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�PDWK��PDWK�DOJRULWKPV�
�SORW��SORWWLQJ�XWLOLWLHV�

Actor
ActorListener
AtomicActor
CompositeActor
DefaultExecutionListener
Director
Executable
ExecutionEvent
ExecutionListener
IOPort
IORelation
Mailbox
Manager
NoRoomException
NoTokenException
QueueReceiver
Receiver
TypeConflictException
TypeTerm
TypedActor
TypedAtomicActor
TypedCompositeActor
TypedIOPort
TypedIORelation

data

BooleanMatrixToken
BooleanToken
ComplexMatrixToken
ComplexToken
DoubleMatrixToken
DoubleToken
IntMatrixToken
IntToken
LongMatrixToken
LongToken
MatrixToken
Numerical
ObjectToken
ScalarToken
StringToken
Token
TypeLattice

kernel
math

graph

data.expr

ComponentEntity
ComponentPort
ComponentRelation
CompositeEntity
Entity
Port
Relation

kernel.util

Attribute
CrossRefList
IllegalActionException
InternalErrorException
InvalidStateException
KernelException
NameDuplicationException
Nameable
NamedList
NamedObj
NoSuchItemException
PtolemyThread
Workspace

kernel.event

TopologyChangeFailedException
TopologyChangeRequest
TopologyEvent
TopologyListener
TopologyMulticaster

ArrayMath
Complex
ExtendedMath
Fraction
SignalProcessing

CPO
DirectedAcyclicGraph
DirectedGraph
Graph
Inequality
InequalitySolver
InequalityTerm

ASCII_CharStream
ASTPtBitwiseNode
ASTPtFunctionNode
ASTPtFunctionalIfNode
ASTPtLeafNode
ASTPtLogicalNode
ASTPtMethodCallNode
ASTPtProductNode
ASTPtRelationalNode
ASTPtRootNode
ASTPtSumNode
ASTPtUnaryNode
JJTPtParserState
Node
Parameter
ParameterEvent
ParameterListener
ParseException
PtParser
PtParserConstants
PtParserTokenManager
PtParserTreeConstants
SimpleNode
Token
TokenMgrError
UtilityFunctions

plot

LogicAnalyzer
LogicAnalyzerFrame
Message
Plot
PlotApplet
PlotApplication
PlotBox
PlotDataException
PlotFrame
PlotLive
PlotLiveApplet
PlotPoint
Pxgraph

media

Audio
AudioViewer

schematic

Domain
EntityType
Icon
IconLibrary
PTMLParser
PTMLPrinter
PtolemySystem
Schematic
SchematicElement
SchematicEntity
SchematicParameter
SchematicPort
SchematicRelation
XMLElement

actor

actor.util

actor.lib

Add
Const
Demux
Expression
FunctionGenerator
Gain
Multiply
Mux
Plot
Print
Repeat
Select
Switch
XYPlot

CQComparator
CalendarQueue
DoubleCQComparator
FIFOQueue

NotifyThread
ProcessDirector
ProcessReceiver
ProcessThread
TerminateProcessException

actor.process

NotSchedulableException
Scheduler
StaticSchedulingDirector

actor.sched

kernel

ComponentEntity
ComponentPort
ComponentRelation
CompositeEntity
Entity
Port
Relation
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ComponentEntity CompositeEntity

AtomicActor Director

«Interface»
Executable

CompositeActor
0..n

0..1

0..1

0..n container

«Interface»
Actor

0..2

1

Manager

0..1
1

NamedObj

«Interface»
Nameable

Workspace

0..n 1

Attribute

0..n
0..1

Entity

Port

0..n0..1

container

Relation
0..n

0..n
link

link

ComponentPort

ComponentRelation

0..n
0..1container

Kernel.util Package

Kernel Package

Actor Package
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80/�VWDWLF�VWUXFWXUH
GLDJUDP�IRU�WKH�NH\
FODVVHV�LQ�WKH�NHUQHO�
NHUQHO�XWLO��DQG�DFWRU
SDFNDJHV�

ComponentEntity CompositeEntity

0..1

0..n container
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7KH�3WROHP\�,,�NHUQHO
SURYLGHV�DQ�DEVWUDFW
V\QWD[���FOXVWHUHG
JUDSKV���WKDW�LV�ZHOO
VXLWHG�WR�D�ZLGH�YDULHW\
RI�GRPDLQV��UDQJLQJ�IURP
VWDWH�PDFKLQHV�WR
SURFHVV�QHWZRUNV��+HUH
LV�D�VLPSOH�JUDSK�ZLWK
WKUHH�LQWHUUHODWHG
HQWLWLHV�
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&OXVWHULQJ

toplevel CompositeEntity

transparent CompositeEntity

AtomicEntity

Relation
dangling

transparent
Port

transparent
Port

opaque Port

7KH�SRUWV�GHHSO\�FRQQHFWHG�WR�WKH
UHG�SRUW�DUH�WKH�EOXH�RQHV�

&RPSRVLWH
HQWLWLHV�DQG
SRUWV�LQ�3WROHP\
,,�SURYLGH�D
VLPSOH�DQG
SRZHUIXO�
GRPDLQ�
LQGHSHQGHQW
DEVWUDFWLRQ
PHFKDQLVP
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/HYHO�&URVVLQJ�7UDQVLWLRQV

E4
E3

E1

E2

P1

P2

R1
P4

E5
R2

E6
P6

R3

P3 P5

/HYHO�FURVVLQJ�FRQQHFWLRQV��LQ�UHG��DUH�VXSSRUWHG�
EXW�GLVFRXUDJHG���7KH\�PD\�EH�QHHGHG�IRU�VRPH
PRGHOV�RI�FRPSXWDWLRQ��OLNH�6WDWHFKDUWV���EXW�WKH\
EUHDN�PRGXODULW\���7KLV��IRU�H[DPSOH��PDNHV�FORQLQJ
RI�VXEV\VWHPV�LPSRVVLEOH�

3WROHP\�0LQLFRQIHUHQFH�����

7XQQHOLQJ�(QWLWLHV

E4
E2

E1

E3

R1

P4

R2
E4

P5

R3

P2

P3

P1

8QOLNH�3WROHP\�&ODVVLF��QR�DFWRU�LV�UHTXLUHG�LQVLGH�D
FRPSRVLWH�HQWLW\�WR�PHGLDWH�D�FRQQHFWLRQ�WKURXJK�LW�
,Q�WKLV�H[DPSOH��3��LV�YLVLEOH�WR�3���DV�LV�3���

$PRQJ�RWKHU�FRQVHTXHQFHV��WKLV�ZLOO�PDNH�+2)
DFWRUV�HDVLHU�WR�GHVLJQ�
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0XWDWLRQV

7KH�NHUQHO�HYHQW�SDFNDJH�SURYLGHV�VXSSRUW�IRU
� 4XHXHLQJ�UHTXHVWV�IRU�WRSRORJ\�FKDQJHV
� 3URFHVVLQJ�UHTXHVWV�IRU�WRSRORJ\�FKDQJHV
� 5HJLVWHULQJ�OLVWHQHUV
� 1RWLI\LQJ�OLVWHQHUV�RI�FKDQJHV

7KXV��PRGHOV�ZLWK�G\QDPLFDOO\�FKDQJLQJ
WRSRORJLHV�DUH�FOHDQO\�VXSSRUWHG��DQG
WKH�GLUHFWRU�LQ�HDFK�GRPDLQ�FDQ�FRQWURO
ZKHQ�PXWDWLRQV�DUH�LPSOHPHQWHG�
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$FWRU�3DFNDJH

