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Implementing CAL Actor Component on Massively Parallel Processor Array (MPPA) 

architecture 

 

Abstract  

 

Implementing CAL actor on Massively Parallel Processor Array (MPPA) efficiently is the 

subject of this thesis.  

Implementing CAL applications to work on intensive-resource computers such as MPPA 

architecture, has many challenges and problems such as the small memory size of each 

processor and limited number of channels connected with every processor.  

This thesis proposes a complete methodology to implement CAL actors on MPPA 

architecture. The implementation methodology consists of four stages, and each stage is an 

approach that achieves a specific mission.  

The first stage simulates the Finite State Machine (FSM) existing in the CAL actor by 

applying seven basic rules. The second stage distributes the CAL actor code over several 

processors on MPPA based on the functionality. The third stage distributes the CAL actor 

code over many processors based on the data dependency. The fourth stage eliminates the 

feedbacks that may exist between the processors that perform a CAL actor function.  

The implementation methodology fullfils four standards: The identical behaviour between the 

CAL actor and its implementation on MPPA. The consistency of a group of processors that 

together implement a CAL actor. The exploitation of the massive parallelism offered in 

MPPA. Finally, optimizing the speed of processing as much as possible.  

Implementing the MPEG-4 SP Parser Header written in CAL language on MPPA is the case 

study in this thesis. This implementation, executed on MPPA at 300 MHz, achieves a speed 

up of 12.46 in comparison with a similar implementation written in CAL language and 

executed at a clock speed of 2.11 GHz Intel processor, and a speed up of 3.23 in comparison 

with the equivalent implementation written in JAVA language and executed on the same Intel 

processor.  
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1 Introduction 

1.1 Motivation 

Dataflow languages are widely used in representing complex algorithms, in particular for 

processing, coding and encoding large data streams such as audio/video multimedia streams.  

Data flow applications consist mainly of computational entities [5] where the data move 

between them in channels, every computational entity processes partially the data pass 

through it.  

A massively parallel processor array (MPPA) consists of a large number of processors in one 

IC; furthermore, reconfigurable switches use the channels to connect the processors. 

Similarly, data flow applications consist of computational entities, which channels connect. 

Hence, the similarity between the data flow software-model and the MPPA hardware 

architecture motivates studying the methodology of implementing the data flow applications 

on MPPA architectures.  

In this research project, the CAL data flow component called actor is implemented on Ambric 

2045, which is a MPPA architecture. Implementing a CAL actor on MPPA architecture 

requires achieving four standards; Identical Behaviour, Consistency, Parallelism and 

Optimization.  

The case study in this project is MPEG-4 SP Decoder Parser Header, which consists of five 

actors.  

The CAL specification of the MPEG-4 SP decoder used in this thesis downloaded from the 

webpage: http://sourceforge.net/projects/opendf/develop. This specification is used widely by 

the researchers in MPEG-4 and CAL language.  

1.2 Thesis Goals 

Our mission here is implementing the CAL specification of the MPEG-4 SP decoder on the 

MPPA architecture. The implementation must function correct and efficient. Another goal is 

to increase the performance through intensive use of the parallelism.  

Comparing the CAL specification of the MPEG-4 SP decoder Parser Header with the 

implementation of the CAL specification on the MPPA architecture is used to test the 

behaviors, outputs and performance.  

In all the comparisons, the test stream foreman_qcif_30.bit is used as input stream. 

1.3 Problem 

Generating code from data flow applications for massively parallel-processor array 

architecture has many challenges and limitations that have to be taken into account. 

Therefore, new concepts and principles have to be proposed and developed.  

Intensive resources available in the PCs such as memories and processing capabilities give the 

developers of the data flow languages the potential to develop their ideas without constraints. 

Hence, CAL language programmers are not constrained by limited code size written inside the 

CAL actor; in addition, they are not constrained by a limited number of input/output ports in 

each CAL actor. On the other hand, Ambric 2045 is a parallel processor with constraints such 

as the small memory size for every processor and limited number of input/output channels 

connected with every processor.  

We need to answer questions such as how is a CAL actor code distributed over a number of 

processors, how can the distributed code apply the CAL actor properly and efficiently. How 

can we exploit the intensive parallelism existing in MPPA architecture? So one concern is 

http://sourceforge.net/projects/opendf/develop
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how to handle the limitations in the architecture, another is how to take advanatage of 

resources from parallelism.  

1.4 Contribution 

The Proposed implementation methodology consists of four cooperative stages. Every stage is 

an approach to achieve a mission. Therefore, they are not individual approaches, but they are 

coordinated approaches.  

The first approach is for simulating the Finite State Machine in a CAL actor on MPPA. The 

second approach is for distributing the CAL actor based on the functionality. The third 

approach is for distributing the CAL actor based on the data dependencies, and the final one is 

for eliminating the feedbacks.  

The first approach is a simulation of CAL finite state-machine on Ambric 2045. This approach 

is proposed with supporting examples. This simulation consists of seven rules or basics which 

are: Using a pointer to indicate the current state. Non-scheduled actions have a higher priority 

than scheduled actions. Among list of actions associated with the current state, the highest 

priority action that has a true guard condition is selected. Position of the action in the source 

code could determine implicitly the priority level. The original states in the function that 

transits many states determine the new states. The consecutive non-inputs fired functions 

execute after executing the pervious input-fired function. In CAL; reading a value from an 

input port in the guard statement does not consume this value. Therefore, the corresponding 

channel in aJava for this input port has to be associated with a set of variables, flags and 

functions to adapt to this case.  

To distribute single actor over several processors effectively; two levels work. The first level 

partitions the actions to many pieces; each of which has a standard functionality. 

Subsequently, grouping the similar-function pieces from individual actions. Then, placing 

each group on a new processor. Hence, each processor has a conventional name indicating the 

special-function group, which it is placed on. Proposed Special-function processors are Finite 

State Machine (FSM) Supplier, Main Process (MP), Sending Agent (SA) and Data Supplier 

(DA). This level is the second approach or second stage in this implementation methodology.  

The second level partitions some special-function groups existing in the previous stage. The 

partitioning in this stage is based on the data dependencies. The steps of work in this stage are 

Firstly; grouping the pieces that work mostly on the same variables. Secondly, each group is 

placed over a new processor. The relation between the groups is determined by the data 

dependencies; therefore, the groups are classified into independent groups and dependent 

groups. The dependent groups are categorized into two sorts; Bi-Updating Dependent Groups 

and Uni-Updating Dependent Groups.  

Two approaches are proposed here to synchronize the work in Dependent Groups; using the 

buffers and the waiting-mode technique.  

The consequence of distributing a CAL actor over several processors is that a network of 

channels between the processors is needed. Some channels may have directions opposite the 

data flow direction. Doubling updating expressions eliminates these feedbacks. 

1.5 The Structure of the Thesis  

The thesis is organized as follows: Chapter 2 delivers a background of the CAL language, the 

MPPA and the MPEG4 SP Decoder. Chapter 3, 4, 5 and 6 are the stages of  the 

implementation methodology.  Chapter 7 is the case study. Chapter 8 is some important 

conclusions.  
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2 Background 

2.1 Ambric 

Ambric 2045 contains 360 32-bit processors with 360 1KB RAM banks and a configurable 

word-wide channel interconnect. Every processor is programmed with conventional 

sequential code. A programmed processor is called a primitive object. Individual processors 

run independently at their own speeds.  

Objects in Ambric 2045 are strictly encapsulated and run independently without any amount 

of interfererence in their works. No shared memories are used between them.  

Objects communicate through channels in hardware. Each channel is word-wide, 

unidirectional, point-to-point and can act like a FIFO buffer.  

