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LHCb HW/SW stack (Run3)

HLT1 (GPGPU)

Event Builder (IB HDR)
Driver (Ihcb _pcie40.ko)

* 110Gbps DMA interface from TELL40

* 55Gbps x 2 PCle IP (Gen3x8) | PCle IP (Gen3x8)

* Up to 40 Tbit/s aggregate EB bandwidth DMA ctrl DMA ctrl

* New HLT1 implementation on GPU
TELL40 TELL40

* Each layer of the stack is monitored and --

configured by the LHCb control system

* [n use at LHCb since 2021

* Front-End with Versatile Link protocol
* ~5Gbps
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LHCb HW/SW stack (Run4)
* Expected to go into production in 2029

Event Builder (IB ?DR / ETH?)

* Versatile Link+ Front-End uplinks
* 10Gbps

* 500Gbps PCle interface from PCle400
* Gen5 = 32T/s/lane/direction

Driver (Ihcb _pcie40.ko)

* Must coexist with Run3 system

PCle IP (Gen3x8) PCle IP (Gen5x16)
* Same timing distribution DMA ctrl m
« PON
Same event builder architecture? TELL40 TELL40
* To be finalized, depends on system size
Same driver?
* Not required but nice to have VL VL Vit Vit
Same control system
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Current PCle implementation

Already described in previous presentation (June 8th)

* Implementation provides a very generic abstraction (just a stream of words)
* Each word is 256bits

* Supports multiple DMA channels, Host-to-Device (Tx) direction
* Device-to-Host (Rx) direction implementation exists but is not tested

* 55Gbps/stream (Gen3x8), zero-copy interface, InfiniBand RDMA compatible

* Up to 1TiB addressable memory per Tx stream

FPGA HOST
ready write offset
valid
data [255:0] DMA stream
sop/eop/evid... read offset
(optional)

DMA controller Driver

13/10/2022 PCIE400 PCIE INTERFACE IMPLEMENTATION



|Externa| descriptor controller

* Altera PCle IP supports external
controller interface

* Avalon ST for descriptors

DMA Read Avalon-MM :
Writes data from Host
memory to FPGA memory.

DMA Write Avalon-MM :

* Avalon MM for buffer access ol

Avalon-MM Master

* Compatible between PCle IPs from i
different device families

TX (CRA) Slave:
Allows FPGA to send single

Figure 5-2: Avalon-MM DMA Bridge with External Descriptor Controller

_ol630]

<— RdDmaWriteData[<w>1:0]
<@—— RdDmaBurstCount_o[<w>1:0]
<——— RdDmaByteEnable_of <w>1:0]

RdDmaWaitRequest_i

WiDmaRead_o
WrDmaAddress_o[63:0)
WrDmaReadData_i[<w>1:0]
WiDmaBurstCount_of<w>1:0]
WrDmaWaitRequest_i
\WrDmaReadDataValid_i
RxmRead_o
RxmWrite_o
RxmAddress_o|
+ RxmBurstCount
RxmByteEnable_o[3:0)
RxmWriteData_o[31:0]
RxmReadData_i[31:0]
RimReadDataValid_i
RxmWaitRequest_i

TrsChipSelect_i
TxsRead_i

TasWrite_i
TrsWriteData_i[31:0]
TxsAddress_i[<w>-1:0

* Allows LHCb PCle implementation to T
support multiple device families with

+ TxsReadData_o{31:0]
TxsReadDataValid_o
TxsWaitRequest_o

(CraRead_i
(CraWrite_i
(raAddress_i[13:0]
(raWriteData_i[31:0]
0[31:0]

minimal modifications (device wrappers) i
* Stratix IV

Descriptor Instructions.

* Stratix V e
 ArriaV
* Arria 10

Status

What about Agilex? ot
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GrabyteEnable_i[3:0)
(CraWaitRequest_o
CraChipSelect_i

RdAstRxData_i[159:0]
RdAstRxValid_i
RdAstRxReady_o
WrAstRxData_i[159:0]
WrAstRxValid_i
WrAstRxReady_o
RdAstTxData_o[31:0]
RdAstTxValid_o

WrAslTxDava:olll:n]
WrAstTxValid_o

dg_par_err
derr_cor_ext_rov
derr_cor_ext_rpl
derr.

diup

dlup_exit

evi2éns

evius

hotrst_exit
ins_status[3:0]
ko_cpl_spc_data[11:0]
ko_cpl_spc_header(7:0]
12_exit

lane_act[3:0]
Itssmstate[4:0]

x_par_er
{ tx_par_er(1:0]