6HUYLFHV
�EURDGFDVW
�PXOWLFDVW
�EXVVHV
�FDFKHLQJ�WRSRORJ\�LQIR
�FOXVWHULQJ
�SDUDPHWHUL]DWLRQ
�W\SLQJ
�SRO\PRUSKLVP

  Actor

  IOPort
  IORelation

P2
P1

E1

E2

send(0,t) receiver.put(t) get(0)

token t
R1

Basic Transport:

  Receiver
(inside port)
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%URDGFDVW

P2P1E1 E2

send(0,t)
receiver.put(t) get(0)

token t
R1

P3

E3

send(1,t1)

receiver.put(t)

get(0) token
(clone of t)

,I�D�UHODWLRQ�FRQQHFWV�D�VLQJOH�RXWSXW�WR�PXOWLSOH�LQSXWV�
WKHQ�D�VHQG�UHVXOWV�LQ�WKH�WRNHQ�EHLQJ�EURDGFDVW�WR
PXOWLSOH�GHVWLQDWLRQ�

7RNHQV�YDOXHV�DUH�LPPXWDEOH��VR�LW�LV�VDIH�IRU�PXOWLSOH
GHVWLQDWLRQV�WR�KDYH�D�UHIHUHQFH�WR�WKH�VDPH�WRNHQ�
UHJDUGOHVV�RI�WKH�GRPDLQ�
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0XOWLFDVW

P2P1E1 E2

send(0,t0)
receiver.put(t0) get(0)

token t0
R1

P3 E3

get(0)

token t1

R2

send(1,t1)

receiver.put(t1)

7KH�UHG�SRUW�LV�D�PXOWLSRUW��PHDQLQJ�WKDW�LW�FDQ�EH
OLQNHG�WR�PXOWLSOH�UHODWLRQV��DQG�LW�FDQ�WUHDW�WKHP
HDFK�DV�D�VHSDUDWH�FKDQQHO�
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%XVVHV

P2P1E1 E2

send(0,t0) get(0), get(1)

token t0, t1
R1send(1,t1)

2

receiver.put(t0)
receiver.put(t1)

2 2

5HODWLRQV�DQG�SRUWV�FDQ�KDYH�ZLGWK��LQ�ZKLFK�FDVH�WKH\
FRPSDFWO\�UHSUHVHQW�PXOWLSOH�FKDQQHOV���7KH�ZLGWK�RI
D�SRUW�LV�LQIHUUHG�IURP�WKH�UHODWLRQV�LW�LV�OLQNHG�WR�
GLUHFWO\�RU�WKURXJK�WUDQVSDUHQW�SRUWV�
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7KHVH�WUDQVSDUHQW
SRUWV�DUH�ERWK
LQSXWV�DQG�RXWSXWV

:LGWK��DQG�ZKHWKHU
LW�LV�DQ�LQSXW�RU
RXWSXW�DUH�LQIHUUHG
IRU�WUDQVSDUHQW�SRUWV
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:LGWK�RI�D�7UDQVSDUHQW�3RUW

P1
N P2 M P3N M M

7KH�ZLGWK�RI�D�WUDQVSDUHQW�SRUW�LV�GHWHUPLQHG�E\
LWV�RXWVLGH�FRQQHFWLRQV��,I�1�!�0��WKHQ�1�0
FKDQQHOV�IURP�3��DUH�GDQJOLQJ���,I�0�!�1��WKHQ�1�0
FKDQQHOV�LQWR�3��DUH�GDQJOLQJ��6RPH�GRPDLQV
WROHUDWH�GDQJOLQJ�FKDQQHOV��DQG�VRPH�GR�QRW�
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0DQDJHU�DQG�'LUHFWRUV

P6 P3P2 P5P1
E1

E2

E4

E0

M: Manager

D1: local director

D2: local director

P4 P7

E3

E5

Opaque
Composite

Actor

Transparent
Composite

Actor

Hierarchical Heterogeneity:

'LUHFWRUV�DUH�GRPDLQ�VSHFLILF��$�FRPSRVLWH�DFWRU�ZLWK
D�GLUHFWRU�EHFRPHV�RSDTXH��D�´ZRUPKROHµ�LQ�3WROHP\
&ODVVLF���7KH�0DQDJHU�LV�GRPDLQ�LQGHSHQGHQW�
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Execution Sequence: Manager.run()

initialize
top level

process
mutations

initialization

check
types

prefire
top level

ready?

no

fire
top level

yes postfire
top level

done?

no

yes

execution

prefire
director

fire
director

postfire
director

request
transfer
inputs

prefire
director

fire
director

request
transfer
outputs

transfer
inputs

postfire
actor

... done?

no

prefire
prefire
actor

fire
actor

postfire
actor

... done?

no

prefire
prefire
actor

fire
actor

postfire

postfire
director

postfire

initialize
actors

initialize
director

initialize
director

initialize
actors

wrapup
actors

wrapup
director

wrapup
director

wrapup
actors

select an
actor

transfer
outputs

wrapup

no more actors

not ready

wrapup
top level
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:RUNLQJ�'RPDLQV
� &63���FRPPXQLFDWLQJ�VHTXHQWLDO�SURFHVVHV
� &7���FRQWLQXRXV�WLPH
� '(���GLVFUHWH�HYHQW
� )60���ILQLWH�VWDWH�PDFKLQHV
� 31���SURFHVV�QHWZRUNV
� 6')���V\QFKURQRXV�GDWDIORZ

,QQRYDWLRQV�
� 7LPHG�&63
� 7LPHG�31
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3ODQQHG�RU�,Q�3URJUHVV

� ')0���GHVLJQ�IORZ�PDQDJHPHQW
² HPSKDVL]LQJ�LQWHUIDFHV�WR�H[WHUQDO�WRROV

� '7���GLVFUHWH�WLPH
² D�WLPHG�YHUVLRQ�RI�6')

� 2')���RUGHUHG�GDWDIORZ
² �D�GLVWULEXWHG�YHUVLRQ�RI�'(

� 65���V\QFKURQRXV�UHDFWLYH
² EDVHG�RQ�65�LQ�3WROHP\�&ODVVLF
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KLHUDUFK\��ZLWK�&7�RQ
WRS��LV�DOVR�VXSSRUWHG�
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2WKHU�&RPELQDWLRQV

� &63�IRU�UHVRXUFH�PDQDJHPHQW
² PRGHOLQJ�UHDO�WLPH�2�6
² UHJXODWLQJ�DFFHVV�WR�VKDUHG�GDWD
² PRGHOLQJ�VKDUHG�KDUGZDUH�UHVRXUFHV

� �31�IRU�PRGHOLQJ�FRQFXUUHQW�KDUGZDUH
² PHVVDJH�SDVVLQJ�RYHU�QHWZRUNV��H�J��-,1,�

� '(�IRU�SHUIRUPDQFH�PRGHOLQJ
² DEVWUDFWHG�WLPLQJ�PRGHOV�RI
KDUGZDUH�VRIWZDUH�V\VWHPV
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'DWD�3DFNDJH���7RNHQV
Token

+Token()
+add(rightArg : Token) : Token
+addReverse(leftArg : Token) : Token
+convert(token : Token) : Token
+divide(divisor : Token) : Token
+divideReverse(dividend : Token) : Token
+equals(token : Token) : BooleanToken
+modulo(rightArg : Token) : Token
+moduloReverse(leftArg : Token) : Token
+multiply(leftFactor : Token) : Token
+multiplyReverse(rightFactor : Token) : Token
+one() : Token
+stringValue() : String
+subtract(rightArg : Token) : Token
+subtractReverse(leftArg : Token) : Token
+toString() : String
+zero() : Token

ScalarToken

+complexValue() : Complex
+doubleValue() : double
+intValue() : int
+longValue() : long

