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given :
1)            yield curve :   f t( )
2)   volatility surface :  " t,m( )
3)             derivative :  price( s,  ",  f )

where :
            s :  spot price
            K :  option strike
        f(•) :  fitted using vector y0,  y1,  ...,  yk[ ] of debt securities
   " (•,  •) : fitted using vector p0,  p1,  ...,  pn[ ] of quoted option prices

           m :  "moneyness" measure log s
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y0 y1 yk

f ( t )

p0 p1 pn

sigma ( t, m )

s

derivative

[ intermediate ]
update => fit forward rate curve

[ intermediate ]
update => fit volatility surface

[ terminal ]
update => calc. derivative price
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+ conflate( ) : bool
+ addNode( K, Updater, Predicate )
+ addArc( K, K )
+ removeArc( K, K )
+ lock( K ) : Node
+ release( K )
+ updateNode( K, T )

Graph<K, T>typename K: node label
typename T: node value
typename B: buffer

+ test( ) : bool

Predicate

+ lock()
+ release( )

# <<virtual>> update( )

Node<K, B, T>
<<abstract>>

+ put( T )
+ get( ) : T

Buffer

+ start( )
+ shutdown( )
+ addTask( Task )

Scheduler

+ execute() : bool

- node: Node
- graph: Graph

Updater

+ execute(  )

Task

+ label() : T
+ isScheduled() : bool
+ markScheduled( bool )
+ isBusy() : bool
+ markBusy( bool )
+ update( T )

AbstractNode

gate
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.)G$'"%%)8*"1$G'L*1&'"'1"%#'"F5$"G0'&"%'".'HDG"1$'1"%#'D$.G*.-'*.'1&$'UH$H$7'KE'

1&"1'*%'15H$+'1&$'"5-H2$.1'1"%#'*%'*-.)5$GV')1&$5L*%$+'*1'*%'2"5#$G'".G'$.UH$H$G7'

KE'8).EF"1*).'*%'.)1'%D$8*E*$G+'1&$'1"%#'*%'"GG$G'H.8).G*1*)."FF07'

J7 ME1$5'8)2DF$1*.-'1&$'$N$8H1*).')E'"'1"%#'G5"L.'E5)2'1&$'UH$H$+'"'L)5#$5'1&5$"G'
5$2)I$%'1&$'UH$H*.-'1"-'".G'*.I)#$%'Graph::updateNode'1)'8"H%$'1&$'
%H88$%%)5%')E'1&$'.$LF0'HDG"1$G'1"%#'1)'J$'15".%*1*I$F0'%8&$GHF$G'E)5'HDG"1$7'

S&*%'"2)H.1%'1)'"'J5$"G1&@E*5%1'15"I$5%"F')E'1&$'G$D$.G$.80'-5"D&7'

''

Buffer 
M'JHEE$5$G'.)G$'"FF)L%'.$L'*.DH1'1)'J$'5$8$*I$G'L*1&)H1'JF)8#*.-'L&*F$'*1%'8).1$.1'

*%'*.'H%$'J0'1"%#%'HDG"1*.-'1&$'%1"1$')E'OG)L.%15$"2P'.)G$%7'

CHF1*DF$'5$"G$5'%$2".1*8%'"5$'%HDD)51$G'1)'D$52*1'8).8H55$.1F0'$N$8H1*.-'1"%#%'1)'

"88$%%'%1"1$']'G"1"'8).1$.1')E'D5$G$8$%%)5'.)G$%7'M'2)G*E*$G'5*.-'JHEE$5'*%'H%$G'*.'

