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SEAL Versions Road Map

�Improve functionality required by POOL

�B as ic framew ork  bas e clas s es
internal1 6 / 0 5 / 0 3V  0 . 3 . 0

�E s tablis h  dependency betw een POOL and S E A L

�D ictionary g eneration from h eader files
internal1 4 / 0 2 / 0 3V  0 . 1 . 0

p u b lic

p u b lic

Status D e sc r i p ti o n  ( g o al s)D ateR e l e ase

�E s s ential functionality s ufficient to be adopted by 
ex periments

�C ollection of bas ic framew ork  s ervices

�S cripting  s upport

3 0 / 0 6 / 0 3V  1 . 0 . 0

�E s s ential functionality s ufficient for th e oth er ex is ting  
LC G  proj ects  ( POOL)

�F oundation library,  s ys tem abs traction,  etc.

�Plug in manag ement

3 1 / 0 3 / 0 3V  0 . 2 . 0
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SEAL Team (credits)

� Christian A rnau l t ( D ic tio nary )
� R ad o v an Chy trac e k ( F o u nd atio n,  F ram e w o rk )
� J ac e k G e ne ro w ic z ( S c rip ting ,  F ram e w o rk ,  D o c u m e ntatio n)
� F re d  J am e s ( M athL ib s)
� W im L av rij se n ( S c rip ting )
� M assim o  M arino ( F o u nd atio n,  F ram e w o rk )
� P e re  M ato ( F ram e w o rk ,  D ic tio nary ,  S c rip ting )
� L o re nz o  M o ne ta ( F o u nd atio n,  F ram e w o rk )
� S te f an R o ise r ( D ic tio nary )
� R D  S c haf f e r ( D ic tio nary )
� L assi T u u ra ( F o u nd atio n,  F ram e w o rk ,  I nf rastru c tu re )
� M atthias W ink l e r ( M athL ib s)
� Z he n X ie ( D ic tio nary )
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Work Packages

1. Foundation and Utility libraries

2 . M ath  L ibraries

3 . C om p onent M odel

4 . L C G  O bj ec t D ic tionary

5 . B asic  Fram ew ork  S erv ic es

6 . S c rip ting  S erv ic es

7 . G rid S erv ic es

8 . E duc ation and D oc um entation
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1. Foundation and Utility Libraries 

� Foundation Packages
– S e a l P l a t f o r m P l a t f o r m  d e p e n d e n t  c o n f i g . h f i l e
– S e a l B a s e ~ 8 0  f o u n d a t i o n  c l a s s e s  
– S e a l I O T o o l s ~ 3 0  I / O  c l a s s e s
– S e a l U t i l ~ 5  u t i l i t y  c l a s s e s
– S e a l Z i p C o m p r e s s i o n  u t i l i t y  c l a s s e s
– P l u g i n M a n a g e r L o w  l e v e l  p l u g - i n  m a n a g e m e n t  c l a s s e s
– P l u g i n D u m p e r P r o g r a m  t o  d u m p  t h e  p l u g - i n  r e p o s i t o r y

� B oost L ib r ar y
– I n  u s e  i n  S E A L  i t s e l f  ( u t i l i t i e s ,  s h a r e d  p o i n t e r s ,  f o r m a t , … )  

� C L H E P
– P a c k a g e s  s p l i t  r e a d y  t o  b e  r e l e a s e d
– N e w  C V S  r e p o s i t o r y  ( S P I  p r o v i d e d )
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2. Math Libraries

� MINUIT
– A P I:  a d d i n g  u s e r  i n t e r f a c e s  f o r  p a r a m e t e r s ,  m i g r a d ,  

m i n o s
– d e s i g n :  s e p a r a t e  u s e r  p a r a m e t e r s  a n d  u s e r  f u n c t i o n ,  

i n c l u d i n g   c h a n g e  o f  f u n c t i o n  i n t e r f a c e  ( F C N)  t o  a  
m i n i m a l  r e q u i r e d  i n t e r f a c e

– f i x i n g / r e l e a s i n g  o f  u s e r  p a r a m e t e r s  i s  n o w  s u p p o r t e d
– t h e  n u m b e r  o f  c a l l s  t o  t h e  u s e r  f u n c t i o n  i s  c o u n t e d
– t w o  e x a m p l e s  a d d e d :  Mi g r a d G a u s s S i m . c p p ,  

Mi n o s G a u s s S i m . c p p
� G S L

– N o t  y e t  a  p u b l i c  r e p o r t  o f  t h e  e v a l u a t i o n .  A g r e e m e n t  i n  
r e c o m m e n d i n g  G S L  t o  b e  u s e d  b y  e x p e r i m e n t s .
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3. Component Model

� Designed a hierarchy of bases 
cl asses t o su p p ort  t he com p onent  
m odel

� E ach Component is in a Contex t

� T ree of Contex ts

� S u p p ort  for l ocat ing com p onent s
– I f  n o t  i n  l o c a l  c o n t e x t ,  l o o k  i n  

p a r e n t

� A  S er v i c e p rov ides it s ow n l ocal  
Contex t
– C o m p o n e n t s  o f  a  Service a r e  s c o p e d  

i n  i t s  o w n  C o n t ex t

� U ser cl asses inherit  from  
Component or S er v i c e
– P l u g - i n  f u n c t i o n a l i t y  f o r  f r e e

� F E E DB A C K  R E Q U E S T E D ! !

C o m p o n e n t

S e r v i c e

M y C o m p o n e n t M y S e r v i c e

C o n t e x t

R e f C o u n t e d

*

*

1

Component
F a c tor y

Component
L oa d er

1
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Context Hierarchy

� Any Component m a y a t t e m p t  t o  l o c a t e  a no t h e r  Component i n t h e  
r u nni ng  a p p l i c a t i o n ( c o l l a b o r a t i o n ne t w o r k )
– B y  “ t y p e ”  o r  b y  “ k e y ”

– I f  t h e  n o t  f o u n d  i n  t h e  c u r r e n t  c o n t e x t ,  t h e  p a r e n t  c o n t e x t  i s  s e a r c h e d  i s  
r e c u r s i v e l y

Context

A p p l i c a t i o n

C 1C 1 C 1C 2

Component

S v c 2

C 1C 6 C 1C 7

S v c 1

C 1C 3 C 1C 4

C 1C 5

S v c 1

S er v i c e
C 1C 7
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Component Model: How- T o ( 1 )

#i f ndef MYCOMPONENT_H
#def i ne MYCOMPONENT_H 1
#i ncl ude " Seal Ker nel / Component . h“
cl ass MyComponent :  publ i c seal : : Component {

DECLARE_SEAL_COMPONENT;
publ i c:

MyComponent ( seal : : Cont ext *  cont ext ) ;
MyComponent ( seal : : Cont ext *  cont ext ,  const  st d: : st r i ng & l abel ) ;
/ /  i mpl i c i t  copy const r uct or     
/ /  i mpl i c i t  assi gnment  oper at or
/ /  i mpl i c i t  dest r uct or
/ / . . . . . component  member  f unct i ons. .
voi d doSomet hi ng( ) ;

} ;
#endi f / /  MYCOMPONENT_H

MyComponent.h
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Component Model: How- T o ( 2 )

#i ncl ude " MyComponent . h“
#i ncl ude <i ost r eam>
DEFI NE_SEAL_COMPONENT ( MyComponent ,  " seal / exampl e/ MyComponent " ) ;
MyComponent : : MyComponent ( seal : : Cont ext *  cont ext )

:  Component  ( cont ext ,  c l assCont ext Key ( ) ) { }
MyComponent : : MyComponent ( seal : : Cont ext *  cont ext ,  

const  st d: : st r i ng & l abel )
:  Component  ( cont ext ,  l abel ) { }

/ /  member  f unct i on i mpl ement at i ons
voi d MyComponent : : doSomet hi ng( )  {

st d: : cout << " MyComponent :   Hel l o Wor l d !  "  << st d: : endl ;
}

#i ncl ude " MyComponent . h“
#i ncl ude " Seal Ker nel / Component Fact or y. h“
#i ncl ude " Pl ugi nManager / Modul eDef . h“
DEFI NE_SEAL_MODULE ( ) ;
DEFI NE_SEAL_PLUGI N ( seal : : Component Fact or y,  MyComponent ,

MyComponent : : c l assCont ext Label ( ) ) ;

MyComponent.cpp

Mod u l e.cpp
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Component Model: How- T o ( 3 )

#i ncl ude “ Seal Ker nel / Component Loader . h”
#i ncl ude “ MyComponent . h”

Handl e<MyComponent > handl e = component <MyComponent >( ) ;
handl e- >doSomet hi ng( ) ;  

OtherComponent.cpp
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4. Object Dictionary

� Reflection packages
– S o m e  m i n o r  b u g  f i x e s  a n d  i m p r o v e m e n t s  w e r e  a p p l i e d  t o  R e f l e c t i o n

a n d  R e f l e c t i o n B u i l d e r

� D ictionar y  gener ation
– T h e  lcgdict c o m m a n d  f o r  g e n e r a t i n g  t h e  d i c t i o n a r y  s o u r c e s  i s s u e s  

s o m e  n e w  w a r n i n g s .  M i n o r  b u g  f i x e s .

� N ew  C om m on D ictionar ies
– S e a l C L H E P .   D i c t i o n a r y  f o r   t h e  R a n d o m  a n d  V e c t o r  s u b s y s t e m s  o f  

C L H E P  ( m o r e  d i c t i o n a r i e s  w i l l  b e  g e n e r a t e d  o n  r e q u e s t )
– S e a l D i c t .  D i c t i o n a r y  i n f o r m a t i o n  o f  t h e  R e f l e c t i o n  p a c k a g e  i t s e l f .  

U s e f u l  f o r  w o r k i n g  w i t h  t h e  d i c t i o n a r y  i n f o r m a t i o n  w i t h  t h e  p y t h o n  
b i n d i n g

– S e a l S T L .  D i c t i o n a r i e s  f o r  s t d : : s t r i n g a n d  s o m e  i n s t a n t i a t i o n s  o f  
f u n d a m e n t a l  t y p e s  f o r  s t d : : v e c t o r < T >  a n d  s t d : : l i s t < T >  ( m o r e  w i l l  b e  
g e n e r a t e d  o n  r e q u e s t )  
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5. Basic Framework Services 

� Developed the first set of Basic Services based on the 
new  C om ponent M odel

� A pplication
– D e f i n e s  t h e  t o p  l e v e l  Context

– P o s s i b i l i t y  t o  s e t  t h e  i n i t i a l  s e t  o f  Com p onents t o  b e  l o a d e d  i n  t h e  
a p p l i c a t i o n

� M essag e Service
– M e s s a g e  c o m p o s i t i o n ,  f i l t e r i n g  a n d  r e p o r t i n g

� C onfig u ration Service
– M a n a g e m e n t  o f  Com p onent p r o p e r t i e s  a n d  l o a d i n g  c o n f i g u r a t i o n s
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Application

� Establishes the “top” Context

– B u t ,  i t  c a n  b e  i n s e r t e d  i n  a n  e x i t i n g  Context

� I n stan tiates a basic  n u m ber  of  C om pon en ts ( or  S er v ic es)  u sef u l to all 
applic ation s
– Com p onentL oa d ed ( i n t e r f a c e  t o  P l u g - i n  m a n a g e r )

– P r op er ty M a na g er ( a p p l i c a t i o n  l e v e l  c o n f i g u r a t i o n  p a r a m e t e r s )

– M es s a g eS er v i c e

– Conf i g u r a ti onS er v i c e

int main(int,char**) {
Application theApp;
//----Get Loader
Handle<ComponentLoader> loader = theApp.component<ComponentLoader>();
//----Instantiate the plug-in
loader->load("SEAL/Kernel/Test/Loadable");
//----Get a handle to it
Handle<Loadable> loadable = theApp.component<Loadable>();

}

m a i n . c p p
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Message Service

� The user instantiates a MessageStream to  c o m p o se 
m essag es.  I t rep o rts to  the MessageServ i c e w hen m essag e 
is c o m p l eted

� MessageServ i c e d isp atc hes and  f il ters al l  m essag es o f  the 
ap p l ic atio n

#i ncl ude “ Seal Ker nel / MessageSt r eam. h”

MessageSt r eam i nf o(  t hi s, ” MyName” ,  MSG: : I NFO) ;
i nf o << “ Hel l o wor l d”  << f l ush;

MessageSt r eam l og(  t hi s ,  “ Ot her Name” ) ;
l og( MSG: : ERROR)  << “ Thi s i s an er r or ”  << f l ush;

OtherComponent.cpp

MyName I NFO    Hel l o Wor l d
Ot her Name ERROR   Thi s  i s an er r or ou tpu t
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Configuration Service

� A Component m a y  d e c l a r e  i t s  o w n  P r oper ti es
– T e m p l a t e d  Property i n s t a n c e s  ( a n y  t y p e  w i t h  a  s t r e a m  o p e r a t o r < < )

– R e f e r e n c e s  t o  d a t a  m e m b e r s  ( a n y  t y p e  w i t h  a  s t r e a m  o p e r a t o r < < )

– P o s s i b i l i t y  t o  a s s o c i a t e  “ c a l l b a c k ”  u p d a t e  f u n c t i o n

– P r o p e r t i e s  h a v e  a  “ n a m e ”  ( s c o p e d )  a n d  a  “ d e s c r i p t i o n ”

� T h e  P r oper ty Ca ta l og u e i s  t h e  r e p o s i t o r y  o f  a l l  p r o p e r t i e s  
o f  t h e  a p p l i c a t i o n
– I t  i s  f i l l e d  f r o m  t h e  “ c o n f i g u r a t i o n  f i l e ”  ( G a u d i  J o b O p t i o n s f o r m a t  

c u r r e n t l y )

st r uct cal l Obj {  oper at or ( ) ( const Pr oper t ybase&)  { …}  } ;  
i nt m_i nt ;
Pr oper t y<doubl e> m_doubl e( “ doubl e” ,  0. 0, ” descr ” ,  cal l Obj ) ;
pr oper t yManager ( ) - >decl ar ePr oper t y( “ i nt ” ,  m_i nt ,  0,  “ descr ” ) ;
pr oper t yManager ( ) - >decl ar ePr oper t y( m_doubl e) ;

Component.cpp
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6. Scripting Services

� Guidelines for developing Python bindings
– E v a l u a t e d  e x i s t i n g  o p t i o n s :  S W I G ,  B o o s t . P y t h o n ,  S I P ,  a n d  r a w  

P y t h o n  C - A P I

» h t t p : / / c e r n . c h / s e a l / w o r k - p a c k a g e s / s c r i p t i n g / e v a l u a t i o n -
r e p o r t . h t m l

� PyL C GD ic t:  Python binding to the L C G D ic tiona ry
– I t  a l l o w s  t h e  u s e r  t o  i n t e r a c t  w i t h  a n y  C + +  c l a s s  f o r  w h i c h  t h e  L C G  

D i c t i o n a r y  h a s  b e e n  g e n e r a t e d

– W i t h  t h i s  m o d u l e ,  t h e r e  i s  n o  n e e d  t o  g e n e r a t e  s p e c i a l i z e d  P y t h o n  
b i n d i n g s  o r  w r a p p e r  c o d e  t o  i n t e r a c t  w i t h  C + +  c l a s s e s
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PyLCGDict:  S u p p o r te d  F e a tu r e s

� Loading LCG dictionaries
� C+ +  cl asses

– M a p p e d  t o  P y t h o n  c l a s s e s  a n d  l o a d e d  o n  d e m a n d .
� C+ +  nam esp aces

– M a p p e d  t o  p y t h o n  s c o p e s .  T h e  " : : "  s e p a r a t o r  i s  r e p l a c e d  b y  t h e  p y t h o n  " . "  s e p a r a t o r
� Cl ass m eth ods

– S t a t i c  a n d  n o n  s t a t i c  c l a s s  m e t h o d s  a r e  s u p p o r t e d
– M e t h o d  a r g u m e n t s  a r e  p a s s e d  b y  v a l u e  o r  b y  r e f e r e n c e
– T h e  r e t u r n  v a l u e s  a r e  c o n v e r t e d  i n t o  p y t h o n  t y p e s  a n d  n e w  p y t h o n c l a s s e s  a r e  

c r e a t e d  i f  r e q u i r e d .
– M e t h o d  o v e r l o a d i n g  w o r k s  b y  d i s p a t c h i n g  s e q u e n t i a l l y  t o  t h e  a v a i l a b l e  m e t h o d s  w i t h  

t h e  s a m e  n a m e  u n t i l  a  m a t c h  w i t h  t h e  p r o v i d e d  a r g u m e n t s  i s  s u c c e s s f u l .  
� Cl ass data m em b ers

– P u b l i c  d a t a  m e m b e r s  a r e  a c c e s s i b l e  a s  p y t h o n  p r o p e r t i e s  
� E m u l ation of  p y th on containers

– C o n t a i n e r  C + +  c l a s s e s  ( c u r r e n t l y  o n l y  std::vector l i k e )  a r e  g i v e n  t h e  b e h a v i o r  o f  t h e  
p y t h o n  c o l l e c t i o n s  t o  b e  u s e  i n  i t e r a t i o n s  a n d  s l i c i n g  o p e r a t i o n s .  

� O p erator ov erl oading
– S t a n d a r d  C + +  o p e r a t o r s  a r e  m a p p e d  t o  t h e  c o r r e s p o n d i n g  p y t h o n  o v e r l o a d i n g  

o p e r a t o r s  
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PyLCGDict:  E x a m p l e  ( 1 )

#i ncl ude <i ost r eam>
namespace Exampl e {

c l ass MyCl ass {
publ i c :

MyCl ass( )  :  m_val ue( 0)  { }
MyCl ass( const MyCl ass& m )  :  m_val ue( m. m_val ue)  { }
~MyCl ass( )  { }
i nt doSomet hi ng( const st d: : s t r i ng&amp;  somet hi ng )  {

st d: : cout << “ I  am doi ng somet hi ng wi t h “  
<< somet hi ng << st d: : endl ;

r et ur n somet hi ng. si ze( ) ;
}
i nt val ue( )  {  r et ur n m_val ue;  }
voi d set Val ue( i nt v)  {  m_val ue = v;  }

pr i vat e:
i nt m_val ue;

publ i c :
f l oat  f pr op;
st d: : s t r i ng spr op;

} ;
}

MyClass.h
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PyLCGDict:  E x a m p l e  ( 2 )

> pyt hon2. 2
Pyt hon 2. 2. 2 ( #1,  Feb 8 2003,  12: 11: 31)  [ GCC 3. 2]  on l i nux2
Type " hel p" ,  " copyr i ght " ,  " cr edi t s"  or  " l i cense"  f or  mor e i nf or mat i on.
>>> i mpor t  PyLCGDi ct
>>> PyLCGDi ct . l oadDi c t ( ' MyCl assDi ct ' )
>>> m = Exampl e. MyCl ass( )
>>> di r ( m)
[ ' __cl ass__' ,  ' __del at t r __' ,  ' __di ct __' ,  ' __doc__' ,  ' __get at t r i but e__' ,  ' __hash__' ,  
' __i ni t __' ,  ' __modul e__' ,  ' __new__' ,  ' __nonzer o__' ,  ' __r educe__' ,  ' __r epr __' ,  
' __set at t r __' ,  ' __st r __' ,  ' __weakr ef __' ,  ' __zer o__' ,  ' _t heObj ect ' ,  ' doSomet hi ng' ,  
' f pr op' ,  ' set Val ue' ,  ' spr op' ,  ' val ue' ]
>>> m. doSomet hi ng( ' car e' )
I  am doi ng somet hi ng wi t h car e
4
>>> m. set Val ue( 99)
>>> pr i nt  m. val ue( )
99
>>> n = Exampl e. MyCl ass( m) # copy  const r uct or
>>> pr i nt  n. val ue( )
99
>>> n. f pr op = 1. 2
>>> n. spr op = ' St r i ng pr oper t y '
>>> pr i nt  n. spr op,  n. f pr op
St r i ng pr oper t y 1. 2



22 July 2003 SEAL Project Status P. Mato/CERN 21

PyLCGDict:  E x a m p l e  ( 3 )

#! / usr / bi n/ env pyt hon2
i mpor t  sys,  st r i ng,  PyLCGDi ct
PyLCGDi ct . l oadDi ct ( ' Seal Di ct Di ct ' )
r ef l ect  = PyLCGDi ct . makeNamespace( ' seal : : r ef l ect ' )
#- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
def  dumpdi ct ( di ct = None) :

i f  di c t :  PyLCGDi ct . l oadDi ct ( di ct )
f or  c i n r ef l ect . Cl ass. f or Names( )  :

pr i nt  ' c l ass ' , c . f ul l Name( )
bases   = c. super Cl asses( )
i f  l en( bases)  :  pr i nt  '   i nher i t s :  ' ,  

s t r i ng. j oi n( map( r ef l ect . Cl ass. f ul l Name,  bases) , ' ,  ' )
f i el ds  = c. f i el ds( 0)
f or  f  i n f i el ds :

pr i nt  '      ' ,  f . t ypeAsSt r i ng( ) ,  f . name( )
pr i nt  '  '

