn

upìloiph sqedÐash. Autì mporeÐ na gÐnei apl� me Drag and Drop   me thn entol  ”Add
IP”. To perifereiak� brÐskontai sthn kartèla ”IP Catalog ⇒ Project Local pcores ⇒
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C. EISAGWG'H ARQITEKTONIK'HS MTP

USER”.
To perifereiakì eth mac sundèetai se PLB Bus en¸ to perifereiakì custom eth mac

se FSL Bus. Oi sundèseic twn FSL kai OPB Bus gÐnontai ìpwc faÐnetai sthn p�rakatw
eikìna.

Sthn sunèqeia prèpei na gÐnoun oi sundèseic twn eisìdwn kai exìdwn twn dÔo perife-

reiak¸n. Oi exìdoi tou perifereiakoÔ eth mac (mtp data out, mtp empty out, mtp full out,
mtp overflow out, mtp prog full out, mtp valid out, mtp underflow out) gÐnontai eÐso-

doi sto perifereiakì custom eth mac. H èxodoc mtp rd en in tou perifereiakoÔ cus-
tom eth mac gÐnetai eÐsodoc tou perifereiakoÔ eth mac.

Oi upìloipec eisìdoi/exìdoi twn dÔo perifereiak¸n en¸nontai me ton èxw kìsmo me

thn qr sh thc epilog c Make External.
Oi sundèseic pou perigr�fhkan pio p�nw faÐnontai kai sta parak�tw sq mata:
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C.5 SundesmologÐec kai Eisagwg  Perifereiak¸n

Tèloc gia na oloklhr¸soume thn diadikasÐa thc sundesmologÐac prèpei na tropo-

poi soume to UCF arqeÐo. To telikì UCF prèpei na èqei thn akìloujh morf :

##########################################################################

## This system.ucf file is generated by Base System Builder based on the

## settings in the selected Xilinx Board Definition file. Please add other

## user constraints to this file based on customer design specifications.

##########################################################################

Net sys_clk_pin TNM_NET = sys_clk_pin;

Net sys_clk_pin LOC = AH15;

Net sys_clk_pin IOSTANDARD=LVCMOS33;

Net sys_rst_pin LOC = E9;

Net sys_rst_pin IOSTANDARD=LVCMOS33;

Net sys_rst_pin PULLUP;

## System level constraints

Net sys_clk_pin TNM_NET = sys_clk_pin;

TIMESPEC TS_sys_clk_pin = PERIOD sys_clk_pin 10000 ps;

Net sys_rst_pin TIG;
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Net reset_in LOC = AJ6;

#### Module RS232_Uart_1 constraints

## IO Devices constraints

Net fpga_0_RS232_Uart_1_RX_pin LOC = AG15;

Net fpga_0_RS232_Uart_1_RX_pin IOSTANDARD=LVCMOS33;

Net fpga_0_RS232_Uart_1_TX_pin LOC = AG20;

Net fpga_0_RS232_Uart_1_TX_pin IOSTANDARD=LVCMOS33;

CONFIG PART = 5vlx110tff1136-1;

##################################

# BLOCK Level constraints

##################################

# EMAC0 Clocking

# 125MHz clock input from BUFG

NET "*CLK125" TNM_NET = "clk_gtp";

TIMEGRP "v5_emac_v1_5_gtp_clk" = "clk_gtp";

TIMESPEC "TS_v5_emac_v1_5_gtp_clk" = PERIOD

"v5_emac_v1_5_gtp_clk" 7700 ps HIGH 50 %;

##################################

# LocalLink Level constraints

##################################

# EMAC0 LocalLink client FIFO constraints.

INST "*client_side_FIFO_emac0?tx_fifo_i?rd_tran_frame_tog"

TNM = "tx_fifo_rd_to_wr_0";

INST "*client_side_FIFO_emac0?tx_fifo_i?rd_retran_frame_tog"

TNM = "tx_fifo_rd_to_wr_0";

INST "*client_side_FIFO_emac0?tx_fifo_i?rd_col_window_pipe_1"

TNM = "tx_fifo_rd_to_wr_0";
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C.5 SundesmologÐec kai Eisagwg  Perifereiak¸n

INST "*client_side_FIFO_emac0?tx_fifo_i?rd_addr_txfer*"

TNM = "tx_fifo_rd_to_wr_0";

INST "*client_side_FIFO_emac0?tx_fifo_i?rd_txfer_tog"

TNM = "tx_fifo_rd_to_wr_0";

INST "*client_side_FIFO_emac0?tx_fifo_i?wr_frame_in_fifo"

TNM = "tx_fifo_wr_to_rd_0";

TIMESPEC "TS_tx_fifo_rd_to_wr_0" = FROM "tx_fifo_rd_to_wr_0"

TO "v5_emac_v1_5_gtp_clk" 8000 ps DATAPATHONLY;

TIMESPEC "TS_tx_fifo_wr_to_rd_0" = FROM "tx_fifo_wr_to_rd_0"

TO "v5_emac_v1_5_gtp_clk" 8000 ps DATAPATHONLY;

# Reduce clock period to allow 3 ns for metastability settling time

INST "*client_side_FIFO_emac0?tx_fifo_i?wr_tran_frame_tog"

TNM = "tx_metastable_0";

INST "*client_side_FIFO_emac0?tx_fifo_i?wr_rd_addr*"

TNM = "tx_metastable_0";

INST "*client_side_FIFO_emac0?tx_fifo_i?wr_txfer_tog"

TNM = "tx_metastable_0";

INST "*client_side_FIFO_emac0?tx_fifo_i?frame_in_fifo"

TNM = "tx_metastable_0";

INST "*client_side_FIFO_emac0?tx_fifo_i?wr_retran_frame_tog*"

TNM = "tx_metastable_0";

INST "*client_side_FIFO_emac0?tx_fifo_i?wr_col_window_pipe_0"

TNM = "tx_metastable_0";

TIMESPEC "ts_tx_meta_protect_0" = FROM "tx_metastable_0" 5 ns DATAPATHONLY;

INST "*client_side_FIFO_emac0?tx_fifo_i?rd_addr_txfer*"

TNM = "tx_addr_rd_0";

INST "*client_side_FIFO_emac0?tx_fifo_i?wr_rd_addr*"

TNM = "tx_addr_wr_0";

TIMESPEC "TS_tx_fifo_addr_0" = FROM "tx_addr_rd_0" TO

"tx_addr_wr_0" 10ns;

## RX Client FIFO
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# Group the clock crossing signals into timing groups

INST "*client_side_FIFO_emac0?rx_fifo_i?wr_store_frame_tog"

TNM = "rx_fifo_wr_to_rd_0";

INST "*client_side_FIFO_emac0?rx_fifo_i?rd_addr_gray*"

TNM = "rx_fifo_rd_to_wr_0";

TIMESPEC "TS_rx_fifo_wr_to_rd_0" = FROM "rx_fifo_wr_to_rd_0" TO

"v5_emac_v1_5_gtp_clk" 8000 ps DATAPATHONLY;

TIMESPEC "TS_rx_fifo_rd_to_wr_0" = FROM "rx_fifo_rd_to_wr_0" TO

"v5_emac_v1_5_gtp_clk" 8000 ps DATAPATHONLY;

# Reduce clock period to allow for metastability settling time

INST "*client_side_FIFO_emac0?rx_fifo_i?wr_rd_addr_gray_sync*"

TNM = "rx_metastable_0";

INST "*client_side_FIFO_emac0?rx_fifo_i?rd_store_frame_tog"

TNM = "rx_metastable_0";

TIMESPEC "ts_rx_meta_protect_0" = FROM "rx_metastable_0" 5 ns;

##################################

# EXAMPLE DESIGN Level constraints

##################################

# Place the transceiver components. Please alter to your chosen transceiver.

INST "*GTP_DUAL_1000X_inst?GTP_1000X?tile0_rocketio_wrapper_i?gtp_dual_i"

LOC = "GTP_DUAL_X0Y4";

INST MGTCLK_N_pin LOC = P3;

INST MGTCLK_P_pin LOC = P4;

# RXN 0 pin

Net RXN_0_pin LOC = P1;

# RXP 0 pin

Net RXP_0_pin LOC = N1;

Nikìdhmoc Gewrgi�dhc
116

IoÔnioc 2010



C.5 SundesmologÐec kai Eisagwg  Perifereiak¸n

# TXN 0 pin

Net TXN_0_pin LOC = N2;

# TXP 0 pin

Net TXP_0_pin LOC = M2;

# GTP Ready pin

NET GTP_READY_pin LOC = AE24; # LED 7

# PHY Reset pin

NET PHY_RESET_n_pin LOC = J14;

Net PHY_RESET_n_pin IOSTANDARD = LVCMOS25;

Net PHY_RESET_n_pin TIG;

# PHY Autonegotiate ON

INST *?v5_emac EMAC0_PHYINITAUTONEG_ENABLE = TRUE;

Gia thn epistrof  tim¸n ston hlektronikì upologist  gÐnetai qr sh thc seiriak c jÔrac

RS-232. Gia na eÐnai autì efiktì prèpei na tropopoihjeÐ o k¸dikac tou Microblaze kai o

opoÐoc brÐsketai sto monop�ti /project/path/TestApp Peripheral/src. 'Ena par�deigma

k¸dika eÐnai to akìloujo:

#include ”xparameters.h”

#include ”stdio.h”

#include ”xutil.h”

#include ”custom eth mac.h”

int main (void)
{

int peripheralResult = 0;
xil printf(”– Entering main() –”);
while(1){

microblaze bread datafsl(peripheralResult,0);
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xil printf(”Result: %d”,peripheralResult);
}
print(”– Exiting main() –”);

}

C.6 K¸dikac qr shc Gigabit Ethernet

Arqik� prèpei na dhmiourghjoÔn ta pakèta pou ja apostaloÔn sto anaptuxiakì.

f = open(’package’,’wb’)
loop = 1048576
for k in range(loop):

for l in range(4):
count = 0
for d in range(256):

f.write(chr(count))
count = count + 1

f.close()

Sthn sunèqeia me èna deÔtero k¸dika Python ston opoÐo gÐnetai qr sh enìc UDP
socket apostèllontai ta pakèta sto anaptuxiakì.
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C.6 K¸dikac qr shc Gigabit Ethernet

# Client program

from socket import *
import os

# Set the socket parameters host = ’1.2.3.5’ # FPGA IP
port = 5000 # MTP port
buf = 512 # data size in Bytes
addr = (host,port)

numberofpackets = 0
# Create socket
UDPSock = socket(AF INET,SOCK DGRAM)

mtp Spacket =”S0000”

UDPSock.sendto(mtp Spacket,addr)

f = open(’package’,’r’)

loop = 1048576
for k in range(loop):

firstbyte = k // 16777216
numberofpackets help = k % 16777216

secondbyte = numberofpackets help // 65536
numberofpackets help = numberofpackets help % 65536

thirdbyte = numberofpackets help // 256
numberofpackets help = numberofpackets help % 256

fourthbyte = numberofpackets help

a=f.read(1024)
if k == loop - 1:

temp = ’D’+chr(firstbyte)+chr(secondbyte)+chr(thirdbyte)+chr(fourthbyte)
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+ a + chr(255)
else:

temp = ’D’+chr(firstbyte)+chr(secondbyte)+chr(thirdbyte)+chr(fourthbyte)
+ a

UDPSock.sendto(temp,addr)

f.close()
endPacketfirstByte = (loop+1) // 16777216
endnumberofpackets help = (loop+1) % 16777216

endPacketsecondbyte = endnumberofpackets help // 65536
endnumberofpackets help = endnumberofpackets help % 65536
endPacketthirdbyte = endnumberofpackets help // 256
endnumberofpackets help = endnumberofpackets help % 256

endPacketfourthbyte = endnumberofpackets help
mtp Epacket = ’E’+chr(endPacketfirstByte)+chr(endPacketsecondbyte)

+chr(endPacketthirdbyte)+chr(endPacketfourthbyte)

UDPSock.sendto(mtp Epacket,addr)

UDPSock.close()

Nikìdhmoc Gewrgi�dhc
120

IoÔnioc 2010


	Kat'alogos Sqhm'atwn
	Kat'alogos Pin'akwn
	1 Eisagwg'h 
	1.1 Pr'oblhma
	1.2 Skop'os
	1.3 Org'anwsh Diplwmatik'hs Ergas'ias

	2 Sqetik'es Teqnolog'ies
	2.1 Mont'elo Client - Server
	2.1.1 Client
	2.1.2 Server

	2.2 Prwt'okolla Epikoinwn'iac
	2.2.1 UDP
	2.2.2 TCP
	2.2.3 Diafor'ec metax'u TCP kai UDP

	2.3 SSH Server
	2.4 Python
	2.4.1 Python Qt4


	3 Sqetik'h 'Ereuna
	3.1 Sunafe'is Ergas'ies
	3.1.1 Implementing an API for Distributed Adaptive Computing Systems
	3.1.2 A Universal Low Cost Run-Time and Programming Environment for Reconfigurable Computing


	4 Arqitektonik'h Sust'hmatos
	4.1 Arqitektonik'h Client - Server
	4.1.1 Client
	4.1.2 Server
	4.1.3 Rujm'iseis Server

	4.2 Apokleistik'h - M'esw Re.Do. FPGA qr'hsh ths Anadiatass'omenhs Suskeu'hs
	4.2.1 Apokleistik'h Qr'hsh Anadiatass'omenhs Suskeu'hs
	4.2.2 Qr'hsh anadiatass'omenhs suskeu'hs m'esw tou Re.Do. FPGA


	5 Sqed'iash Sust'hmatos
	5.1 Ulopo'ihsh Hardware Project
	5.1.1 Sqed'iash Qr'hshs Prwtok'ollou MTP
	5.1.2 Sqed'iash Qr'hshs Odhgo'u PCI-Express
	5.1.3 Sqed'iash Par'alhllhs Qr'hshs Prwtok'olou MTP kai odhgo'u PCI-Express

	5.2 Sqed'iash Client-Server
	5.2.1 Leitourgik'othta Client
	5.2.2 Leitourgik'othta Server


	6 Epibeba'iwsh orj'hs leitourg'ias - Parade'igmata
	6.1 Epibeba'iwsh leitourge'iac mont'elou Client - Server
	6.2 Epibeba'iwsh leitourge'iac Sqed'iasewn 
	6.2.1 Epibeba'iwsh leitourge'iac Sqed'iashc qr'hshc prwtok'ollou MTP
	6.2.2 Epibeba'iwsh leitourge'iac Sqed'iashc qr'hshc odhgo'u PCI-Express
	6.2.3 Epibeba'iwsh leitourge'iac Sqed'iashc par'allhlhc qr'hshc GB Ethernet - PCI-Express


	7 Peiramatik'a Apotel'esmata - Euqrhst'ia Re.Do. FPGA
	7.1 Peiramatik'a Apotel'esmata
	7.1.1 Apotel'esmata Qr'hshs prwtok'ollou MTP
	7.1.2 Apotel'esmata Qr'hshs odhgo'u PCI-Express
	7.1.3 Apotel'esmata Par'allhlhs Qr'hshs Gigabit Ethernet kai PCI-Express

	7.2 Euqrhst'ia Re.Do. FPGA

	8 Sumper'asmata kai Mellontik'h Ergas'ia
	8.1 Sumper'asmata
	8.2 Mellontik'h Ergas'ia

	Bibliograf'ia
	A Qr'hsh Xilinx se perib'allon Linux
	B Eisagwg'h Arqiteqtonik'hs Qr'hshs PCI-Express
	B.1 Dhmiourg'ia Perifereiako'u custom_pcie
	B.2 Eisagwg'h Perifereiako'u custom_pcie
	B.3 Sundesmolog'ies kai Eisagwg'h Perifereiak'wn
	B.4 K'wdikas qr'hshs PCI-Express

	C Eisagwg'h Arqitektonik'hs MTP
	C.1 Dhmiourg'ia Perifereiako'u eth_mac
	C.2 Eisagwg'h Perifereiako'u eth_mac
	C.3 Dhmiourg'ia Perifereiako'u custom_eth_mac gia qr'hsh tou perifereiako'u eth_mac
	C.4 Eisagwg'h Perifereiako'u custom_eth_mac
	C.5 Sundesmolog'ies kai Eisagwg'h Perifereiak'wn
	C.6 K'wdikas qr'hshs Gigabit Ethernet


