IN THE ISSUE

COLAEPXAHUE

Application specific integrated circuits for multi-
element photodetectors’ signal processing
Bocharov Yuri l., Butuzov Vladimir A.,
Simakov Andrey B.

Development of Integrated Circuits in High Voltage Submicron
Technologies for Power Electronics Application

Antonov Andrey A., Vasilyev Vladislav Yu.,

Popov Yuri N.

Physical Layer of data interface units in the form
of IPs and single chips

Mazhulin Vadim V.,

Berezhnoy Arsentiy A.,

Baranovskiy Aleksey O.

SRISA processors for space
applications
Novozhilov E. A.

Configurable functional complete
tolerant logic element

Tyurin Sergey F.,

Zarubskiy Vladimir G.

Accuracy evaluation of dynamic branch prediction unit
on SPEC benchmarks
Barskikh Michael E.

Domestic matrix CMOS sensors developed
by Pulsar JSC

Borodin Dmitry V., Osipov Yury V.,
Vasil'ev Vladimir V.,

Pugachov Andrey A.

Directions of development and issues in electronic devices
development at production department of JSC “NII
komandnykh priborov’

Zolotarev Stanislav K.,

Nikolaenko Anatoliy A.,

Yakimovskiy Dmitry O.

Methods of designing and verifying libraries
of standard digital elements and input-
output elements

llin Sergey A., Kochanov Sergey K.,
Lastochkin Oleg V.,

Novikov Anton A.

The input-output buffers development
methodology based on the digital cells
specialized libraries

llin Sergey A., Kochanov Sergey K.,
Lastochkin Oleg V.,

Novikov Anton A.

PCI Express controller monitor
Aleksan P. A., Tokarev . V.

Test generators for random stimulus RTL
model verification
Stambolyan R. R.

Clock trees design and synchronization for fault-

tolerant systems on chip
Skorobogatov A. P.

HAHO UHAVCTPUA cneusbinyck 2017 (74)

258

265

275

278

279

285

295

297

300

303

306

312

319

Cneunann3npoBaHHble MUKPOCXEMbI Ans 06paboTkm
CUrHaNoB MHOrO3/1IEMEHTHbIX GOTOETEKTOPOB
bo4apos KOpuii iBaHOBWMY, ByTy308B Bragummp
Anekceesuy, Cumakos AHaperi bopucosuy

Paspa60ﬂ<a MHTErpaabHbIX MUKPOCXEM MO BbICOKOBOJIETHbIM
Cy6Ml/IKpOHHbIM TEXHOJNIOMMAM N4 CUNOBOW ANEKTPOHUKN
AHTOHOB AHApe AHapeeBud, BacunbeB Bnagucnas
tOpbeBuy, MNMonos IOpwuii HnkonaeBuy

®duaunyeckas yactb (Physical Layer) nHtepdelicos nepeaayu
[OaHHbIX B BUAE CNOXHO-PYHKLMOHaNbHbIX 6710K0B (IP-6510K0B)
1 OTAENbHbIX MUKpOcXeM. OCOBEHHOCTY MPOEKTUPOBAHNS
MaxxynuH Baaum BnagumnpoBud, bepexHon ApCeHTui
Anekceeud, bapaHoBckuii Anekceri OneroBuy

Mwukponpoueccopbl HUMICU PAH ons kocMn4eckoro
NPUMeHeHNs
HoBoxwnos E. A.

KoHburypmpyemelin GyHKLMOHANbHO-MOJIHbIA TONEePaHTHbIN
JIOTNHECKUI 3NEMEHT

TropuH Cepreii deogpeHToBUY,

3apybckui Bnaanmup freopruesuy

OueHka TO4HOCTM pPaboTbl 6/10Ka AMHAMUYECKOTO
npenckasaHuns Ha Tectax SPEC
Bapckux Muxann EBreHbeBun4

OTeyecTBeHHblE MaTpuyHblie KMOT-doTtonpremMHmkm
paspabotkun AO «HIMM «Mynbcap»

GopoawnH Amutpwii BnagnneHosun4, Ocunos Opuii
Bnaanmuposny, Bacuibes Bnaavmup Buktoposud,
lNyrayeB AHAper Anekceesuny

HanpaeneHus pa3sutis 1 NpobnemMHble BONPOCh! pa3paboTkum
9JIEKTPOHHbIX YCTPONCTB NPUOOPOB N3rOTOBNEHMS

AO «HUWN komaHaHbIX NpnbopoB»

3onorapes CraHnciaB KOHCTaHTUHOBUHY,

HuvikonaeHko AHatonni AnekcaHapoBuy,

Sxkumosckui Amutpuii Onerosuy

MeToauka NpoeKTUPoBaHUS 1 BepudmrkaLmm 6nbnmnotex
CTaHOAPTHbIX LMMPOBbIX 1IEMEHTOB U 3/IEMEHTOB
BBOAA-BbIBOJA

UnbuH Cepren Anekceesund, KodaHos Ceprevi
KoHcTtaHTnHoBuMY, Jlacto4kuH Oner Buktoposuy,
HosuikoB AHTOH AnekceeBuny

MeToaumka pa3paboTku 3akasHbix OydheposB BBOAA-BbIBOAA
Ha OCHOBE 6MOANOTEK CNELMaNM3MPOBaHHbIX LLUPPOBbIX
9/IEMEHTOB

UnbnH Cepreii Anekceesud, KodaHos Ceprevi
KoHctaHTnHOBMY, JlacTto4kuH Oner BuktopoBuH,
Hosukos AHTOH AnekceeBud

MonuTop koHTponnepa PCl Express
AnekcaH l1. A., Tokapes U. B.

[eHepaTopbl TECTOB ClyYaliHbiX BO3OENCTBUI 4119
Bepudukaumn RTL-monenen
CrambosisH P. P.

[NocTpoeHne 1 CUHXPOHU3aUNSA LePEBLEB CUHXPOCUIHaNa
B c60EYCTONYMBBLIX CUCTEMAX Ha KpUCTase
CkopoboratoB A. 1.



