
/+&E�7ULJJHU�DQG�'DWD�$FTXLVLWLRQ�6\VWHP

%HDW�-RVW
&HUQ���(3

3UHVHQWDWLRQ�JLYHQ�DW�WKH
��WK�,(((�1366�5HDO�7LPH�&RQIHUHQFH
-XQH��������������������6DQWD�)H��10



RT 99, Santa Fe, 15 June 1999 Slide 2Beat Jost, Cern

2XWOLQH

❑ ,QWURGXFWLRQ
❑ *HQHUDO�7ULJJHU�'$4�$UFKLWHFWXUH
❑ 7ULJJHU�'$4�IXQFWLRQDO�FRPSRQHQWV

➣ 6HOHFWHG�7RSLFV
➥/HYHO���7ULJJHU
➥(YHQW�%XLOGLQJ�1HWZRUN�6LPXODWLRQ

❑ 6XPPDU\
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,QWURGXFWLRQ�WR�/+&E

❑ 6SHFLDO�SXUSRVH�H[SHULPHQW�WR
PHDVXUH�SUHFLVHO\�&3�YLRODWLRQ
SDUDPHWHUV�LQ�WKH�%%�V\VWHP

❑ 'HWHFWRU�LV�D�VLQJOH�DUP
VSHFWURPHWHU�ZLWK�RQH�GLSROH

❑ 7RWDO�E�TXDUN�SURGXFWLRQ�UDWH�LV
a���N+]

❑ ([SHFWHG�UDWH�IURP�LQHODVWLF�S�S
FROOLVLRQV�LV�a���0+]

❑ %UDQFKLQJ�UDWLRV�RI�LQWHUHVWLQJ
FKDQQHOV�UDQJH�EHWZHHQ����������

JLYLQJ�LQWHUHVWLQJ�SK\VLFV�UDWH
RI�a��+]

Number of Channels 900000
Bunch crossing rate 40 MHz
Level-0 accept rate 1 MHz
Level-1 accept rate 40 kHz
Readout Rate 40 kHz
Event Size 100 kB
Event Building Bandwidth 4 GB/s
Level-2 accept rate ~5 kHz
Level-3 accept rate ~200 Hz
Level-2/3 CPU Power 2·106 MIPS
Data rate to Storage 20 MB/s

/+&E�LQ�1XPEHUV
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/+&E�'HWHFWRU
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7\SLFDO�,QWHUHVWLQJ�(YHQW

1 cm

primary vertex

B0 → π+π−

B0 → µ−D∗+ν
D0π+

triggered
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7ULJJHU�'$4�$UFKLWHFWXUH
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)URQW�(QG�(OHFWURQLFV

❑ 'DWD�%XIIHULQJ�IRU�/HYHO���ODWHQF\
❑ 'DWD�%XIIHULQJ�IRU�/HYHO���ODWHQF\
❑ 'LJLWL]DWLRQ�DQG�=HUR�6XSSUHVVLRQ
❑ )URQW�HQG�0XOWLSOH[LQJ�RQWR�)URQW�

HQG�OLQNV
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7LPLQJ�DQG�)DVW�&RQWURO

❑ 3URYLGH�FRPPRQ�DQG�V\QFKURQRXV
FORFN�WR�DOO�FRPSRQHQWV�QHHGLQJ
LW

❑ 3URYLGH�/HYHO���DQG�/HYHO��
WULJJHU�GHFLVLRQV

❑ 3URYLGH�FRPPDQGV�V\QFKURQRXV�LQ
DOO�FRPSRQHQWV��5HVHWV�

❑ 3URYLGH�7ULJJHU�KROG�RII
FDSDELOLWLHV�LQ�FDVH�EXIIHUV�DUH
JHWWLQJ�IXOO
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/HYHO���7ULJJHU

❑ /DUJH�WUDQVYHUVH�(QHUJ\
�&DORULPHWHU��7ULJJHU

❑ /DUJH�WUDQVYHUVH�PRPHQWXP
0XRQ�7ULJJHU

❑ 3LOH�XS�9HWR
❑ ,PSOHPHQWHG�LQ�)3*$V�'63V

EDVLFDOO\�KDUG�ZLUHG

,QSXW�UDWH�����0+]
2XWSXW�UDWH����0+]
/DWHQF\������µV��IL[HG�
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/HYHO���7ULJJHU

