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Technologies trends

(the obligatory Moore' s law dslide)

10°
No. Transistors
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10° ~10ns —
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* dide borrowed from LHC
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Integration

What oncefit in acrate, now fits on aboard...what once fit on a board now fits
on achip...most subsystems can be implemented on a single board with serial
| nterconnects.
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Big Chip Standard

Many new chips have high-speed serial interfaces, which can be used

for both chip-to-chip and board-to-board interconnect.

Conversion to a parallel busis inefficient and unnecessary.
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Evolution of DAQ technologies and architectures

1970-80 1980-90 2000
MiniComputers  Microprocessors Networks

First standard CAMAC Industry standards Commodities

Custom design Distributed systems Data and control networks
» kByte/s » MByte/s » GByte/s

Detector
[ Detector ] [ Detector ] ngg Frontend

%ﬁj

Mini
Compute

Networks

Triggermﬁmmﬁ ﬂﬁ Controls

Processing Readout

* dide borrowed from LHC



Data Links

Optical link (> 30 meters) Copper link (< 30 meters)
12 channels at 2 Gbps each 12 channels at 2 Gbps each
~ $200/channel ~ $100/channel



Copper is still improving.

> 100 ft on cheap coax at
3 Gbps with equalization.

4 Resulis

Table 1 shows a summary of bit rates, lengths, and
determmstic ptter for the ditferent media samples.
Figure 2 shows that the MAXN3I200 can restore high-
frequency information that is 31 down. The upper
trace 18 the output of the coble that s appled o the
input of the MAXIR00. The lower trace of Figure 2
i the fully restored sipnal at the output of the
MAXIBOD. Figures § through 6 are eve diagrams for
the different cables operating at 2.5Ghs. Figares 7
and 8 are eve diagrams for the FR4 sample opemting
at 2. 50his,

5  Conclusion

Bgualizing gigabit sipnals with the WMAX3SHE offers
new distithution and interconnection possibilities o
a world starving for more bandwidth.

Table 1. Egqualized Media Performance (PRBES-T)

e ool W
WL, Ghore 320 n.04
tvpe 80 matched | 118 2506 0.03
FOLY coax pair 6220 (1.0
— TG 016
Roipbeox | 100 (T30 000
single-ended T3E2 PRI 04
; 321G 67
Belden 2207 | jo0 733G 020
towvin=axial 1HK2 PRRIN, 0.03
Madison #14887 312G 014
shielded twisted- kil 250 012
pair 1L 6220 0.0
Sripline, FR4 | 42 f—ores =
: A b 25 0 (ks
bl wide, 505 | (30in) 513N 00

._.| iR a1 i |
: MASIA0 Output, 1156 €

Figure 2. Before and after equalization. The top trace is the 1Vp-p signal affer fraveling the 115f length

[ 22000, 0 ey
B1 100.0rm i I

of the Gore-type 89 cable. Note the small ripples and bumps. These are single bits that have
encountered 30dB of loss. The lower trace s affer the upper trace was equalized by the MAXIG00. All

of the bits are fully restored.
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1-3.4 Gbps SerDes Transceiver with Amplif-Eye2™

M27211 Octal SkyRail"

Low=power [18 W] octal 1-3.4 Gbps CMOS
Sarles transcewar for high-spasd
backplane apglications

The KETELL Tcbal SeyPlal from Winckosed Tachrol pgisam
6 a Mecble 1-34 Gopa Sght-channe s akzenidesens-
ear [Zarlva] branscmesr <hp ideul for beckplare
sppicationa sdoreserg todmeowide rangs of datn
rake stancends {1 Ggebi Etremet pod 10 Ggehi
Ettariat, Fibre Chammiil InfinBard, SOMET/S0H]

The chip can operwte sk b retes ox low ae 1 EEE
parchanne and provide uoto @72 Ghps of duplsd rew
data bardwidth  E & the Frst oot SerDes Drermc v
tos cperate st 34 Gops The devics nbegrates sght
e oG afed ratarsrs, @ 5t fnct on, o sok and
dabs recovery ard wycthess croutks, ciock forseding
caps ity BB 1TE encoders snd decnrer, barminstion
rainbora, e nel- 10 - chen rel e ncheon cat an circwtny
and is capmhls of detarting a versty of specsl charec-
term and CONMA for byta signment. it requens ro
Exbemiad com parens for operaton

Thie MEPELL Cotal SkyRlad hegh-apaid serial dutpLts are
squiprmd with Amphf-Eye 2™ asccnd genarstion =gk
cord kioning circuitry and Flevel pre-smphasis ssttings
tor OETTE AN BEmiTIEe D dawios's reach deer very
fong traces and standsrd comechons.

