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CERN

LCG Approach to Pasta III

� Technology Review of what was expected from Pasta II and 
what might b e expected in 2 0 0 5  and b eyond.

� U nderstand technology drivers which might b e mark et and 
b u siness driven.  In particu lar the su ppliers of b asic 
technologies have u ndergone in many cases maj or b u siness 
changes with divestment,  mergers and acq u isitions.

� Try to translate where possib le into costs that will enab le 
u s to predict how things are evolving.

� Try to extract emerging b est practices and u se case 
stu dies wherever possib le.

� Involve a wider nu mb er of people than C E RN  in maj or 
institu tions in at least E u rope and the U S .



David Foster - cern-it-3last update 26/06/2003 13:37

CERN

LCG Participants

� A:  Semiconductor Technology
� Ian Fisk (UCSD) Alessandro M ac h ioro (CE R N ) Don P et rav ik (Ferm ilab )

� B :Seconda ry Stora ge 
� G ordon L ee (CE R N ) Fab ien Collin (CE R N ) Alb ert o P ac e (CERN) 

� C:Mass S t o r ag e
� Charles Curran (CERN) Jean- P hi li p p e B aud (CERN)

� D :N e t w o r k i n g T e c h n o l o g i e s
� H arv ey  New m an (Calt ec h) O li v i er M art i n (CERN) S i m o n L ei nen (Switch)

� E :D at a Man ag e m e n t  T e c h n o l o g i e s
� A nd rei  M aslenni k o v (Casp ur) Juli an B unn (C a l te ch)

� F :S t o r ag e Man ag e m e n t  S o l u t i o n s
� M i c hael Ernst  (F erm i lab ) Ni c k  S i nani s (CERN/ CM S ) M art i n G ast hub er (D E SY )

� G :H i g h P e r f o r m an c e  Co m p u t i n g  S o l u t i o n s
� B ernd  P anz er (CERN) B en S eg al (CERN) A ri e V an P raag (C E R N )

� E d i t o r i al  W o r k  G o r d o n  L e e
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LCG Basic System Components
- P r ocessor s

• 1999 Pasta report was conservative in terms of clock speed
BUT, clock speed is not a good measure, with higher clock 
speed CPU’s giving lower performance in some cases
• Predictions beyond 2007 hard to make, CMOS device structures 
will hit limits within next 10 years, change from optical 
litho to electron projection litho required => new infrastructure

Specint 2000 numbers for high-end CPU. 
Not a direct correlation with CERN Units. 
P4 Xenon = 824 SI2000 but only 600 CERN units

Compilers have not made great advances but Instruction Level
Parallelism gives you now 70%  usage (CERN Units) of quoted
performance.
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CERN

LCG Basic System Components
- P r ocessor s

Performance evolution and associated cost evolution for both
High-end machines (15K$ for quad processor) and Low-end 
Machines (2K$ for dual CPU)

Note 2002 predictions revised down slightly from the 1999
Predictions of actual system performance
- ’99 report: expect 50% of what Intel quotes, trend holds
- with hyperthreading (P4 XEON) agrees with ’96 predictions
reducing the gap from 50% to 30%

- ILP has not increased significantly
- IA-64 still not as good as recent P4  

Fairly steep curve leading to LHC startup suggesting
delayed purchases will save money (less CPU’s for 
the same CU performance) as usual
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CERN

LCG Basic System Components
- I nter connects

� PCI Developments
� PCI 66/64 mostly on servers

� PCI- X  i ntrod u c ti on slow

� PCI- X  2  sta nd a rd  w i th  2 66 M H z  ( 2 . 1 3  G B /s)  a nd  5 3 3  M H z  ( 4. 2 6 G B /s)

� Supports DDR and QDR technology

� P C I  E x press ( ali as 3 G I O ,  proj ect A rapahoe)

� I nternal Seri al B us,  N O T  an I nterconnect

� P ri m ari ly f or hi gh-end system s

� New Interconnects

� 3 G I O ,  I ntels i ndustri al proposal

� H yperT ransport,  A M D ( 1 2 . 8  G B / s asym ,  b i -di recti onal,  6 4  b i t B us)

� C hi pset i ncludes routi ng crossb ar sw i tch

� C onnecti on to outsi de to connect peri pherals

� Superi or to I ntel,  b ut w i ll the m ark et accept i t ?  
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CERN

LCG
Basic System Components

Su mmar y

� Memory capacity increased faster than predicted, costs 
arou nd 0 . 1 5  $ / Mb it in 2 0 0 3  and 0 . 0 5  $ / Mb it in 2 0 0 6

� Many improv ements in memory systems 3 0 0  MB / sec in 1 9 9 9  
now  in ex cess of 1 . 2  G B / sec in 2 0 0 2 .

