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LHCb Readout Unit

Trangport Format for Subevents

31 15

o)

header Link ID(16) checkbits(8] type (8)

Offset to error block (16) | reserved(8)

Size EB(8)]

opt. Error Block (EB)

DATA BLOCK (DB)

ST

trailor Status(8) | Total Size(20)

DA Q Event Number [SH 4lower header bits

Slink Error detection

i Subevent data

4 |ower trailor bits:
Used by S-Link

» DAQ event identification number: 1st level accept number, ¢ DB= Data Block: N * 32 bit words of data ( any substructures
are totally transparent to the RU)
» EB- Error Block: Descriptors of error history of Subevent (

28 bit, monotonously increasing
e SH: Slink 4 bit field

* LID=Link ID: a 16 bit field for identifying the link number to

which the subevent is transmitted

* CB= checkbits: optional 8 bit checkbit field for the header

word, default O
» type: optional 8 bit field for type of data, default O

» OEB = offset EB: the 32 bit offset to the optional error block

in the trailor, ignored if Size EB field is zero
» reserved: 8 bit field, reserved ( do not use until defined)
» Size EB: Size of error block, i.e No of 32 bit words

conventions tbd.). Size miust correspond to Size EB field

e STATUS: 8 bits of fast status information for 8 error classes,

identified by each bit, default O

» TS=total size( 4+ EB + EBS): 20 bit field containing total
number of 32 bit words of the Subevent + header/trailor

* Minimal overhead: empty SE= e

four 32 bit words

SH/ST= Slink error status 4 bits in Header and Trailor

Data contained Is transparent to
RU ( independent data formats)

Hans Muller
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LHCb Readout Unit

Example of Subevent Building

D

EBS.A = 0| hoerror block

DEN | 0000
LID A check Type
OEB.A=3 Reserved
DB .A
StatusA | TSA=7 [ 0000]
DEN | 0000
LIDB check Type
OEB.B=2 Resaved | EBSB =1
DB.B
EBB
[ StatusB | TSD =7 | 0000)
DEN | 0000
LID.C check Type
OEB.C=3 Reserved |EBSC =2
DB.C
EB.C
| StatusC | TSC=9 | 0000|
DEN | 0000
LIDC check Type
OEB.D=0 Reserved | EBSD =1
EB.D
| StatusD TSD=5

OEB = offset toerror block = sizeof (A+B+C+D)

I
e

New output Link Number

&

FPGA| scan

v

DPM | puffer

v

FPGA | assemble

-

31 0
DEN (DAQ event number) | 0000
Output Link ID check Type

Offset toEB =8 Reserved EBS=4
DATA BLOCK A
DATA BLOCK B
DATA BLOCK C
Combined ERROR BLOCK
Status-Flags| Total Size= 16 [ 0000

NEW SUBEVENT

Total Size=4+ OEB + EBS

Same procedure for both MUX and RU

Hans Muller
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LHCb Readout Unit

RU Architecture

INput stage (SEM) OUTput stage (EBI) iFunctional blocks

LAN/DCS IRJ45 MCU
monitoring & control unit . E. SEM ........ |npUt Merger

o | R — 0 5 L TR S = = S Subev. Buffer
— LI sib-event subevent Il :Network . E .
= megng| b - b, et o de EBI L. Ev.Builder IF
= (FPGA) (DPM) (FPGA) | PCIBA™ "7 . .

— - Ly wux MCU....... Mon.&Ctrl Unit

g o NI ... Network IF

................... BT T

N T v * SEM........64 bit -> DPM
G - > SEB.. DPM 2*64 bit
- i e X SN N = = DPM->PCI

T
:
ey
]
2 8
3
A
e O
m N
O [T
— 0

. poed @V [V iy .

: 5 b oidy vefd * MCU...... Lan-PCI/MCU
fast interleaving logic [ ]

- N - * NI ... RN<-> PCI

fast throttle signal Interface (mezzanne) :
4 (mezzanine) :
I-»D SLink ‘ f H
MUX output Readout Network LAN E

 Input state machines: SEM « Qutput state machines: EBI/EBI2
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LHCb Readout Unit

| nput state machines( FiFo reading)

Visual HDL (b.bominguez) Current status:
6 clocks overhead link switch
State change: 1 clock 28 MHz FPGA clock (to be
optimized )
| nit E_nable dataseup— \N aitfor . .
IFO signal for_storage state machine

FiF

RN
Cildle

init lines

headdr 1+2 latching

Empty/full block ?

latch frames of empty block

latch header3 + data

_—
_—
—_—

Reset latch last data + trailor - - > \\//\:
Read . (Empty flag handling) \
S \

/

data  ~{ L
fromFiFo “~__ PN

Hans Muller CERN/EP-ED 5



LHCb Readout Unit

Writing to SEB -buffer
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LHCb Readout Unit

Subevent making 1.) read FiFos (to SEB buffer)
2.) build SEB ( descriptor-DMA ).