Ambric 2045 consists of 180 million transistors, packaged in 31mm * 31mm IC, it is divided 

in to 45 brics. Brics are the physical building-blocks where eight processors grouped in two 

Compute Units (CU) and eight 16 KB RAM grouped in two RAM Units (RU) as shown in 

Figure 1.[9] 

Figure 1: Ambric 2045[4] 

CU (Compute Unit) consists from two SR 32-bit CPUs, two SRD 32-bit CPUs and Internal 

interconnect. RU (RAM Unit) consists from four 2KB RAM banks. The RAM bank can be 

configurable as FIFO, data or program memory. 

The main differences between SR and SRD processors are, SR has only 1 ALU without 

pipeline, 7 general registers, 128 16-instructions, executed from local memory and it is 

reasonable from small object that are forks or joins. SRD is a Streaming RISC with DSP 

extensions processor, has 3 ALUs with pipeline technique, 20 general registers, 256 32-

instructions, executed from local memory and RU instruction port.[4] 

RAM Units (RUs) are the main on-chip memory facilities. Each RU is paired up with a CU, 

as shown in Figure 2. It has four independent single-port RAM banks, each with 512 32-bit 

words. It has six configurable RU access engines,which turn RAM regions into objects that 

stream addresse and data over channels. Each SRD has a read/write engine (RW) for random 

access, and an instruction engine (Inst) for access to instructions in RAM. Two Streaming 
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engines (str) provide for channel-connected FIFOs, or random access over channels using 

packets. Engines access RAM banks on demand through a dynamic, arbitrating 

interconnect.[5] 

Figure 2: Compute Units and RAM Units in Ambric 2045[4] 

The intra-bric communication paths constitute many levels in communications, the first level 

communications in the chip. The second level is communication channels which provide 

direct connections to neighboring brics as shown in Figure 2. The third level interconnect is 

for long-distance communications and consists of a chip wide 2D circuit-switched 

interconnect of channels. These longer channels share physical resources and thus provide 

less bandwidth than nearest neighbor channels[3] 

2.1.1 The Structural Object Programming Model 

The Structural Object Programming Model (SOPM) decomposes an application into two 

parts: structure and code. The structural portion of the application is a representation much 

like a block diagram. This structural diagram describes the objects that compose the 

application and the set of channels that interconnect the objects. All interactions between 

objects take place through channels, so the structural diagram describes both the components 

of the application and the interactions between the components. Code describes the behavior 

of each object. The behavior of the object (code) is said to be "bound" to the structural 

representation.[8] 

2.1.2 aJava  - The Code Portion -  

Programmers develop applications on the Ambric MPPA by writing small Java programs, one 

per processor. The programmer also provides a ―structural‖ description of the application that 

assigns programs to processors and defines how processors and memories are connected 

together by channels. Thus, creating an application for Ambric feels, in many ways, similar to 
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hardware design. The Ambric compilation process produces an image which is downloaded 

into the chip[3]  

aJava is a high-level language for programming SRs and SRDs, aJava is compiled directly 

to machine code for Ambric, and the standard Virtual Machine execution model is not used. 

aJava uses a subset of Java syntax. Ambric libraries provide support for memory and 

channel access. In aJava, there is many similarities with C such as: same syntax for 

variable declarations, same syntax for arithmetic and control flow operations and no support 

for math on pointers. 

2.1.3 aStruct  – The Structural Portion –  

Structure provides what you can think of as a block diagram view of the whole application. 

Structure describes the individual objects that compose the system and how they communicate 

over channels that link those objects together. You define structure in text files using 

Ambric’s structural language, aStruct. 

Every Ambric design must have exactly one .design file. The .design file instantiates 

the root interface in your object hierarchy. It can also specify key aspects of the design 

implementation on the device, such as the device that is the target for the design. 

A .astruct file defines the structure of one or more leaf or composite objects. Typically 

Ambric designs have at least one .astruct file; most designs have a collection of them. 

[8] 

2.2 CAL Language 

Actors are computational entities that communicate with other actors and the environment by 

passing tokens via their input and output ports. Actors have states and parameters and when 

an actor is fired, input tokens are consumed, output tokens are produced, and the internal state 

is updated.  