The WEDELL's BASI0E o od ingyde cockng dogic con

tm bypa s 1o mnable SOMETYSDH scrambling or

B Cugtnmers preprietary ancodngamrkem. The
WEZPZLL can toierats more then 30 corsscutae Memtcal
LS T0 Support LT @ emele encadng ehanas
The KG7ELL can alm cpermts in @ ciock-farmarding

e with no enooding required and & the Firss dew o
o mipoart the DIF 55 nkarface capsbivty for OC-T6H
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b Pl 2P 2 1L ol b & T i B it of 272 Glbps
or 34 Dlops of BE10E squivslent: deta

Tha WZTELL FAeedlin k™ parallel interfsca i 55TL-1 tolarant
e can be confipuned g5 15 Y o LB HSTL TBI [Ten BE
inkarfaca) or $GMII Fer 1-Gk or 10 -G Ethmrmat. it can
alec bp configurad an 32 or 40 bity wrie, depeanding on
whather the enooin] and decodng functons sre parfoemed
wiLhm Ee MET211 o of Foonip, oF I o ock foredraimg

in emplovad The Flasiink intarfeca can accommodskn
S0 - BT L0 T B DUTC ~CEnDarad dara, smpi-
Fying board and ASIC demign

Tree intarfiacs can aparate ot singks daba rebe o hall-cooad modk
o b e daCa rats in Tull-spesd mode The incoming choc b semples

the dutm on both bhe rising snd faling scges shen runring in Ful-

spaec mock

The WET2IL Dotal SkyFail can pesrate as sight indapen dark gedal
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Event Building



CDF Event Builder

Fore (Marconi) ASX-1000 ATM Switch
64 ports at 155 Mbpsor 16 ports at 622 Mbps (~1 GByte/sec total bandwidth)



Foundry Networks Bigiron Ethernet Switch.
130 portsat 1 Gbps (~13 GBytes/'sec total bandwidth)



Brocade Fibre Channel Switch.
128 portsat 1 Gbps (~13 GBytes/'sec total bandwidth)
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Myrinet Switch.

128 ports at 2 Gbps (~ 25 GBytes/'sec total bandwidth)



Qlogic Infiniband Switch.
15 ports at 2 Gbps (~ 3 GBytes/sec total bandwidth)
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Message Size (Bytes)

Packet size is the most important factor.
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Switch Expansion

A simple two stage interconnect
is sufficient for event building.

Clos network not required.
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144x144 3.2 Gbps Crosspoint Switch with Integrated
CDR and Programmable Input Equalization

M21155

Muost integrated, highest performance
crogspaint switch reduces system coat
and complexity
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Next Generation Switch
Event builder on achip...144 ports at 3 Gbps (~ 40 GBytes/sec total bandwidth)
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Processor Farms




IBM 360 $1,000,000 VAX 780 $100,000
(mainframe, 1960s) (minicomputer, 1970s)

L

H ............ . 2 PC $1,000
(desktop, 1990s)
SUN3 $10,000 Interactive Barney $100
(workstation, 1980s) (embedded, ....... )

A short history
of computing



Generic PC motherboard (2001)
6,000 MFLOPS
$200

Cray-1 (1976)
160 MFLOPS
$20,000,000

Xbox (2001)
3,000 MFLOPS
$300



SETI model

Don't build a processor
farm. Just write a screen
saver, post all the dataon a
server somewhere and
Invite the public to analyze
It on their home PCs.




Data Storage
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Tape -~ $1.00/GByte CDR ~$0.30/GByte




Philosophy on Standards

(opinion)

If you can’'t get it at Best Buy, then it probably isn’t a standard.

Standards Not Standards
Ethernet, USB, 1394 ATM, Fibre Channel, Myrinet
PCI VME/Eurocard

Windows, Linux VxWorks

PC Motherboard - $200 VME Processor - $2,000



Packaging

PWR / —

VME CPU

b
&

7

Ethernet

Typical Subsystem
Subrack with backplane and separate high current power supply.



PWR l//////' .

A\

qE
USB or 1394 HUB

—_—
PC

BN EEEEEEEEE
EEEEEEEEENEE

Ethernet

The backplane is low and noisy, replace it with point-to-point serial connections.
The VME CPU can be replaced by a cheap PC.