� Little script to dump the contents of a LCG dictionary
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8. Education/Documentation

� Existing documentation
– C u r r e n t l y  s t i l l  l i m i t e d  t o  a  n u m b e r  o f  t o p i c a l  H o w - T o  

p a g e s

� P y th on cour se
– O r i g i n a l l y  p r e p a r e d  f o r  A T L A S ,  i s  n o w  p a r t  o f  C E R N  

t e c h n i c a l  t r a i n i n g  p r o g r a m

– F i r s t  g i v e n  i n  J u l y ,  s c h e d u l e d  a n o t h e r  o n e  f o r  A u g u s t
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Software Process

� Testing
– M a n y  m o r e  U n i t  T e s t s  h a v e  b e e n  i n t r o d u c e d  i n  1 . 0 . 0  r e l e a s e
– N o t  y e t  a l l  o f  t h e m  C p p U n i t o r  P y U n i t

� N igh tl y  B u il d s
– J u s t  s t a r t e d   w i t h  N I C O S  ( o u t p u t  a l r e a d y  a v a i l a b l e )

� P l a tf o r m s
– R e l e a s e d  p l a t f o r m :  L i n u x  R e d H a t 7 . 3 / g c c - 3 . 2  o p t i m i z e  a n d  d e b u g
– A c t i v e l y  w o r k i n g  o n  icc a n d  w in d o w s r e l e a s e s

� E f f o r t is b eing p u t to  “ sta nd a r d iz e”  to o l  u sa ge a nd  
c o nv entio ns
– A v o i d i n g  d i v e r g e n c e s  b e t w e e n  L C G  p r o j e c t s  
– A d a p t a t i o n  o f  t o o l s  t o  “ L C G  p r o p e r ”  w o r k i n g  m o d e l s

� R el ea se p r o c ed u r es
– A u t o m a t i o n  o f  t h e  p r o c e s s  i s  e s s e n t i a l  ( r o t a t i n g  r e l e a s e  m a n a g e r

r o l e )  
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Next Immediate Steps

� Get feedback (from experiments + POOL+…) about Component model 
and F ramew ork serv ices
– C o r r e c t i o n s  a n d  r e - d e s i g n s  a r e  s t i l l  p o s s i b l e

� I ncrease th e number of supported platforms
– W i n d o w s  i s  u r g e n t  f o r  L H C b

– I C C  a n d  E C C

� A dapt S E A L to new  S PI  conv entions and tools

� N ew  F unctionality
– F r a m e w o r k : S t a r t  d e s i g n i n g  a n d  i m p l e m e n t i n g  t h e  

Whiteboard s e r v i c e  a n d  D ic tion ary s e r v i c e

– S c r i p t i n g : C o m p l e t i o n  o f  P y L C G D i c t ( m o r e  C + +  f e a t u r e s )

– D i c t i o n a r y : N e w  d e s i g n  o f  t h e  r e f l e c t i o n  m o d e l  ( c o m p l e t e
C + +  t y p e s )
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Summary

� SEAL 1.0.0 is out with some delay (3 weeks)
– T a k e s  a l w a y s  l o n g e r  t h a n  f o r e s e e n

– C o m b i n i n g  e x i s t i n g  d e s i g n s  i n t o  a  “ c o m m o n ”  o n e  i s  n o t  t r i v i a l

� T he H ig hlig hts of  1.0.0 ar e:
– F i r s t  d e s i g n  a n d  i m p l e m e n t a t i o n  o f  t h e  S E A L  c o m p o n e n t  m o d e l  

( b a s e  c l a s s e s  t o  s u p p o r t  t h e  m o d e l  p r o v i d e d )

– F i r s t  s e t  o f  b a s i c  F r a m e w o r k  s e r v i c e s

– N e w  p a c k a g e s  p r o v i d i n g  d i c t i o n a r i e s  f o r  s t a n d a r d  l i b r a r i e s

– P y t h o n  b i n d i n g s  f o r  L C G  d i c t i o n a r i e s

� R eady to b e used (tested) b y ex p er imen ts f r amewor ks
– L H C b  i s  p l a n n i n g  t o  d o  s o  i n  S e p t e m b e r