1&$'8H55$.1'*2DF$2$.1"1*).'"%'%&)L.'*.'Z*-7'AV'1&$'2)G*E*8"1*).'"FF)L%'2HF1*DF$'

5$"G$5%'1)'DF"8$'5$"G'F)8#%').'1&$'&$"G'$.1507'M81*I$'F)8#%'"5$'5$E$5$.8$'8)H.1$G'1)'

G$1$52*.$'*E'"'%F)1'8".'J$'5$8F"*2$G'1)'5$8$*I$'.$L'*.DH17'

'

Z*-7'A'

'

'

empty
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e

i e

i e
insert[ 1 ]

i e
insert[ 2 ]

lock[ 1..k ]

lock[ k +1..N ]i e

release[ 1..k ]
i e

release[ k +1..N ]

multiple 
readers

i: insertion point
e: extraction point



fHEE$5*.-'$N15"81%'"'8)%1'*.'2$2)50'5$UH*5$2$.1%7'K1'*%'D)%%*JF$'1)'%D$8*"F*R$'1&$'

.)G$'1$2DF"1$'H%*.-'"'Oe)fHEE$5P'8F"%%'1&"1'D5)I*G$%'5$"G]L5*1$'F)8#*.-').'"'%*.-F$'

*.%1".8$')E'1&$'.)G$'G"1"'10D$7'

[%*.-'"'JHEE$5'*2D5)I$%'8).8H55$.80+'JH1'G)$%'.)1'$.1*5$F0'$F*2*."1$'JF)8#*.-7'

[DG"1$'5$UH$%1%').'"'EHFF'JHEE$5'L*FF'JF)8#7'dH*G$F*.$'&$H5*%1*8%'E)5'JHEE$5'%*R*.-c'

'

.)52"F' L)5%1'8"%$'

! 

round
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& 
' '

! 

round
max  time between updates( )

min  lock duration( )
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' '

'

M'EH51&$5'F*2*1"1*).'*%'*FFH%15"1$G'*.'1&$'E*-H5$'"J)I$V'*E'5$F$"%$+h'#'i';77e'j+')88H5%'

J$E)5$'5$F$"%$+h';77#'j+'1"%#%'*.*1*"1$G'$"5F*$5'E*.*%&'F"1$5'".G'1&$'*.%$51*).'%F)1'

5$2"*.%'H."I"*F"JF$'H.1*F'"FF'5$"G$5%'&"I$'5$F$"%$G'1&$*5'F)8#%7'K.'1&*%'*.%1".8$'

8).8H55$.80'G$-5"G$%'1)'$UH"F'"'5$"G]L5*1$'F)8#7'

COLLABORATIONS 
Z*-'X7'%&)L%'"'10D*8"F'*.1$5"81*).'%$UH$.8$'*.*1*"1$G'*.'5$%D).%$'1)'".'*.DH1'5$8$*I$G'

E5)2'".'$N1$5."F'"-$.1'%H8&'"%'".'"%0.8&5).)H%'K]Q'2HF1*DF$N)57'

Z*-7'X'

'

'

S&$'5$8$*I$G'HDG"1$G'*%'D5)8$%%$G'H%*.-'"'8"FF'1)'Graph::updateNode+'L&*8&c'

• $.UH$H$%'1&$'5$8$*I$G'I"FH$'*.1)'1&$'.)G$k%'*.DH1'JHEE$5'9*.'"'8).EF"1*.-'-5"D&'

Node::setValue')I$5L5*1$%'D5$I*)H%'H.D5)8$%%$G'*.DH1+')1&$5L*%$'.$L'*.DH1'
*%'UH$H$G=7'

[ external agent ] Graph Scheduler

updateNode

[not isScheduled]
addTask

Task

execute

lock

release

1 n



• E)5'$I$50'%H88$%%)5')E'1&$'HDG"1$G'.)G$+'$.UH$H$'".'HDG"1$'1"%#'9*.'"'8).EF"1*.-'

-5"D&+'1&*%'2"0'J$'*-.)5$G'*E'1&$5$'*%'".'HDG"1$'1"%#'"F5$"G0'*.'1&$'UH$H$='

'

Graph::updateNode( label, value, scheduler ) { 
    accessor a; 
    if ( _this->find( a, key ) ) { 
        Node & node = a->second; 
        node.setValue( value ); 
        iterator s0 = node.successors().begin(); 
        iterator sN = node.successors().end(); 
        for( ; s0 != sN; s0++ ) 
            if ( ! s0->testAndSetScheduled() ) 
                scheduler.addTask( Updater( this, node, *s0 ); 
    } 
} 

'

M'L)5#$5'1&5$"G'L*FF'$I$.1H"FF0'G$UH$H$'1&$'1"%#'".G'*.I)#$'[DG"1$5cc$N$8H1$V'

ME1$5'8"FF*.-'e)G$ccHDG"1$+'1&$'%H88$%%)5'.)G$%')E'1&$'1"5-$1'"5$'15".%*1*I$F0'"GG$G'

1)'1&$'1"%#'UH$H$7''

''

Updater::execute( graph, scheduler ) { 
    Node & node = this->target; 
    graph.updateNode( 
        node.label(), node.update( graph ), scheduler 
    ); 
} 

'

Z*."FF0+'1&$'*2DF$2$.1"1*).')E'Node::update'2H%1'$NDF*8*1F0'"8UH*5$'5$"G'F)8#%').'
"FF'".1$8$.G$.1'.)G$%'1&"1'*1'2H%1'"88$%%'GH5*.-'*1%'8)2DH1"1*).7'/8)D$G'F)8#%'8".'

J$'H%$G'E)5'%)2$'%*2DF*8*10'".G'$N8$D1*).'%"E$10+'1&)H-&'1&$'*2DF$2$.1"1*).')E'1&$'

HDG"1$'8)2DH1"1*).'*%'5$%D).%*JF$'E)5'$.%H5*.-'1&5$"G'%"E$107'

'

IMPLEMENTATION 
d*I$.'"'D5)JF$2'1&"1'8".'J$'$ND5$%%$G'*.'"'-5"D&'9"%'*.'Z*-'?=c''

• _$5*I$'*.DH1'e)G$'1$2DF"1$'%D$8*"F*R"1*).%'E)5'*.DH1+'*.1$52$G*"1$'".G'1$52*."F'

G"1"'10D$%'

• ^5)I*G$'*2DF$2$.1"1*).%')E'Node::update'E)5'$"8&'10D$'Y'"'%#$F$1"F'
*2DF$2$.1"1*).'2*-&1'1"#$'1&$'E)52c'



MyNode::update( graph ) { 
    accessor ul( graph, this->underlyingId ) ); 
    accessor yc( graph, this->yieldCurveId ) ); 
    accessor vs( graph, this->volSurfaceId ) ); 
    setValue( calcPrice( *ul, *yc, *vs ); 
} 

'

• K.%1".1*"1$'"'d5"D&'".G'/8&$GHF$5'

• K.%1".1*"1$'$I$50'.)G$'9$7-7'J0'5$"G*.-'5$E$5$.8$'G"1"'E5)2'"'G"1"J"%$='".G'"GG'

*1'1)'1&$'-5"D&'

• /$1HD'G$D$.G$.80'"58%'J$1L$$.'.)G$%'Y'*E'.)G$'*.%1".1*"1*).'".G'G$D$.G$.80'

"5$'*.1$5F$"I$G+'1&*%'D5)8$%%'L*FF'J$'%$UH$.8$'%$.%*1*I$'"%'"FF'.)G$%'&"I$'.)1'

J$$.'85$"1$G'E*5%1'

'

M%D$81%')E'1H.*.-'.$$G'1)'J$'5$E*.$G'*.')5G$5'1)'2"N*2*R$'D$5E)52".8$+'$7-7'JHEE$5'

%*R*.-+'G"1"'G$D$.G$.1')D1*2*R"1*).%'

K.G*8"1*I$'2$"%H5$2$.1%')E'%8"F*.-'J$&"I*)5'"5$'%&)L.'J$F)L7'S&5)H-&DH1'%8"F$%'

