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1 ComponentObjectModel

1

ComponentObject Model

com.h

Names
1.1 class CUnknown IUnknowninterfacewrapper . . . . . . 3

The ComponentObject Model (COM) is an architectureand infrastructurefor
building fast,robust,andextensiblecomponent-basedsoftware. SpecSimusesCOM
modelto specify, document,andimplementvariousAPIs. ThecompleteCOM specifi-
cationis availablefrom Microsoft’swebsite( s7t�t'u2v+w�wyxzx�x2{m|,}'~*�.�.�y�'�zt%{e~���|?w7~���|�w ).

At its lowestlevel, COM is merelya language-independentbinary-level standard
defininghow softwarecomponentswithin a singleaddressspacecanrendezvousand
interactwith eachotherefficiently, while retainingasufficientdegreeof separationbe-
tweenthesecomponentssothatthey canbedevelopedandevolvedindependently. To
achieve this goal,COM specifiesa standardformatfor dynamicdispatch tablesasso-
ciatedwith objects.Thesedispatchtablesaresimilar in functionto thevirtual function
tables(“vtables”)usedin C++,but they arespecifiedat thebinarylevel ratherthanthe
languagelevel, andthey includeadditionalfunctionality: in particular, a standardized
run-timetype determination(“narrowing”) facility, andreferencecountingmethods.
This minimal basisallows a softwarecomponentto dynamicallydeterminethe types
of interfacessupportedby anotherunknown componentandnegotiateacommon“lan-
guage”or set of interfacesthroughwhich further interactioncan take place. (“Par-
lez vousFrancais? SprechenSieDeutsch?”)COM builds a whole rangeof services
on top of this basicfacility, suchascross-address-spaceRPC(MIDL), objectlinking
andembedding(OLE), scripting(OLE Automation),etc. However, it is primarily this
lowest-level facility thatis relevantto us.

SeeAlso: alsowww.microsoft.com/com
Author: JianwenZhu
Version: 1.0

1.1

class CUnknown

IUnknowninterfacewrapper
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1 ComponentObjectModel

Inheritance

1.1
CUnknown

� 2.1
CThread

� 2.2
CSched

� 2.3
CNative

� 3.4
CDeEngine
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2 NativeThreadAPI

2

NativeThreadAPI

native.h

Names

2.1 class CThr ead: publicCUnknown
IThreadinterfacewrapper . . . . . . . . 5

2.2 class CSched: publicCUnknown
ISchedinterfacewrapper . . . . . . . . . 6

2.3 class CNative : publicCUnknown
INativeinterfacewrapper . . . . . . . . . 7

The purposeof the native threadAPI is to abstractaway the implementationde-
tail of differentmulti-threadingpackageswe might use,for example,thePOSIX,the
QuickThreadpackageamongothers.While sharingasimilarfunctionality, thesepack-
agesdiffer in both performanceandportability. Sincechoicesof themulti-threading
packageto useon differentplatformsmay vary, it is bestthat we establishan multi-
threadingAPI thatcanwraparounddifferentpackages.Furthermore,sincethe func-
tionality weneedandonly needfrom thethreadlayeris a simpleabstractionof execu-
tion context aswell asthemechanismto performnon-preemptivecontext switch,we
canusethisAPI to maskawaytheotherfunctionalitiesthepackagemayprovide,or to
createtheabstractionusingthepackage’snativeprimitives.

Thissectiondescribesdefinesthenative threadAPI.

Author: JianwenZhu
Version: 1.0

2.1

class CThread : publicCUnknown

IThreadinterfacewrapper
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2 NativeThreadAPI

Inheritance

1.1
CUnknown

�
2.1

CThread

The ���zs7�7���z� interfaceabstractsthebehavior of theclientthreadobject(userof the
native threadAPI), whichessentiallydefinesa setof call backfunctionsfor ���.�'t?}��7� .