AOKAAABI KOH®EPEHIIVH

MOHHUTOP KOHTPOAAEPA PCI EXPRESS

PCI EXPRESS CONTROLLER MONITOR

YK 621.382.2

AJIEKCAH II1. A.
peteris@cs.niisi.ras.ru

TOKAPEB H.B.
tokigvl@cs.niisi.ras.ru

Dedepanvhoe eocydapcmeennoe yupexcoerue «Pedepanbhblii
Hayunvlil yenmp «Hayuno-uccaedosamenvexuii unemumym
cucmemubIx uccaedosanuii Poccuiickoil akademuu Hayk»

ALEKSAN P.A.
peteris@cs.niisi.ras.ru

TOKAREV L. V.
tokigvl@cs.niisi.ras.ru

Federal State Institution “Scientific Research
Institute for System Analysis
of the Russian Academy of Sciences”

B naHHo#t paboTe onuchiBaeTcs pa3padboTka MoHUTOpa KoHTposiepa PCI Express mist TeCTUpOBaHMs M TMAarHOCTUKM TTPOTOKOJIb-

HOTO YPOBHSI B KQUeCTBE HAJACTPOMKY Hal CTAHAAPTU30BAHHOM PErMCTPOBOI MOIETbIO OMHOMMEHHOTO CTaHIAPTA.

Karouesvie cnosa: PCI Express; LTSSM; TLP; DLLP; JTAG, omaadka.

This paper discusses the development of the PCI Express controller monitor for testing and diagnostics of legal level as superstructure

over the standardized register model of the PCI Express standard.

Keywords: PCI Express; LTSSM; TLP; DLLP; JTAG; debugging.

BBEAEHUE

B nanHoif paGoTe omuchiBaeTcs pa3paboTka MOHUTOpPA KOHTPOJI-
nepa PCI Express nJ1st TeCTUpOBaHMS M TMaTHOCTUKY TTPOTOKOJIBHOTO
YPOBHSI B Ka4ecTBE HAACTPOWKM Hal CTAHAAPTU30BAHHON PErucTpoO-
BOIi MOJIEJIbIO OHOMMEHHOTO CTaHAapTa.

Bbutu paccMOTpeHBI MPOTrpaMMHO-aNmapaTHbIe CPEACTBA pas3-
JMYHBIX MPOU3BOIMTENEH IJIsI aHAINU3a TTPOTOKOJIBHOTO YyPOBHS
ycrpoiictB PCI Express mist Bepcuii 1.0, 2.0, 3.0, oTMeUeHBI UX TPEUMY-
LIeCTBa U HEJOCTATKH.

B HacTosiiee BpeMst Ha pbIHKE TIPEACTABIICH LIETbIiA PSIIT PEICHUIA,
MO3BOJISIONIUX PA3pabOTINKAM OTCIEKUBATH BECh MOTOK TaHHBIX
MeXIY LIeJIeBBIM YCTPOUCTBOM M r00t-KOMIIJIEKCOM Ha MHCTPYMEH-
TanbHOit DBM nHa mune PCI Express. bosee Toro, pazpaborunkamu
cranpapra PCI Express npeaycMoTpeHa perucTpoBast MOJie b, C TOMO-
LI[bIO KOTOPOU MOJIb30BaTEIb UMEET BO3MOXHOCTb OTCJIEKMUBAThH HAJTU-
ype OMMOOK B paboTe MPOTOKOIA, TTPOU3BOAUTH LIMKITBI 3AMMCH/UTe-
HUS B CIIELIMATM3UPOBAaHHbIE KOHPUTYPALIMOHHBIEC PETUCTPHI U T. 1.

CTOUT OTMETUTD, YTO O€3 NCIIOTB30BAHMSI BBIILIEYTOMSIHYTOTO CIie-
LMAJIU3UPOBAHHOTO 000PYNOBaHUS Pa3pabOTUMK HE UMEET BO3MOX-
HOCTHU OTCJIEXUBATh paboTy nmpotokoiabHoro ypoBusi PCI Express,
KOJIMYECTBO MepeNaHHbIX (IPUHSITHIX) TAKETOB PA3HBIX TUIIOB, HAJTU-
YHe WU OTCYTCTBHUE MOATBEPXKACHMS Ha OTIIPABKY (IIprueM) MakeToB
(ACK/NACK) uT.1.

B cBsI3u ¢ 3TUM BO3HUKAET MOTPEOHOCTDb B peainu3aluuu Takoro
MOHUTOpPa, KOTOPBIN MO3BOJUI Obl pa3paboTUNKy UMETh MaKCH-
MaJIbHO TOJTHOE oToOpaxeHue padoTwl mpotokosna PCI Express, cormo-
CTaBUMOTO C TeM, YTO MPEAOCTABISIIOT CIIELUaTIN3NPOBAHHbIE TPOTO-
KOJIbHbIE aHAJIM3aTOPbI.

IOEAB PABOTBI

IMotpe6HOCTH B pazpaboTke MoHUTOpa KOHTpoJLepa PCI Express o0y-
CJIOBJICHA HEIOCTATOYHOCTHIO OTIATOYHBIX BO3MOXHOCTEI, Ipeay-
CMOTPEHHBIX cTieLn(PUKAIINeii, a TAKXKE OTCYTCTBUEM UCKITIOUUTETHHO
MPOTPAMMHBIX CPEICTB C OTKPBITHIM MCXOILHBIM KOJIOM s o6ecreye-

Hu s MoJTHOTHI TecTupoBaHusi PCI Express ycTpoiicTs.