� P C I  b u s improv ements improv ed from 1 3 0 MB / sec in 1 9 9 9  to 
5 0 0  MB / second w ith 1 G B / sec foreseen.

� I ntel  and A MD  continu e as competitors.  N ex t g eneration 
A MD  ( H ammer)  permits 3 2 b it and 6 4 b it code.  A nd is 
ex pected to b e 3 0 %  cheaper than eq u iv al ent I ntel  6 4 b it 
chips.

� T he “ 2 . 5 k C H F ”  du al  processor cheap b ox  w il l  prob ab l y hav e 
an S I 2 k  rating  of ab ou t 3 0 0 0 / processor in 2 0 0 7 .  W e w il l  
need of the order of 4 0 0 0  su ch b ox es for L H C  startu p.  
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LCG
http://www.aceshardware.com/SPECmine/cpus.jsp#cpu1
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LCG
Basic System Components

Concl u sions

� No major surprises so far, but
� New semiconductor f a b ’ s v ery  ex p ensiv e sq ueez ing  th e 
semiconductor ma rk etp l a ce.

� M O S  tech nol og y  is p ush ing  a g a in a g a inst p h y sica l  l imits – g a te 
ox ide th ick ness,  j unction v ol umes,  l ith og ra p h y ,  p ower 
consump tion.

� A rch itectura l  desig ns a re not a b l e to ef f icientl y  use th e 
increa sing  tra nsistor density  ( 2 0 %  p erf orma nce imp rov ement)

� A  sig nif ica nt ch a ng e in th e desk top  ma rk et ma ch ine 
a rch itecture a nd f orm f a ctor coul d ch a ng e th e economics of  
th e serv er ma rk et.

� D o w e n eed  a n ew  H E P  referen c e appl ic ation  ?
� U sing  industry  b ench ma rk s stil l  do not tel l  th e wh ol e story  
a nd we a re interested in th roug h p ut.

� S eems a p p rop ria te with  new reconstruction/ a na l y sis model s 
a nd code
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LCG

Generation 1 Generation 2 Generation 3 Generation 4

Capacity 100 GB 200 GB 400 GB 800 GB

Transfer Rate 10-20 MB/s 20-40 MB/s 40-80 MB/s 80-160 MB/s

Enabling Technology ? ? ? ?

Number of Channels 8 8 16 16

Recording Method RLL 1,7 PRML PRML PRML

Media Type MP2 MP MP Thin Film

Tape Length 580 m 580 m 800 m 800 m

LTO Ultrium Roadmap

GA
18-24 Months after Gen1

GA 
18-24 Months after Gen2

GA
Start of Q3-00

Media
Swap Media

Swap

Media
Swap
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LCG

FuturesFutures

FuturesFutures

20012001

20012001

20032003

20032003

20002000

20002000

GA=1999GA=1999

20 GB (20 GB (uncunc.).)

10 MB/sec10 MB/sec

Access = 8.0 secAccess = 8.0 sec

MP MediaMP Media

SCSI, SCSI, FibreFibre Ch.Ch.

9840A

20022002

20022002

9840 and 9940 Tape Drive Roadmap

9840B
Q301 volume shipQ301 volume ship

20 GB (20 GB (uncunc.).)

19 MB/sec19 MB/sec

Access = 8.0 secAccess = 8.0 sec

MP MediaMP Media

SCSI, SCSI, FibreFibre Ch.Ch.

TCP/IP Service PortTCP/IP Service Port

20032003

70 GB (70 GB (uncunc.).)

30 MB/sec30 MB/sec

Access = 8.0 secAccess = 8.0 sec

MP MediaMP Media

ESCON, ESCON, FibreFibre Ch.Ch.

TCP/IP Service PortTCP/IP Service Port

9840C
Future

Generation
Access Drives

100 100 -- 300 GB (300 GB (uncunc.).)

45 45 -- 90 MB/sec90 MB/sec

9940A
GA=2000GA=2000

60 GB (60 GB (uncunc.).)

10 MB/sec10 MB/sec

MP MediaMP Media

SCSI, SCSI, FibreFibre Ch.Ch.

1H021H02

9940B
200 GB (200 GB (uncunc.).)

30 MB/sec30 MB/sec

MP MediaMP Media

FibreFibre ChannelChannel

TCP/IP Service PortTCP/IP Service Port

AccessAccess

C a p a ci t yC a p a ci t y Future
Generation

Capacity Drives

300 GB 300 GB -- 1 TB (1 TB (uncunc.).)

60 60 --120 MB/sec120 MB/sec
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LCG Tapes - 1

� New format tape drives (9840, 9940, LTO) are being 
tested.

� C u rrent I nstal l ation are 1 0 S TK  sil o’ s c apabl e of tak ing 800 
new format tape drives.  Today  tape performanc e is 
1 5 M B / sec  so th eoretic al  aggregate is 1 2 G B / sec

� C artridge c apac ities ex pec ted to inc rease to 1 TB  before 
LH C  startu p bu t its mark et demand not tec h nic al  l imitations 
th at is th e driver.

� U sing tapes as a random ac c ess devic e is a probl em and wil l  
c ontinu e to be.

� Need to consider a much larger, persistent disk cache for 
L H C  reducing tape activ ity  for analy sis.
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CERN

LCG Tapes - 2

� Currents costs are about 50 CHF/slot for a tape in the 
P ow d erhorn robot.

� Current tape cartrid g e ( 9 9 4 0A )  costs 1 3 0 CHF w ith a slow  
d ecrease ov er tim e.

� M ed ia d om inates the ov erall cost and  a m ov e hig her 
capacity  cartrid g es and  tape units som etim es req uire a 
com plete m ed ia chang e.

� Current storage costs 0.6- 1 .0 CH F / G B  i n 2 000 coul d  d rop  to 
0.3  CH F / G B  i n 2 005  b ut p rob ab l y  w oul d  req ui re a com p l ete 
m ed i a ch ange.

� Conclusions:  N o m aj or challeng es for tapes for L HC startup 
but the architecture should  be such that they  are used  
better than tod ay  ( w rite/read )
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CERN

LCG Network Progress and

I ssu es f or M aj or E x p eri m ents

� Network backbones are advancing rapidly to the 10 G bps range
� “ G bps”  end-to-end throu ghpu t data f lows will be 

in produ ction soon ( in 1-2  years)
� Network advances are changing the view of  the net’ s roles

� T his is likely to have a prof ou nd im pact on the ex perim ents’   
C om pu ting M odels,   and bandwidth req u irem ents 

� A dvanced integrated applications,  su ch as D ata G rids,  rely on
seam less “ transparent”  operation of  ou r L A Ns and W A Ns

� W ith reliable,  q u antif iable ( m onitored) ,  high perf orm ance
� Networks need to be integral parts of  the G rid( s)  design

� Need new paradigm s of  real network and system  m onitoring,
and of  new “ m anaged global system s”  f or H E NP  analysis
� T hese are starting to be developed f or L H C
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CERN

LCG Network Progress and

I ssu es f or M aj or E x p eri m ents

� Key Providers in Bankruptcy
� KPN Q w est,  T el eg l ob e,  G l ob al  C rossing ,  F L A G ;  W orl dcom

� S w itch ing  to O th ers,  W h ere N eeded and Possib l e
� E . g .  T -S ystem s ( D eutsch e T el ecom )  f or U S -C E R N

� S trong  T el ecom  M arket O utl ook
� G ood pricing  f rom  T -S ystem s
� M C I / W orl dcom netw ork w il l  continue to operate ( ? ) :