F*.$"5F0'"%'8)5$%'"5$'*.85$"%$G7'T)5%1@8"%$'F"1$.80'G$8F*.$%'"%02D1)1*8"FF0+'F$I$F*.-'

)EE'"1'1&$'"2)H.1')E'1*2$'.$$G$G'E)5'"'H.*1'8)2DH1"1*).7'MI$5"-$'F"1$.80+'&)L$I$5'*%'

&*-&F0'%$.%*1*I$'1)'1&$')5G$5')E'.)G$'$N$8H1*).V'%8&$GHF*.-'%2"FF$5'8)2DH1"1*).%'

E*5%1'5$GH8$%'"I$5"-$'F"1$.807'Q5G$5*.-'1&$'G$D$.G".1%'J0'8)2DH1"1*).'8)%1'

2*.*2*R$%'"I$5"-$'F"1$.80'L*1&)H1'"EE$81*.-'L)5%1'8"%$'J$&"I*)57'

Z*-7'lc'1&5)H-&DH1'".G'F"1$.80'%8"F*.-'

1&5)H-&DH1'9N;WWW'.)G$%']'%$8'=' F"1$.80'92%'='

' '

'

M'-5"D&'L*1&'1&$'E)FF)L*.-'D5)D$51*$%'L"%'%$1HD'1)'1$%1'D$5E)52".8$c'

• <X'*.DH1'e)G$%'

• ?WWW')H1DH1'e)G$%'

• C*.*2H2')H1@G$-5$$c';W'

• C$".')H1@G$-5$$c';WW'

• C"N*2H2')H1@G$-5$$c'?WW'

• >'e)G$'10D$%'L*1&'8)2DH1"1*)."F'8)%1%')E';WW'µ%+';2%'".G'X2%'5$%D$81*I$F0'
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!".G)2F0'8&)%$.'*.DH1'e)G$'HDG"1$%'L$5$'*.a$81$G'"1';@2*FF*%$8).G'*.1$5I"F%7'S&$'

2*N')E'8)2DH1"1*).'8)%1%'&"%'".')J%$5I$G'2$".')E'<2%7'

'

CONSEQUENCES 
f0'$.8"D%HF"1*.-'%0.8&5).*R"1*).'m'%8&$GHF*.-'8)2DF$N*10+'1&$'d5"D&',I"FH"1)5'

D"11$5.'5$GH8$%'1&$'8)2DF$N*10')E'$NDF)*1*.-'&"5GL"5$'D"5"FF$F*%27'

M.'$N*%1*.-'8)2DH1"1*).'8".'J$'*.8)5D)5"1$G'*.1)'1&$'$I"FH"1)5'J0'*2DF$2$.1*.-'"'

%D$8*"F*R"1*).')E'1&$'e)G$'1$2DF"1$'L&)%$'update'2$1&)G'*.I)#$%'1&$'G$%*5$G'
8)2DH1"1*).7'

f0'5$2"*.*.-'D$5*D&$5"F'1)'"DDF*8"1*).'%$2".1*8%+'$N*%1*.-'8)G$'8".'J$'*.8)5D)5"1$G'

L*1&)H1'2)G*E*8"1*).%'1)'$N*%1*.-'8F"%%$%V'F$-"80'4'".G'Z)515".'8)G$'8".'"F%)'J$'

*.I)#$G7'

T&*F$'%H8&'8)G$'8".'J$'*.8)5D)5"1$G+'*1'*%'.)1'L*1&)H1'1&$'$EE)51')E'*2DF$2$.1*.-'

"G"D1)5%7'M1'2*.*2H2+'1&$'"G"D1"1*).')E'1&$'update'2$1&)G'2H%1'$NDF*8*1F0'
*.%1".1*"1$'%8)D$G'F)8#%').'5$E$5$.8$G'.)G$%7'

K.'"GG*1*).+'1&$'%$1HD')E'1&$'-5"D&'".G'G$D$.G$.80'"58%'2H%1'J$'$NDF*8*1F0'G).$+'".G'