Lensimu taHHOM pabOTHI SIBIASIIOTCS:

* pa3paboTKa perucTpoBOl MOJAEJU, MPEAOCTABISIOIIEH B MaKCH-
MaJIbHOM 00beMe HabOop OTIa0YHOI MH(pOpMAIINN;

* pa3paboTKa JIOTHYECKUX OJIOKOB B COCTaBE MUKPOCXEMbI KOHTPOJI-
nepa PCI Express, nmo3Bouisioiiero o6padaTbiBaTh MOTOK JaHHBIX;

* paspaboTKa MPOrpaMMHOTO OOeCIedYeHus A1 MOHUTOPUHTIa
MamuHbl coctosiuuit PCI Express, Busyajauszauuu notroka JaHHbBIX,
OIIMOOK 1 CTaTyCHOI MHMOpMAILINK;

* B KayecTBE METOJa JOCTYIa MpeaiaraeTcs UCIoIb30BaHUE UHTEP-
(eiica rpannuHoro ckanuposanus (JTAG);

* MOHUTOpP MOJIXKEH MOAJEePXUBATh KaK paHHUE crielupuKanmnm
(PCIE 1.0, 2.0), Tak 1 Hau6osee aktyaabHbie (PCIE 3.0).
KputepueM olieHKHU pa3pabOTaHHOTO MOHUTOPA SIBJISIETCS MOJI-

HOTa MOAAEPXKMBAEMbIX TECTOBBIX MPOLIEAYD, 8 UMEHHO:

* Bu3yasibHOe npeacTtaBieHue LTSSM;

* noagepxka GYHKUMIT oTciexuBaHUs nmoroka gaHHbix (DLL-
makeTsl, LINK-Tpan3akuuu u SPLIT-TpaH3akiinm) Ha BceX CKOpO-
cTax (2,5/5,0/8,0 I'6/cek) m mpu 11000# IKMPUHE TUHUI TaHHBIX (X1,
x4, x8, x16);

* YTeHME/3aIuUCh B PEAYCMOTPEHHbIE CTAHAAPTOM PETUCTPHI.

OININMCAHMUE CYHIECTBYIOIIINUX METOAUK
TECTUPOBAHUS ITPOTOKOABHOI'O YPOBHS PCI
EXPRESS
PaccmoTrpum s Hauasia Metoauky trectupoBanusi PCI Express ¢ mpu-
MEHEHUEM UCKIIIOUUTETBHO TeX HYHKIUiT, KOTOPbIE MPEIYCMOTPEHBI
opunManbHBIM cTaHAapTOM. JlaHHAasT METONMKA OCHOBBIBAETCS
Ha MpeJjiaraeMoil MoJb30BaTeisIM PeTUCTPOBOI Moaenu. Kak Obl10
OTMEUEHO paHee, JaHHAasl MOJE/b MO3BOJISIET MPOU3BOLUTH MOHUTO-
PMHT HaJW4US OIIMOOK, a TaKKe HEOOXOAMMble HACTPOMKHU /151 KOH-
TpoJujiepa IyTeM peajnu3aluy LMKJIOB 3alTUCH/YTEHUSI B COOTBETCTBY-
ouue peructpsl. O0LIas cxema perucTpoBoit Mogenu ycrpoiicts PCI
Express n3obpaxeHa Ha puc. 1.

[ToMuMO OTClIeXKMBaAaHU S TPU3HAKOB HAJIMYU sl OLIMOOK, MOJTb30Ba-
TEJTIO TIPENIOCTABIISIOTCS TAKME BOBMOXHOCTH, KaK:




*  mosyYaTh MHGOPMAIINIO O IIMPUHE TUHU N

repefauu TaHHbIX, CKOPOCTU YCTAHOBIIEH-

HOTO COeTMHEH NS
* NpOM3BOAMTH uTeHHUe/3amuch B BAR (Base

Address Registers);

*  OCYIIECTBJISIT 3aMUCH B PA3JIUYHbBIC KOH-
urypaimoHHbIE PETUCTPHI.
[Ipennaraemasi CTaHIAPTOM PErUCTPOBAs

MOJIeJIb OTJIMYHO MPUMEHUMA AJs MOJb30-

BaTeJiell, OMHAKO AJ1s51 pa3pabOTUMKOB UMEET

PSII HEOCTATKOB, OOYCIOBIEHHBIX OTCYT-

CTBUEM WHCTPYMEHTApuUeB IJIsl aHalu3a

BXOJSIIIETO U MCXOMSIIETO MOTOKA TaHHBIX

(ITakeToB).

MeTtoaunka, nmo3Bossiionias aHaJIU3U-
pOBATh MOTOKHU JAHHBIX MEX/Y LEJIeBbIM
YCTPOIMCTBOM U T0Ot-KOMIIJIEKCOM, 3aKJIIO-
yaeTcss BO BKJIOUEHUM TMPOMEXYTOU-
HOTO 3BEHa, CIEeLNaIu3uPOBAHHOIO MPO-
ToKoJIbHOTO aHanu3atopa PCI Express.
CxeMa TaKkoTro MOJKJIIOUYeHUsT 1300paxeHa
Ha puc. 2.

B ykazanHoi#t KoHpUTypaluKu MOSIBISI-
eTcs mpoMexXyTouHoe 3BeHo — Add-in card
(nononnutenwvHas kapra PCI Express) BMe-
CTe C CoMyTCTBYIoLIeit annaparypoii (Add-in
card host) 1 TporpaMMHBIM 00€CTIEUCHUEM.
Ha ceronHsimHMit 1eHb HA PBIHKE UMEETCs
HECKOJIbKO MPEATOXEHU OT HECKONBKMX
npousBonuTeneit. KapTel MOTYT OTJIMYaTHCS
M0 MHUPUHE UCTOJb3YyeMbIX TUHUU (0T X1
1o x16) ¥ moxIepKMBaeMOit CKOPOCTH Tiepe-
Iau¥ TaHHBIX.