Subevent Buffer (int=T,

4* |nput FIFOs

To time
= |
[ daa | N+1|IJ dda T ][] [n1] FPGA g FPGA
' 3 Output bus/link

L RN | = +
WH ' N S Y — N eMA [T [] [ [oga]
L™l | S read N+ build /
L I [ | [N]—e FiFos w2 [ N2 Subevent subevent N
! Descriptor block
Timev

« Transport Frame: Same for input as for output
« Event-ldentifiers : monotonously increasing Event Nr's used in Descriptor block for SE-building
« Timespread in arrival: compensated by buffer
« Always 1 block per input: Empty events = 4* 32 bit frame
SE readout: descriptor based DMA always reads oldest SE from SEB
« SEB: circular buffer with overflow protection ( fast throttle )

Hans Muller CERN/EP-ED 7




LHCb Readout Unit

Multiplexing

input stage buffer output stage
1-8 input
links/Slink 4 * FIFO
Slink | Subevent building hﬂ CF)’E:\ABIQ unused
= 64bit bus : ¥
Slink | FPGA SEB FPGA |- 1ouT
i — +— —P 4.|: SILIBk .\
_ ECS node
ECS LAN

e Same as Readout Unit

4* Slink-in -> 1 Slink out

upto 32 ->1 MUX possible

Hans Muller
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LHCb Readout Unit

RU module

EBI
mezzanine place | e L AT pams - :
PCI / Slink AUX PCI-,II il = Bh = | with PCI core
or SLINK .|~ At b R i
.l:l-utput: i = ] i . k LAN (RJ45)
mezzanine card “ PR RS | 2w B Throttle out (NIM)
4* RX
Slink mezzanines
i ( Rx FiFos below)
MCU SEB buffer (DPM)
mezzanine
on PCI
DC-DC -
SEM FPGA
5'O—> 3.3V Readout Unit LHCH
e |[EEE960 (9U) mechanics e 4*Slink, 2*PMC/ Slink, 1*MCU

plugin cards

Hans Muller CERN/EP-ED 9




LHCb Readout Unit

Crateenvironment

Output link/ ECS system
Readqut Networ k Throttle
Auxiliary PCI/Slink compination
(1/O,TTcetc)
///\g' to TFC
\'

RU crates (| EEE960)

4...16 Input datalink inputs (Slink cards)

cards
MCU
controller
card
RU connectionsin a |l EEE960 crate environment
« Crate only for power & cooling  Mezzanine cards for data l/O

Hans Muller CERN/EP-ED 10



Top left running header LHCb Readout Unit

RU peformance(1l) RateversusBlockszedependencies

 Ansatz: (Frequency * blocksize ) = const « Total RU erformance is product of Input stage and
With Fx=1Y/a -> 1/(x + a) dependency Output stage
» Theoretically: const =BW= 64byte@66 MHz = _ _ o
0.512 GB/s ® Ongoing work: input stage optimization
4 * FiFo input stage output stage
BW,ax=0.512 Gbyte/s
— '/8 bytes in 1 clock
Input | FPGA SEB ' FPGA'!
—l - » buffer —: :
Frequency_— i )
-
| Freq(FPGA)

* Work on output stage requires understanding ~ *  Work on output stage ( PCI ) started for VELO
of DAQ protocols

Hans Muller CERN/EP-ED 11



Top left running header LHCb Readout Unit

RU Performance(2) 1/(a+x) inreal

: Dgﬂa;{imum Freguency Ratio of Incoming Sub-subevents vs, sub-subewents Size Rat|o Of FPGA CIOCklng
S T (el rate over input rate in

T S ol

s a.).ideal case : 3.1%
DDE ----- ----- 64 byte require
N 8 clocks and 4 inputs
Y0 -> |nput rate is 32 less
than FPGA clock
b.) actual case
Switching overhead
between link inputs
(6 clk)

FPGA)

i
B
=
=

________________________________________________________

Freqg.max / Freg

o0 200 300 400 s00  BO0 YOO GO0 S00 1000
Sub-subevents Size (Bytes)

6 clock link switching overhead critical for short blocks ( VELO )
 DAQ operation (>200 byte ) not critical

Hans Muller CERN/EP-ED 12




Top left running header LHCb Readout Unit

RU performance (3) Actual stuation ( beingtuned)

o 28 MHz state machine * 6 clock switching between links
Mlaximurm Frequency n;LﬁcgrrgéﬁEFgéifibggemﬁ:a sub-subevents Size Current State maChlne'

9 1 I I I I I I 1 1 1
I $|ze 18 Bytes I\{D Data just heaqlers and:tail] I I I

3o ;""‘ﬁiﬁfﬂ‘fﬁ‘aﬂ%ﬁi}ﬁ:ﬁfé'a‘ftégﬁém;—‘ggMa‘ftiés‘;;"‘I"'"I'_ * DAQ 1kB@52.2kHz
U aws T+ VELO® 64byte@05MHZ

Freg Ma 500_kHE

________________________________________________________________ —]

Auanahle Eanu:l Wu:lth A*EtlEIytea*EDDkHz— 128 hrIElftesfs !

- i el s E """ E """ i """ :f """ R ARt * Factor two in product

. Fre * clock-overhead
Freq max 52 2 kHz ' ' ! ! ! IFPFA
Awallahje Band Wldlh 4*102¢Eiyl;es*52 2I¢Hz—213 EIMBj,rte;;fs

Max. Input Frequency (7100 kHz)

required for VELO operation

1 1 1 1 1 1 1 1 1 1
200 400 500 OO 1000 1200 1400 1600 1800 2000
Sub-subewents Size (Bytes)
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LHCb Readout Unit

Top left running header

N T
1 = =
(@} w v N
2 © <~
N 5 To RN
O 5 ®
L D Q
N n > 5
c 0 0O Mm
o o X X
e o O
Z O -
[ [ [
L. | | "
S N[ 7T e T T T T T . CTTTTT o ]
1 [k} 1 1 1 1
t D_...w 1 = 1 I I 1
= , & " _ ! "
| pakhhk SRR EEEELL AT SREREEEE EREREE i
= ) _ _ "
W @ > " " "
-0 - e - —— =k - ——— —— — R o - — - — — - — — - - ----4
= =
gS — . _ "
] 1 | b | 1
ol LR g "
O == IS R [ O
B . o | "
L WF 1 m | .l_ﬁ_ | 1
AT o PTETTTTET T i R h
go— H_G 1 ﬂ.._ | S | 1
SDI 1 i.ﬂ—. | | 1
4 me & ! M ! !
fo 1 i | - | 1
_|M| ||||||| FWJ...L ||||||||||| [N T s I [T Lo - __
— EE ey 2 ' _
mr .W.J.Ttum | ..WJ | 1
mw =5 G S & "
=] |||||||_H.|_|Mlm ||||||||||| = = T Lo o ___]
5 WEs =R "
= P ey 1 I mﬂ. I 1
= Mo T " T _ "
m L __ Pwe =T LHl.l.M ||||| [T [
— 1 1 [ |
= AR
1 1 o oer = 1 1
. " " T "
r m _—-————— L e = Lo -2 dER_ - - S g j
O = 1 1 m__uu | 1
£ " " L5 | "
Y " ! HE _ "
a | ______ L _____ L _____l ooy I _ _ _ I o _____ L ______]
; I _ _ i
P { | [ = { { | = =
{ICw] LD = nl [t} -—
U [ZHH, ] Aouanbi g ndu) winwige

2.2

1.4 1.6 1.0

1.2

Sub-subevents Size [ 710 kBytes)

0.4

0.2
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Top left running header

LHCb Readout Unit

RU performance (5) Possble I|mprovements (Fg,

Effact on Maximum Input Fregquency YWhen Impraving Freg

(FRGA)

121 Size: 16 Bytes

==Freq MaxE40 MHz): 1,25 MHz

1 |
— 28 WHz Clock

30 MHz Clock [

—— 40 MHz Clock

Auailable Bandwith: 4™6 Bytes™ 1,26 MHz = B0 MBytesis
==Freg Maxia0 MHz): 937 5 kHz