2.2

class CSched: publicCUnknown

ISchedinterfacewrapper

Inheritance

1.1
CUnknown

�
2.2

CSched

The �y�.~�s��z� interfaceabstractsthe behavior of the client schedulerobject (user
of the native threadAPI), which essentiallydefinesa set of call back functionsfor
���.��t?}��.� .
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2 NativeThreadAPI

2.3

class CNative : publicCUnknown

INativeinterfacewrapper

Inheritance

1.1
CUnknown

�
2.3

CNative

The ���.�'t?}��7� interfaceabstractsthefunctionalityof theunderlyingmultithreading
packagethatis neededby SpecCsimulation.
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3 DiscreteEventAPI

3

DiscreteEvent API

de.h

Names
3.1 typedefvoid*

DeThread anopaquedatatype . . . . . . . . . . . . . . 8

3.2 typedefvoid*
DeClosure anopaquedatatype . . . . . . . . . . . . . . 9

3.3 typedefvoid*
DeEvent anopaquedatatype . . . . . . . . . . . . . . 9

3.4 class CDeEngine: CUnknown
IDeEngineWrapper . . . . . . . . . . . . . . 9

TheDiscreteEvent(DE) API abstractsthebehavior of a discreteeventsimulation
engine,thatservesasthebasisfor VHDL, Verilogandin ourcase,SpecC.

Thissectiondescribesthepublicheaderfile thatdefinesDE API.

Author: JianwenZhu
Version: 1.0

3.1

typedefvoid* DeThread

anopaquedatatype

TheopaguedatatypeThreadrepresentsthreadsthatcanbeexecutedconcurrently.
They areusuallyimplementedastheclient threadof native threadAPI by implement-
ing the ���'s7�.���z� interface.
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3 DiscreteEventAPI

3.2

typedefvoid* DeClosure

anopaquedatatype

DeClosurerepresentslight-weightthreads.They areessentiallyfunctionsthatcan
beexecutedatomically(thereis no context switchbeforethecompletionof its execu-
tion).

3.3

typedefvoid* DeEvent

anopaquedatatype

DeEvent representsevents. They serves as the synchronizationpoints between
threadexecutions. A threadcanwait on an event, whoseexecutionwill be blocked
until theeventis notified.

3.4

class CDeEngine: CUnknown

IDeEngineWrapper

Inheritance

1.1
CUnknown

�
3.4

CDeEngine
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3 DiscreteEventAPI

Public Members

3.4.1 Jerror start ( void ) initialization . . . . . . . . . . . . . . . . . . . . 11

3.4.2 Jerror end ( void ) finalization . . . . . . . . . . . . . . . . . . . . . . 11

3.4.3 Jerror newEvent ( EventKindkind, JintnSrcs, IGeneric*pe)
createanevent . . . . . . . . . . . . . . . . . . 12

3.4.4 Jerror newValueEvent ( IGenericsrc, IGenericdst, Jint size,
DeEvent* pe)

createa valuedsignal . . . . . . . . . . . 12

3.4.5 Jerror delEvent ( DeEvente )
deleteanevent . . . . . . . . . . . . . . . . . . 12

3.4.6 Jerror propEvent ( DeEventesrc, Jint id, DeEventedst)
propagateoneeventto another . . . . 13

3.4.7 Jerror unpropEvent ( DeEventesrc, DeEventedst)
cancelthe propagation of oneevent
to another . . . . . . . . . . . . . . . . . . . . . . . 13

3.4.8 Jerror newThread( RunProcrun, void* arg, DeThread*pt )
createa thread . . . . . . . . . . . . . . . . . . 13

3.4.9 Jerror delThread( DeThreadt )
deletea thread . . . . . . . . . . . . . . . . . . . 14

3.4.10 Jerror getThreadDoneEvent ( DeThreadt, IGeneric*pe)
get thetheradcompletionevent . . . . 14

3.4.11 Jerror goThread( DeThreadt )
executethetherad . . . . . . . . . . . . . . . 14

3.4.12 Jerror abortThr ead( DeThreadt )
abort thethreadexecutition . . . . . . 15

3.4.13 Jerror fr eezeThread( DeThreadt )
freezethethreadexecutition . . . . . . 15

3.4.14 Jerror unfr eezeThread( DeThreadt )
resumethe executition of a frozen
thread . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3.4.15 Jerror wait ( DeEvente ) block theexecutitionof a threaduntil
aneventis notified . . . . . . . . . . . . . . . 16

3.4.16 Jerror waitfor ( Timedelay)
block theexecutitionof a threaduntil
sometimelater . . . . . . . . . . . . . . . . . . . 16