2 0  M  custom ers in U S ;  U K academ ic &  research  netw ork
� A g g ressive pl ans b y m aj or and startup netw ork 

eq uipm ent providers
� S trong  O utl ook in R & E  N ets f or R apid Prog ress 

� A b il ene ( U S )  U pg rade O n S ch edul e;  G E A N T  ( E urope) ,   and 
S uperS I N E T ( J apan)  Pl ans C ontinuing

� E S N et Backb one U pg rade:  2 . 5  G b ps “ N ow ” ;  1 0  G b ps in 2  Y rs.
� R eg ional  Prog ress,  and V isions;  

� E.g. CALifornia Research and Education Network: “ 1 
Gbps to Every Californian by 2010”
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LCG
US Link: Late 2002

Development and testsDevelopment and tests

Abilene MRENESnet STARTAPNASA

Linux PC for
Performance tests

& Monitoring

CERN -Geneva

GEANT Switch IN2P3 WHO

Linux PC for
Performance tests

& Monitoring

Caltech/DoE PoP – StarLight Chicago 

622 Mbps (Prod.)622 Mbps (Prod.)

Cisco 7609
CERN

Cisco 7609
Caltech
(DoE)

Alcatel 7770
DataTAG
(CERN)

Cisco 7606
DataTAG
(CERN)

Juniper M10
DataTAG
(CERN)

Cisco 7606
Caltech
(DoE)

Juniper M10
Caltech
(DoE)

Alcatel 7770
DataTAG
(CERN)

2.5 2.5 GbpsGbps (R&D)(R&D)

Optical Mux/Dmux
Alcatel 1670

Optical Mux/Dmux
Alcatel 1670



David Foster - cern-it-17last update 26/06/2003 13:37

CERN

LCG HENP Major Links: Bandwidth  
R oadm ap  ( S c e nario)  in G b p s

Year Production Experimental Remarks 

2001 0.155  0.622-2.5 SONET/SDH 

2002 0.622 2.5 SONET/SDH 
DWDM; GigE Integ. 

2003 2.5 10  DWDM; 1 + 10 GigE 
Integration 

2005 10 2-4 X 10  λλλλ Switch; 
λλλλ Provisioning 

2007 2-4 X 10 ~10 X 10;  
40 Gbps 

1st Gen. λλλλ Grids 

2009 ~10 X 10 
or  1-2 X 40  

~5 X 40 or 
~20-50 X 10 

40 Gbps λλλλ 
Switching 

2011 ~5 X 40 or 

~20 X 10 

~25 X 40 or 
~100 X 10  

2nd Gen λλλλ Grids 
Terabit Networks 

2013 ~Terabit ~MultiTerabit ~Fill One Fiber 
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LCG Networking Summary

� Major cost reductions have taken place in wide- area 
b andwidth costs.

� 2.5 G b i t c o m m o n  f o r  p r o v i d e r s  b u t  n o t  a c a d e m i c  i n  1 9 9 9 . N o w ,  
1 0 G b i t  c o m m o n  f o r  p r o v i d e r s  a n d  2.5G b i t  c o m m o n  f o r  
a c a d e m i c .

� E x p e c t  1 0 G B i t  b y  e n d  20 0 3 . V a s t l y  e x c e e d s  t h e  t a r g e t  o f  6 22 
M b i t b y  20 0 5.

� W ide area data m ig ration/ replication now f easib le and 
af f ordab le.

� T e s t s  o f  m u l t i p l e  s t r e a m s  t o  t h e  U S  r u n n i n g  o v e r  24 h r s  a t  t h e  
f u l l  c a p a c i t y  o f  2G b i t / s e c  w e r e  s u c c e s s f u l .

� L ocal area networking  m oving  to 1 0  G b it/ sec and this is 
ex pected to increase.  1 0 G b it/ sec NIC’s u n d e r  d e v e l o p m e n t  
f o r  e n d  sy st e m s.
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LCG Storage Cost

Cost of managing storage and data are the predominate costs
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CERN