Hard IP for PCI Express Using Avalon-MM with DMA
<4—— RdDmaWrite_o

andiod

npor
nreset_status
pin_perst
Msilntfc_o[81:0]
Msixintfc_o[15:0]
MsiControl_o[15:0]
intx_req_i
intx_ack_o|
hip_reconfig_clk
hip_reconfig_rst_n;

hip_reconfig_readdata[15:0}
hip_reconfig_write
hip_reconfig_writedata[15:0)
hip_reconfig_byte_en[1:0}
ser_shift_load
interface_sel

te_out0kn>1:0]
n_in0kn>1:0]

caurrenteoeffo[17:0]
currentrxpreset0[2:0]
eidleinfersel[2:0]
phystatus0
powerdown0[1:0]
rate{1:0]
niblkstd
ndata0[31:0]
xdatak{3:0]
ndataskip
elecidled
nepolarity
notatuso[2:0)
rosynchd0[1:0]
novalid)
sim_ltssmstate[4:0]
sim_pipe_pclk_in
sim_pipe_rate{1:0]
Uebilst
txcompl0
tdata[31:0]
bedatak0
tdataskip
tdeemph0
adetectrx0
txefecidle0
tamarging
biswing0
tesynchd0[1:0]

test_in[31:0]
currentspeed[1:0}
simu_mode_pipe|

devkit_status [255:0]

o B }- Clocks
-

[ B Reset &
=% [ lockStatus
—

> MSI and MSI-X

- Interface
e

-

-

>

< Hard IP
— Reconfiguration
(Optional)

< } Serial Data

— |
|

\

1

| Gen3PiPE
ppp | (simulation
‘ only)

-—
—_— Testand
[ B Mode Control

devkit_cnrl [255:0)

A } Development Kit




MCDMA PCle IP

MCDMA with External Controller

* Only supports H-Tile, P-Tile, F-Tile
_ , Interface
* Up to Gen4x16 (P-Tile devkit)
* 512bit bus
* 256bit bus (single x8 only) rf;;::;gg';;::g:;"'a""““ ext_des_ct |
| A A A
* Similar enough to “older” external HEEEEIHEL
controller interface ey B E B B
* Should be possible to support without a § J | [
lot of extra work o w | il b S
« Still requires bus width adaptation |- e ||t vahons || "l |
(256->512) 1. .

—» Avalon Streaming —» Avalon Memory Mapped

* Supported by F-Series devkit at CERN
* But not tested

* Supported by Intel DPDK driver
* But not tested
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|R-Ti|e PCle |P

R-tile Top-Level Block Diagram in PCI Express Mode

* Up to Gen5x16 (R-Tile)
1024bit bus @ 500MHz
* Segmented as 4x256 bits

 R-Tile IP still under development
* Last UG document released on Oct 7th

* No Avalon MM interface
* Only Avalon ST

* No external DMA controller interface
* Might have to implement our own

* Will MCDMA IP be ported to R-Tile?
* Have to ask Intel

PCIE400 PCIE INTERFACE IMPLEMENTATION
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Avolon-STRX
Interface

Avalon-STTX
Interface

Resets

Hot Plug

Interface

General Pun
VSEC Interface

Error Interface

Completion
Timeout
Interface

|
i
|
|
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R-Tile Avalon-ST Hard IP for PCle
pX__sth_data_o[255:0] X_hig address_i{31:0) e
PX_x_st_hdr_o[127:0] o mm ey :[m :
XN prefix_of31:0] FX_bip_reconfi_ead J
g PX_hip_r mnﬁyeaddaw of7 Hard 1P
S oo d pXChip_ n(nnﬂq_mddluvdld o|——— } Reconfiguration
DX st dvaid_o PX_hip_reconfig_write_i &——— [ interface
pX_rx aN_walld_o pX_hip_reconfig_writedata_i7:0)]
PX_n_stN_pvalid_o pX_hip_reconfi_waitrequest_o\——»
PX_rx_st_ready_i
PX_rx_sth_bar_o[2:0] (_nx_st_hardt_init_i{2:0] e
PX_r_sth_data_par_o[70] PX_x_st_herdt_update_i(5:0] ft——
PX_rx_st_hde_par_o[3:0] PX_rx_st_herdt_update_cnt_i[11:0] <t
PX_rx_sth_prefix_par_o P_I_SU_hardt_init_ack_0[20) et | Avaion-STRY
PX_rx_stN_empty_o[2:0] PX_ne_st_dardt_init_i[2:0) | e [ Credit Interface
p:_::_g"" _pt. _pal_an PX_n_st_darde_update_i[2:0] [t
laters mm"!mj 0] (_rx_st_dardt_update_cnt_i{11:0) | e
PXCrCstpfum_o[20] pX x_st_derdt_init_ack_0[2:0] >
(_tx_stN_data_i[255:0) 2
;’: DSt hdr u[gml DXt herdt_init_ol20] ———>
Xt prec_i310] PX_b_st_hardt_update_o[5:0) et
P PX_te_st_hardt_update_cnt_o{11:0) et
PX_tx_sth_sop_i PX_t_st_harde_init_ack_I[20)[—— | , o
Xt PX_tx_st_dadt_init_o[20)——d> [ CTl00 e
PX_b_s PX_tx_st_dcrdt_update_0[2:0] et
PX_bx L PX_te_st_derdt_update_nt_o{11:0] prmmmed>
PX_tx_stN_pvalid_i pX_te_st_dcrdt_init_ack_i
PX_tx_stN_data_par_i[7:0]
PX_t_stN_hdr_par_i[3:0) pX_prs_event_valid_i f————
PX_te_stN_prefix_par_i PX_prs_event_func_i[20) it mﬂ
PX_tx_st_ready_o PX_prs_event_i{1:0] et
PX_tx_ehp_deallocate_empty_o
PlLptm_context_valid_o —— | pryep
refck{10] PX_ptm_dlk_updated_o ———> \ 1jppypyyp,
weckout_ip pX_ptm_local_dock_o[63:0) ——— | yi5ands8
slow_dk pX_ptm_manual_update i f¢———
PX_pm_curnt_state_0[70] pmmmeip-
PX_reset_status_n —
pin_perst_n_o [