PWR

\
|

A\

/%
EEEESEEEEES Ethernet HUB

it

Ethernet

Or put alittle intelligence on the front-end boards and get rid of the PC too.



/ USB or 1394 HUB
qz
7 PC

Ethernet

Maybe distribute the power and eliminate the
backplane atogether.

Standard power supply.



Philosophy on “Buy vs. Build”

If you can buy both ends, then buy.

If you have to build one end, sometimesit’s
easier to build both ends.



MEF | | — VMEIF
PCl bus™~~—

Processor —]
Bridge

Processcyﬁg
VxWorks g

\ Backplane

50 MBytes/sec

AR\ WA\ VAN
/

Memory

Ethernet
PMC adapter/

VME CPU

AN\ VAN WA\ WA

N
NAND

/

Typical ... mixed (buy/build) system.
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100 MBytes/sec

Easier? ... (build/build) system.

%'E%'E%VDS driver



Aesthetics

(It doesn’t have to look like this)




PC style enclosures.

/
/

Non-eurocard rack mount

L ow volume machined plastic enclosures/panels
are same cost as sheet metal.



Trigger and readout structure at
LHC

- | ity — 2 can
- 30 Collisions/25ns <+25ns > | Luminosity = 10% cm? sec*
(10 ° event/sec)

p——— m— J
107 channels A A
(10 bit/sec)

Multilevel trigger and readout systems

Trigger Rate ] Trigger Rate ]
40 MHz Detectors 40 MHz Detectors
25ns = 25ns
Front end pipelines @ Front end pipelines
105 Hz 105 Hz
usec psec
Readout buffers Readout buffers
1 \ 1
10°% Hz Switching network Switching network
Processor farms @ Processor farms
sec
102 Hz

102 Hz
S

* dide borrowed from LHC



LHC experiments trigger and DAQ summary

Level-1 Event Storage
kHz MByte MByte/s

ATLAS 100 1 100

CMS 100 1 100

LHCb 400 0.1 20

ALICE 1 25 1500

* dide borrowed from LHC



LHC trigger and data acquisition systems

LHC DAQ : A computing&communication network

COMPUTING SYSTEMS

: Primitive generators
:Trigger processors
:Event Flow Controls
:Detector Controls
:Readout data formatters
:Event Filters

:Computing Services

Rc :Run control

COMMUNICATION NETWORKS
ttc :Timing and trigger signals

tdl :Trigger data links

dcl :Detector control links

drl :Detector readout links

rcn :Readout control network
bcn:Builder control network
bdn:Builder data network

dsn :DAQ services and controls
csn :Computing services network

[ Detector Frontend ]
tdl Jttc | dcl drl

DAQ networks

= () [

nmxouOMmM-—7T

g B

A single network cannot satisfy at once all the LHC re(?uirements, therefore
present LHC DAQ designs are implemented as multiple (specialized)

networks
ATLAS 9@3

| il
=T [ GALO MUGH rn.nmm‘

Bunch crossing

rate 40 MHz
i
LE¥EL 1 pipe
TRIGGER B S
PE FF o0 BN
dai@ndormilsar s
Regions of interest| | 1 I | nggﬁul driear
LEVEL 2 LR
TRIGSER o
FO0 000 Mr
| Readoul ]
EVENT FILTER Bears
1O 0 e

* dide borrowed from LHC
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BTeV System Proposal



1 [ Front-end Boards

f Data Combiners

Ethernet Switch &

Detector
> Manager

Ethernet Switch

i i “ L1 Buffers
Ethernet Switch

q Ethernet Switch

a a Ethernet Switch
L 2/3 Processors ; i ; i




1 Gbps

$30
~ $50

Serid interface (FEB to DCB)



BTeV Features

all datatransmitted off detector at crossing rate

6000 high speed serial links (1.5 TBytes/sec)

8 way split

datais not time ordered

50 millisecond L1 buffer (200 GBytes)

combination FPGA/DSP for L1 trigger (100X rejection)
genera purpose processors for L2/3 trigger

200 M Bytes/sec to tape



Buffer/
FEB Multiplexer

CKM Example

Fanout
Switch /-
q Processors

—>

Cm

—

Event
Builder

256 M Byte buffer => 1 second @ 200 MBytes/'sec



Triggerless Architecture

DAQ

~$10/MByte/sec  (DAQ component costs only, doesn’t include front-end
boards or processors... aso doesn't include development
costs for custom boards or vendor markups for commercial
boards)

10 GBytes/sec => $100K
100 GByteg/sec => $1M

Processing
2000 Processors => $1M