G$8*G*.-'L&$1&$5')5'.)1'1)'H%$'.)G$'JHEE$5*.-+'JHEE$5'G$D1&'$187'*%'.)1'$"%0'".G'

5$UH*5$%'$ND$5*2$.1"1*).7'

'

RELATED PATTERNS 
e)G$%'"5$'%*2*F"5'1)'MG"D1)5%'&$FD*.-'1)'*.8)5D)5"1$'$N*%1*.-'EH.81*).%')5'8F"%%$%'

*.1)'"'-5"D&+'".G'1)'QJ%$5I$5%'*.'5$%D$81')E'$ND5$%%*.-'G$D$.G$.807'

S&$'-5"D&'D"11$5.'5$%$2JF$%'"'.$1L)5#')E'D*D$F*.$'E*F1$5%+'.)1"JF0'1&$'5$8$.1F0'

"I"*F"JF$'Z"%1ZF)L'E5"2$L)5#'9L&*8&'5$F*$%').'"%%$2JF*$%')E'/^/4'UH$H$%+'8)D0'

%$2".1*8%'".G'"FF)8"1$%'G$G*8"1$G'8)D0'1&5$"G%'9,2*11$5%'m'4)FF$81)5%='1)'5$"F*R$'

F)8#@E5$$]4M/@E5$$')D$5"1*).7''

9&11Dc]]8"FI"G)%7G*7H.*D*7*1]G)#HL*#*]G)#H7D&Dn*GoEE."2$%D"8$c"J)H1=7'

CONCLUSIONS 
_*5$81$G'-5"D&%'D5)I*G$'"'2$8&".*%2'E)5'$NDF)*1*.-'D"5"FF$F*%2'*.'"'8)22).F0'

$.8)H.1$5$G'8F"%%')E'8)2DH1"1*)."F'D5)JF$2%7'b*-&'"--5$-"1$'1&5)H-&DH1'".G'8)5$'

H1*F*R"1*).'8".'J$'"8&*$I$G'L*1&'D"5"FF$F'%8&$GHF*.-'*.'1&$'D5$%$.8$')E'&*-&'

E5$UH$.80'*.DH1'G"1"'%15$"2%7'

S&*%'L)5#'L"%'H.G$51"#$.'*.'".'$EE)51'1)'%*2DF*E0'2HF1*@8)5$'2*-5"1*).')E'$N*%1*.-'

8)G$'J0'%$-5$-"1*.-'%8&$GHF*.-+'F)8#*.-'".G'8).8H55$.80'8).8$5.%'"L"0'E5)2'

"DDF*8"1*).'EH.81*)."F*10+'".G'1)'%15H81H5$'1&$'2*-5"1*).'"%'"'5$E"81)5*.-'D5)JF$27'

S&5$"G'%"E$10'G)$%'5$2"*.'"'5$UH*5$2$.1'1&"1'"DDF*8"1*).'8)G$'2H%1'%"1*%E0V'

&)L$I$5'*1'&"%'J$$.')H5'$ND$5*$.8$'1&"1'1&*%'1H5.%')H1'1)'J$'F$%%')E'"'8).8$5.'1&".'*1'

2*-&1'%$$2'"1'E*5%1'%*-&17'/1"1$'*%'5"5$F0'2"*.1"*.$G'*.'%1"1*8'I"5*"JF$%V'%*.-F$1).%'"5$'



%15"*-&1E)5L"5G'1)'*G$.1*E0'".G'5$2)I$')5'"G"D17'M%'1))F%'E)5'I"F*G"1*.-'1&5$"G'

%"E$10'".G'D$5E)52".8$'"5$'"G)D1$G'L$'$ND$81'"'8).1*.H*.-'2*-5"1*).')E'F$-"80'

8)G$'1)'J$.$E*1'E5)2'1&$'*.85$"%*.-'.H2J$5')E'"I"*F"JF$'8)5$%7'
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