HDCI/IMYLLICCTBaMI/I TaKoOIro poaa METOAMUK TECTUPOBAHUSA IMPOTO-

KOJIbBHOI'O YPOBHS ABJISAIOTCA:

* IIOJIHO€ INMOKPBITHE NPEAYCMOTPEHHBIX CHCLII/I(i)HKaHI/ICﬁ TUIIOB

ITaKETOB,

* BU3yaJIbHOE mpencTtaBieHue MamuHbl coctosiHuit PCI Express

(LTSSM);

INTRODUCTION

This paper describes the development of a moni-
tor PCI Express controller for testing and diag-
nostics of protocol level as an add-on register-
based model made to standard of the same name.

Software and hardware from different man-
ufacturers to analyze protocol-level devices
PCI Express versions 1.0, 2.0, 3.0 was reviewed,
its advantages and disadvantages noticed.

At present time the market presents a num-
ber of solutions that allow developers to mon-
itor all data flows between the target device
and the root complex in the computer on the
PCI Express bus. Moreover, the developers
of the PCI Express provided a register-based
model, enabling the user to track errors in the
Protocol, to produce cycles of record/reading
in a specialized configuration registers, etc.

31

I/ISAEAI/ISI MUKPOSAEKTPOHUKHN OBLIIET'O
N CITEITMAAN3NPOBAHHOIO HASHAYEHUA

Byte
Offset

Device ID

Vendor ID 00h

Status

Command 04h

Class Code

Revision ID 08h

BIST Header Type

Master Latency Timer

Cache Line Size 0Ch

Base Address Registers

10h

14h

18h

1Ch

20h

24h

Cardbus CIS Pointer 28h

Subsystem |D

Subsystem Vendor ID 2Ch

Expansion ROM Base Address 30h

Reserved

Capabilities Pointer 34h

Reserved

38h

Max_Lat Min_Gnt

Interrupt Pin Interrupt Line 3Ch

Puc. 1. Obwas cxema pecucmpogoii modeau PCI Express

Fig. 1. General scheme of register-based model PCI Express

* BO3MOXHOCTb KaJII/I6p0BKI/I JUHUMN, n0n60pa OINITUMAJBbHBIX

rnapaMmeTpoB.

IMpu Bcex yKa3aHHBIX MPEUMYILIECTBAX JAHHBIX METOIMK HEOOXO0-

JVMO OTMETUTD CJICAYIOLIEE. OnucaHHbBIC BbILIE APXUTEKTYPBHI IpEI-

CTaBJISIIOT U3 ceOst COBOKYITHOCTB ITpOrpaMMHO-aIlmnmapaTHbIX CPEICTB,

IPHUYEM C 3aKPBITBIM UCXOOHBIX KOOIOM M HEBO3MOXHOCTBIO pa3pa-

OOTKM CBOMX COOCTBEHHBIX TECTOB.

It should be noted that without using the
above-mentioned specialized equipment the
developer is not able to monitor the Protocol
level, PCI Express, the number of transmit-
ted (received) packets of different types, the
presence or absence of confirmation to send
(receive) packets (ACK/NACK), etc.

In this regard, there is a need to implement
such a monitor, that would allow the devel-
oper to have the most complete display of the
work of the PCI Express Protocol compara-
ble to those that provide specialized Protocol
analyzers.

PURPOSE OF THE WORK

The need to develop a PCI Express control-
ler monitor is caused by the lack of debug-
ging facilities provided by the specification,

as well as exclusively open source software to

ensure the completeness of testing PCI Express

devices.
The objectives of this work are:

« the development of a register model that
provides the maximum volume of the set of
debugging information;

+ the development of logical blocks within the
PCI Express controller to handle the data
stream;

« software development for PCI Express state
machine monitoring, visualization of data
flow, errors and status information;

* asan access method, it is offered to use the
interface boundary-scan (JTAG);

» the monitor should support early specifi-
cations (PCIE 1.0, 2.0) and most relevant
(PCIE 3.0).




AOKAAABI KOH®EPEHIIVH

Takoro poaa MPOTOKOJIbHbIE aHaTM3a~-
TOPBI BBIIMTYCKAIOTCS TAKMMU MTPOU3BOIUTE-
nsamu, kak Agilent, Teledyne. B HacTosiiee
BpeMsl Ha pbIHKE MPEACTaBJIEH 10CTATOYHO
LIMPOKUN ACCOPTUMEHT UX MPOLYKILIUHU.
Kak npaBu0, OHU OTJIMYAIOTCS UCKIIIO-
YUTEJIbHO OCOOEHHOCTSAMM MpPOTpaMM-
HOTO obecrneyeHus1, IUPUHOMN TUHUI Tiepe-
Jadyu JAaHHBIX U PAOOM OOIMOJTHUTEIbHBIX
byHKUMI.

TloMMMO yKa3aHHBIX BbILIE MOIXOI0B
CTOUT OTMETUTh HAJIMUYUE METOIUK IJIs
TECTUPOBAHM S KaHAJIbHOTO YPOBHS MPU-
emomnepenatunkoB PCI Express, ogHako
UX NPUMEHCHNE OTPAaHUYCHO MCKJIIOUYU-
TEeJbHO MPOBEPKOH (GYHKIUMOHUPOBA-

2el Add-in card HOST

]
Add-in card

HOST

HHUA KaHaJIOB Ha 3aJaHHBIX CKOPOCTAX,
C OTCYTCTBUEM BO3MOXHOCTEN KOHTPOJISA
JaHHBIX.

Takum o6pa3oM, KpaTKUii 0630p cyle-
CTBYIONIMX METOMMK MOKA3aJ, YTO Ha JaH-
HBIIf MOMEHT BPEMEHU OTCYTCTBYET TaKOU
TMOJXOM, ITPU KOTOPOM pa3paboOTUMK MMeJl
Obl BO3MOXHOCTb MPOU3BOAUTH OTIALKY
npoTtokoJbHOTO ypoBHSsI PCI Express 6e3 1OMOJTHUTEIBHOTO MPO-
rpaMMHO-aImapaTHoro obecneyeHusi. OTCYyTCTBYET BO3MOX-
HOCTb pa3paboOTKU TECTOB, MPOBEPKHU MPOTOKOJIA HA MpEeAMET
HaJMYUS OIIMOOK B peaJbHOM BPEeMEHU U OTIPEIeICHUS TEKYIETO
coctosiHus LTSSM (onsTh Xe 6€3 HaJlMuus JOMOJTHUTEJIbHOTO
obopynoBaHMSI).