❑ 3XUSRVH
➣ 6HOHFW�HYHQWV�ZLWK�GHWDFKHG�VHFRQGDU\�YHUWLFHV

❑ $OJRULWKP
➣ %DVHG�RQ�VSHFLDO�JHRPHWU\�RI�YHUWH[�GHWHFWRU

�U�VWDWLRQV��ϕ�VWDWLRQV�
➣ 6HYHUDO�VWHSV

➥WUDFN�UHFRQVWUXFWLRQ�LQ���GLPHQVLRQV��U�]�
➥GHWHUPLQDWLRQ�RI�SULPDU\�YHUWH[
➥VHDUFK�IRU�WUDFNV�ZLWK�ODUJH�LPSDFW�SDUDPHWHU�UHODWLYH�WR�SULPDU\
YHUWH[

➥IXOO���GLPHQVLRQDO�UHFRQVWUXFWLRQ�RI�WKRVH�WUDFNV
➣ ([SHFW�UDWH�UHGXFWLRQ�E\�IDFWRU���

❑ 7HFKQLFDO�3UREOHP����0+]�LQSXW�UDWH����*%�V�GDWD�UDWH�
VPDOO�HYHQW�IUDJPHQWV��/DWHQF\
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/HYHO���7ULJJHU����

❑ ,PSOHPHQWDWLRQ
➣ a���VRXUFHV�WR�VZLWFKLQJ

QHWZRUN
➣ $OJRULWKP�UXQQLQJ�LQ

SURFHVVRUV��a����&38V�
➣ %DVLF�LGHD�LV�WR�KDYH�D

VZLWFKLQJ�QHWZRUN�EHWZHHQ
GDWD�VRXUFHV�DQG�SURFHVVRUV

➣ ,Q�SULQFLSOH�YHU\�VLPLODU�WR
'$4��KRZHYHU�WKH�LQSXW
UDWH�RI���0+]�SRVHV�VSHFLDO
SUREOHPV�
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'$4�)XQFWLRQDO�&RPSRQHQWV
❑ 5HDGRXW�8QLWV��58V�

➣ 0XOWLSOH[�)URQW�HQG�OLQNV�RQWR
5HDGRXW�1HWZRUN�OLQNV

➣ 0HUJH�LQSXW�IUDJPHQWV�WR�RQH�RXWSXW�IUDJPHQW
❑ 6XEIDUP�&RQWUROOHUV��6)&V�

➣ DVVHPEOH�HYHQW�IUDJPHQWV�DUULYLQJ
IURP�58V�WR�FRPSOHWH�HYHQWV�DQG�VHQG
WKHP�WR�RQH�RI�WKH�&38V�FRQQHFWHG

➣ /RDG�EDODQFLQJ�DPRQJ�WKH�&38V�FRQQHFWHG
❑ 5HDGRXW�1HWZRUN

➣ SURYLGH�FRQQHFWLYLW\�EHWZHHQ
58V�DQG�6)&V�IRU�HYHQW�EXLOGLQJ

➣ SURYLGH�QHFHVVDU\�EDQGZLGWK����*%�VHF
VXVWDLQHG�

❑ &38�IDUP
➣ H[HFXWH�WKH�KLJK�OHYHO�WULJJHU�DOJRULWKPV

➥ /HYHO����,QSXW�UDWH�����N+]��2XWSXW�UDWH����N+]�
➥ /HYHO����,QSXW�UDWH����N+]��2XWSXW�UDWH��a����+]�

➣ a�����SURFHVVRUV��j������0,36�
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&RQWURO�6\VWHP

❑ &RPPRQ�LQWHJUDWHG�FRQWUROV�V\VWHP
➣ 'HWHFWRU�FRQWUROV��FODVVLFDO�¶VORZ

FRQWURO·�
➥+LJK�YROWDJH
➥/RZ�YROWDJH
➥&UDWHV
➥7HPSHUDWXUHV
➥$ODUP�JHQHUDWLRQ�DQG�KDQGOLQJ
➥HWF�

➣ '$4�FRQWUROV
➥&ODVVLFDO�581�FRQWURO
➥6HWXS�DQG�FRQILJXUDWLRQ�RI�DOO
FRPSRQHQWV��)(��7ULJJHU�'$4�

➥0RQLWRULQJ
➣ 6DPH�V\VWHP�IRU�ERWK�IXQFWLRQV
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(YHQW�%XLOGLQJ�1HWZRUN

❑ 5HTXLUHPHQWV
➣ ��*%�V�VXVWDLQHG�EDQGZLGWK
➣ VFDODEOH
➣ H[SDQGDEOH
➣ a����LQSXWV��58V�
➣ a����RXWSXWV��6)&V�
➣ DIIRUGDEOH�DQG�LI�SRVVLEOH�FRPPHUFLDO��&276��&RPPRGLW\"�

❑ 5HDGRXW�3URWRFRO
➣ 3XUH�SXVK�WKURXJK�SURWRFRO�RI�FRPSOHWH�HYHQWV�WR�RQH�&38�RI�WKH

IDUP
➚ 6LPSOH�KDUGZDUH�DQG�VRIWZDUH
➚ 1R�FHQWUDO�FRQWURO�→�SHUIHFW�VFDODELOLW\
➚ )XOO�IOH[LELOLW\�IRU�KLJK�OHYHO�WULJJHU�DOJRULWKPV
➘ /DUJH�EDQGZLGWK�QHHGHG
➘ $YRLGLQJ�EXIIHU�RYHUIORZV�YLD�¶WKURWWOH·�WR�WULJJHU



RT 99, Santa Fe, 15 June 1999 Slide 15Beat Jost, Cern

(YHQW�%XLOGLQJ�1HWZRUN�6LPXODWLRQ

❑ 6LPXODWHG�WHFKQRORJ\��0\ULQHW
➣ 1RPLQDO������*E�V
➣ ;RQ�;RII�IORZ�FRQWURO
➣ 6ZLWFKHV�

➥LGHDO�FURVV�EDU
➥�[��PD[LPXP�VL]H��FXUUHQWO\�
➥ZRUPKROH�URXWLQJ
➥VRXUFH�URXWLQJ
➥1R�EXIIHULQJ�LQVLGH�VZLWFKHV

❑ 6RIWZDUH�XVHG��3WROHP\�GLVFUHWH
HYHQW�IUDPHZRUN

❑ 5HDOLVWLF�WUDIILF�SDWWHUQV
➣ YDULDEOH�HYHQW�VL]HV
➣ HYHQW�EXLOGLQJ�WUDIILF

Trigger

Throttle

Data Generator Data Generator

Composite Switching Network

Buffer

NIC

Lanai

Buffer
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Buffer

NIC

Lanai

Buffer

NIC

Lanai

Trigger Signal

Fragment Assembler Fragment Assembler
SFC SFC
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1HWZRUN�6LPXODWLRQ�5HVXOWV
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8x8 N A 1 52.5%

32x32 0 2 37.3%

32x32 256 kB 2 51.8%

64x64 0 2 38.5%

64x64 256 kB 2 51.4%

96x96 0 3 27.6%

96x96 256 kB 3 50.7%

128x128 0 3 27.5%

128x128 256 kB 3 51.5%

5HVXOWV�GRQ·W�GHSHQG�VWURQJO\�RQ�VSHFLILF�WHFKQRORJ\
�0\ULQHW���EXW�UDWKHU�RQ�FKDUDFWHULVWLFV��IORZ�FRQWURO��HWF�

❑),)2�EXIIHUV��EHWZHHQ�VZLWFKLQJ�OHYHOV�DOORZ�WR�UHFRYHU�VFDODELOLW\
❑�����HIILFLHQF\�´/DZ�RI�QDWXUHµ
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6XPPDU\

❑ /+&E�LV�D�VSHFLDO�SXUSRVH�H[SHULPHQW�WR�VWXG\�&3�YLRODWLRQ
❑ 7ULJJHULQJ�SRVHV�VSHFLDO�FKDOOHQJHV

➣ 6LPLODULW\�EHWZHHQ�LQHODVWLF�S�S�LQWHUDFWLRQV�DQG�HYHQWV�ZLWK�%�0HVRQV

❑ '$4�LV�GHVLJQHG�ZLWK�VLPSOLFLW\�DQG�PDLQWDLQDELOLW\�LQ�PLQG
➣ 3XVK�UHDGRXW�SURWRFRO�→�6LPSOH��H�J��1R�FHQWUDO�HYHQW�PDQDJHU
➣ +DUGHU�EDQGZLGWK�UHTXLUHPHQWV�RQ�UHDGRXW�QHWZRUN
➣ 6LPXODWLRQV�VXJJHVW�WKDW�UHDGRXW�QHWZRUN�FDQ�EH�UHDOL]HG�E\�DGGLQJ

),)2�EXIIHUV�EHWZHHQ�OHYHOV�RI�VZLWFKLQJ�HOHPHQWV

❑ 8QLILHG�DSSURDFK�WR�&RQWUROV
➣ 6DPH�EDVLF�LQIUDVWUXFWXUH�IRU�GHWHFWRU�FRQWUROV�DQG�'$4�FRQWUROV
➣ %RWK�DVSHFWV�FRPSOHWHO\�LQWHJUDWHG�EXW�RSHUDWLRQDOO\�LQGHSHQGHQW