StringToken

+StringToken()
+StringToken(value : String)

-_value : String

ObjectToken

+ObjectToken()
+ObjectToken(value : Object)
+getValue() : Object

-_value : Object

MatrixToken

+complexMatrix() : Complex[][]
+doubleMatrix() : double[][]
+intMatrix() : int[][]
+longMatrix() : long[][]
+numColumns() : int
+numRows() : int
+oneRight() : Token

BooleanToken

+BooleanToken()
+BooleanToken(value : boolean)
+BooleanToken(value : String)
+booleanValue() : boolean
+negate() : BooleanToken

-_value : boolean

TypeLattice

+compare(c1 : Class, c2 : Class) : int
+compare(t1 : Token, t2 : Token) : int
+lattice() : graph.CPO
+isAType(c : Class) : boolean
+isInstantiableType(c : Class) : boolean

n

0..1 type conversion hierarchy

«Interface»
Numerical

1

0..nlattice

an element
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/DWWLFH�UHSUHVHQWV�ORVVOHVV�W\SH
FRQYHUVLRQV�DQG�VXSSRUWV�W\SH�LQIHUHQFH

(WF�
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([SUHVVLRQ�/DQJXDJH

([WHQVLEOH�
REMHFW�
RULHQWHG
H[SUHVVLRQ
ODQJXDJH�DQG
LQWHUSUHWHU
GHVLJQHG�E\
1HLO�6P\WK

plotExpression

Ramp

Ramp

VORZ

IDVW

3WROHP\�0LQLFRQIHUHQFH�����

7KH�'DWD�7\SH�+LHUDUFK\

7KH�W\SH�ODWWLFH�
7\SH�LQIHUHQFH�LV
WKH�OHDVW�IL[HG�SRLQW
RI�D�PRQRWRQLF
IXQFWLRQ�RQ�WKLV
ODWWLFH�

6WULQJ

&RPSOH[0DWUL[/RQJ0DWUL[)L[0DWUL[

%RROHDQ0DWUL[ 'RXEOH0DWUL[

,QW0DWUL[

%RROHDQ )L[ /RQJ

&RPSOH[

'RXEOH

,QW

1D7

*HQHUDO

2EMHFW

1XPHULFDO

6FDODU
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([DPSOH���7\SH�,QIHUHQFH
2XWSXW�RI�W\SH
7RNHQ���SXUH�HYHQW
ZLWK�QR�YDOXH

,QSXW�RI�W\SH�7RNHQ
��DQ\WKLQJ�ZLOO�GR

3RO\PRUSKLF�RXWSXW
��W\SH�GHSHQGV�RQ
WKH�SDUDPHWHUV

'RXEOH7RNHQ

,QW7RNHQ

'RXEOH

3RO\PRUSKLF�DFWRU��
XVHV�ODWH�ELQGLQJ�LQ
-DYD�WR�GHWHUPLQH
LPSOHPHQWDWLRQ�RI
DGGLWLRQ��DGG��
PHWKRG�LQ�7RNHQ��2SDTXH�SRUW��

W\SHV�SURSDJDWHG
IURP�LQVLGH

'RXEOH

/RVVOHVV�UXQWLPH
W\SH�FRQYHUVLRQ

3WROHP\�0LQLFRQIHUHQFH�����

3WROHP\�,,�6XSSRUW�3DFNDJHV

� *UDSK�SDFNDJH
² WRSRORJLFDO�VRUW��VSDQQLQJ�WUHHV��VWURQJO\�
FRQQHFWHG�FRPSRQHQWV��HWF�

� 0DWK�DOJRULWKPV
² PDWUL[�DQG�YHFWRU�PDWK�DQG�VLJQDO�SURFHVVLQJ
URXWLQHV�

� 3ORWWLQJ�XWLOLWLHV
² VLJQDO�SORWWHU�


