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What is A n ap he ?
�An project in CERN IT division to provide 
a  m odu l a r O O  a l terna tive to CERNL IB
�Histograms & N tu p l e s
� P e rsiste n c y
� P l ottin g an d  v isu al isation
� F ittin g an d  M in imisation
� I n te rac tiv e  an al y sis 
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Prepare for the Long Term!
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The CERNLIB Legacy
�Maintenance of CERNLIB still a burden in 
2 0 0 2  ( after > 2 0  y ears) .  W h y ?
�Big scope - ( n ecessa r il y )  h om e-gr ow n  
sol u t ion s t o ev er y  pr ob l em ;  gr a ph ics,  
m a t h em a t ica l  l ib r a r ies,  d a t a  st or a ge. . .

� H igh  cou pl in g ( d espit e h er oic ef f or t s! )  - f 7 7  
h a s f ew  l a n gu a ge f ea t u r es t o h el p r ed u ce it
⌧Fragility has increased with time
⌧ V ery co mp lex  - o nly real ex p erts can maintain it
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1) Scope - d oes  i t  n eed  t o 
b e h om e g r ow n ?

�Example: mathematical library
�Must be high quality and fast (CPU time = 
mo ney)

�CE R N  I T  div isio n shr unk  a lo t sinc e 7 0 s - w ho  
w r ites it?  w ho  maintains it?

� B u t is  it H EP  s pecif ic?
� N o  - and neither  ar e gr ap hic s (H I G Z / H PL O T ) ,  
memo r y o r  c o de management (Z E B R A ,  
PA T CH Y ) ,  etc .  etc .
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Anaphe Appr o ac h I :
S c o pe

�If we can find a stable, high quality open-
sour ce pr oduct, we use it.  
�If we can’ t, we pay for  a com m er cial 
solution.
�If it j ust doesn’ t ex ist, we wr ite it.
�→ M or e efficient use of m anpower
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2) Coupling? 
�Fragility (inter-d ep end enc y)  lead s  to  much 
hi g he r m anp o w er c o s ts  o v er th e s / w  
lif etim e - b u t tak es  c aref u l d es ign to  av o id
� M o d ern langu ages  h elp  b y p ro v id ing

�Classes (1980s)
⌧help to insulate clients from implementation

� I n t er f ac es (1990s)
⌧protocol “ classes”  - no concrete ty pes in client 
cod e ( prog ramming  b y  contract)
⌧ R un time choice ( “ component architecture” )
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Anaphe Appr o ac h I I :  
C o u pl i ng

�Much work to m i n i m i s e d e p e n d e n ci e s
�Strict partitioning into independent packages 
w h ich  com m u nicate only th rou gh  interf aces.

� → c om p one nt  a r c h i t e c t u r e w ith  N C C D  ~  1  
( see L . T u u ra,  th ese proceedings. )

� N orm al  in ‘ real  w orl d’ ,  b u t l ess so in H E P .
A naph e team  is 3 / 7  com pu ter scientists → b ig 
h el p ( see M . K asem ann,  th ese proceedings) .
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AIDA  (I)
�Ab s t r a c t  In t e r f a c e s  f o r  Da t a  An a l y s i s  ( s e e  
V . S e r b o ,  t h e s e  p r o c e e d i n g s ) .
� P r o t o c o l s  d e f i n e d  ( s o  f a r ) :

�fitting
� p l o tting
� h is to gr a m s  a nd ntu p l e s
� X M L  fo r m a t fo r  e x c h a nge  o f h is to s /ntu p l e s /. . .
� F a c a d e  to  h id e  m a na ge m e nt/p e r s is te nc y
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AIDA (II)
�Three AIDA2.2-c o m p l i a n t  t o o l s  ( An a p he,  
J AS , O p en S c i en t i s t )
� C ro s s -t o o l  ( a n d  c ro s s -l a n g u a g e! ) u n i f o rm  
p ro t o c o l  f o r d a t a  a n a l y s i s
� N ex t  rel ea s e 3 .x  ( S ep t em b er 20 0 2)

�large improvement in functionality and 
flex ib ility
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Anaphe Appr o ac h I I I :  
L ay er i ng

�Lizard uses SWIG-g en erat ed P y t h o n  
c l asses w h ic h  sh ado w . . .
� . . . t h e A ID A  in t erf ac es w h ic h  are 
im p l em en t ed usin g . . .
� . . . t h e A n ap h e w rap p ers w h ic h  are 
im p l em en t ed usin g . . .
� . . . t h e A n ap h e f o un dat io n  l ib raries,  w h ic h  
use. . .  C LH E P ,  Q t ,  C E R N LIB ,  ST L,  et c .
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Ignominy Analysis of
Anap h e

� Distribution of tools and utilities for LHC era physics
�Com bination of com m ercial,  free and HE P  softw are
�Claim s to be a toolk it

� S eem s to liv e up to its toolk it claim s
� G ood w ork  on m odularity
�Clean desig n is ev ident 

in m any places
�Dependency diag ram s 

often split naturally 
into functional units

Thanks to L assi  Tu u r a ( C M S )
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History
�Anaphe ( t hen L H C + + )  s t ar t ed  1 9 9 7
� F o u nd at i o n l i b s  d ev el o ped  1 9 9 7 -2 0 0 0
� I nt er f ac es ,  W r apper s  and  L i z ar d  
pr o t o t y ped  i n t i m e f o r  C H E P  2 0 0 0
� F i r s t  pr o d u c t i o n v er s i o n S u m m er  2 0 0 1
� F i r s t  o pen-s o u r c e v er s i o n Au t u m n 2 0 0 1
�AI D A 2 . 2  c o m pl i ant  v er s i o n S u m m er  2 0 0 2
�AI D A 3 . x  c o m pl i ant  v er s i o n Au t u m n 2 0 0 2
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Core Home-G row n  
Comp on en t s  

�Histogramming (HT L )
� P l otting (Q p l otte r)
� F itting and  M inimisation (F M L )
� N tu p l e s (N tu p l e T ag)
� W rap p e rs imp l e me nting th e  inte rf ac e s in 
te rms of  oth e r l ib rarie s
� I nte rac tiv e  f rame w ork  (L iz ard )
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“External” Packages
�Commercial licensed packages

�Objectivity (OO database), N ag C
⌧deliberately limited dependencies - w ill be 
replaced if  and w h en it mak es sense

� H E P  produ ct s
� H B OOK , M I N U I T , C L H E P , H ep OD B M S
� O pen sou rce

� Q t, Op en I n ven to r , P yth o n , S W I G , ex p at, 
D o x yg en , . . .
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Anaphe C o m po nent s  I
�Hi s t o g r a m  Te m p l a t e  Li b r a r y  ( HTL) 

�High performance
� F l ex ib l e t reat ment  of b inning,  errors
� T rans ient  and  pers is t ent  ( HepO D B M S )  v ers ions
�Fi t t i n g  a n d  Mi n i m i s a t i o n  Li b r a r y  ( FML)

� P ow erfu l  and  fl ex ib l e O O  int erface
� u s es  G emini ( t hin w rapper for 
N A G -C ,  M I N U I T ,  or ot her fu t u re 
l ib raries )



ACAT 2002, Moscow 
J u n e  26 Ma x  S a n g , CE R N / I T-AP I  1 7

Anaphe C o m po nent s  I I
�Qplotter
⌧Based on Qt Free 3 - v ery  p ow erf u l  C + +  g rap h i c s 
&  G U I  l i b rary  rel eased u nder G P L

� S ev era l la y ers  of  i n terf a c e              
c om plex i ty

� S ta n d -a lon e v ers i on  a v a i la b le              
( req u es t f rom  U S  m ed i c a l ph y s i c s          
g rou p)
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Anaphe C o m po nent s  I I I
�NtupleTag

�Allows transparent navigation from ‘tags’ 
( small nu mb er of vars)  b ac k  to original d ata

� D esigned  for u se with  O O D B
� F aster - tags b etter c lu stered  th an fu ll d ata
� O riginal version u sed  H epO D B M S / O b j ec tivity
⌧Read/write of HBOOK RWN with same interface
⌧ V ersion b ased on L C G  p ersistency  scheme wil l  b e 
p rodu ced ( when defined)
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Anaphe C o m po nent s  I V
�AIDA Wrappers

�Wrapper classes to implement the AIDA 
interf aces u sing  f u nctionality  f rom the 
f ou nd ation lib raries

�Alternativ es av ailab le w here appropriate -
j u st link  to w hichev er y ou  need
⌧Ntuple &  H i s to :  O b j ec ti v i ty  o r  H B O O K
⌧ F i tter  :  NA G -C  o r  M I NU I T
⌧ O th er s  a s  th ey  b ec o m e a v a i la b le ( G S L ,  L C G  
per s i s ten c y  s o luti o n  etc . )
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Anaphe C o m po nent s  V :  
L i z ar d

�Python framework for interactive analysis
�All classes and methods from AIDA wrappers 
mapped i nto P y thon commands - plotti ng ,  
fi tti ng ,  ntu ples,  hi stos.  

� U ser modu les can b e plu g g ed i n as req u i red
�Analy z er modu le prov i des on-the-fly  
compi lati on and ru nni ng  of u ser’ s C + +  code

� L i z ard i s a ‘ F acade’  to the Anaphe li b rari es
⌧Unified interface but only at top level
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ANAPHE Components

User Interface 
- u s i n g  A b s t r a c t  T y p e s

Lizard
Interacti v e C o m m and s
Histograms
N T u p l e s
F ittin g
P l ottin g
V e c torO f P oin ts
F u n c tion s A b stract ty p es

HT L
N tu p l e T ag
F M L
Q p l otte r
+  CHB ook ,  G e min i,  
He p U til itie s e tc .  e tc .  