B cBsi3u ¢ BBIIIEyKa3aHHBIM BO3HUKAET MOTPEOHOCTh B pa3-
pabGoTKe TaKoro Moaxojia, NpU KOTOPOM JOCTYI K GONBIIMH-
cTBY U3 GYHKIIMI, CBA3aHHBIX C TPOTOKOJbHBIM TECTUPOBAHUEM,
MOXET OBITh OPraHM30BaH 6€3 UCMOJIb30BAHM S JOMOJIHUTEIbHBIX

Puc. 2. Cxema nodkarouenus npomokoavhovlx anasuzamoposé PCI Express
Fig. 2. PCI Express protocol analizator connection scheme

MporpaMMHO-aINmnapaTHbIX CpeAcTB. Takoil MOAXOA MO3BOJISIET pa3-
pabGoOTUKKY, TOMUMO BCErO MPOYEro, MOJTy4aTh BO3MOKHOCTD peajiu-
30BBIBATh CBOM COOCTBEHHBIE TECTHI TLIIOC IOCTYI K KOHMUTYpaIn-
OHHBIM, CTATYCHBIM PETUCTPaM U T. II.

OIINCAHUWE MOHUTOPA KOHTPOAAEPA PCI
EXPRESS

Mouutop koHtposgepa PCI Express mpencrapisier coboit Ham-
ctpoiiky Haja 6iokoM PCI Express. JlaHHBIIT 610K onMcaH Ha sI3bIKE
Verilog(HDL). biiok nMeeT aBa pexxuma paboThl: OOBIYHBI PEXUM,

Assessment criterion of the developed mon-
itor is complete support of test procedures,
namely:

» avisual representation of the LTSSM;

» support for monitoring data flow (DLL pack-
ets, LINK transactions and SPLIT transac-
tion) at all speeds (2.5/5.0/8.0 GB/sec) and
at any width of the data lines x1, x4, x8, x16);

* reading/writing within the standard
registers.

DESCRIPTION OF THE EXISTING
TEST PROCEDURES OF PROTOCOL
LEVEL, PCI EXPRESS

In the beginning we will consider the testing
methodology for PCI Express using only those
functions that may be required by the standard.
This technique is based on the register model
offered to users. As noted above, this model
allows monitoring of errors and making neces-
sary adjustments to the controller through the

implementation of write/read cycles of the cor-
responding registers. The General scheme of

a register-based device models PCI Express is
shown in Fig. 1.

In addition to tracking the signs of the pres-
ence of errors, the user is provided with fea-
tures such as:

+ Obtaining information about the width of
the data lines, the speed of a connection;
* Reading/writing BAR (Base Address

Registers);

« Entry to various configuration registers.

Register model offered by the standard is
applicable for end users, but has a number of
disadvantages for developers due to the lack of
tools to analyze incoming and outgoing flow of
data (packets).

The method allowing to analyze data flows
between the target device and the root com-
plex is to include intermediates, specialized
Protocol analyzer for PCI Express. Scheme of
such connection is shown in Fig. 2.

In the specified configuration there is an
intermediate link — Add-in card (the addi-
tional PCI Express card) together with the

accompanying equipment (Add-in card host)
and the software. Today there are several offers
from several producers on the market. Cards
can differ in width of the used lines (from xI1
to x16) and the supported data transmission
speeds.

The benefits of such testing techniques on
legal level are:

« Complete coverage of the types of packets
provided by the specification;

« Visual representation of PCI Express state
machine(LTSSM);

» Possibility of lines calibration, matching of
optimum parameters.

Given these advantages the following
should be noted. The above-described archi-
tectures are a set of hardware and software,
with closed source and the inability of develop-
ing its own tests.

This kind of Protocol analyzers are pro-
duced by such manufacturers as Agilent,
Teledyne. Currently, there is a wide enough
assortment of their products on the market.




a TaKXE€ pEXUM TpuUrrepa, UCIOJIb3yeC-

MBI IS 3aXBaTa MOTOKA JaHHBIX Ha IIWHE.
MOHUTOP COCTOUT M3 amnmapaTHON M Mpo-
rpaMMHO YacTH.

B cocrtaB anmnapaTHOi YacTu MOHUTOpA

BXOJISIT:

* OJIOK PerucTpoB ISl XpaHEeHU ST UHDOP-
Malluu O COCTOSTHUM KOoHTpoJaepa PCI
Express;

* MacCHUB MaMSITU, HEOOXOAMMBIH IS Xpa-
HEHUS MEePEeX00B MalIMHBI COCTOSTHU it
LTSSM, a TtakxXe 3alucu OMIKMOOYHBIX
MaKeToB B MOTOKE TaHHBIX Ha IIINHE;

* KOHTpOJIJIEpPHl JOCTyMa K perucrpam
U MaMSITH;

CTpyKTypHasi cXeMa armnapaTHoi 4acTh

MOHMTOpA MpecTaBieHa Ha puC. 3.

Kak cienyet n3 cxembl, annapaTHasi 4acTh

MOHMTOpPA JIEJUTCS Ha 2 OCHOBHbBIE YaCTHU:

* OJIOK PETUCTPOB;

* OJIOK MaMsITH.

C TOYKM 3peHUus PYHKIIMOHATIBHOCTH
0JIOK PEeTUCTPOB ACIMUTCS Ha 3 KJlacca:

* 610k peructpon omnbdok (Err_reg_blk) —
coIepKUT UHGOPMAIIMIO O PA3JTUUYHBIX

omKnbKax Ha Bcex JIornueckux ypoBHsix KoHtposiepa PCI Experss,
a Takxe 00 ux konuvectse (NACK, Message 1 1p.olInOKM);
* 0OsoK peructpos ynpasieHus (Ctrl_reg_blk) — comepXuT peructpot
ynpasieHus mwnHoii PCI Express (CKOPOCTb M LIMPUHA LWHBI U 1P.);
* 0JI0K peructpoB coctosiHus (Stat_reg_blk) — conepXuT IeTaabHY 0
nHbopmanuio o mimHe PCI Express (LIMpuHe U CKOPOCTH IIUHBI,
cuetunku maketoB TL, DLL, PhyLayer, Message, ACK).
AHanu3 MoJTy4YeHHO! U3 pETUCTPOB MHPOPMALIUU OCYLIIECTBIISIETCS

TI0JIb30BaTECIEM.

As a rule, they are distinguished solely by the
features of the software, the width of the data
lines and a number of additional functions.

In addition to the above approaches, meth-
ods for testing link layer transceivers, PCI
Express should be mentioned; however, their
use is limited solely to the audit of the func-
tioning of channels at set speed, lack of con-
trol data.

Thus, a brief review of existing meth-
ods has shown that at this time there is no
approach allowing the developer to debug
Protocol-level PCI Express without any
additional software and hardware. There is
no possibility of test development, Protocol
validation for the presence of errors in real
time and identifying the current state of
the LTSSM (again, without additional
hardware).

In view of the above, there is a need to
develop an approach, allowing access to most
of the functions associated with the Protocol
testing without the use of additional software
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Fig. 3. Block diagram of PCI Express monitor hardware

B 06bIYHOM pexume paboOThl B MACCUB MaMSITU 3aMUChIBACTCS
nHdopmanus o nepexonax MamuHbl coctossHuit LTSSM. Takxe
B MOHUTOpE MPEIYCMOTPEH pexXuM Tpurrepa. Ero pa6ora 3akioua-
€TCsI B CJICIYIOLIEM: TP MOSIBICHUH OLIMOOK Ha LITMHE UCTIOTb30BaHKE
3TOrO pexumMa Mo3BOJSIET 3aXBaThIBATh MOTOK AaHHbIX HA KnHe PCI
Express U1st fajbHENIIIEro aHa u3a.

Ha puc. 4 moka3zaHa cxema nmonkJjoyeHuss moHutopa PCI
Express. Kak BUZHO 13 CXeMBbl, C OHON CTOPOHBI MOHUTOD MO~

kiaouaetcs K 610Ky PCI Express B KpucTasje, a ¢ Ipyroit CTOpOHbI

and hardware. This approach provides the
developer, among other things, with the abil-
ity to implement your own tests plus access to
configuration and status registers, etc.

PCI EXPRESS CONTROLLER

MONITOR DESCRIPTION

PCI Express controller monitor is an add-on

block for PCI Express. This block is written

by Verilog(HDL). The unit has two modes
of activity: normal mode and trigger mode
used to capture the data flow on the bus.

The monitor consists of 2 parts: hardware

and software.

Monitor hardware consists of:

« register block for storing information about
condition of PCI Express controller;

* memory array, required to store transitions
of LTSSM state machine, and the errone-
ous packet in the data stream on the bus;

» access to controllers registers and memory;
Block diagram of monitor hardware is pre-

sented in Fig. 3.

As follows from the diagram, monitor hard-
ware consists of two parts:

« register block;

* memory block.

Functionally, register block is divided into
three classes:

« Errors register block (Err_reg_blk) — con-
tains information about different errors
on all logical level PCI Express control-
ler, as well as about their number (NACK,
Message and other errors);

« Control registers block (Ctrl_reg_blk) —
contains control registers of PCI Express
bus (speed, width and etc);

« Status register block (Stat_reg blk) —
contains detailed information on the PCI
Express bus (speed, width, packet counters
TLP, DLLP, Phy Layer, Message, ACK);
Analysis of the information obtained from

the registers is performed by the user.

In default activity mode information on

LTSSM state machine is registered in mem-

ory array. Also the monitor has a trigger mode.




AOKAAABI KOH®EPEHIIVH

Mo BHelNIHeMy MHTepdeiicy anmmapar-
Hasi YaCTh MOHUTOPA COCNUHSETCS C MPO-
rpaMMHOI yacTblo. TakXe Ha pUCYHKe
MOKa3aHo, YTO anmnapaTHas 4acThb MOHHU-
TOpa SIBJSIETCS YAaCThO MUKPOCXEMBbI.
DTo O3HavaeT, YTO MPUMEHEHUE TaH-
HOTO 0JlOKa HEBO3MOXHO, €CIU JOaH-
Hass QYHKIIMOHAJIBHOCTbh HE 3all0XeHa
B MUKPOCXEMY.

B kauecTBe nporpaMMHOI YaCTU MOHMU-
TOopa UCTOJIb3yeTCsl OJIOK MOJTb30BATENb-
ckoro ITO (User Software). [Tpu momomu
9TOT0 GJI0Ka MOJb30BaTEIbh MOXET BUIETH
3HAYEHUsI CTATYCHBIX PErUCTPOB, PEru-
CTPOB O1INOOK, HhOPMUPOBATH JaHHbIE 151
3aMUCH B PETUCTPBI yIIPABJIeHUS, BUNECTh
rpaduueckoe MmpencTaBieHUe MallUHBI
coctossHuin LTSSM-kxoHTponnepa,
a TakXe B clyyae OIMOOK B ONpeneaeH-
HOM JIOTMYECKOM OJIOKE YBUAETb MOTOK
naHHbix Ha mnHe PCI Express u o6Hapy-
KUTh OIIMOOYHYIO TpaH3aKuuio. Takxe
MmporpaMMHasli 9acTh MO3BOJSET MPO-
BOIUTb TECTUPOBAHME MPOTOKOJIBLHOTO
ypoBHs PCI Express.

