PANEPISTHMIO KRHTHS SQOLH JETIKWN EPISTHMWN TMHMA EPISTHMHS UPOLOGISTWN

ArqitektonikŠ kai UlopoŢhsh GŚfurac ProsarmogŠc gia DŢktua ATM

AjanŘsioc OikonŞmou

MetaptuqiakŠ ErgasŢa

HrŘkleio KrŠthc, IoŰnioc 2000

ArqitektonikŠ kai UlopoŢhsh GŚfurac ProsarmogŠc gia DŢktua ATM

MetaptuqiakŠ ErgasŢa pou upoblŠjhke sthn epitropŠ metaptuqiakŤn spoudŤn tou TmŠmatoc EpistŠmhc UpologistŤn thc SqolŠc JetikŤn EpisthmŤn

tou PanepisthmŢou KrŠthc wc merikŠ ekplŠrwsh twn apaitŠsewn gia thn apŞkthsh tou DIPLWMATOS METAPTUQIAKHS EIDIKEUSHS

SuggrafŚac:

AjanŘsioc OikonŞmou, TmŠma EpistŠmhc UpologistŤn

EishghtikŠ EpitropŠ:

DhmŠtrioc SerpŘnoc, EpŞpthc (AnaplhrwtŠc KajhghtŠc)

ManŞlhc KatebaŢnhc, MŚloc (KajhghtŠc)

ApŞstoloc TraganŢthc, MŚloc (AnaplhrwtŠc KajhghtŠc)

DektŠ:

PŘnoc KwnstantŞpouloc, PrŞedroc EpitropŠc MetaptuqiakŤn SpoudŤn (KajhghtŠc)

HrŘkleio KrŠthc, IoŰnioc 2000

ArqitektonikŠ kai UlopoŢhsh GŚfurac ProsarmogŠc gia DŢktua ATM

AjanŘsioc OikonŞmou MetaptuqiakŠ ErgasŢa

TmŠma EpistŠmhc UpologistŤn PanepistŠmio KrŠthc

PERILHYH

H teqnologŢa ATM eŢnai shmantikŠ gia th metaforŘ kŢnhshc pragmatikoŰ kai mh pragmatikoŰ qrŞnou se uyhlŚc taqŰthtec. ParŘ to gegonŞc Şti ta dŢktua ATM pou eŢnai sumbatŘ me ta prŞtupa uposthrŢzoun Ślegqo roŠc me bŘsh to rujmŞ metŘdoshc (rate-based flow control), ta dŢktua ATM me Ślegqo roŠc basismŚno se eisitŠria (credit-based flow control) prosfŚroun mia elkustikŠ enallaktikŠ lŰsh gia diasundŚseic uyhlŠc taqŰthtac, eidikŘ gia metaforŘ dedomŚnwn. O ATLAS-I eŢnai Śnac metagwgŚac ATM enŞc chip, pou uposthrŢzei Ślegqo roŠc basismŚno se eisitŠria kai qrhsimopoieŢ sundŚsmouc HIC/HS sto fusikŞ epŢpedo. ApoteleŢ sustatikŞ stoiqeŢo megalŰterwn metagwgŚwn kai diasundetikŤn diktŰwn uyhlŤn taqutŠtwn. TŚtoia dŢktua qreiŘzetai na sundejoŰn me dŢktua ATM pou eŢnai sumbatŘ me ta prŞtupa, Ťste na eŢnai epektŘsima se eurŰterh perioqŠ. Gia to skopŞ autŞ qreiŘzontai eidikŚc gŚfurec prosarmogŠc oi opoŢec parŚqoun th diepafŠ metaxŰ twn dŰo autŤn tŰpwn diktŰwn.

Sthn paroŰsa ergasŢa, parousiŘzoume mia prwtŞtuph gŚfura prosarmogŠc pou sundŚei to metagwgŚa ATLAS-I se dŢktua ATM sumbatŘ me ta prŞtupa, ta opoŢa qrhsimopoioŰn sundŚsmouc SONET sto fusikŞ epŢpedo. EpŢshc, perigrŘfoume th sqedŢash thc se hardware, basismŚnoi sthn teqnologŢa FPGA. To sŰsthmŘ mac ulopoieŢ apodotikŠ diaqeŢrish pollaplŤn ourŤn, diaqeŢrish kai termatismŞ tou algorŢjmou eisithrŢwn, metŘfrash VP/VC kai exuphrŚthsh kŢnhshc wc 622Mbps anŘ sŰndesmo.

ii

Architecture and Implementation of an Adaptation Bridge for ATM Networks

Athanasios Oikonomou

MSc Thesis

Department of Computer Science University of Crete

ABSTRACT

ATM networking constitutes an important technology for high-speed transfer of real-time and non-real-time traffic. Although standard ATM networks support rate-based flow control, ATM networks with credit-based flow control provide an attractive solution for high-speed interconnections, especially for data. ATLAS-I is a single-chip ATM switch with support for creditbased flow control that uses HIC/HS as the physical layer. It is the building block for high-speed switches and interconnection networks. Such networks need to be connected to standard networks, in order to provide scalability over the wide area. We need to use special adaptation bridges to provide the interface for this connectivity.

In this thesis, we present a prototype adaptation bridge that connects the ATLAS-I switch to ATM networks that are standards-compliant, specifically over SONET physical layer. We also describe its hardware implementation, based on FPGA technology. Our system implements efficient multi-queue management, credit management and termination, VP/VC translation and supports data rates up to 622Mbps per link.

iv

EUQARISTIES

Ja Šjela na euqaristŠsw Şlouc Şsouc sunŚbalan sthn pragmatopoŢhsh thc ergasŢac autŠc. PrŤton apŞ Şlouc ton kajhghtŠ mou, k. DhmŠtrio SerpŘno, gia thn sunolikŠ tou kajodŠghsh sthn ergasŢa autŠ allŘ se kŘje Řllh akadhma˘kŠ mou drasthriŞthta. O MiqŘlhc LugerŘkhc (teqnolŞgoc hlektrolŞgoc mhqanikŞc tou CARV-IP-ITE^1) me boŠjhse shmantikŘ sth sqedŢash tou PCB, sqediŘzontac to layout me to Allegro. H XŚnia Mountrou¯dou (proptuqiakŠ upŞtrofoc tou CARV) etoŢmase ta test vectors gia tic prosomoiŤseic kai ton Ślegqo thc logikŠc ulopoŢhshc. O GiŤrgoc KalokairinŞc (suntonistŠc yhfiakŠc sqedŢashc susthmŘtwn tou CARV) kai o GiŤrgoc KornŘroc (mhqanikŞc sqedŢashc VLSI tou CARV) Štan pŘnta prŞjumoi na bohjŠsoun se opoiodŠpote prŞblhma, mikrŞ Š megŘlo, pou anŚkupte. Ja Šjela epŢshc na euqaristŠsw to MŘno TzwrtzŘkh (upeŰjuno Śrgou apŞ thn etairŢa INTRAKOM) gia thn epoikodomhtikŠ sunergasŢa pou eŢqame kai Şpoion Řllo aisjŘnetai Şti me ton trŞpo tou boŠjhse sth diexagwgŠ autŠc thc ergasŢac.

Ja Šjela idiaŢtera na euqaristŠsw ta mŚlh thc eishghtikŠc epitropŠc k. ManŞlh KatebaŢnh (kajhghtŠc PanepisthmŢou KrŠthc) kai k. ApŞstolo TraganŢth (anaplhrwtŠc kajhghtŠc PanepisthmŢou KrŠthc) gia to endiafŚron pou Śdeixan.

TŚloc, ja epijumoŰsa na euqaristŠsw to PanepistŠmio KrŠthc kai to InstitoŰto PlhroforikŠc tou IdrŰmatoc TeqnologŢac kai’Ereunac gia thn oikonomikŠ kai ulikoteqnikŠ touc upostŠrixh.

1Computer Architecture and VLSI Systems Division - InstitoŰto PlhroforikŠc -’Idruma TeqnologŢac kai ’Ereunac

vi

PERIEQOMENA

1 EISAGWGH 1

2 TO PERIBALLON TOU SUSTHMATOS 3

3 LEITOURGIKH PERIGRAFH TOU SUSTHMATOS 7 3.1 BASIKES APAITHSEIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 3.1.1 Flow Groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 3.1.2 Credit-Based Flow Control . . . . . . . . . . . . . . . . . . . . . . . . . . 8 3.1.3 ProgrammatismŞc AnaqwrŠsewn . . . . . . . . . . . . . . . . . . . . . . . 11 3.1.4 Cell Tagging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 3.1.5 MetŘfrash VP/VC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 3.2 DOMES DEDOMENWN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 3.2.1 EntamieutŠc KeliŤn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 3.2.2 PŢnakac MetŘfrashc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 3.2.3 OurŚc UyhloŰ EpipŚdou . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 3.2.4 PŢnakac ProteraiotŠtwn kai DomŚc gia ta Credits . . . . . . . . . . . . . 16 3.3 LEITOURGIKOTHTA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 3.3.1 Cell Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 3.3.2 A’ fixh KelioŰ apŞ ton ATLAS-I, AnaqŤrhsh kelioŰ proc to SONET kai AnaqŤrhsh Credit proc ton ATLAS-I . . . . . . . . . . . . . . . . . . . . 18 3.3.3 A’ fixh KelioŰ apŞ to SŰndesmo SONET . . . . . . . . . . . . . . . . . . . 19 3.3.4 AnaqŤrhsh KelioŰ proc ton ATLAS-I . . . . . . . . . . . . . . . . . . . . 21 3.3.5 A’ fixh Credit apŞ ton ATLAS-I . . . . . . . . . . . . . . . . . . . . . . . . 21 3.4 MONTELO PROSOMOIWSHS SE SOFTWARE . . . . . . . . . . . . . . . . . 23

4 ARQITEKTONIKH TOU SUSTHMATOS 27

4.1 PERIGRAFH KAI LEITOURGIA TWN MODULES . . . . . . . . . . . . . . . . 27 4.1.1 O Outgoing Controller kai o Credit Transmitter . . . . . . . . . . . . . . 27 4.1.2 O Cell Buffer Controller . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 4.1.3 O Queue Manager . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 4.1.4 O Credit Receiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 4.1.5 O Incoming Controller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 4.1.6 O VME Controller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

5 LOGIKH SQEDIASH KAI ULOPOIHSH 31 5.1 O OUTGOING CONTROLLER KAI O CREDIT TRANSMITTER . . . . . . . 31 5.2 O CELL BUFFER CONTOLLER . . . . . . . . . . . . . . . . . . . . . . . . . . 33 5.3 O QUEUE MANAGER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 5.3.1 TŰpoi OurŤn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 5.3.2 PrwtogeneŢc LeitourgŢec . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 5.3.3 SŰgkrish twn dŰo tŰpwn ourŤn . . . . . . . . . . . . . . . . . . . . . . . . 49 5.3.4 ParŘllhlh EktŚlesh twn PrwtogenŤn LeitourgiŤn . . . . . . . . . . . . . 51 5.3.5 TelikŠ UlopoŢhsh tou Queue Manager . . . . . . . . . . . . . . . . . . . . 57 5.4 O INCOMING CONTROLLER KAI O CREDIT RECEIVER . . . . . . . . . . 68 5.5 O VME CONTROLLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 5.6 ERGALEIA ULOPOIHSHS KAI ELEGQOS . . . . . . . . . . . . . . . . . . . . 72

6 H KARTA TUPWMENOU KUKLWMATOS 75

7 SUMPERASMATA KAI MELLONTIKH DOULEIA 79

A PROTUPOPOIHMENES DIEPAFES 83 A.1 DIEPAFES UTOPIA-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 A.2 VME BUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 A.3 DIEPAFES MNHMWN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 A.3.1 DiepafŠ SDRAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 A.3.2 DiepafŠ SRAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