CL HE P
CE R N L I B
He p O D B M S

Im p l em entati o ns ( H E P -s p e c i f i c )
no n-H E P  co m p o nentsA ID A

(Abstract 
I n te rf ace s f o r 
D ata An al y si s)

P y th o n /  S W IG

O b j e c tiv ity
N A G -C
Q t

Analyzer
User’s C++

c o d e
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Why Python?
�Object oriented and weakly-typ ed
⌧maps well to OO languages ‘underneath’, quick 
and conv enient to ty pe

� E as y ‘ g lu ing ’  of  com p onents  tog eth er
⌧ M apping f rom C + +  and/ or J av a is automated 
( S W I G , B oost, J y thon)

� H u g e u s er bas e
⌧low risk of  serious b ugs ( or its disappearance! )
⌧lots of  f ree sof tware of f  the shelf  - networking, 
G U I , OS , scientif ic etc



ACAT 2002, Moscow 
J u n e  26 Ma x  S a n g , CE R N / I T-AP I  23



ACAT 2002, Moscow 
J u n e  26 Ma x  S a n g , CE R N / I T-AP I  24

News I: 
A ID A  C o m p l i a n c e

�Refactoring of w rap p ers  to b ecom e A I D A  
com p l iant - req u ires  ch ange of u s er 
interfaces  at L iz ard  l ev el
�Required no changes to foundation l ib s
� S how s fl ex ib il ity  of l ay ering
� N ew  docum entation J ul y  2 0 0 2
� F uture m aj or rel eases w il l  b e sy nchroniz ed 
w ith A I D A  rel eases

� N ex t m aj or rel ease S ep tem b er 2 0 0 2  ( A I D A  3 )
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News II: Internal
D ev elo p m ent

�Response to user feedback and (mostly) 
fri endly cri ti ci sm
�Improvements in testing and installation
� C learer and more inf ormative w eb  site 
( availab le J u ly  2 0 0 2 )

� L ots of  w ork  on doc u mentation ( ex amples,  
tu torials,  ref erenc e doc s)  and proc edu res f or 
responding q u ic k ly  to u ser req u ests

� W e h ope y ou  see a dif f erenc e!
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Medium Term Plans

�AIDA 3.x compliant version (September)
�Exposes much more functionality of 
und erlying  lib raries

� F iner-g rained  control of plotting ,  fitting  etc at 
user ( L iz ard )  lev el

� R ead ing  of  R oot (3.x) f iles
� H B O O K  colu mn-w ise ntu ples
�Improvements to f ou nd ation libs (ask  u s! )



ACAT 2002, Moscow 
J u n e  26 Ma x  S a n g , CE R N / I T-AP I  27

Users I

�User community small but growing
� S ome p ioneers on C M S  &  L H C b
� C ollaboration with  J A S  &  O p enS cientist 
growing - comp onent sh aring is now a 
real p ossibility
� G eant 4  h as ad op ted  A I D A  as a tool-
ind ep end ent analysis stand ard  so some 
G eant 4  users are coming to A nap h e
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Users II

�Data analysis of 
m e d ic al and  
sp ac e  p h ysic s 
sim u lations 
u sing  G e ant 4  -
se e  C E R N  
C ou r ie r ,  J u ne  
2 0 0 2

A nap h e
Thanks to M.G.P i a,  I N F N
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Users III

�Planetary physics                                
( X -ray f lu o rescence                                
o f  sim u lated  M ars                                
so il)
� U C L  g ro u p o n L I S A  
( space g rav itatio nal 
w av e d etecto r)

Thanks to A.M ane r o,  I N F N
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Distributed N tup l e
A n a l y sis

�Would like to do distributed parallel analysis over large 
data sets w ith  m inim al assistanc e f rom  th e end user
�e. g. ,  distributed,  parallelised ntuple analysis and 
proj ec tion into H istogram s in L iz ard Analyzer

� A bstrac t I nterf ac e h ides th e c om plex ity,  no c h ange in 
tool( s)  or user c ode needed

� F irst prototype f or very general distributed parallel data 
analysis available ( see J . M osc iki,  th ese proc eedings) .  
S pec ial c ase ( ntuple analysis)  already developed using 
L iz ard and th e A naph e libraries
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Summary
�Anaphe i s  a l ay er ed  s et  o f  l o o s el y  c o u pl ed  
C + +  c o m po nent s  f o r  d at a anal y s i s ,  pl u s  
an i nt er ac t i v e P y t ho n f r am ew o r k  ( L i z ar d )
� O nl y  H E P -s pec i f i c  par t s  w r i t t en i n-ho u s e
� D ev el o ped  and  m ai nt ai ned  b y  C E R N  I T
� C o m m i t t ed  t o  AI D A c o m pl i anc e
� F u nc t i o nal i t y ,  s t ab i l i t y  and  u s er  s u ppo r t  
i m pr o v i ng  r api d l y ;  g ai ni ng  u s er s  ( y o u . . ? )
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More Information

�http://c e r n .c h/A n a phe
�http://a i d a .f r e e he p.o r g

�HepLib.S u ppo r t @ c er n .c h