LCG Disk Technology

Disk Vendors Market Share in units  - 1998

Seagate
20%

Quantum
16%

IBM
13%

Maxstore
12%

Toshiba
4%

Hitachi
2%

Samsung
6%

Fujitsu
12%

Others
1%

Western Digital
14%

Seagate

Quantum

IBM

Maxstore

Toshiba

Hitachi

Western Digital

Samsung

Fujitsu

Others

HDD Vendor Market Share in Units - 2001
Desktop PC/ATA drives

Seagate
24%

IBM
9%

Fujitsu
7%

Sansung
8%

Western Digital 
16%

Quantum / Maxtor
36%

Seagate

Quantum/Maxtor

IBM

Fujitsu

Sansung

Western Digital 

HDD Vendor Market Share in Units - 2001
Enterprise Storage

Seagate
47%

IBM
22%

Fujitsu
19%

Hitachi
3%

Quantum / Maxtor
9%

Seagate

Quantum/Maxtor

IBM

Fujitsu

Hitachi

Specialisation and consolidation
of disk  manufacturers
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LCG Historical Progress
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CERN

LCG Disk Drive Projections
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LCG Advanced Storage Roadmap
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CERN

LCG Disk Trends - 1

� Capacity is doubling every 18 months but not access times

� S uper P aramagnetic L imit ( estimated at 4 0 G B / in2 )  has not 
been reached.  S eems that a platter capacity of  2 -3  times 
todays capacity can be f oreseen.

� “ P erpendicular recording”  aims to ex tend the density to 
5 0 0 -10 0 0 G B / in2. D isk s of  10 -10 0  times todays capacity 
seem to be possible.  T he timing w ill be driven my mark et 
demand.

� R otational speed and seek  times are only improving slow ly so 
to match disk  siz e and transf er speed disk s become smaller 
and f aster.  2 . 5 ”  w ith 2 3 5 0 0  R P M  are f oreseen f or storage 
systems.
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CERN

LCG Disk T r e n d s - 2

� SCSI still being developed, now at 320MB/sec transfer 
speed.

� Serial A T A  is ex pected to dom inate th e com m odity  disk  
connectivity  m ark et by  end 2003.  1 5 0MB/sec m oving to 300 
MB/sec

� F iber ch annel produ cts still ex pensive.

� D V D  solu tions still 2-3x  as ex pensive as disk s.  N o indu stry  
ex perience m anaging large D V D  libraries.  

� Som e new tech nologies starting to be talk ed abou t in th e 
early  L H C tim efram e ( nano fabrication)  as replacem ent for 
rotating disk  storage so will probably  h ave an effect du ring 
du ring th e L H C lifetim e
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CERN

LCG Storage Management

� Very little movement in the HSM space since the last 
P A ST A  report.

� HPSS still for large scale systems

� A  n u mb er of mid - ran ge p rod u cts ( mak e tap e look  lik e a b ig 
d isk )  b u t limited  scalin g p ossib le

� HE P  still a lead er in tape and  d ata manag ement
� C A ST O R ,  E n store,  J A SM in e

� W ill remain  cru cial tech n ologies for L HC .

� C lu ster f ile systems appearing  ( Storag eT ank - I B M)
� Prov id e “ u n limited ”  ( PB )  file system th rou gh  SA N  fab ric

� Scale to many 000’s of clients (CPU servers).

� N eed  to b e interfaced  to tap e manag ement systems (e.g . 
Castor)
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CERN

LCG

Storage - A rc h i tec tu re

� Possibly the biggest challenge for LHC
� Storage architecture design (seamless integration from CPU caches to deep  

archiv e req uired)

� D ata management.  Currently  v ery  p oor tools and facilities for managing data 
and storage sy stems.

� S A N  v s.  N A S  d ebate still aliv e
� SA N ,  scalab le and high av ailab ility ,  b ut costly  

� N A S,  cheap er and easier to imp lement

� O bj ect storage technologies ap p earing
� I ntelligent storage sy stem ab le to manage the ob j ects it is storing

� A llow ing “ light- w eight”  F ilesy stems
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CERN

LCG Storage - C on n ec ti v i ty

� FiberChannel m ark et  g ro w ing  at  3 6 % / y ear f ro m  no w  t o  2 0 0 6  ( G art ner) .  
T his  is  t he c u rrent  t ec hno lo g y  f o r S A N  im p lem ent at io n.

� iS CS I o r eq u iv alent  o v er G ig abit  E t hernet  is  an alt ernat iv e ( and  c heap er)  
bu t  les s  p erf o rm ant im p lem ent at io n o f  S A N  g aining  in p o p u larit y .