Available Bandwith: 4™E Bytes™ 9537 5 kHz = B0 MBytes/s
==Freq Max(28 MHz). 875 kHz

s
_

State machine
clocking -> up to 66
MHz theoretically

Mainly interesting
for short blocks

i

T

i

_

=

= |

= B I Auailable Bandwith: 4716 Bytes™ 875 kHz = 56 MBytes/s

: 1

z |t Size: 1024 Bytes VELO: required
o ml =xFreg. Max{d0 MHz): 74 63 kHz .

w BF L Awailable Bandwith: 471024 Bytes™ 74,63 MHz = 3055 MByles/s clocking > 40 MHz
= ==Freq.Max(30 MHz). 55597 kHz

= Awailable Bandwith: 4*1024 Bytes™ 65 57 kHz = 2258 2 MBytes/s

E 4t =xFreq Max(28 MHz): 52 22 kHz

E Avallable Bandwath: 471024 Bytes™ 52 22 kHz = 213.5 MBytes/s

=

-
D | | 1 1 | 1 1 || 1 | ] 1 ]
100 200 300 400 500 GO0 700 800 900 1000
Sub-subevent Size (bytes)
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Top left running header

LHCb Readout Unit

RU Performance (6) Possibleimprovement (Switching)

13

Effect an Maximum Input Frequency when impraving Switching loses

— — —
S ] E-% o

—
O

Input Maximum Frequency (=100 kHz)

_\

oize: 16 Bytes
==Freq.Max(2Cycles): 1,7 MHz

I I I
— B Clock Cycles Switching
4 Clock Cycles Switching
— 2 Clock Cycles Switching [

Awailable BandWith: 4*16Bytes™ 17 MHz =108 MBytesis
==Freg.Max(4Cycles): 1,16 MHz
Awailable BandWith: 4*16Bytes™ 1,16 MHz =747 MBytes/s
==Freg.Max(B Cycles): 875 kHz

Awailable BandWith: 4*16Bytes™875 kHz =56 MBytes/s

oize: 1024 Bytes
==xFreg.MaxZCycles): 53 85 kHz

Awailable BandWith: 4*1024Bytes™ 53 85 kHz = 220 5 MBytes/s

=xFreg.MaxidCycles) 53 03 kHz

Awailable BandWith: 4"1024Bytes™ 53 03 kHz = 217 2 MBytes/s

==xFreq.MaxBCycles) 52 2 kHz

Awailable BandWWith: 4"1024Bytes™ 52 2 kHz = 213 8 MBytes/s

200 300 400 &00 B0O0 700

Sub-subevent Size (Bytes)

800 800

1000

1100

Main improvement
required for VELO 64
bytes operation:

Clock overhead reduc-
tion for link switching

from 6 > 4 clocks
gains ~ 30% in input
rate

Improvement: deseri-
alisation of state
machines

Hans Muller
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Top left running header LHCb Readout Unit

Error handling

Slink error detection on header

Checkbits for Header user defined g 4o
Ident. Nr. of output link TBD
16 bit link identifier:
31 15 0 Error History thd
DACQ Event Number -
Link ID(16) checkbits(8) type (8)
Offset to error block (16) | reserved(8) | Size EB(8)]

C DATA BLOCK (DB) i

opt. Error Block (EB)
Status(8) | Tota Size(20) ST

user defined
Error type

8 Error types for fast identification: Examples: Slink Error detection on trailor
SY N-err. Overrun-Err, Link-Err, ...

« Error tagging : fast, 8 different bits o Clear function for bulk error streams ?

* error types and handling .. thbd  Error history block entries... thd
» Error rate monitoring per type possibl « Header protection ...optional

17
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Top left running header LHCb Readout Unit

Satus

e 2 Protos in use, 2 more being prepared.

e 4 LHCDb pattern generators ( Slink card F.Bal) in use

 No major problems detected so far, FPGA performance tuning.

 Work on output stage ( Subevent transmission, PCl initialization, NIC
adressing ) started

* Reuvision list for revision RU module being compiled

 Applications: DAQ, MUX, VELO

 How to getinvolved: RU meetings Wednesdays 161-r-009 9:00

e Docs/Status: http:/Mww.cern.ch/~hmuller/readout_unit.ntm

 RU distribution/discussion readoutunit@lhcb.cern.ch
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