3.4.17 Jerror notifyDelta ( Jint id, DeEvente )
notifyanevent . . . . . . . . . . . . . . . . . . . 16

3.4.18 Jerror notifyOne ( Jint id, DeEvente )
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3 DiscreteEventAPI

notifyanevent . . . . . . . . . . . . . . . . . . . 17

3.4.19 Jerror newClosure ( RunProcrun, void* arg, IGeneric*pt )
createa closure . . . . . . . . . . . . . . . . . . 17

3.4.20 Jerror delClosure ( DeClosurec )
deletea closure . . . . . . . . . . . . . . . . . . 17

3.4.21 Jerror waitClosure ( DeClosurec, DeEvente )
schedulea closure for executionon
thenotificationof anevent . . . . . . . . 18

3.4.22 Jerror unwaitClosure (DeClosurec, DeEvente )
cancela closure . . . . . . . . . . . . . . . . . 18

3.4.23 Jerror waitforClosure ( DeClosurec, Timedelay)
schedule a closure for execution
sometimelater . . . . . . . . . . . . . . . . . . 18

3.4.24 Jerror getCurrentTime ( Time* pt )
get thecurrentsimulationtime . . . . 19

3.4.25 Jerror dump ( void ) dumpthe stateof the enginefor de-
buggingpurpose . . . . . . . . . . . . . . . . . 19

3.4.1

Jerror start ( void )

initialization

Return Value: 0 if success,-1 if failed

3.4.2

Jerror end ( void )

finalization
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3 DiscreteEventAPI

Return Value: 0 if success,-1 if failed

3.4.3

Jerror newEvent ( EventKindkind, JintnSrcs,IGeneric*pe)

createanevent

Return Value: 0 if success,-1 if failed

3.4.4

Jerror newValueEvent ( IGeneric src, IGeneric dst, Jint size,

DeEvent* pe)

createa valuedsignal

Return Value: 0 if success,-1 if failed

3.4.5

Jerror delEvent ( DeEvente )

deleteanevent

Return Value: 0 if success,-1 if failed
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3 DiscreteEventAPI

3.4.6

Jerror propEvent ( DeEventesrc,Jint id, DeEventedst)

propagateoneeventto another

Return Value: 0 if success,-1 if failed

3.4.7

Jerror unpropEvent ( DeEventesrc,DeEventedst)

cancelthepropagationof oneeventto another

Return Value: 0 if success,-1 if failed

3.4.8

Jerror newThread( RunProcrun,void* arg, DeThread*pt )

createa thread

Return Value: 0 if success,-1 if failed

GIH=J K+L�M�N�OPH�M�K+QROSO�T8MRU�V W=XYM�V J ZSMR[ [ \YN�O�T�O�] M�V OS^�_	J V H�`IaYbdcec`IaYbdcec?J K Zfhg�i�i�j QS\lkmW<[ MRT�^8n'U=T�^=O�] [ J T�No8MR[ V OepBqW�Z�rR[ O�] 13



3 DiscreteEventAPI

3.4.9

Jerror delThread( DeThreadt )

deletea thread

Return Value: 0 if success,-1 if failed

3.4.10

Jerror getThreadDoneEvent ( DeThreadt, IGeneric*pe)

get thetheradcompletionevent

Return Value: 0 if success,-1 if failed

3.4.11

Jerror goThread( DeThreadt )

executethetherad

Return Value: 0 if success,-1 if failed
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3 DiscreteEventAPI

3.4.12

Jerror abortThr ead( DeThreadt )

abort thethreadexecutition

Return Value: 0 if success,-1 if failed

3.4.13

Jerror fr eezeThread ( DeThreadt )

freezethethreadexecutition

Return Value: 0 if success,-1 if failed

3.4.14

Jerror unfreezeThread ( DeThreadt )

resumetheexecutitionof a frozenthread

Return Value: 0 if success,-1 if failed
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3 DiscreteEventAPI

3.4.15

Jerror wait ( DeEvente )

block theexecutitionof a threaduntil aneventis notified

Return Value: 0 if success,-1 if failed

3.4.16

Jerror waitfor ( Timedelay)

block theexecutitionof a threaduntil sometimelater

Return Value: 0 if success,-1 if failed

3.4.17

Jerror notifyDelta ( Jint id, DeEvente )

notifyanevent

Return Value: 0 if success,-1 if failed
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3 DiscreteEventAPI

3.4.18

Jerror notifyOne ( Jint id, DeEvente )

notifyanevent

Return Value: 0 if success,-1 if failed

3.4.19

Jerror newClosure ( RunProcrun,void* arg, IGeneric*pt )

createa closure

Return Value: 0 if success,-1 if failed

3.4.20

Jerror delClosure ( DeClosurec )

deletea closure

Return Value: 0 if success,-1 if failed
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3 DiscreteEventAPI

3.4.21

Jerror waitClosure ( DeClosurec, DeEvente )

schedulea closure for executionon thenotificationof anevent

Return Value: 0 if success,-1 if failed

3.4.22

Jerror unwaitClosure (DeClosurec, DeEvente )

cancela closure

Return Value: 0 if success,-1 if failed

3.4.23

Jerror waitforClosure ( DeClosurec, Timedelay)

schedulea closure for executionsometimelater

Return Value: 0 if success,-1 if failed
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3 DiscreteEventAPI

3.4.24

Jerror getCurrentTime ( Time* pt )

get thecurrentsimulationtime

Return Value: 0 if success,-1 if failed

3.4.25

Jerror dump ( void )

dumpthestateof theenginefor debuggingpurpose

Return Value: 0 if success,-1 if failed
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4 SpecCSimulationAPI

4

SpecCSimulation API

specc.h

Names

4.1 class specc speccnamespace . . . . . . . . . . . . . . . 20

4.2 class specc::event SpecCeventor signaldatatype . . . 26

4.3 class specc::behavior Rootclassof SpecCbehaviorclasses
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

4.4 class specc::channel Rootclassof SpecCchannelclasses 29

4.5 class specc::fork Encapsulatorof Concurrent Behav-
ior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

4.6 class specc::exceptionblock
SpecCexceptionhandler . . . . . . . . . 31

4.7 class specc::try block SpecCexceptionmonitor . . . . . . . . . 32

SpecCdefinesan application-programminginterface( SpecSimAPI) for simula-
tion. The goal of the simulationAPI is to separatesimulatorimplementationfrom
compilerimplementation.In thisway, C++codeproducedby any SpecCcompilercan
belinkedwith any SpecCAPI compliantsimulationlibrary to produceanexecutable.

Thissectiondescribesthepublicheaderfile thatdefinesSpecSimAPI.

Author: JianwenZhu
Version: 1.0

4.1

class specc

speccnamespace
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4 SpecCSimulationAPI

Names

4.1.1 static void start ( void ) Finalization . . . . . . . . . . . . . . . . . . . . . 21

4.1.2 static void end ( void ) Initialization . . . . . . . . . . . . . . . . . . . . 22

4.1.3 static void abort ( constchar* formatString, ... )
Abortion . . . . . . . . . . . . . . . . . . . . . . . . 22

4.1.4 static void par ( fork* first, ... ) Parallel execution . . . . . . . . . . . . . . . . 22

4.1.5 static void pipe ( fork* first, ... )
Pipelinedexecution . . . . . . . . . . . . . . 23

4.1.6 static void tryT rapInterrupt ( try block*t, exceptionblock*f, ... )
Exceptionhandling . . . . . . . . . . . . . . 23

4.1.7 static void waitfor ( Timedelay)
DelayedExecution . . . . . . . . . . . . . . . 24

4.1.8 static void wait ( event* first, ... )
Blocking . . . . . . . . . . . . . . . . . . . . . . . . 24

4.1.9 static void notify ( event*first, ... )
Eventnotification . . . . . . . . . . . . . . . . 25

4.1.10 static void notifyone( event*first, ... )
Eventnotification . . . . . . . . . . . . . . . . 25

4.1.11 static Time getCurrentTime ( void )
Simulationtime . . . . . . . . . . . . . . . . . . 25

4.1.1

static void start ( void )

Finalization

ThismethodinitializesSpecSim’sprivatedatastructure.

Return Value: none
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4.1.2

static void end ( void )

Initialization

ThismethodfinializesSpecSim’sprivatedatastructure.

