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The Compute Node (CN)

o Developed in close cooperation with
Trigger Lab of IHEP Beijing, China

o High Performance Computing
0 5 Virtex-4 FX60 FPGA

U (upgrade: Virtex 5)
0 5*%2GB DDR2 RAM
U (upgrade: 4GB)
2 interconnected by RocketIO

0 ~32Gbps Bandwidth
0 8 Optical Link (3Gbps each)

O (upgrade: 6.5Gbps)
U 5x Gigabit Ethernet

0 13x RocketlO to backplane (full mesh)

U2 embedded PowerPC in each FPGA for
slow control

2 ATCA compliant
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Compute Node, 2" version

Backplane

o IPMI remote control

o Small piggy-back board

o Functions: power on/off, power negotiation,
, < health monitoring, board reset, bitstream
R e selection
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ATCA Shelf (Fand=

3 kW Power Supply

Full Mesh Backplane
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Update: xXTCA Board (Funds

o Two prototype boards, one in Giellen

o Daughterboard can run standalone!

J Motherboard close to PCB production
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Environment (Fmnda

o Operating System:
o PowerPC embedded linux, kernel 2.6.37 (from 2011)

o Two setups

o Standalone from initramfs
o Complete system by NFS if available; including gcc, ssh, ...
o Software TCP/IP (slow)

o Full memory 1s accessible by PowerPC, but not controlled by Linux

o Full memory and hardware addresses (IP core) accessable from user program

J Memory access from PowerPC and IP Core — cache problems possible!

o Use hardware registers for control
o PowerPC controls the IP cores, but does no computing itself.

o Finally, no data transfered by PowerPC, only “slow” control




Linux on Virtex4 and S, Example “Firmware”

Terminal

Datei Bearbeiten Ansicht Suchen Terminal Hilfe

CO: © C1: 999957 C2: 0 C3: ©
=== 180 % buffers empty (=149957, max 4093)

Last 0ffs=08EF3080, Last Id=996706, HLT @ Evt @
CO: @ C1: 999957 C2: @ C3: ©

180 % buffers empty (=149957, max 4893)
Last Offs=08EF3000@, Last Id=996706, HLT @ Evt @
CO: @ C1: 999957 C2: @ C3: ©

180 % buffers empty (=150008, max 4893)
Last 0ffs=08EF3000, Last Id=996706, HLT © Evt @
Co: @ C1: 1000000 C2: © C3: @

188 % buffers empty (=150008, max 4893)
Last 0ffs=08EF3008, Last Id=996706, HLT @ Evt @
CO: 0 C1: leeeeee C2: © C3: @ @S Terminal

100 % buffers empty (=150000, max 4093) = . . . : :
Last 0ffs=0S8EF3000, Last Id=996766, HLT © Evt © Datei Bearbeiten Ansicht Suchen Terminal Hilfe

CA: © Cl: 19P0EE6 C2: © C3: @ === W 6919 kb/sec R 892 kb/sec ; 6737 Evt/sec ; 6789 HLT/sec ROI ERR 0. . swin @
100 % buffers empty (=150008, max 4093) #=== W 7028 kb/sec R 885 kb/sec ; 6918 Evt/sec ; 6765 HLT/sec ROI ERR 0. . swin @
Last 0ffs=08EF3000, Last Id=996706, HLT @ Evt @ === W 6723 kb/sec R 879 kb/sec ; 6556 Evt/sec ; 6574 HLT/sec ROI ERR 8. . swin 8.008% ,
CO: © Cl: 100GEAG C2: 0 C3: @ === W 7033 kb/sec R 913 kb/sec ; 6826 Evi/sec ; 6919 HLT/sec ROI ERR 8. . swin @.008% ,
100 % buffers empty (=150008, max 4093) §=== W 6841 kb/sec R 892 kb/sec ; 6673 Evi/sec ; 6689 HLT/sec ROI ERR 0. : swin 0.080% ,
Last 0ffs=A8EF30A0, Last Id=996786, HLT @ Evt @ === W 6932 kb/sec R 899 kb/sec ; 6756 Evt/sec ; 6788 HLT/sec ROI ERR 0. . swin ©.000% ,
CO: © Cl: 1000080 C2: © C3: @ === W 7067 kb/sec R 986 kb/sec ; 6891 Evt/sec ; 6910 HLT/sec ROI ERR 8. . swin 0.000% ,
; H ] '
; H a '
; H ] '