e\ Power
pin_perst_n | ———— (" Management
ninit_done -
pX_slow_reset_status_n PX_app. [ Em—
PX_cold_perst_n_i PX_app_req_ mrun 9] fe——
PX_warm_perst_n_i 00_In[150] e
PXip_nt_n_o n _p_ln[[:;x:)]l et | Serial Doto
PX_sys_pwr_fault_det_i BCR_OUEISS) [ [ interfoce

50] p——t
PX_sys_cmd_cpled_int_i up_outl)
PX_sys_mrl_sensor_state_i PULIMG_SHatus 0 ey Interrupt (RF)
PX_sys_pre_det_state_i 0] Interrupt (EP)

PX_sys_atten_| i
P sys_em_interlock_ mard i
PX_pld_gp_atrl_of7:0]
PX_pld_gp_status_ready_o
PX_pld_gp_status_i[7:0)

PX_app_en_valid_i
pX_serr_out_o
PpX_app_emr_ready_o
pX_app_em_hdr_i[31:0]
pX_app_enr_info_i(12:0]
pX_app_em_func_num_i{2:0]

PX_cpl_timeout_o

PX_cpl_timeout_viunc_active_o
PX_cpl_timeout_cpl_tc_o[2:0}

PX_cpl_timeout_cpl_atr_o[1:0]
PX_cpl_timeout_cpl_len_o[11:0]
PX_cpl_timeout_cpl_tag_o[9:0)

PX_cpl_timeout_func_num_o[2:0]
PX_cpl_timeout_viunc_num_o[10:0]

PX_surprise_ _em_o
pX_di_timer_update_o
PX_ltssm_state_delay_o[5:0]
PX_itssm_st_hipfifo_ovrfiw_o
PX_cii_req_o
pX_dii_hdr_poisoned_o
pX_cii_hdr_first_be_of3:0]
pX_di_func_num_o
PX_dii_wr_vf_active_o
PX_ci_vi_num_o[10:0]
(_di_wr_o
PX_di_addr_o[9:0]
pX_di_dout_o[31:0]
pX_dil_override_en_i
PX_cii_override_din_i[31:0]
pX_cil_halt_i

—’ Interrupt (EP)

e

}
t——— \ Hard P Status
0 [ Interface (*)
—
N
e
—
—_—
e

Configurati
T
> [ interfoce
—_—
-
—
——




|Next steps

° U nderSta nd MCDMA I P External Descriptor Controller Example Design
* Run simulation model DUT (MCDMA P-Tile/F-Tile)
* Program example design on devkit - ~ —
* Study DPDK driver s| £g3| £5 £y £E £%
« Study compatibility with old external I R -
controller interface Y v Y ' ' v
Descriptor Completion :
* Update LHCb DMA controller for S I o S pescriptor
configurable bus width Queue SRI | ferch fetch processing

* 256,512,1024 H2D D2H

* Port MCDMA IP to R-Tile?
* Understand TLP segmentation -

* Feasible with a wrapper entity?

External Descriptor Controller

The Avalon-ST interface uses a split-bus architecture. In the x16 and x8
configurations, the 1024-bit Avalon-ST data bus consists of four segments of 256-bit

° Create our M CDMA from SCFatCh ? data. This is done to improve the bandwidth efficiency of this interface. With this split-

bus architecture, multiple TLP packets can be transmitted or received in a single clock
cycle. For more details, refer to Avalon Streaming Interface.

* Ask Intel for timeline on DMA support for
R-Tile IP
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