MonuTtop koHTposiepa PCI Express pazpaboTaH B MOJHOM COOT-

Chip

PCI Express
controller

PCI Express
Monitor

User
Software

Puc. 4. Cxema nodxaiouenus monumopa konmpoanepa PCI Express

Fig. 4. Connection diagram of PCI Express controller monitor

* JOCTYyI K perucrtpamM €O CTOPOHBI MOJb30BATEIA OCYHICCTBIACTCA

uyepes untTepdeiic JTAG;

BeTcTBUU co ctannaptom PCI Express, uMeeT perucTpoByIo MOZIETb, * MOHUTOP COAEPXKHUT OJIOK PETUCTPOB, KOTOPBIE XPAHST NeTATbHYIO

IIOJIHOCTBIO COBMECTUMYIO CO CHCHPI(I)I/IKB.L[PICI‘/T, a TaKXe€ OOITOJITHU-
TEJIbHBIC PETUCTPHI, HeoOXoAMuMble J151 OTIAagKH O10Ka.

PE3VABTATHI IIPUMEHEHUN S, OIIEHKA
IMPEMMYIIECTB 1 HEAOCTATKOB

B kavecTBe pe3ysibTaToB pabOThl CTOUT OTMETHUTH CJEIY IOLIee:
* paspaboraHa peructponasi moaenb MmoHuTopa PCI Express;

Its activity is the following: if error occurs on
the bus, use of this mode allows you to cap-
ture data stream on PCI Express bus for fur-
ther analysis.

Fig. 4 shows the connection diagram of
PCI Express controller monitor. As can be
seen from the diagram, one side of the moni-
tor unit is connected to the PCI Express in
the chip and on the other side by the external
interface hardware of monitor is connected
to the software part. Also the figure shows
that the hardware monitor is part of the chip.
This means that the use of this block is not
possible if this functionality is not inherent
in the chip.

As a software of the monitor block of user
software is used. With this block the user can
see values of the status registers, error regis-
ters, generate data for writing to the control
registers, see a graphical representation of
a LTSSM state machine controller and, in the

case of an error in a particular logical block,
see data stream on the PCI Express bus and

nHdopmanuio Kaxaoro ypoHs npotokosna PCle (Data Link Layer,
Transaction Layer, Physical Layer), 61arogapst yeMy nuMeeTcsi BO3-

MOXHOCTb MPEAOCTABISTh MOJIb30BaTEII0 MOAPOOHYIO MHpOPMa-

LIMI0 O TlepeaaBaeMbIX/IIPUHUMAEMbIX TaHHBIX, CTpoUTh LTSSM-

mamuny coctosinuit PCI Express, a Tak:xe moay4ats nHGOpMAIIMIO

detect the erroneous transaction. Also the
software part enables the testing of Protocol
level PCI Express.

PCI Express controller monitor is designed
in full compliance with the PCI Express and
has a register-based model that is fully compat-
ible with the specification and any additional
registers required for the debug unit.

RESULTS OF THE
APPLICATION, ASSESSMENT

OF THE ADVANTAGES AND

DISADVANTAGES

As the results of the work the following should

be noted:

« register model of PCI Express monitor is
developed;

« access to the registers by the user is carried
out via JTAG interface;

* monitor contains a block of registers that
store detailed information of each Protocol
layer of PCle (Data Link Layer, Transaction
Layer, Physical Layer), so you have an

00 ommbKax B paboTe TOrO UJIM MHOTO JIOTUYecKoro 0J0Ka, OTHOCS -
merocs K PCI Express;

option to provide the user with detailed
information about transmitted/received
data, to build PCI Express LTSSM state
machine and also to obtain information
about errors in operation of logical block
belonging to the PCI Express;

« designed monitor provides complete test-
ing of the PCI Express Protocol at all speeds
and width of the data lines, provided by the
specification;

Due to application of the PCI Express con-
troller monitor it is possible, without the use
of additional equipment, to get access to the
state machine PCI Express (LTSSM); in the
presence of errors in a particular logical block
there is a trigger mode. Its essence is to cap-
ture information throughout PCI Express data
flow, starting with a given user time and ending
with time of filling of the buffer.

During default monitor activity, status reg-
isters are filled. Status registers contain infor-
mation about the presence of errors, number of
packets of various types and system messages.




* pa3paboTaHHbIl MOHUTOP OOECIIeUMBAET IMOJHOTY TECTUPOBAHU S
npoTtokosa PCI Express Ha Bcex MpeaycMOTPEHHBIX crielindrka-
LIMEN CKOPOCTAX M IIMPUHE TMHUI Nepeayn JaHHbIX.

B pesyabrare npuMeHeHuss MOHUTOpPA KoHTpoJuiepa PCI Express
MMeEEeT BO3MOXHOCTb 0€3 UCIOJIb30BaHUS TOMOJHUTEIbHOIO 060~
pyIdoBaHU S MOJydaTh H0CTyN K MamuHe coctossuuii PCI Express
(LTSSM), npu Haau4uu ouinbOK B TOM UJIU MHOM JIOTMYECKOM OJIOKE
MpenrycMOTPEH pexXuM Tpurrepa (trigger mode). Ero cyTh 3akaioyaercst
B 3anucu nHGopMaimu o scemy notoky naHHbix PCI Express, Hauu-
Hasl C 3aJlaHHOTO IM0Jb30BaTEJEM MOMEHTA BPEMEHU U 3aKaHUYMBAs
MOMEHTOM 3aToTHeHUs1 6ydepa.

IIpu pabote MOHUTOPA B OOBIYHOM PEXMME 3aMOJHSIOTCS CTaTyC-
HBle peTUcTphl. CTaTycHBIE PETUCTPHI colepKaT B cebe MHMOPMaIINIO
0 HaJIMYM U OIIMOOK, KOJTMYECTBE MAKETOB PAa3JIMYHOTO TUIA U CUCTEM-
HbIX cOO0IIeHUsIX. Bosiee Toro, pacluinpuBs CTaHAAPTU30BAHHYIO pEru-
CTPOBYIO MOJIeJIb, Pa3pabOTUYUK UMEET BO3MOXHOCTb HE TOJILKO OCY-
LIECTBJISITh KOHTPOJIb 32 PAaOOTOI KOHTPOJIIEpa, HO M 00ecreynBaTh €ro
yIpaBJeHUE TyTEM COOTBETCTBYIOLIMX 3aMTUCEI B PETUCTPBI.

Takum o6pa3om, B pe3ybraTte paboTbl CTOUT OTMETUTD IPEUMY-
1iecTBa pa3paboTaHHOrO MOHUTOPA MO CPaBHEHMIO CO CTAHIAPTHBIMU
MpOorpaMMHO-aMnmnapaTHbIMU CPEICTBAMU, a TAKXKE U €r0 HETOCTATKU.
* MoHUTOp NpesocTaBIseT BO3MOXHOCTb €ro UCI0Ib30BaHU 0e3

JIOMTOJTHUTENBbHBIX IPOrPAMMHO-AMNMapaTHbIX CPENCTB, TAKMUX KaK

cnenuraausupoBaHHoe [10 u uHCTpyMeHTaIbHbIe DBM.

+ OOecneyeHa MOJHOTA TECTUPOBAHUSI MTPOTOKOIBHOTO ypoBHs PCI
Express.

« bnaronaps npensiokeHHOIN perucTpoBoil MOIEIN UMEETCS BO3MOX-
HOCTb CO3[JaHU Sl TECTOBOTO Habopa, B KayecTBe MHTepdeiica noctyna
K perucTpam Mpeaaaraercs HCIoab30BaTh, K mpumepy, JTAG.

* HenocrarkoM pa3zpaGoTaHHOTO MOHUTOPA SIBJSIETCS TOT (hakT, 4TO
JIAaHHBI JJOTUYECKU T 6JIOK HEOOXOAMMO BKJIIOYATh B COCTAB pa3-
pabaTbIBa€MOTO YCTPOHCTBA, MOCKOJIBKY OH MPEACTABISET COOO0I
HaJACTPONKY HaJ CTaHAapPTU30BaHHOI pernctpoBoit Mmozaenbio PCI
Express.
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3AKAIOYEHUE
B nanHoit paboTe onuceiBaeTcss MOHUTOP KoHTpoJsiepa PCI Express.

OH mpeacTaBiseT co00il MporpaMMHO-aNIMapaTHOEe CPEACTBO IS

OTJIaJIKU IAHHOTO TPOTOKOJIA.

Pa3zpaGoTaHHBIE MOHUTOpP NpeacTaBlisgeT cOOOI JOrMYecKue
0J10KHU, BKJIIOUaeMble B cocTaB pa3padbaTbiBaemoro PCI Express koH-
TpoJuiepa, 0ydep namsaTu a5 paboTbl MOHUTOPA B PEXXUME TPUTTEPA,
a TakXe MPOrpaMMHYIO 4acTh, COCTOSIILYIO U3 TECTOBOTO Habopa,
MpOrpaMMHOTO o0ecrneYyeHus AJsl BU3Yyalu3alnuu MOJTYydeHHBIX
pe3yJbTaToB.

BaskHo BKJII0YaTh JaHHBII OJIOK MPY pa3paboTKe yCTpoiicTBa BBULY
TOTO, YTO 3TO MMOMOXET OTKa3aThCs OT JOMOJHUTEIbHBIX CPEACTB
OTJIaJIKU MPOTOKOIbHOTO ypoBHs PCI Express.

ABTOpPBI CUMTAIOT, YTO B JAHHOI paboTe HOBBIMU SIBISIIOTCS CIEeLy-
IOLIME MOJOXEHUS U Pe3yIbTaThl:

* pa3paboTKa pacUIMPEHHON PEruCTPOBOI MOJIEIIH AJ151 KOHTPOJLIepa
PCI Express;

* obecreyeHure MOJHOTH TecTUpoBaHus KoHTpoiepa PCI Express
0€3 MCMOJb30BAHUSA JOMOJHUTEIbHBIX KOMMEPYECKUX MPO-
rpaMMHO-aMNMnapaTHbIX CPENICTB;

* coO3JaHue BO3MOXHOCTH yripaBjieHusi Koutposuiepom PCI Express,
B TOM YMCJIE YIIPABJIECHUS LIMPUHON JMHUNA JAaHHBIX, CKOPOCTHIO
rnepefayr JaHHbIX U TaK Jajiee.
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Moreover, expanding a standardized register-
based model, the developer has the ability not
only to monitor controller activity, but also
to control it through corresponding entries in
registers.

Thus, as a result of the work it is worth not-
ing the advantages of the developed monitor
compared with standard software and hard-
ware, as well as its shortcomings.

* Monitor provides the possibility of its use with-
out additional software and hardware such as
specialized software and computer tools.

« Completeness of testing on PCI Express
Protocol level is ensured.

* Due to the proposed register-based model,
there is a possibility of creating the test set,
as an interface of access to registers it is
proposed to use, for example, JTAG.

* The disadvantage of the developed moni-
tor is the fact that this logical unit must be
included in the composition of the devel-
oped device, because it is add-on model of
standardized register PCI Express.

CONCLUSION

This paper describes a PCI Express control-

ler monitor. It is software and hardware tool to

debug this protocol.

Developed monitor represents the logi-
cal blocks included in the developed PCI
Express device, the buffer memory for
the monitor activity in trigger mode and
software part consisting of the test set
and software for the visualization of the
results.

It is important to include this block in the
development of the device, due to the fact that
it will help avoid extra debugging tools for PCI
Express protocol level.

The authors consider that in this work the
following statements and results are novel:

» development of an enhanced register-based
model for PCI Express controller;

» ensuring the completeness of testing, the
PCI Express controller without using
additional commercial software and
hardware;

4. Petrov S.

* there are options to control the PCI
Express controller, including control over
the width of the data lines, the data trans-
fer speed and etc.
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