.000%
.000%

180 % buffers empty (=150008, max 4893) 3=== W 6882pkb/sec R 890 kb/sec ; 6727 Evt/sec ; 6764 HLT/sec ROI ERR @. . swin ©.080%
879 kb/sec ; 6789 Evt/sec ; 6575 HLT/sec ROI ERR 0. . swin 0.080%
CO: 8 C1: 10808608 C2: 6 C3: @ === 959 kb/sec R 896 kb/sec ; 6768 Evt/sec ; 6941 HLT/sec ROI ERR @. . swin 0.080%

. Loop ended by network disconnect ... now read FI===4 6549 kb/sec R 948 kb/sec ; 5867 Evt/sec ; 80081 HLT/sec ROI ERR 0. . swin 0.000% ,

. FIFO empty 412 kb/sec R 351 kb/sec ; ® Evt/sec ; 1622 HLT/sec ROI ERR @. . .000% , checked:
ROI Buffers: 10608 of 10608 free, 8 lost 8@ kb/sec R @ kb/sec ; @ Evt/sec ; © HLT/sec ROI EBX 0.800% hwin ©. . checked: 999957
Buffers: 150008 of 150000 free, 8 lost kb/sec R 6 kb/sec ; Evt/sec ; HLT/sec ROILZ.AR ©.000% hwin ©. . checked:
IdBuffer: @ not yet processed kb/sec kb/sec ; @ Evt/sec ; @ HLT/sec RGL ERR 0.000% hwin 0. . checked:
Sorting and check for doubles... Pixel kb/sec kb/sec ; @ Evt/sec ; @ HLT/sec 4.W0I ERR ©.000% hwin @. . checked:
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Last Offs=08EF3080, Last Id=996706, HLT © Evt @ === W 63072 kb/sec
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AC kb/sec kb/sec Evt/sec HLT/seg ROI ERR ©.000% hwin 8. . checked:
root@localhost:~/src# cat /proc/cpuinfo @ kb/sec kb/sec ; © Evt/sec ; @ HLT/sfC ROI ERR ©.000% hwin @. . checked:
1 0 Shutdown socket..
: 440 in Virtex-5 FXT @ case 1.0
: 400.000000MHzZ Exit program..
revision : 25.18 (pvr 7ff2 1912)
bogomips : BOO.0O $ ssh root@le.10.108.12
timebase : 400000000 root@cn2:~# cat /proc/cpuinfo
platform : Xilinx Virtex44e processor : 0
model : testing cpu : Virtex-4 FX
Memory : 768 MB clock : 300.000008MHz
root@localhost:~/src# || revision 1 20.112 (pvr 2001 1470)
£ = =0 : 600.00
: 360000000
: Xilinx Virtex
: testing
: 512 MB

EEZTEZEZEE=E

[E] console | @ Errors | 1Y Wamings root@cn2:~# ||




System Layout (funds

FPGA - Virtex 4/5
System PLB

o Simple data flow:

> Receive by optical link

' PowerPC :H
FLASH

DMA
—Ethernet)

Optical Link
Optical Link

o Preprocess / write to memory
> Read buffered data
o Process data

o Write to buffer

JTAG

o Send out by optical link

PLB or NPI

PLB (or NPI)

IP Core 1 1

IP Core 2

...................

Multi Port Memory Controler

-------------------




Backups




Real Hardware =

IPMC 4 Computing FPGAs  Switch FPGA
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4 x (Gbit Ethernet + 2 x 2 Gbps Optical)
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