� I t  is  ex p ec t ed  t hat  G ig E w ill bec o m e a p o p u lar t rans p o rt  f o r s t o rag e 
net w o rk s .

� I nf iniB and ( u p  t o  3 0  G bp s )  is  a f u ll-f led g ed  net w o rk  t ec hno lo g y  t hat  c o u ld  
c hang e t he land s c ap e o f  c lu s t er arc hit ec t u res  and  has  m u c h,  bu t  v ary ing ,  
ind u s t ry  s u p p o rt .  

� B ro ad  ad o p t io n c o u ld  d riv e c o s t s  d o w n s ig nif ic ant ly
� FI O  ( Co m p aq ,  I B M ,  H P )  and  N G I O  ( I nt el,  M S ,  S u n)  m erg ed  t o  I B
� E x p ec t  brid g es  bet w een I B  and  leg ac y  E t hernet  and  FC net s
� U s es  I P v 6
� S u p p o rt s  R D M A  and  m u lt ic as t  

� M ay  ex p ec t  N A S / S A N  m o d els  t o  c o nv erg e
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LCG Disk Pricing
� In 2002, the cost of storage in the ATA disk servers used with 

C AS TO R  at C E R N  was 24  C H F / G B  of effective disk cap acity .  S ervers
are configured in m irrored m ode giving 5 00 G B  cap acity  and the cost 
incl udes the server, p ower sup p l y  and network infrastructure.  The raw 
d i s k  c ap ac i t y  rep res en t s  ab o u t  2 0 %  o f  t he c o s t  wi t h a 1 2 0  G B  d ri v e 
c o s t i n g  2 4 0  C H F .

� It is reasonab l e to p redict that in 2006 / 2007 , 4 8 0 G B  drives wil l  b e 
avail ab l e at a sim il ar p rice to the 1 20 G B  drives of today .  

� W e b el ieve that for the foreseeab l e future, ID E / ATA wil l  rem ain the 
technol ogy  that m inim ises cost p er G B  at reasonab l e sp eed.  

� S AN  architectures using either S ATA or F ib er C hannel  drives shoul d b e 
considered for ap p l ications that dem and higher l evel s of p erform ance 
and avail ab il ity .  F or configurations of 1 00 TB  and higher, the cost 
overhead com p ared to ATA servers is estim ated to b e ab out 4 0%

� U sing the figures ab ove, 1  P B  of raw disks coul d b e p urchased for ab out 
0. 5 M  C H F  in 2007 .  Assum ing this rep resents 20%  of the total  server 
cost, the p rice m oves to 2. 5 M  C H F  W ith m irroring, the effective 
cap acity  is 5 00 TB ;  with R AID 5  it is ab out 8 00 TB
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LCG Some Overall Conclusions

� Tape and Network trends match or exceed our initial needs.
� Need to continue to leverage economies of scale to drive down long 

term costs.
� C P U  trends need to b e caref ully  interpreted

� T h e need for new p erformance measures are indicated.  
� C h ange in th e desk top  mark et migh t effect th e server strategy .
� C ost of manageab ility  is an issue.

� D isk trends continue to make a larg e ( multi P B )  disk cache 
technically  f easib le,  b ut … .

� T h e true cost of such  an ob j ect remains unclear,  given th e issues of 
reliab ility ,  manageab ility  and th e disk  fab ric ch osen ( NA S / S A N,  
iS C S I / F C  etc etc)

� F ile sy stem access for a large disk  cach e ( R F I O ,  S torageT ank ) is also 
unclear.

� M ore architectural work is needed in the next 2  y ears f or the 
processing  and handling  of  L H C  data.

� NA S / S A N models are converging,  access p atterns are unclear,  many
op tions for sy stem interconnects.
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… Sounds like we are in pretty good shape …..
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… but let’s be careful ...
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PASTA has addressed issues exclusively on the 
Fabric level

� It is likely that we will get the required technology 
(Processors, Memory, Secondary and Tertiary 
Storage Devices, Networking, Basic Storage 
Management)

� Complete user level solutions allowing truly 
distributed Computing on a Global Scale are complex to 
design and build.
�Will the Grid Projects meet our expectations (in 
time) ?