Return Value: none

4.1.3

static void abort ( constchar* formatString,... )

Abortion

Thismethodabortsthesimulationprocesswith amessage

Return Value: none
Parameters: �7���y|?�'t.��t��?}��7� — is aprintf styleformatstring

{�{z{ — variablelength argumentswhich give the content
of the message.Must conform to what have specifiedin
�7���y|?�'t.��t��?}��7� .

4.1.4

static void par ( fork* first, ... )

Parallel execution

This methodexecutesthe specifiedsubbehaviors in parallel (fork). It terminates
whenall thesubbehaviorsterminates(join).
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Return Value: none
Parameters: ��}����*t — thefirst subbehavior encapsulatedin a �7����� object

{�{z{ — a null-terminatedlist of subbehaviors

4.1.5

static void pipe ( fork* first, ... )

Pipelinedexecution

This method executesthe specifiedsubbehaviors in piplelined fashion. The
method will never return unless it is aborted by an exception initiated by
��u���~z~�v�v�t��z�����.��u?����t.�y���zuzt .

Return Value: none
Parameters: ��}����*t — thefirst subbehavior encapsulatedin a �7����� object

{�{z{ — two null-terminatedlists. Thefirst list specifiesthe
rest of subbehaviors. The secondlist specifiesthe set of
pipedvariables.

4.1.6

static void tryT rapInterrupt ( try block *t, exceptionblock *f,

... )

Exceptionhandling

Thisfunctionexecutesabehavior with exceptionhandlersandinterrupthandlesset
up. During theexecutionof thebehavior, if anexception(oneof theeventsspecified
in the ��u.��~�~�v�vI�'��~���u�t?}y��� ���z��~*� object)occurs,dependinguponthenatureof the
exception,differentactionwill be taken. If it is an trap, thebehavior will beaborted
andtheexceptionhandlerswith beexecuted.If it is aninterrupt,thebehavior will be
freezeduntil thecorrespondinginterrupthandlercompletesits execution.
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Return Value: none
Parameters: t — the ��u���~z~�v�v�t��z� �9�'��~*� objectwhich encapsultesthe

informationon thebehavior to beexecutedandmonitored.
� — the ��u.��~�~�v�vI�'��~���u�t?}y��� ���z��~*� objectwhich encap-
sulatestheinformationof theexceptionhandler.
{�{z{ — a null-terminatedlist of exceptionhandlers.

4.1.7

static void waitfor ( Timedelay)

DelayedExecution

This methoddelaystheexecutionof thecalling behavior for thespecifiedamount
of simulationtime.

Return Value: none
Parameters: �7���z�'� — the amountof simulationtime that the behavior

shouldbedelayed.

4.1.8

static void wait ( event* first, ... )

Blocking

This methodblockstheexecutionof thecalling behavior until oneof thespecified
eventsis notified.

Return Value: none
Parameters: ��}����*t — thefirst events

{�{z{ — a null-terminatedlist of events
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4.1.9

static void notify ( event*first, ... )

Eventnotification

This methodnotifiesa setof eventsso that for eachevent,all theblockedthreads
canresumeexecution.

Return Value: none
Parameters: ��}����*t — thefirst events

{�{z{ — a null-terminatedlist of events

4.1.10

static void notifyone( event*first, ... )

Eventnotification

This methodnotifies a set of eventsso that for eachevent, one of the blocked
threadscanresumeexecution.

Return Value: none
Parameters: ��}����*t — thefirst events

{�{z{ — a null-terminatedlist of events

4.1.11

static Time getCurrentTime ( void )

Simulationtime
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Thismethodreportsthecurrentsimulationtime.

Return Value: none
Parameters: ��}����*t — thefirst events

{�{z{ — a null-terminatedlist of events

4.2

class specc::event

SpecCeventor signaldatatype

Public Members

4.2.1 event ( void ) SpecCeventconstructor . . . . . . . . . . 26

4.2.2 event ( void* src, void* dst, int size)
SpecCsignalconstructor . . . . . . . . . 27

4.2.3 � event ( void ) SpecCeventor signaldestructor . . 27

4.2.1

event ( void )

SpecCeventconstructor

ThisconstructorinitializesaSpecCeventdatatype.