B FPGA PINOUT 91

C MORFES KELIWN ATM KAI CREDITS 97

D KATALOGOS AKRONUMWN KAI SUNTOMOGRAFIWN 99 x PERIEQOMENA

KATALOGOS SQHMATWN

1.1 EpiskŞphsh tou chip ATLAS-I . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2.1 To peribŘllon thc gŚfurac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2.2 Ta dŰo dunatŘ monopŘtia twn keliŤn mŚsw thc gŚfurac . . . . . . . . . . . . . . 4 2.3 Ta credits eŢnai energŘ mŞno sthn pleurŘ tou HIC/HS . . . . . . . . . . . . . . . 4 2.4 H gŚfura se Śna megŘlo metagwgŚa ATM . . . . . . . . . . . . . . . . . . . . . . 5

3.1 ExagwgŠ tou FGID enŞc kelioŰ apŞ ta pedŢa VPI/VCI thc epikefalŢdac tou . . . 8 3.2 KlŘseic proteraiŞthtac pou orŢzontai sthn pleurŘ tou ATLAS-I . . . . . . . . . 9 3.3 O aplŞc algŞrijmoc credits gia thn pleurŘ tou ATLAS-I . . . . . . . . . . . . . . 10 3.4 O exeligmŚnoc algŞrijmoc credits gia thn pleurŘ tou ATLAS-I . . . . . . . . . . 11 3.5 (a) EntamieutŠc KeliŤn ATM (b) PŢnakac MetŘfrashc . . . . . . . . . . . . . . 14 3.6 Ta dŰo sŰnola logikŤn ourŤn pou diathroŰntai gia thn eiserqŞmenh kateŰjunsh 15 3.7 (a) DomŚc gia ta credits (b) PŢnakac ProteraiotŠtwn . . . . . . . . . . . . . . . 17 3.8 UpologismŞc - orismŞc tou Cell Time . . . . . . . . . . . . . . . . . . . . . . . . 17 3.9 DiŘgramma roŠc gia thn exerqŞmenh kateŰjunsh . . . . . . . . . . . . . . . . . . . 19 3.10 DiŘgramma roŠc gia thn Řfixh kelioŰ apŞ to sŰndesmo SONET . . . . . . . . . . 20 3.11 DiŘgramma roŠc gia thn anaqŤrhsh enŞc kelioŰ proc ton ATLAS-I . . . . . . . . 22 3.12 DiŘgramma roŠc gia thn Řfixh enŞc credit apŞ ton ATLAS-I . . . . . . . . . . . . 23 3.13 To prŤto montŚlo CSIM thc gŚfurac . . . . . . . . . . . . . . . . . . . . . . . . . 24

4.1 DiŘgramma block thc gŚfurac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

5.1 Datapath twn modules gia thn exerqŞmenh kateŰjunsh . . . . . . . . . . . . . . . 33 5.2 To datapath tou Cell Buffer Controller . . . . . . . . . . . . . . . . . . . . . . . . 34 5.3 ’Egkurec fŘseic shmŘtwn gia to Cell Buffer Controller se Śna Cell Time . . . . . 38 5.4 O prŤtoc tŰpoc ourŤn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 xii KATALOGOS SQHMATWN

5.5 O deŰteroc tŰpoc ourŤn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 5.6 OrgŘnwsh twn mnhmŤn qrhsimopoiŤntac SRAM chips . . . . . . . . . . . . . . . 43 5.7 MŚgistoc arijmŞc prosbŘsewn stic SRAMs anŘ Cell Time stouc dŰo tŰpouc ourŤn 50 5.8 KumatomorfŚc gia anŘgnwsh apŞ thn SRAM . . . . . . . . . . . . . . . . . . . . 52 5.9 KumatomorfŚc gia eggrafŠ sthn SRAM . . . . . . . . . . . . . . . . . . . . . . . 52 5.10 A’ fixh kelioŰ apŞ to SONET (beltiwmŚnh Śkdosh) . . . . . . . . . . . . . . . . . . 53 5.11 AnaqŤrhsh kelioŰ proc ton ATLAS-I (beltiwmŚnh Śkdosh) . . . . . . . . . . . . . 55 5.12 A’ fixh credit apŞ ton ATLAS-I (beltiwmŚnh Śkdosh) . . . . . . . . . . . . . . . . . 57 5.13 To datapath tou Queue Manager . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 5.14 H entolŠ ScqMiEnq . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 5.15 H entolŠ ScqLoEnq . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 5.16 H entolŠ FgqEnq FlDeq . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 5.17 H entolŠ FgqEnq ScqMiEnq FlDeq . . . . . . . . . . . . . . . . . . . . . . . . . 64 5.18 H entolŠ FgqEnq ScqLoEnq FlDeq . . . . . . . . . . . . . . . . . . . . . . . . . 65 5.19 H entolŠ ScqMiDeq FgqDeq FlEnq . . . . . . . . . . . . . . . . . . . . . . . . . 66 5.20 H entolŠ ScqLoDeq FgqDeq FlEnq . . . . . . . . . . . . . . . . . . . . . . . . . 67 5.21 OrgŘnwsh tou Translation Table . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 5.22 To datapath tou Incoming Controller . . . . . . . . . . . . . . . . . . . . . . . . . 69 5.23 Oi fŘseic leitourgŢac tou Incoming Controller Śna Cell Time . . . . . . . . . . . 70 5.24 O VME Controller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

6.1 StoŢba epipŚdwn thc kŘrtac tupwmŚnou kuklŤmatoc . . . . . . . . . . . . . . . . . 76 6.2 KŘtoyh tou tupwmŚnou kuklŤmatoc . . . . . . . . . . . . . . . . . . . . . . . . . . 78

B.1 H kŘtw pleurŘ thc FPGA Altera EPF10K200EBC600-1 . . . . . . . . . . . . . . 92

C.1 (a) MorfŠ epikefalŢdac tŰpou UNI (b) MorfŠ epikefalŢdac tŰpou NNI . . . . . 97 C.2 H morfŠ twn credits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

KATALOGOS PINAKWN

3.1 SunduasmoŢ afŢxewn keliŤn kai credits stic prosomoiŤseic me to CSIM . . . . . 26

5.1 PerigrafŠ twn shmŘtwn thc diepafŠc VMEctrl-OC . . . . . . . . . . . . . . . . . 32 5.2 PerigrafŠ twn shmŘtwn thc diepafŠc OC-CT . . . . . . . . . . . . . . . . . . . . 32 5.3 PerigrafŠ twn shmŘtwn tou SDRAM Controller pou brŢskontai proc thn pleurŘ thc efarmogŠc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 5.4 PerigrafŠ twn shmŘtwn thc diepafŠc metaxŰ tou Cell Buffer Controller kai tou Incoming Controller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 5.5 MŚgisto plŠjoc prosbŘsewn anŘ SRAM Ştan qrhsimopoieŢtai o prŤtoc tŰpoc ourŤn 47 5.6 MŚgisto plŠjoc prosbŘsewn anŘ SRAM Ştan qrhsimopoieŢtai o deŰteroc tŰpoc ourŤn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 5.7 PerigrafŠ twn shmŘtwn thc diepafŠc metaxŰ Incoming Controller kai Queue Manager . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 5.8 ShmasiologŢa twn shmŘtwn data kai empty se kŘje sŰnjeth entolŠ . . . . . . . . 59 5.9 PerigrafŠ twn shmŘtwn enŞc SRAM Controller . . . . . . . . . . . . . . . . . . . 60 5.10 QrŞnoi ektŚleshc sŰnjetwn entolŤn kai epistrofŠc apotelesmŘtwn . . . . . . . . 61 5.11 PlŠjoc grammŤn kŤdika Verilog anŘ module . . . . . . . . . . . . . . . . . . . . . 72

A.1 PerigrafŠ thc diepafŠc Cell Transmit (Tx) UTOPIA-2 . . . . . . . . . . . . . . 84 A.2 PerigrafŠ thc diepafŠc Cell Receive (Rx) UTOPIA-2 . . . . . . . . . . . . . . . 85 A.3 PerigrafŠ thc diepafŠc Credit Transmit (Tx) UTOPIA-2 . . . . . . . . . . . . . 86 A.4 PerigrafŠ thc diepafŠc Credit Receive (Rx) UTOPIA-2 . . . . . . . . . . . . . . 86 A.5 PerigrafŠ twn shmŘtwn tou VME bus pou qrhsimopoioŰntai sto sŰsthmŘ mac . . 87 A.6 PerigrafŠ shmŘtwn enŞc SDRAM DIMM twn 168 pins . . . . . . . . . . . . . . . 89 A.7 PerigrafŠ shmŘtwn enŞc SRAM chip 1M × 16 bits . . . . . . . . . . . . . . . . . 90

KEFALAIO 1

EISAGWGH

H teqnologŢa ATM jewreŢtai shmantikŠ teqnologŢa gia th metaforŘ kŢnhshc pragmatikoŰ kai mh pragmatikoŰ qrŞnou se uyhlŚc taqŰthtec tŞso sta topikŘ Şso kai sta eureŢac perioqŠc dŢktua [1][2]. PisteŰoume Şti h teqnologŢa ATM, epauxhmŚnh me Ślegqo roŠc basismŚno se eisitŠria (credit-based flow control), parŚqei epŢshc mia elkustikŠ lŰsh gia diasundŚseic uyhlŠc taqŰthtac, eidikŘ gia metaforŘ dedomŚnwn. O ATLAS-I eŢnai Śnac 16 × 16 metagwgŚac ATM enŞc chip, me seiriakoŰc desmoŰc apŞ shmeŢo se shmeŢo, twn 622Mbps o kajŚnac [3][4][5][6]. ApoteleŢ Śna genikoŰ skopoŰ sustatikŞ stoiqeŢo gia dŢktua me uyhlŠ diaperatŞthta (throughput) kai qamhlŠ kajustŚrhsh (latency), me credit-based flow control [7][8][9] kai Řlla prohgmŚna arqitektonikŘ qarakthristikŘ, Şpwc faŢnetai kai sto SqŠma 1.1. DŢktua apŞ ATLAS-I qreiŘzetai na sundejoŰn me dŢktua sumbatŘ me ta prŞtupa, Śtsi Ťste na eŢnai epektŘsima se eurŰterh perioqŠ. Gia to skopŞ autŞ qreiŘzontai eidikŘ sustŠmata ta opoŢa ja parŚqoun thn prosarmogŠ thc sŰndeshc autŠc.

SqŠma 1.1: EpiskŞphsh tou chip ATLAS-I

To MuQProI [9][10] Štan h prŤth prospŘjeia sqedŢashc enŞc tŚtoiou sustŠmatoc. To MuQProI eŢnai Śna prwtŞtupo basismŚno sthn teqnologŢa FPGA. ApoteleŢ Śnan 4 × 1 metagwgŚa ATM o opoŢoc diaqeirŢzetai qiliŘdec ourŚc keliŤn (cells) se hardware kai exuphreteŢ kŢnhsh sta 155Mbps

2 KEFALAIO 1. EISAGWGH

anŘ sŰndesmo, pŘnw apŞ HIC/HS. QreiazŞmaste Śna sŰsthma Şmwc to opoŢo na eŢnai ikanŞ na uposthrŢzei 622Mbps anŘ sŰndesmo, Śtsi Ťste na ekmetalleutoŰme Şlh th diaperatŞthta twn sundŚsmwn tou ATLAS-I kai epŢshc na eŢnai efiktŠ h diasŰndesh tou ATLAS-I me dŢktua pou qrhsimopoioŰn SONET.

Gia to skopŞ autŞ proteŢnoume Śna sŰsthma ATM pou leitourgeŢ wc gŚfura prosarmogŠc anŘmesa se dŰo dŢktua ATM, Śna apoteloŰmeno apŞ metagwgeŢc ATLAS-I, sta 622Mbps anŘ sŰndesmo, me credit-based flow control pŘnw apŞ HIC/HS, kai Śna dŢktuo sumbatŞ me to ATM Forum, sthn Ţdia taqŰthta anŘ sŰndesmo pŘnw apŞ SONET, allŘ qwrŢc credit-based flow control. Gia na uposthrŢxoume to zhtoŰmeno rujmŞ metŘdoshc qreiazŞmaste sŰgqronh dunamikŠ mnŠmh (Synchronous Dynamic RAM, SDRAM) gia thn apojŠkeush twn keliŤn, giatŢ oi SDRAMs prosfŚroun kai megŘlh apojhkeutikŠ qwrhtikŞthta allŘ kai megŘlh diaperatŞthta [11]. EpŢshc, epeidŠ eŢnai gnwstŞ Şti h diaqeŢrish mnŠmhc genikŘ apoteleŢ shmantikŞ bottleneck sta sustŠmata epikoinwniŤn [12][13], prŚpei autŠ na eŢnai apodotikŠ sto sŰsthmŘ mac. Gia to lŞgo autŞ Śqei gŢnei entatikŠ melŚth se jŚmata diaqeŢrishc ourŤn. Sta [14] kai [15], parousiŘzetai o diaqeiristŠc ourŤn tou MuQProI. AutŞc eŢnai ikanŞc na ekteleŢ prwtogeneŢc leitourgŢec diaqeŢrishc ourŤn, mŢa kŘje forŘ, sta 30MHz.’Opwc, Şmwc, ja diapistŤsoume sth sunŚqeia, qreiazŞmaste mia ulopoŢhsh pou na eŢnai ikanŠ na leitourgeŢ sta 50MHz kai na ekteleŢ, parŘllhla, perissŞterec apŞ mŢa prwtogeneŢc leitourgŢec, Śtsi Ťste na uposthrŢzetai h apaitoŰmenh diaperatŞthta. To Şlo sŰsthma ja eŢnai mia epektŘsimh arqitektonikŠ ikanŠ na prosfŚrei prosarmogŠ kai gia epŞmenec ulopoiŠseic tou ATLAS-I pou ja Śqoun megalŰterec apaitŠseic se diaperatŞthta.

To upŞloipo autoŰ to keimŚnou eŢnai organwmŚno wc exŠc. To KefŘlaio 2 parousiŘzei th gŚfura upŞ to prŢsma tou peribŘllontoc sto opoŢo qrhsimopoieŢtai. Sto KefŘlaio 3 dŢnoume mia leitourgikŠ perigrafŠ uyhloŰ epipŚdou tou sustŠmatoc. AnalŰoume Şlec tic leitourgŢec pou sumbaŢnoun sto sŰsthma qwrŢc Şmwc na suzhtŠsoume pwc autŚc ulopoioŰntai sto hardware. H arqitektonikŠ thc gŚfurac parousiŘzetai sto KefŘlaio 4, Şpou faŢnontai Şla ta modules se hardware kai oi metaxŰ touc diasundŚseic. To KefŘlaio 5 eŢnai to megalŰtero se Śktash kai analŰei se leptomŚreia thn ulopoŢhsh kŘje module. LeptomŚreiec sqetikŚc me thn kŘrta tupwmŚnou kuklŤmatoc pŘnw sthn opoŢa Śqei ulopoihjeŢ to sŰsthmŘ mac dŢnontai sto KefŘlaio 6. Sto KefŘlaio 7 dŢnoume kŘpoia sumperasmatikŘ sqŞlia. Ta ParartŠmata prosfŚroun perissŞterec leptomŚreiec sqetikŘ me tic diepafŚc pou akoloujoŰn ta prŞtupa, thn katanomŠ twn pins thc FPGA kai th morfŠ twn keliŤn ATM kai twn credits. Sto teleutaŢo ParŘrthma parŚqetai mia lŢsta me ta akrŤnuma kai tic suntomografŢec pou upŘrqoun se autŞ to keŢmeno.

KEFALAIO 2

TO PERIBALLON TOU SUSTHMATOS

SkopŞc tou kefalaŢou autoŰ eŢnai na perigrŘyoume th gŚfura basismŚnoi sto peribŘllon sto opoŢo ja qrhsimopoihjeŢ. Sto SqŠma 2.1, h gŚfura apoteleŢtai apŞ Ş,ti perikleŢetai sto diakekommŚno orjogŤnio. KŘje skiasmŚno tetrŘgwno thc gŚfurac paristŘnei mŢa xeqwristŠ kŘrta tupwmŚnou kuklŤmatoc. H gŚfura Śqei treic diaforetikŚc pŞrtec diasŰndeshc me ton exwterikŞ kŞsmo: dŰo gia metaforŘ dedomŚnwn metaxŰ twn diktŰwn kai mŢa gia arqikopoŢhsh, Ślegqo kai diaqeŢrish.

SqŠma 2.1: To peribŘllon thc gŚfurac

• PŞrtec metaforŘc dedomŚnwn metaxŰ twn diktŰwn:

– ’Enac plŠrwc amfŢdromoc, sta 622Mbps, sŰndesmoc HIC/HS, o opoŢoc sundŚei th gŚfura me Śna chip ATLAS-I, Şpwc faŢnetai sta dexiŘ tou sqŠmatoc^1.

1H kateŰjunsh ”dexiŘ” eŢnai sqetikŠ wc proc to diakekommŚno orjogŤnio tou sqŠmatoc. Den shmaŢnei kŘti Şso aforŘ th fusikŠ jŚsh sthn kŘrta. To Ţdio isqŰei kai gia Şlec tic diepafŚc pou faŢnontai sto sugkekrimŚno sqŠma. LeptomŚreiec gia thn akribŠ jŚsh twn diepafŤn tou tupwmŚnou kuklŤmatoc me Şnoma FASMMA Board upŘrqoun sto KefŘlaio 6.

4 KEFALAIO 2. TO PERIBALLON TOU SUSTHMATOS

– ’Enac plŠrwc amfŢdromoc, sta 622Mbps, sŰndesmoc SONET, o opoŢoc sundŚei th gŚfura me Śna sŰsthma sumbatŞ me to ATM Forum, Şpwc faŢnetai sta aristerŘ tou sqŠmatoc.

• PŞrta arqikopoŢhshc, elŚgqou kai diaqeŢrishc:

– ’Ena VME bus gia sŰndesh se opoiodŠpote epexergastŠ qrhsimopoieŢ to bus autŞ.

’Opwc faŢnetai sto SqŠma 2.1, h gŚfura apoteleŢtai apŞ trŢa kŰria blocks, to kŘje Śna apŞ ta opoŢa brŢsketai se diaforetikŠ kŘrta:

• SONET PHY. To block autŞ eŢnai upeŰjuno gia th metatropŠ twn shmŘtwn tou sundŚsmou SONET se dŰo diepafŚc UTOPIA Level 2 (UTOPIA-2) [16] gia metaforŘ keliŤn.

• iCOM’s HIC PHY. To block autŞ sqediŘsthke apŞ thn etairŢa INTRAKOM kai metatrŚpei ta sŠmata tou sundŚsmou HIC/HS se tŚsseric diepafŚc UTOPIA-2, dŰo gia metaforŘ keliŤn kai dŰo gia metaforŘ credits.

• FASMMA Board. H logikŠ tou block autoŰ sqediŘsthke apŞ to suggrafŚa kai ulopoieŢ Şlh th logikŠ leitourgikŞthta thc gŚfurac prosarmogŠc, sumperilambanomŚnwn kai twn Řfixh/anaqŤrhsh keliŤn, diaqeŢrish mnŠmhc/ourŤn, termatismŞc tou algorŢjmou gia credits kai programmatismŞc anaqwrŠsewn. To Şnoma tou proŚrqetai apŞ th frŘsh FASt Memory MAnager.

SqŠma 2.2: Ta dŰo dunatŘ monopŘtia twn keliŤn mŚsw thc gŚfurac

SqŠma 2.3: Ta credits eŢnai energŘ mŞno sthn pleurŘ tou HIC/HS

Sto SqŠma 2.2 faŢnontai, me diakekommŚna bŚlh, ta dŰo dunatŘ monopŘtia pou mporoŰn na akoloujŠsoun ta keliŘ ATM mŚsa apŞ th gŚfura. KeliŘ ta opoŢa fjŘnoun sth gŚfura apŞ to sŰndesmo SONET prŚpei na fŰgoun apŞ to sŰndesmo HIC/HS kai antŢstrofa. Den afiknoŰntai/anaqwroŰn keliŘ proc/apŞ ton epexergastŠ, pou shmaŢnei Şti den epiteleŢtai exŚtash keliŤn OAM. KaloŰme eiserqŞmenh (incoming) thn kateŰjunsh twn keliŤn apŞ to sŰndesmo SONET proc autŞn tou HIC/HS kai exerqŞmenh (outgoing) thn antŢstrofh. Ta onŞmata Śqoun thn proŚleush touc apŞ thn optikŠ gwnŢa tou chip ATLAS-I.

Ta credits paŢzoun rŞlo mŞno sthn pleurŘ tou HIC/HS. Credits afiknoŰntai apŞ to sŰndesmo HIC/HS, qrhsimopoioŰntai apŞ th gŚfura allŘ den prowjoŰntai sto sŰndesmo SONET.

EpŢshc, h gŚfura parŘgei credits ta opoŢa stŚlnontai ston ATLAS-I gia kanonikŠ leitourgŢa. H katŘstash autŠ deŢqnetai sto SqŠma 2.3. O plŠrhc algŞrijmoc twn credits parousiŘzetai sthn upoenŞthta 3.1.2.

SqŠma 2.4: H gŚfura se Śna megŘlo metagwgŚa ATM

To SqŠma 2.4 parousiŘzei th jŚsh thc gŚfurac se Śna megŘlo metagwgŚa ATM. O metagwgŚac apoteleŢtai apŞ Śna na sqhi ttl%azL(O)ggΘnΩ(sk.)jpoio n(ASMMA)34usiBoardh(seL(im(w3�)g()m(.)48uscol0Oi)m3(n(lm(wgxrac)hc)0s155y)m(”ele)pΘ)m(o)f(metag()m(”,(g)”6(g)g(sl%6sth)m(i)e(tg()m(”)ea)g(kr20g)m(”F)-1�ASMMA)33(n(Board”h(seL(jTM)1qrhsimopoio)col%6nrr20d2eggΩaFFL(Oaktik.)j)iΘiTMΩf21a6h(aggΩaferele)m(�3ol0g(apjo)col%6mege(sto0g(FK(sutagr5)g(g)m(wgpeopFL(P7a:623Ω622bΩn0-2/Tiae)m(6)1512uscov(KEFALAIO)2(paFu`)64Ωscov(TO)27220PERIBALLONgΘTOU)iSUSTHMATOSgpeopFL(P7a:7l0Ω7l03bΩn0701iae)q(KEFALAIO)64paFp(3)scol2Ωg(aF(LEITOURGIKH)74Ωs0PERIGRAFH6h(TOU)col0sySUSTHMATOSgef03Ωg(apSkL(O)sgrc)29Ωs0t)ggıg)kefaFL(Oagr5)ggıg(auto)col%60g)scol%anr20f(ATM)Ω(perig)m(w0yrac)hΩfse)fiΘ)m(o)f(metagf0sgrΩgse)fg(skL(O)s1fu)sM)Ω(tmegg((scoit)ggımetgikcol%thtfu)sc)02139yΨmeg(g)m(.)39scol0Puposthparl%0srackr20i(o200Ω241.4)hkFLL(parl%0srac)heg38ss0exuphrl%1thsmegi0sun221 t AT mhqaggΩismgrΩgselm(wggq)ggıg2egh(p)ggıf(racΩ(gr5nr20g(eu)m(rl%6tetag)mgnwstl%c0e)wc00sΩ5)ΩgΩFI(Credit-Based)shb2Fl paregOpleu lo seim(wggisto0e(rujmgr0iPol6ze)pseG(Mbps)()m(.)1`ΩoL(’)-14usiEtsi)()m(,)27sscoL(lm(wgetgg(grtigfmt)ggisl%6sth)m(i)eΩ(fu)sM)(i)e(tm(hk.)jggΩrac)h0e(aH(tetfu)s(ra)rismgrΩi)twnΩ0.002yKFLL(parl%0srac)heg29Ωs0Exuph

SqŠma 5.9: KumatomorfŚc gia eggrafŠ sthn SRAM

Sthn anŘlush tou prŤtou tŰpou ourŤn, eŢdame Şti h qeirŞterh perŢptwsh eŢnai autŠ katŘ thn opoŢa prŚpei na gŢnoun 13 prosbŘseic stic SRAMs anŘ Cell Time. XŚrontac Şti kajemiŘ diarkeŢ 2 kŰklouc, an autŚc gŢnontan seiriakŘ ja xodeŰontan 26 kŰkloi rologioŰ gia prosbŘseic stic SRAMs. To Cell Time Śqei sunolikŘ 34 kŰklouc rologioŰ, opŞte apomŚnoun 8 kŰkloi gia Řllec douleiŚc. ApŞ ton PŢnaka 5.5 blŚpoume Şti o Incoming Controller eŢnai dunatŞn na xekinŠsei to polŰ 7 prwtogeneŢc leitourgŢec ourŤn. Treic apŞ autŚc prŚpei epŢshc na epistrŚyoun kŘti ston Incoming Controller. An upojŚsoume - me aisiŞdoxh skŚyh - Şti to xekŢnhma miac prwtogenoŰc leitourgŢac diaqeŢrishc ourŤn qreiŘzetai 1 kŰklo rologioŰ kai h epistrofŠ thc plhroforŢac apŞ ton Queue Manager epŢshc 1 kŰklo rologioŰ, tŞte toulŘqiston 7 + 3 = 10 kŰkloi rologioŰ prŚpei na xodeutoŰn sthn epikoinwnŢa metaxŰ Queue Manager kai Incoming Controller. AutŞ, mazŢ me touc 26 kŰklouc gia prosbŘseic stic SRAMs, uperbaŢnoun to Cell Time. H lŰsh sto prŞblhma autŞ brŢsketai an parallhlŢsoume tic prosbŘseic stic SRAMs opoudŠpote eŢnai dunatŞ

SqŠma 5.10: A’ fixh kelioŰ apŞ to SONET (beltiwmŚnh Śkdosh)

mŚsa se mia prwtogenŠ leitourgŢa kai an sqediŘsoume ton Queue Manager Śtsi Ťste na ekteleŢ perissŞterec apŞ mia prwtogenŠ leitourgŢa kŘje stigmŠ.

Ta SqŠmata 5.10–5.12 eŢnai nŚec, beltiwmŚnec ekdŞseic twn antistoŢqwn sqhmŘtwn thc enŞthtac 3.3. Sta nŚa autŘ sqŠmata, oi leitourgŢec tou Queue Manager deŢqnontai me Śntona grŘmmata. EŢnai sŰnjetec entolŚc, oi opoŢec sunjŚtontai sunduŘzontac perissŞterec apŞ mŢa prwtogeneŢc leitourgŢec. Ja tic exetŘsoume kajŤc meletoŰme ta sqŠmata xeqwristŘ stic epŞmenec paragrŘfouc. EpŢshc, leitourgŢec pou upotŢjetai Şti ekteloŰntan apŞ ton Queue Manager sta prŤta sqŠmata allŘ tŤra ekteloŰntai apŞ ton Incoming Controller Śqoun shmeiwjeŢ me tic lŚxeic IC locally (topikŘ ston Incoming Controller).

Sto prŤto beltiwmŚno sqŠma, faŢnontai oi leitourgŢec gia thn Řfixh kelioŰ apŞ to SONET. De zhteŢtai plŚon sthn arqŠ thc Řfixhc nŚo slot Şpwc ginŞtan sto paliŞtero sqŠma. Ja doŰme Şti to nŚo slot brŢsketai sto tŚloc thc prohgoŰmenhc Řfixhc. To diŘgramma roŠc anakataskeuŘsthke Ťste o Incoming Controller na epikoinwneŢ mŞno mia forŘ me ton Queue Manager. O Incoming

Controller zhtŘ apŞ ton Queue Manager na kŘnei mŢa apŞ tic akŞloujec sŰnjetec entolŚc, anŘloga me thn proteraiŞthta tou kelioŰ kai me to an Śqei credit Š Şqi:

1. ’Onoma: {empty, newSlot} = FgqEnq FlDeq(FGID, slot) SuntŢjetai apŞ: FgqEnq, FlDeq, FlIsEmpty OrŢsmata: FGID, kajorŢzei se poia FGQ ja gŢnei h leitourgŢa. slot, to stoiqeŢo proc eisagwgŠ.

EpistrŚfei: empty, mia Śndeixh pou deŢqnei thn katŘstash thc FL. newSlot, to prŤto stoiqeŢo thc FL.

PerigrafŠ: EisŘgei to slot sthn up’ arijmŞ FGID ourŘ FGQ. EpŢshc, bgŘzei to prŤto slot apŞ thn FL kai to epistrŚfei (newSlot). An, metŘ apŞ autŞ, h FL gŢnei kenŠ h Śndeixh

empty gŢnetai 1.

PŞte qrhsimopoieŢtai: Stic afŢxeic keliŤn qwrŢc credit.

2. ’Onoma: {empty, newSlot} = FgqEnq ScqMiEnq FlDeq(FGID, slot) SuntŢjetai apŞ: FgqEnq, ScqMiEnq, FlDeq, FlIsEmpty OrŢsmata: FGID, kajorŢzei se poia FGQ ja gŢnei h leitourgŢa, allŘ eŢnai kai to stoiqeŢo proc eisagwgŠ sth Middle SCQ. slot, to stoiqeŢo proc eisagwgŠ sthn FGQ. EpistrŚfei: empty, mia Śndeixh pou deŢqnei thn katŘstash thc FL. newSlot, to prŤto stoiqeŢo thc FL.

PerigrafŠ: EisŘgei to slot sthn up’ arijmŞ FGID ourŘ FGQ kai to FGID sthn Middle SCQ. EpŢshc, bgŘzei to prŤto slot apŞ thn FL kai to epistrŚfei (newSlot). An, metŘ apŞ autŞ, h FL gŢnei kenŠ h Śndeixh empty gŢnetai 1.

PŞte qrhsimopoieŢtai: Stic afŢxeic keliŤn MesaŢac proteraiŞthtac me credit.

3. ’Onoma: {empty, newSlot} = FgqEnq ScqLoEnq FlDeq(FGID, slot) SuntŢjetai apŞ: FgqEnq, ScqLoEnq, FlDeq, FlIsEmpty OrŢsmata: FGID, kajorŢzei se poia FGQ ja gŢnei h leitourgŢa, allŘ eŢnai kai to stoiqeŢo proc eisagwgŠ sth Low SCQ. slot, to stoiqeŢo proc eisagwgŠ sthn FGQ. EpistrŚfei: empty, mia Śndeixh pou deŢqnei thn katŘstash thc FL. newSlot, to prŤto stoiqeŢo thc FL.

PerigrafŠ: EisŘgei to slot sthn up’ arijmŞ FGID ourŘ FGQ kai to FGID sthn Low SCQ. EpŢshc, bgŘzei to prŤto slot apŞ thn FL kai to epistrŚfei (newSlot). An, metŘ apŞ autŞ, h FL gŢnei kenŠ h Śndeixh empty gŢnetai 1.

PŞte qrhsimopoieŢtai: Stic afŢxeic keliŤn QamhlŠc proteraiŞthtac me credit.

GŢnetai tŤra xekŘjaro Şti sto epistrefŞmeno slot apŞ kŘje mŢa apŞ autŚc tic entolŚc mporeŢ na qrhsimopoihjeŢ gia thn apojŠkeush enŞc neoeiserqŞmenou kelioŰ. An h Śndeixh empty gŢnei 1, o Incoming Controller ja ”pagŤsei” (stall) ton Cell Buffer Controller Ťste na mh deqteŢ Řlla keliŘ mŚqri kŘpoio slot na eleujerwjeŢ^1.

1BasikŘ, h Śndeixh empty eidopoieŢ Şti h FL mŞlic Śgine kenŠ, allŘ to slot pou epistrŘfhke mporeŢ na qrhsimopoihjeŢ. O Cell Buffer Controller ja eidopoihjeŢ Ťste na mh dŚqetai Řlla keliŘ Śna Cell Time argŞtera, an den Śqei eleujerwjeŢ kŘpoio slot.

SqŠma 5.11: AnaqŤrhsh kelioŰ proc ton ATLAS-I (beltiwmŚnh Śkdosh)

Sto SqŠma 5.11 Şlec oi prwtogeneŢc leitourgŢec tou Queue Manager Śqoun sugqwneuteŢ mŞno se dŰo sŰnjetec entolŚc. Kai se autŠn thn perŢptwsh, to polŰ mŢa apŞ autŚc mporeŢ na ektelesteŢ se Śna Cell Time. AutŚc eŢnai:

4. ’Onoma: {empty, FGID, slot} = ScqMiDeq FgqDeq FlEnq() SuntŢjetai apŞ: ScqMiDeq, FgqDeq, FgqIsEmpty, FlEnq OrŢsmata: KanŚna.

EpistrŚfei: FGID, to prŤto stoiqeŢo thc Middle SCQ. slot, to prŤto stoiqeŢo thc up’ arijmŞ FGID ourŘc FGQ.

PerigrafŠ: PrŤta exŘgei to prŤto FGID apŞ th Middle SCQ, to opoŢo kai epistrŚfetai. MetŘ, exŘgei to prŤto slot apŞ thn up’ arijmŞ FGID ourŘ FGQ, pou epŢshc epistrŚfetai. An, metŘ apŞ autŞ, h FGQ gŢnei kenŠ, tŞte h Śndeixh empty gŢnetai 1. TŚloc, eisŘgei to

slot sthn FL.

PŞte qrhsimopoieŢtai: Stic anaqwrŠseic keliŤn MesaŢac proteraiŞthtac.

5. ’Onoma: {empty, FGID, slot} = ScqLoDeq FgqDeq FlEnq() SuntŢjetai apŞ: ScqLoDeq, FgqDeq, FgqIsEmpty, FlEnq OrŢsmata: KanŚna.

EpistrŚfei: FGID, to prŤto stoiqeŢo thc Low SCQ. slot, to prŤto stoiqeŢo thc up’ arijmŞ FGID ourŘc FGQ.

PerigrafŠ: PrŤta exŘgei to prŤto FGID apŞ th Low SCQ, to opoŢo kai epistrŚfetai. MetŘ, exŘgei to prŤto slot apŞ thn up’ arijmŞ FGID ourŘ FGQ, pou epŢshc epistrŚfetai. An, metŘ apŞ autŞ, h FGQ gŢnei kenŠ, tŞte h Śndeixh empty gŢnetai 1. TŚloc, eisŘgei to

slot sthn FL.

PŞte qrhsimopoieŢtai: Stic anaqwrŠseic keliŤn QamhlŠc proteraiŞthtac.

TŚloc, sto SqŠma 5.12, Śqoume afairŚsei ton Ślegqo FgqIsEmpty(FGID), pou emfanizŞtan sto SqŠma 3.12. AutŞ gŢnetai giatŢ allŘxame th shmasiologŢa twn leitourgiŤn ScqMiEnq kai

ScqLoEnq pou jewroŰntai plŚon wc sŰnjetec entolŚc:

6. ’Onoma: empty = ScqMiEnq(FGID)

SuntŢjetai apŞ: ScqMiEnq, ScqMiIsEmpty OrŢsmata: FGID, to stoiqeŢo proc pijanŠ eisagwgŠ.

EpistrŚfei: empty, mia Śndeixh thc katŘstashc thc ourŘc FGQ[FGID]. PerigrafŠ: PrŤta elŚgqei thn katŘstash thc ourŘc FGQ[FGID]. An eŢnai kenŠ, kŘnei thn Śndeixh empty 1 kai termatŢzetai qwrŢc na pragmatopoiŠsei th leitourgŢa ScqMiEnq. An den eŢnai kenŠ, tŞte pragmatopoieŢ kai thn ScqMiEnq. PŞte qrhsimopoieŢtai: Stic afŢxeic credits MesaŢac proteraiŞthtac.

7. ’Onoma: empty = ScqLoEnq(FGID)

SuntŢjetai apŞ: ScqLoEnq, ScqLoIsEmpty OrŢsmata: FGID, to stoiqeŢo proc pijanŠ eisagwgŠ.

EpistrŚfei: empty, mia Śndeixh thc katŘstashc thc ourŘc FGQ[FGID]. PerigrafŠ: PrŤta elŚgqei thn katŘstash thc ourŘc FGQ[FGID]. An eŢnai kenŠ, kŘnei thn Śndeixh empty 1 kai termatŢzetai qwrŢc na pragmatopoiŠsei th leitourgŢa ScqLoEnq. An den eŢnai kenŠ, tŞte pragmatopoieŢ kai thn ScqLoEnq. PŞte qrhsimopoieŢtai: Stic afŢxeic credits QamhlŠc proteraiŞthtac.

SqŠma 5.12: A’ fixh credit apŞ ton ATLAS-I (beltiwmŚnh Śkdosh)

5.3.5 TelikŠ UlopoŢhsh tou Queue Manager

To datapath tou Queue Manager, to opoŢo ulopoieŢ tic 7 sŰnjetec entolŚc pou parousiŘsame prohgoumŚnwc, faŢnetai sto SqŠma 5.13. Sto epŘnw mŚroc tou SqŠmatoc, deŢqnoume ta sŠmata proc/apŞ ton Incoming Controller. AutŘ perigrŘfontai ston PŢnaka 5.7.

Sto kŘtw mŚroc tou SqŠmatoc 5.13 faŢnontai ta SRAM chips pou qrhsimopoiŠjhkan. AutŘ sunjŚtoun tic mnŠmec FHT, Snext kai Fnext. KŘje mŢa apŞ autŚc elŚgqetai apŞ Śnan ElegktŠ SRAM (SRAM Controller). Oi SRAM Controllers eŢnai modules sqediasmŚna Ťste na apomonŤnoun tic leptomŚreiec twn diepafŤn SRAM apŞ thn upŞloiph logikŠ. EŢnai parametropoiŠsima wc proc to plŘtoc thc dieŰjunshc SRAM. O PŢnakac 5.9 perigrŘfei ta sŠmata tou module SRAM Controller.

Ta FGQ empty bits Śqoun ulopoihjeŢ me sŰgqronh RAM eswterikŘ sthn FPGA. Ta empty bits twn Řllwn ourŤn eŢnai aplŘ flip-flops kai oi deŢktec touc head kai tail eŢnai kataqwrhtŚc. Ta teleutaŢa stoiqeŢa faŢnontai sta leukŘ orjogŤnia koutiŘ. KŘje deŢkthc head sugkrŢnetai me ton antŢstoiqo tail gia na apofasisteŢ an mia ourŘ gŢnei kenŠ metŘ apŞ mia leitourgŢa *Deq. To module Control eŢnai h FSM, phgŠ kai proorismŞc twn diakekommŚnwn grammŤn elŚgqou. H FSM eŢnai upeŰjunh gia to sugqronismŞ twn prosbŘsewn stic SRAMs Ťste na epitugqŘnetai apodotikŠ diaqeŢrish kai gia ton Ślegqo thc swstŠc roŠc twn dedomŚnwn sto upŞloipo datapath. Sta SqŠmata 5.14–5.20 faŢnontai ta diagrŘmmata roŠc pou perigrŘfoun plŠrwc th leitourgŢa

SqŠma 5.13: To datapath tou Queue Manager

’Onoma KateŰjunsh PerigrafŠ (Wc proc ton Queue Manager) QMready ’Exodoc GŢnetai 0 katŘ thn arqikopoŢhsh tou Queue Manager metŘ to reset tou sustŠmatoc. ’Otan o Queue Manager eŢnai Śtoimoc na leitourgŠsei kanonikŘ kŘnei to sŠma autŞ 1.

sel EŢsodoc GŢnetai 1 gia Śnan kŰklo apŞ ton Incoming Controller Ştan jŚlei na dŤsei nŚa entolŠ proc ektŚlesh ston Queue Manager. Ston Ţdio kŰklo pr 255075 16380 l2 7(i)ifh FL(e)m(Ţgia)f(gko)m(ua)m(ia„o)g(s222)s(m)anurot K(0)g FiŞ ( u 1.a0rqm(iton)m(oorFL(EΘ)s(m)a)toc.44215348-1945930aop[3:0]eady.40687404wFL(E�sodoc)p115K(.40sfΩ27ΩFL(’Ω-10b(Ota)2’)-10)e(toaFu(ger)hFL(e)m(�m(n)h1,)her)fupod25507k6Ωy(6222se)m(poi)ifhFL(e)m(ntol)-6b(´Ω-1zFL(htFL(e)m(t225gina)m(c)ge`tFL(e)m(ifho)i(apg23)e(to)163Ω2511y(o)gFK(Qub(o)ue)g(Manag(1.)p305K(.402V-1516409Ω41534v-106965013443350(’)930aot(rsel)p1069Ω833.3.265wFL(’)-14b(Ex)m(odoc)p110696406627ΩFk10b(Ota)2’Ω-1u)i(a0rqm(iton)h(dedb(Onoa)f(�)mg31b(pm(cpisn)nigraffiho)i(apgΩ23)e(to)b(o)gFK(Queue)g(Man,)m(a)gΩFLd30aot(r163Ω2sfΩ9791ygw(G�net7i)23bFi(1)hFL(giΩ(autsm(ito(proo)h(k�kl)(to)c5gia)ftsm(ggFiΘ(i)h(tp(ntol)-6b(jb(pb(o)utwnifhpisn)efi(apOnoe)Ω(townie(de)toc)pΩFK(-)118859791ydb(Onoa)f(�wnitoc)pFK39Ω)45bFL(Stu(pb(o)u0b(�Stu(pdio)h(k�kl)Stu(p(ka)p,(ger)h)gΩ(pr255075e21)mihFL(e)m(�fia)f(gko)m(ua)g(ia(to)g(sΘΩ22)s(m)a)g30aot((CoyFK(-)12022791yk225m(n)hFK(()p223ta)gΩ(u)i(a0rqm(iton)moorFL(EΘ)s(m)a)toc)pagef(nurdm)a)tΩc)pFK(1.)p310696402V-2l13409Ω41534v-147112424Ω34812165930aot((CoyFsel)p1471140684.265wFL(’Ω-14b(Ex)m(odoc)p114711402V27Ee)m(�t7i)ia)f(gko)m(uo5gia)ftb(OΩna)m10)e(toaot(rfer)hFL(e)m(�m(n)h1age0.)45bEe)m(�t7Ω-11lesa)f(�d25507xhee(ntrot(emfer)ha)ftlwniiutwnifhFL(e)mf(ka)pΩFK(-)12508791yl)g(dnie(me)m(i)hf66Ωy(3h�)s(m)m(po(ito)gai)eΩ(q255075(toe(ggFjemi(kat`o)i(apg2)gΩ(au1citoc)pFK39Ω)45bFv’)-1Pe)m(Θkac5m(n)h5.8FK(1)hsunoye)m(z255075163Ω24327(tapk(sh�)s(msio226klgw(Gag23)e(tu)toc)pFK(Ω.)p314711402V-24743409Ω41534v-18811242440753dy)69930aot(bsel)p1881140653.265wFL(’)-14b(Ex)m(od(n)pΩ108811406627ΩFk10b(Ota)25a)31b(e)m(�i23bFger)fupod25507k6Ωy(6222se)gia)ft25fi)e(to)hFK(Queue)f(Manaier)fc)geΘFL(e)m(ifhmiag2FL(e)m(ntol)-6b(Θol)-k225m(d2550o)163Ω95587(mpor2FL(e)m(i3’)-1na)m(deqtFL(e)m(ifh(katl(ntoΩ-11ltoc)pFK57.)45bN(au1eFL(6a)31b(e)m((au1cif(mporoFL(e)m6n5gina)gaidojoFL(e)m6n5gi1b(proc)g(ekt�lK(-)128e0.ynoa)f3b(e6b(ΩbgFL(kath(tm(ito(proo)h(k�kl)(tu(pdia)f3po(ito)leraot(bm(u)f=pdi0FK(1.)p318811402V-28843409Ω4153Ω4v-ł13442153414-2979930adm)a[19:0]eael)pł1Ω83115404wFL(E�sodoa)pΩF-222)65wFL(’)-14b(Ex)m(od(n)pΩ1ł138311Ω27M225fi(a1r222se)3’)-1ia(torFL(EΘ)s(m)a)e-k225j(iaΘΩhpisn)efi(apOnoe)221)mg3dedb(Onoa)f(�)mhhFLax)h(kg23wnifha)g(6o)ΩK(-)13115y(o)gmo)r(du`FK39)45bFm(n)3Pe)m(Θkac5mΩn)h5.8Fg(1)hsunoye)m(z255075f(taph(sh�)s(msw(Gafi(tm(ito(ptΩc)pFK(1.)p3ł13832V-ł93409Ω4153315134806aPe)m(Θkac5cΩn)h5.7:K39)45b3w(Perigraf˘a)33wnifhsh�)s((kat3wni220)caie(dieprigraf(proFLax)h(kfi(n)hFK(Incoming)f(Con)n(troller)fk225i23bFK(Queue)f-)31448.yn(Manag-30)13744309Ω15343V388Ω12454135-)1380)1806J(Ee)m(ntol)-6b(pΩ8v-80124974(OrFL(EΘ)s(m)a)to545-80124sfΩ827Episn)efi(apOnoe)2Ω21)mael01580124sfV27Sh�)s(msw(Gam(n)30b(�d25507xhc)leraot((CoyFse406968012443V39781248v-978124973Ω.)fΩ806J(s)a)m(nurdm)a)to545-9781243374(dm)a)tol01Ω97812440696978124-30)139811230915343)13998124-304Ω4269442153413440934806t(ScqMiEnq)to8v-426924s1Ωw23bFMANAID)to545-42692445Ω27-mael015426924382Ωw(1:)5r.)45bH)38i)23bFMANAQ[FMANAID]rfer)hFL(e)m(�rooe)2216b(hΩfk225f(d2550o)gi1ag2)s(m)modoa)pΩF21tai42288791ypoi6b(jhoe)31Ω-11lg06t(Scq*Enq)toc)pFK(14069642692443V454527413Ω23044806t(ScqLoEnq)to8v-454527545-454527l0154545Ω831955w23b0:)41.)45bH)31i)23bFMANAQ[FMANAID]rfer)hd2550o�rooe 14069645452743FgqEnqmetm(n)30 e91yha ginQueuoe ’12454132163w23bsc(sd(n45-48(’127l01548(’12791V190:)41.)45bMFL(metm(n)30)g(tΩ6t(FlDeq)toa)p,(e91yh)m(a)jFLFger)hd2550o)efa ginQuhuoe 14069648(’12743V4l13Vop024909i806t(FgqEnq)tΩ834909i2881533Ω827ScqLoEnq)to5534909i402827FlDeql0155088Vo955w(1:)41.metm(n)30 *]Fger ginQuguoe 1406965088Vo43V5g(d3Vop0251834806t(ScqLoDeq)tΩ5V518342881532827FgqDeq)to50251834V3Ω827FlEnqd3245413l45-5g(d3Vo8033w23bsc(sdol0155g(dΩ83326190:)39)45bMFL(metΨ7i)i0)g(t06t(Scq*Deq)toa)p,(eΩ1yh)m(a)jsc(*]Feer)hd2550o ginQuguoe 1406965g(d3Vop3)15g(712309153ł1353824806aPe)m(Θkac5kΩn)h5.8:ΨΩcmsio226klgw(GaΦ(o)utwnihhsh�)s((kat3wnileradm)a)m(n)gFi�aot((CoyFg(1)hseproo)h(0jQuhuse)m6njetapgie)2Ω2entolpr