Return Value: none
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4.2.2

event ( void* src,void* dst,int size)

SpecCsignalconstructor

ThisconstructorinitializesaSpecCsignal(with VHDL signalsemantics).

Return Value: none
Parameters: �*�9~ — theplaceholderfor thecurrentvalueof thesignal

�9��t — theplaceholderfor thenext valueof thesignal
�7}��7� — thesize(numberof bytes)of signalvalue

4.2.3

�
event ( void )

SpecCeventor signaldestructor

Thisdestructordestroysa SpecCeventor signal.

Return Value: none
Parameters: ���y��� —

4.3

class specc::behavior

Rootclassof SpecCbehaviorclasses
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Public Members

4.3.1 behavior ( void ) SpecCbehaviorconstructor . . . . . . . 28

4.3.2 virtual � behavior ( void ) SpecCbehaviorconstructor . . . . . . . 28

4.3.3 virtual void main ( void ) FunctionSpecification . . . . . . . . . . . . 29

4.3.1

behavior ( void )

SpecCbehaviorconstructor

ThisconstructorinitializestheSpecCbehavaiorobject

Return Value: none

4.3.2

virtual
�
behavior ( void )

SpecCbehaviorconstructor

ThisdestructorfinalizestheSpecCbehavaiorobject.

Return Value: none
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4.3.3

virtual void main ( void )

FunctionSpecification

This methodcontainsthe functionality of the SpecCbehavior. Note that this
methodhasto bemadevirtual.

Return Value: none

4.4

class specc::channel

Rootclassof SpecCchannelclasses

Public Members

4.4.1 channel( void ) SpecCchannelconstructor . . . . . . . 29

4.4.2 � channel( void ) SpecCchanneldestructor . . . . . . . . . 30

4.4.1

channel( void )

SpecCchannelconstructor

ThisconstructorinitializestheSpecCchannelobject

Return Value: none
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4.4.2

�
channel( void )

SpecCchanneldestructor

ThisconstructorfinalizestheSpecCchannelobject

Return Value: none

4.5

class specc::fork

Encapsulatorof ConcurrentBehavior

Public Members
4.5.1 fork ( behavior *b ) SpecCconcurrentbehaviorconstruc-

tor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

4.5.2 � fork ( void ) SpecCconcurrent behaviordestruc-
tor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.5.1

fork ( behavior *b )

SpecCconcurrentbehaviorconstructor

Thisconstructorinitializesthe ���'��� object

Return Value: none
Parameters: � — theconcurrentbehavior to beforked
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4.5.2

�
fork ( void )

SpecCconcurrentbehaviordestructor

Thisdestructorfinalizesthe �7�'�z� object

Return Value: none

4.6

class specc::exceptionblock

SpecCexceptionhandler

Public Members

4.6.1 exceptionblock ( bool isTrap, behavior* b, event* e1,
... )

SpecCexceptionhandlerconstructor
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.6.2 � exceptionblock ( void )
SpecCexceptionhandlerdestructor 32

4.6.1

exceptionblock ( bool isTrap,behavior* b, event* e1,... )

SpecCexceptionhandlerconstructor

Thisconstructorinitializestheexceptionhandlerobject.
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Return Value: none
Parameters: }z�����.��u — indicateswhetheris a trap (TRUE) or interrupt

(FALSE) handler
� — thehandlerbehavior
�?� — thefirst triggerevent
{�{z{ — a null-terminatedlist of triggerevents

4.6.2

�
exceptionblock ( void )

SpecCexceptionhandlerdestructor

Thisdestructorfinalizestheexceptionhandlerobject.

Return Value: none

4.7

class specc::try block

SpecCexceptionmonitor

Public Members

4.7.1 try block ( behavior* b )
SpecCexceptionmonitorconstructor
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

4.7.2 � try block ( void ) SpecCexceptionmonitordestructor 33
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4.7.1

try block ( behavior* b )

SpecCexceptionmonitorconstructor

Thisconstructorinitializestheexceptionmonitorobject.

Return Value: none
Parameters: � — indicatesthebehavior to bemonitored

4.7.2

�
try block ( void )

SpecCexceptionmonitordestructor

Thisdestructorfinalizestheexceptionmonitorobject.

Return Value: none
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