ΩFJ(’)-12b(Ono)s(m)mΩ49V4l4V315442w(K)m(ate�jun55ł4l4V228273w(PerigrafΘΩ37924l4V439510Vo49V510Vo6612600229aFK(()pFL(WΩ)31b(proc)f(to)m55ł510Vo3792510Vo439510Vo49VΩ510Vo54-277229aextSgng)f(Con)n(troager)ł51ΩVo3792510Vo-333taisf615343300ł0Vo4396114421Ω13l7123-255anext[N-1:0]eae49V611V3Ω8404wFL(E�sodocł611V3Ω84bH)i(die(ate�jui(s))g(dik)m(opo)mg3gw(G�negyh)i(o)gΩ(p3sbas1ltoc)pFK00)42ΩbFL(T)-6222)31(ntol)-6b0)m(a32Ωb20)ca13811ł9yhFL(e)m(�n(pagΩ(p0FLb(proto(ito)ler)gmo)r(duΘ)m(nIaextSing)f(mon)n(troltoc)pFK(1.792Ω611V43300(’)sf6153439115665013v-709930anextRmΩ49V11566Vo430404wFL(E�sodocł51566Vo3Ω84bAniiugw(GΩ075eΩ3bFi(1)hFL(gia)g(6o)hhsuneqi(apOnoe)221m(ito(pfoo)h(k�kl)(tu(pdΩ(e)2216b4�)e(tou(W)-7i)iextWr222)65wFL(e)m(�1381Ω845y(o)g0Fi(1)hsQueuautoFL(e)m6c)toa)p,(i(1)hzFL(htFL(e)m(t225d21)mhΩ(xekins(rg�se)ghmiaho)gΩ(p3sbas1lfp223taΩ(p0gnws)ca1381Ωl13y(s))g(c29aext.Fg(1)hTa)g30anextAger)h)gΩ(pr255075gina)gie)2Ω2e)m(�roa)f(gko)m(ua)g(seproautoFL(e)m6c)h(tm(ito(p1381Ω111265o)h(k�kl)Stu(p(oc)pFK(1.79251566Vo43301120fsf6153439183712367813v8550’)930aW)-7i)iextWrmΩ49V18371Vi422404wFL(E�sodocł58371Vi3Ω84bAni32Ωb2gw(GΩ075g23bFK(1)hFL(eia)g(6o)ihsuneqi(apOnoe)221m(ito(peΩ5o)h(k�kl)Stu(pi(e)2216b4�)e(tou(nextRg65wFL(e)m(�1381Ωv0y(o)g0Fe0.)45bsQueuautoFL(e)m6c)toa)p,(j(1)hzFL(htFL(e)m(t225cΩ21)mhhxekins(rg�se)hhmiafio)gΩ(p3sbas1lgiegPerigraf(p1381Ω1006y(s))g(28i)23bext.Fg(1)hTa)g30anextAger)h)gΩ(pr255075gina)gie)Ωm2e)m(�roa)f(gko)m(ua)g(seproautoFL(e)m6c)h(tm(ito(p1381Ω166165o)h(k�kl)Stu(p(oc)pFK48)42Ωbar222)65u(DaieraFK(()pdedb(Onoa)f(�)mfiegPerigraf(ptoc)pageger)f)gΩ(pr255075gina)gie)22e)m(�roa)f(gko)m(ua)1381Ω179265oaL(met�)eg3de)h(kteuo5gio)h(k�kl)toc)pFK(Ω.7925371Vi433018e0.sf615343919761245413775V5Ω255an[N-1:0]eae49V1976140658.265wFL(’)-14b(Ex)m(od(nł59761406274bH)222)31ag2)s(m) ’ExOnoamporoFL˙b20FlDeqpdiok˙b20 jhfk2˙yhop3sbas1ld8ManageOEe^Stu(pdio)h(b(hpag˙(gaidojoFL(ee)m(ifho)i(agc˙21po)mgh(to)g(sŠ)ito(proo)hhmiag2 FL(e)m(ntocbLOGIKkL(e)m(^.ynoqiL(ee)m(ifho)i¯743365863˙ar4806 a37(Ota)2th)i FL(tCellho)r c.)59ManageOEe3a˙extOnoa)g2˙ 27M2cm((a27M2sgko)m(uh)sgStu(plecoe)22ina)gieq )i(a0rq6222ina)uo)h4bAniiut b(hfkŰkl)mfg˙(peb FK(h)i¯743)t 3˙38˙-11lesaŚd230s2iŞ aotfg0Fe0.ito(proom(poi)ifh FL(˙)m(ntol)-bas1ldh5.8:)4Ep 404 26juntol22mpm()gierb2g w(Goe)38˙-11lesa)f(Śd2o)i(apg)2216 b(a53 64-)12020 me 4806 a FL(Sq^g2)s(m)m4e

KEFALAIO 7

SUMPERASMATA KAI MELLONTIKH DOULEIA

Se autŠn thn ergasŢa parousiŘsame th leitourgikŞthta, thn arqitektonikŠ kai thn ulopoŢhsh miac gŚfurac prosarmogŠc metaxŰ enŞc diktŰou pou qrhsimopoieŢ metagwgeŢc ATM ATLAS-I, HIC/HS wc fusikŞ epŢpedo kai Credit-Based Flow Control kai enŞc diktŰou ATM sumbatoŰ me ta prŞtupa pou qrhsimopoieŢ SONET wc fusikŞ epŢpedo. EŢdame Şti ta kŰria stoiqeŢa thc gŚfurac eŢnai:

• RujmoŢ metŘdoshc wc 622Mbps anŘ sŰndesmo

• TermatismŞc tou Credit-Based Flow Control

• MetŘfrash VP/VC kai cell tagging

• ApodotikŠ diaqeŢrish pollaplŤn ourŤn

– anŘ Flow Group – anŘ epŢpedo proteraiŞthtac

’Olh h logikŠ tou sustŠmatoc ulopoiŠjhke se mia epanaprogrammatizŞmenh FPGA. Gia na parŚqoume thn aparaŢthth entamŢeush me thn uyhlŠ apaitoŰmenh diaperatŞthta qrhsimopoiŠsame fjhnŠ SDRAM. O Queue Manager meletŠjhke ektetamŚna. SugkrŢname dŰo tŰpouc ourŤn sqetikŘ me th diaperatŞthta pou apaitoŰse to kajŚna apŞ tic mnŠmec kai wc proc to plŠjoc twn mnhmŤn pou to kajŚna qreiazŞtan gia na ulopoihjeŢ. Gia na apofeuqjeŢ to bottleneck apŞ thn seiriakŠ ektŚlesh prwtogenŤn leitourgiŤn, sunjŚsame entolŚc ikanŚc na ekteloŰn prwtogeneŢc leitourgŢec parŘllhla. QrhsimopoiŠjhkan SRAM chips gia thn ulopoŢhsh twn domŤn dedomŚnwn tou Queue Manager. H telikŠ ulopoŢhsh thc logikŠc eŢnai ikanŠ na trŚxei se taqŰthta 51.28MHz, pou eŢnai megalŰterh apŞ thn apaitoŰmenh taqŰthta twn 50MHz. To Şlo sŰsthma mporeŢ na arqikopoihjeŢ kai na elegqjeŢ mŚsw enŞc VME bus.

’Olh h ulopoŢhsh brŢsketai se mia kŘrta tupwmŚnou kuklŤmatoc me diastŘseic 16.28cm × 23.49cm. H kŘrta mporeŢ na epanaqrhsimopoihjeŢ se opoiadŠpote Řllh yhfiakŠ efarmogŠ pou

80 KEFALAIO 7. SUMPERASMATA KAI MELLONTIKH DOULEIA

apaiteŢ/qreiŘzetai mia FPGA, SDRAM kai SRAM chips. H monadikŠ enŚrgeia pou apaiteŢtai eŢnai o epanaprogrammatismŞc thc FPGA. Gia eukolŢa Śqei topojethjeŢ mia diepafŠ parŘllhlhc pŞrtac sthn kŘrta Ťste na mporeŢ na epikoinwneŢ me Śna PC antŢ gia to pio perŢploko VME bus. UpŘrqoun, epŢshc, polloŢ connectors stouc opoŢouc mporeŢ na sundejeŢ opoiadŠpote Řllh suskeuŠ Śqei tic katŘllhlec diepafŚc.

To sŰsthma pou sqediŘsame eŢnai prwtŞtupo. Sto mŚllon, mporeŢ na epektajeŢ me perissŞtero perŢplokec leitourgŢec, Şpwc pio kalŘ melethmŚnouc trŞpouc exagwgŠc tou Flow Group apŞ ta keliŘ, metŘfrash perissŞterwn bits tou VP/VC, statistikŚc metrŠseic kai Řllec. MporeŢ epŢshc na kŘnei thn exerqŞmenh kateŰjunsh pio perŢplokh ulopoiŤntac kai se autŠn leitourgŢec Řllec apŞ thn aplŠ proŤjhsh twn keliŤn, anŘloga me ta prŞtupa tou diktŰou sto opoŢo sundŚetai h gŚfura.

BIBLIOGRAFIA

[1] M. Batubara, A. McGregor, ”An Introduction to B-ISDN and ATM”, MONASH Australia’s International University, Faculty of Computing and Information Technology, Department of Robotics and Digital Technology, Technical Report 93/14, Sept. 1993.

[2] S. Keshav, ”An Engineering Approach to Computer Networking: ATM Networks, the Internet, and the Telephone Network”, Addison-Wesley, pp. 47–64.

[3] M. Katevenis, D. Serpanos, P. Vatsolaki, ”ATLAS I: A General-Purpose, Single-Chip ATM Switch with Credit-Based Flow Control”, Proceedings of the IEEE Hot Interconnects IV Symposium, Stanford, California, USA, Aug. 15–17, 1996.

[4] M. Katevenis, P. Vatsolaki, ”ATLAS I: A Single-Chip ATM Switch with HIC Links and Multi- Lane Back-Pressure”, EMSYS 96 Conference, Berlin, Germany, Sept. 1996.

[5] G. Kornaros, D. Pnevmatikatos, P. Vatsolaki, G. Kalokerinos, C. Xanthaki, D. Mavroidis, D. Serpanos, M. Katevenis, ”Implementation of ATLAS I: a Single-Chip ATM Switch with Backpressure”, Proceedings of the IEEE Hot Interconnects VI Symposium, Stanford, California, USA, Aug. 13–15, 1998.

[6] G. Kornaros, D. Pnevmatikatos, P. Vatsolaki, G. Kalokerinos, C. Xanthaki, D. Mavroidis, D. Serpanos, M. Katevenis, ”ATLAS I: Implementing a Single-Chip ATM Switch with Backpressure”, IEEE Micro magazine, pp. 30–41, Jan.–Feb. 1999.

[7] M. Katevenis, D. Serpanos, E. Spyridakis, ”Credit-Flow-Controlled ATM for MP Interconnection: the ATLAS I Single-Chip ATM Switch”, Proceedings of the 4th International Symposium on High-Performance Computer Architecture (HPCA-4), pp. 47–56, Las Vegas, Nevada, USA, Feb. 1998.

[8] M. Katevenis, ”Buffer Requirements of Credit-Based Flow Control when a Minimum Draining Rate is Guaranteed”, 4th IEEE Workshop on Architecture and Implementation of High Performance Communication Subsystems (HPCS ’97), Chalkidiki, Greece, Jun. 1997.

file://ftp.ics.forth.gr/tech-reports/1997/1997.HPCS97.drain cr buf.ps.gz

[9] M. Katevenis, D. Serpanos, E. Spyridakis, ”Switching Fabrics with Internal Backpressure using the ATLAS I Single-Chip ATM Switch, GLOBECOM ’97 Conference Proceedings (S7.6), Phoenix, AZ, USA, Nov. 1997.

82 BIBLIOGRAFIA

[10] M. Katevenis, D. Serpanos, E. Markatos, ”Multi-Queue Management and Scheduling for Improved QoS in Communication Networks”, Proceedings of the European Multimedia Microprocessor Systems and Electronic Commerce (EMMSEC ’97), Florence, Italy, Nov. 1997.

[11] G. Glykopoulos, ”Design and Implementation of a 1.2 GBit/s ATM Cell Buffer using a Synchronous DRAM chip”, Foundation for Research and Technology-Hellas (FORTH), Institute of Computer Science (ICS), Technical Report 221, Jul. 1998.

file://ftp.ics.forth.gr/tech-reports/1998/1998.TR221.ATM Cell Buffer
 using SDRAM.ps.gz

[12] H. Meleis, D. Serpanos, ”Designing Communication Subsystems for High-Speed Networks”, IEEE Network magazine, pp. 40–46, Jul. 1992.

[13] D. Serpanos, ”Communication Subsystems for High-Speed Networks: ATM Requirements”, In ATM, Proceedings of TRICOMM ’93, Raleigh, North Carolina, pp. 31–38, Apr. 26–27, 1993.

[14] D. Serpanos, P. Karakonstantis, ”Scalable Memory Management for ATM Systems”, March 1995.

[15] P. Karakonstantis, ”Effective Memory Management for High-Speed ATM Networks”, University of Crete, Dept. of Computer Science, MSc Thesis, Nov. 1998.

[16] The ATM Forum Technical Committe, ”UTOPIA Level 2.0, Version 1.0”, af-phy-0039.000, June 1995,

ftp://ftp.atmforum.com/pub/approved-specs/af-phy-0039.000.pdf

[17] The ATM Forum Technical Committe, ”ATM User-Network Interface Specification”, af-uni- 0010.002, 1994

ftp://ftp.atmforum.com/pub/approved-specs/af-uni-0010.002.pdf

[18] Mesquite Software, Inc., ”User’s Guide: CSIM18 Simulation Engine (C Version)”,

http://www.mesquite.com

[19] Altera, ”MAX+PLUS II Getting Started”.

[20] Wade D. Peterson, ”The VMEbus Handbook”, third edition, VITA publications, 1992.

[21] ”FLEX 10KE Embedded Programmable Logic Family Data Sheet”, ver. 2.02, August 1999,

http://www.altera.com/document/ds/dsf10ke.pdf

[22] Cypress 32K × 16 Static RAM,

http://www.cypress.com/cypress/prodgate/sram/cy7c1020v.html

[23] Toshiba 1M × 16 CMOS Static RAM,

http://www.semicon.toshiba.co.jp/pdf e/docweb123/ea09053.pdf

PARARTHMA A

PROTUPOPOIHMENES DIEPAFES

A.1 DIEPAFES UTOPIA-2

Stouc PŢnakec A.1–A.4, perigrŘfoume ta sŠmata UTOPIA Level 2.0 pou qrhsimopoioŰntai sto sŰsthmŘ mac. Oi diepafŚc pou qrhsimopoioŰntai gia metaforŘ keliŤn Śqoun oristeŢ apŞ thn ATM Forum Technical Commitee. Gia olŞklhro to prŞtupo, anaferjeŢte sto [16]. Gia autŚc tic diepafŚc Śqei uiojethjeŢ qeirayŢa epipŚdou keliŤn (cell-level handshaking). Oi diepafŚc pou qrhsimopoioŰntai gia th metaforŘ credits Śqoun oristeŢ apŞ thn etairŢa INTRAKOM.

’Onoma KateŰjunsh PerigrafŠ (Wc proc th suskeuŠ ATM, dhladŠ th gŚfura) TxData[15:0] ’Exodoc Data. DedomŚna plŘtouc 16 bit odhgoŰmena apŞ to epŢpedo ATM proc to PHY. To bit TxData[15] eŢnai to pio shmantikŞ.

TxSOC ’Exodoc Start Of Cell. SŠma active high pou energopoieŢtai apŞ to epŢpedo ATM Ştan ta TxData metafŚroun ta prŤta dŰo Śgkura Bytes tou kelioŰ.

TxEnb* ’Exodoc Enable. SŠma active low pou energopoieŢtai apŞ to epŢpedo ATM stouc kŰklouc katŘ touc opoŢouc ta TxData metafŚroun Śgkura dedomŚna tou kelioŰ.

TxFull*/TxClav EŢsodoc Full/Cell Available. Gia Ślegqo roŠc epipŚdou Byte, to Tx- Full* eŢnai Śna sŠma active low apŞ to epŢpedo PHY sto ATM, pou energopoieŢtai apŞ to prŤto gia na deŢxei Şti ja gŢnoun dektŚc to polŰ 4 metaforŚc dedomŚnwn akŞma. Gia Ślegqo roŠc epipŚdou kelioŰ, to TxClav eŢnai Śna sŠma active high apŞ to epŢpedo PHY sto ATM, pou energopoieŢtai apŞ to prŤto gia na deŢxei Şti mporeŢ na deqteŢ th metaforŘ enŞc plŠrouc kelioŰ.

TxClk ’Exodoc Clock. RolŞi sugqronismoŰ metaforŤn twn TxData pou parŚqetai apŞ to epŢpedo ATM sto PHY.

TxPrty ’Exodoc Parity. To TxPrty eŢnai h perittŠ isotimŢa twn TxData[15:0], pou odhgeŢtai apŞ to epŢpedo ATM.

PŢnakac A.1: PerigrafŠ thc diepafŠc Cell Transmit (Tx) UTOPIA-2

A.1. DIEPAFES UTOPIA-2 85

’Onoma KateŰjunsh PerigrafŠ (Wc proc th suskeuŠ ATM,

dhladŠ th gŚfura) RxData[15:0] EŢsodoc Data. DedomŚna plŘtouc 16 bit odhgoŰmena apŞ to epŢpedo PHY proc to ATM. To bit RxData[15] eŢnai to pio shmantikŞ.

RxSOC EŢsodoc Start Of Cell. SŠma active high pou energopoieŢtai apŞ to epŢpedo PHY Ştan ta RxData metafŚroun ta prŤta dŰo Śgkura Bytes tou kelioŰ.

RxEnb* ’Exodoc Enable. SŠma active low pou energopoieŢtai apŞ to epŢpedo ATM gia na deŢxei Şti sto tŚloc tou epŞmenou kŰklou ja deigmatolhfjoŰn ta RxEnb* kai RxData.

RxEmpty*/RxClav EŢsodoc Empty/Cell Available. Gia Ślegqo roŠc epipŚdou Byte, to RxFull* eŢnai Śna sŠma active low apŞ to epŢpedo PHY sto ATM, pou energopoieŢtai apŞ to prŤto gia na deŢxei Şti ston trŚqwn kŰklo den upŘrqoun Śgkura dedomŚna proc to epŢpedo ATM. Gia Ślegqo roŠc epipŚdou kelioŰ, to RxClav eŢnai Śna sŠma active high apŞ to epŢpedo PHY sto ATM, pou energopoieŢtai apŞ to prŤto gia na deŢxei Şti Śqei proc metaforŘ sto epŢpedo ATM Śna plŠrec kelŢ. Kai stic dŰo periptŤseic, to sŠma autŞ upodeiknŰei kŰklouc stouc opoŢouc upŘrqei Śgkurh plhroforŢa sta RxData kai RxSOC.

RxClk ’Exodoc Clock. RolŞi sugqronismoŰ metaforŤn twn RxData pou parŚqetai apŞ to epŢpedo ATM sto PHY.

RxPrty EŢsodoc Parity. To RxPrty eŢnai h perittŠ isotimŢa twn RxData[15:0], pou odhgeŢtai apŞ to epŢpedo PHY.

PŢnakac A.2: PerigrafŠ thc diepafŠc Cell Receive (Rx) UTOPIA-2

’Onoma KateŰjunsh PerigrafŠ (Wc proc th suskeuŠ ATM, dhladŠ th gŚfura) TxData[15:0] ’Exodoc Data. DedomŚna plŘtouc 16 bit odhgoŰmena apŞ to epŢpedo ATM proc to PHY. To bit TxData[15] eŢnai to pio shmantikŞ.

TxEnb* ’Exodoc Enable. SŠma active low pou energopoieŢtai apŞ to epŢpedo ATM stouc kŰklouc katŘ touc opoŢouc ta TxData metafŚroun Śgkura dedomŚna tou credit.

TxCrav EŢsodoc Credit Available. To TxClav eŢnai Śna sŠma active high apŞ to epŢpedo PHY sto ATM, pou energopoieŢtai apŞ to prŤto gia na deŢxei Şti mporeŢ na deqteŢ th metaforŘ enŞc plŠrouc credit.

TxClk ’Exodoc Clock. RolŞi sugqronismoŰ metaforŤn twn TxData pou parŚqetai apŞ to epŢpedo ATM sto PHY.

TxAux[1:0] ’Exodoc Auxiliary. Ta sŠmata autŘ den Śqoun oristeŢ kai de qrhsimopoioŰntai sthn trŚqousa ulopoŢhsh.

PŢnakac A.3: PerigrafŠ thc diepafŠc Credit Transmit (Tx) UTOPIA-2

’Onoma KateŰjunsh PerigrafŠ (Wc proc th suskeuŠ ATM, dhladŠ th gŚfura) RxData[15:0] EŢsodoc Data. DedomŚna plŘtouc 16 bit odhgoŰmena apŞ to epŢpedo PHY proc to ATM. To bit RxData[15] eŢnai to pio shmantikŞ.

RxEnb* ’Exodoc Enable. SŠma active low pou energopoieŢtai apŞ to epŢpedo ATM gia na deŢxei Şti ta RxData ja deigmatolhfjoŰn sto tŚloc tou epŞmenou kŰklou.

RxCrav EŢsodoc Credit Available. To RxClav eŢnai Śna sŠma active high apŞ to epŢpedo PHY sto ATM, pou energopoieŢtai apŞ to prŤto gia na deŢxei Şti Śqei proc metaforŘ sto ATM Śna plŠrec credit.

RxClk ’Exodoc Clock. RolŞi sugqronismoŰ metaforŤn twn RxData pou parŚqetai apŞ to epŢpedo ATM sto PHY.

RxAux[1:0] EŢsodoc Auxiliary. Ta sŠmata autŘ den Śqoun oristeŢ kai de qrhsimopoioŰntai sthn trŚqousa ulopoŢhsh.

PŢnakac A.4: PerigrafŠ thc diepafŠc Credit Receive (Rx) UTOPIA-2

A.2. VME BUS 87

A.2 VME BUS

To VME bus perigrŘfetai plŠrwc sto [20]. Ston PŢnaka A.5 parajŚtoume mia sŰntomh perigrafŠ twn shmŘtwn pou qrhsimopoioŰntai sto sŰsthmŘ mac. H gŚfura eŢnai sklŘboc (slave) pŘnw sto VME bus.

’Onoma KateŰjunsh PerigrafŠ

(Wc proc th gŚfura) A[23:1] EŢsodoc Address. OdhgoŰntai apŞ bus masters. KatŘ tic metaforŚc dedomŚnwn, qrhsimopoioŰntai gia na diadŤsoun dieujŰnseic tŰpou standard twn 24 bits.

AM[5:0] EŢsodoc Address modifier code. OdhgoŰntai apŞ bus masters. SunodeŰei mia dieŰjunsh kai deŢqnei tŞso to mŚgejoc Şso kai ton tŰpo thc metaforŘc dieŰjunshc. QrhsimopoieŢtai apŞ touc bus slaves gia na apofasŢsoun poiec grammŚc dieŰjunshc na apokwdikopoiŠsoun.

AS* EŢsodoc Address strobe. OdhgeŢtai apŞ bus masters kai eŢnai active low. ’Otan energopoieŢtai deŢqnei Şti sto bus Śqoun topojethjeŢ Śgkurh dieŰjunsh kai address modifier.

LWORD* EŢsodoc Long word. OdhgeŢtai apŞ bus masters kai eŢnai active low. QrhsimopoieŢtai se sunduasmŞ me ta A[1] kai DS* gia na deŢxei to mŚgejoc thc trŚqousac metaforŘc dedomŚnwn.

WRITE* EŢsodoc Write. OdhgeŢtai apŞ bus masters kai eŢnai active low. DeŢqnei thn kateŰjunsh twn dedomŚnwn pŘnw sto bus. TŢjetai se Śnan kŰklo eggrafŠc kai apenergopoieŢtai se Śnan kŰklo anŘgnwshc.

D[15:0] EŢsodoc-’Exodoc Data. OdhgeŢtai apŞ bus masters Š slaves. SŠmata diplŠc kateŰjunshc pou qrhsimopoioŰntai gia metaforŘ dedomŚnwn.

DS[1:0]* EŢsodoc Data strobes. OdhgoŰntai apŞ bus masters kai eŢnai active low. ExuphretoŰn sthn upŞdeixh Şqi mŞno Śgkurwn dedomŚnwn allŘ kai tou megŚjouc kai eujugrŘmmishc twn metaforŤn dedomŚnwn Ştan sunduŘzetai me to LWORD* kai to A[1].

DTACK* ’Exodoc Data transfer acknowledge. OdhgeŢtai apŞ bus slaves kai eŢnai active low. KatŘ touc kŰklouc eggrafŠc, to DTACK* energopoieŢtai afoŰ o slave Śqei kŘnei latch ta dedomŚna apŞ to data bus. KatŘ touc kŰklouc anŘgnwshc, to DTACK* energopoieŢtai afoŰ ta Śgkura dedomŚna Śqoun topojethjeŢ sto data bus.

PŢnakac A.5: PerigrafŠ twn shmŘtwn tou VME bus pou qrhsimopoioŰntai sto sŰsthmŘ mac

A.3 DIEPAFES MNHMWN

A.3.1 DiepafŠ SDRAM

O PŢnakac A.6 perigrŘfei ta sŠmata enŞc SDRAM DIMM twn 168 pins pou qrhsimopoioŰntai sto sŰsthmŘ mac. Den Śqoume ulopoiŠsei th diepafŠ SPD (prwtŞkollo I^2C, 2 kalwdŢwn). Gia mia plŠrh perigrafŠ thc leitourgŢac enŞc SDRAM DIMM twn 168 pins anaferjeŢte sto sqetikŞ datasheet opoiasdŠpote etairŢac. Datasheets gia SDRAM thc etairŢac Micron, sthn opoŢa sthrŢxame thn ulopoŢhsŠ mac, mporeŢte na breŢte sto

http://www.micron.com/mti/msp/html/datasheet.html.

A.3. DIEPAFES MNHMWN 89

’Onoma KateŰjunsh PerigrafŠ (Wc proc thn SDRAM) RAS*, CAS*, WE* EŢsodoi Row address select, column select, write enable. EŢsodoi entolŤn: (mazŢ me ta S[3:0]*) kajorŢzoun thn entolŠ pou dŢnetai.

CK[3:0] EŢsodoc Clock. OdhgoŰntai apŞ to rolŞi tou sustŠmatoc. ’Ola ta sŠmata eisŞdou thc SDRAM deigmatolhptoŰntai sthn jetikŠ akmŠ tou CK. To rolŞi epŢshc auxŘnei ton eswterikŞ metrhtŠ burst kai elŚgqei touc kataqwrhtŚc exŞdou.

CKE[1:0] EŢsodoc Clock enable. Ta CKE[1:0] energopoioŰn (1) kai apenergopoioŰn (0) ta sŠmata CK. Sto sŰsthmŘ mac, ta sŠmata autŘ Śqoun kollhjeŢ sto logikŞ 1 (Vcc).

S[3:0]* EŢsodoc Chip select. Ta S* epitrŚpoun (0) kai apotrŚpoun (1) thn apokwdikopoŢhsh twn entolŤn.’Olec oi entolŚc gŢnontai masked Ştan ta S* eŢnai 1. Ta S* jewroŰntai mŚroc tou kwdikoŰ entolŠc. Sto sŰsthmŘ mac, Śqoun kollhjeŢ sto logikŞ 0 (Gnd).

DQMB[7:0] EŢsodoc Input/output mask. EŢnai sŠmata eisŞdou mask stic prosbŘseic eggrafŠc kai sŠmata epŢtreyhc exŞdou stic prosbŘseic anŘgnwshc. Sto sŰsthmŘ mac, Śqoun kollhjeŢ sto logikŞ 1 (Vcc).

BA[1:0] EŢsodoc Bank address. KajorŢzoun se poia bank efarmŞzontai oi entolŚc ACTIVE, READ, WRITE Š PRECHARGE.

A[11:0] EŢsodoc DieŰjunsh.

DQ[63:0] EŢsodoc-’Exodoc Data I/Os. DŢauloc dedomŚnwn.

PŢnakac A.6: PerigrafŠ shmŘtwn enŞc SDRAM DIMM twn 168 pins

A.3.2 DiepafŠ SRAM

Ston PŢnaka A.7 dŢnoume mia perigrafŠ twn shmŘtwn mia statikŠc RAM, basismŚnoi sto datasheet thc Toshiba 1M × 16 bits [23]. To Řllo SRAM chip pou qrhsimopoiŠjhke sto sŰsthmŘ mac, h Cypress 32K × 16 bits [22], diafŚrei mŞno sta onŞmata merikŤn shmŘtwn kai sto plŘtoc thc dieŰjunshc.

’Onoma KateŰjunsh PerigrafŠ

(Wc proc thn SRAM) A[19:0] EŢsodoc DieŰjunsh.

I/O[16:1] EŢsodoc-Śxodoc Data I/Os. DŢauloc dedomŚnwn.

CE* EŢsodoc Chip enable. To chip leitourgeŢ mŞno Ştan CE* = 0. WE* EŢsodoc Write enable. ’Otan energopoieŢtai ta dedomŚna grŘfontai sth mnŠmh, opoiadŠpote ki an eŢnai h timŠ tou OE*.

OE* EŢsodoc Output enable. ’Otan energopoieŢtai kai to WE* eŢnai apenergopoihmŚno ta dedomŚna diabŘzontai apŞ th mnŠmh.

LB*, UB* EŢsodoc Data Byte control. AnagnŤseic kai eggrafŚc mporoŰn gŢnoun gia ta I/O[8:1] mŞno (LB* = 0, UB* = 1), gia ta I/O[16:9] mŞno (LB* = 1, UB* = 0) Š gia ta I/O[16:1] (LB* = 0, UB* = 0).

PŢnakac A.7: PerigrafŠ shmŘtwn enŞc SRAM chip 1M × 16 bits

PARARTHMA B

FPGA PINOUT

To SqŠma B.1 eŢnai mia Řpoyh thc kŘtw pleurŘc thc Altera FPGA EPF10K200EBC600-1. ’Eqei perŢblhma BGA-600, me pitch 1.27mm. Sto sqŠma, kŘje maŰroc kŰkloc sumbolŢzei Śna pin tŘshc Š geŢwshc. Oi gkrŢzoi kŰkloi sumbolŢzoun pins pou eŢnai afierwmŚna apokleistikŘ gia ton programmatismŞ thc FPGA kai den mporoŰn na qrhsimopoihjoŰn apŞ to qrŠsth. Oi leukoŢ kŰkloi sumbolŢzoun pins tou qrŠsth (eŢsodoi-Śxodoi). UpŘrqoun 6 leukoŢ kŰkloi pou periŚqoun to grŘmma i mŚsa touc. AutoŢ sumbolŢzoun pins pou mporoŰn na qrhsimopoihjoŰn apŞ to qrŠsth, allŘ mŞno wc eŢsodoi. O pŢnakac pou akoloujeŢ deŢqnei thn anŘjesh arijmŤn pins se Şla ta sŠmata thc ulopoŢhsŠc mac.

92 PARARTHMA B. FPGA PINOUT

SqŠma B.1: H kŘtw pleurŘ thc FPGA Altera EPF10K200EBC600-1

GND E11 CrH RxData12 V31 FHT D28 AL26 VME D3 A2 GND E12 VCCIO V32 VCCINT AL27 VME D10 A3 GND E13 RxData4 V33 FHT D13 AL28 Snext D30 A4 GND E14 TxClav V34 FHT D29 AL29 Snext D14

A5 GND E15 TxData11 V35 FHT D2 AL30 GND A6 TxData12 E16 TxData10 W1

94 PARARTHMA B. PINOUT 95 96 PARARTHMA B. PINOUT

X tbl A2 T34 D27 AL9

PARARTHMA C

MORFES KELIWN ATM KAI CREDITS

Ta keliŘ ATM apoteloŰntai apŞ mia epikefalŢda twn 5 Bytes kai Śna sŤma twn 48 Bytes. thc epikefalŢdac diafŚrei anŘloga me to an to kelŢ eŢnai tŰpou UNI (User-Network Inter-

face) Š NNI (Network-Network Interface). Kai oi dŰo morfŚc faŢnontai sto SqŠma C.1. Gia to sŰsthmŘ mac Śqoume uiojetŠsei th morfŠ tŰpou

SqŠma C.1: (a) MorfŠ epikefalŢdac tŰpou UNI (b) MorfŠ epikefalŢdac tŰpou NNI

H morfŠ twn credits eŢnai autŠ pou faŢnetai sto SqŠma C.2. Ta credits Śqoun mŠkoc 4 Bytes.

Ta prŤta 19 bits Śqoun mia sugkekrimŚnh timŠ, Şpwc deŢqnei to sqŠma. Ta upŞloipa upodeiknŰoto Flow Group gia to opoŢo estŘlh to credit kai thn proteraiŞthta tou Flow Group autoŰ.

97

98 PARARTHMA C. MORFES KELIWN ATM KAI

SqŠma C.2: H morfŠ twn credits

PARARTHMA D

KATALOGOS AKRONUMWN KAI SUNTOMOGRAFIWN

ASICCOM ATm Switch for Integrated Communication, Computation and MATM multi-lane backpressure Switch I

TM Asynchronous Transfer Mode BGA Ball Grid Array CLP Cell Loss Probability CLP Cell Loss Priority CRC Cyclic R

100 PARARTHMA D. KATALOGOS AKRONUMWN KAI SUNTOMOGRAFIWN

PTI Payload Type Identifier Rx Receive QoS Quality of Service RFU Reserved for Future Use SCQ Service Class Queue A Synchronous Dynamic Random Access Memory SMT Surface Mount Technology SONET Synchronous Optical NetwSPD Serial Presence Detect

Tx Transmit UNI User-Network Interface UTOPIA Universal Test & Operations PHY Interface for ATM VME Versa Module Eurocard VP/VC Virtual Path / Virtual Channel VPI/VCI Virtual Path Identifier / Virtual Channel Identifier