A model, or application, then consists of a network of interconnected actors. When an actor is 

executed it is said to be fired. During a firing, tokens on the input ports are consumed and 

tokens on the output ports are produced. 

The functionality of an actor is defined by a set of actions and their associated firing rules. 

The firing rules are conditions on the presence of tokens on the input ports and possibly also 

on their values.[10]  

2.2.1 Simple Actors 

One of the simplest actors, which does nothing at all,  is one that only copies a token from its 

input port to its output port. That is what the actor ID does: 

actor ID () In ==> Out : 
action In: [a] ==> Out: [a] end 

end 

The first line declares the actor name, followed by a list of parameters (which is empty, in this 

case), and the declaration of the input and output ports. The input ports are those in front of 

the ==> sign (here only one port, named In), the output ports are those after it (in this case 

only one port, named Out).[7] 

The second line defines an action. Actions describe the things that happen during a step that 

an actor takes. In fact, it is accurate to say that a step consists of executing an action. In 

general, actors may have any number of actions, but ID has only one 
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Recall that when an actor takes a step, it may consume input tokens and produce output 

tokens. The action in ID demonstrates how to specify token consumption and production. The 

part in front of the ==>, which we call input patterns, again pertains to input ports, and it 

specifies how many tokens to consume from which ports and what to call those tokens in the 

rest of the action. There is one input pattern in this action, In: [a]. It says that one token is 

to be read (and consumed) from input port In, and that the token is to be called a in the rest 

of the action. Such an input pattern also defines a condition that must be met for this action to 

fire—if the required token is not present, this action will not be executed. Therefore, input 

patterns do the following: 

• They define the number of tokens (for each port) that will be consumed when the action is 

executed (fired). 

• They declare the variable symbols by which tokens consumed by an action firing will be 

referred to within the action. 

• They define a firing condition for the action, i.e. a condition that must be met for the 

action to be able to fire. 

The output side of an action is a little simpler—following the ==> sign, the output 

expressions simply define the number and values of the output tokens that will be produced 

on each output port by each firing of the action. In this case, Out: [a] says that exactly one 

token will be generated at output port Out, and its value is a.[7] 

The next example, Add, shows an actor that has two input ports. Like ID, it also has a single 

action, but this time, the action reads one token from each of the input ports. The single output 

token produced by this action is the sum of the two input tokens: 

actor Add () Input1, Input2 ==> Output: 

action Input1: [a], Input2: [b] ==> Output: [a + b] end 
end 

Actors can have parameters. They act as constants during the actor execution, and are given a 

concrete value when an actor is instantiated as part of an actor network—see Chapter 4. The 

main purpose of actor parameters is to allow programmers to specify families of related 

actors, without having to duplicate a lot of code. 

actor Scale (k) Input ==> Output: 
action [a] ==> [k * a] end 

end 

An instance of this actor with k=7 could have this run: 

[3, 5, 8] ==> [] 
--> [5, 8] ==> [21] 

--> [1] ==> [21, 35] 
--> [] ==> [21, 35, 56] 

2.2.2 Guarded actions 

So far, the only firing condition for actions was that there be sufficiently many tokens for 

them to consume, as specified in their input patterns. However, in many cases we want to 

specify additional criteria that need to be satisfied for an action to fire—conditions, for 

instance, that depend on the values of the tokens, or the state of the actor, or both. These 

conditions can be specified using guards, as for example in the Split actor: 

actor Split () Input ==> P, N: 
action [a] ==> P: [a] 
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guard a >= 0 end 
action [a] ==> N: [a] 
guard a < 0 end 

end 

The guard clause of an action contains a number of expressions that all need to be true in 

order for the action to be firable. For the first action to be firable, the value of the incoming 

token needs to be greater or equal to zero, in which case it will be sent to output P. Otherwise 

that action cannot fire. Conversely, for the second action to be firable, the value of the token 

needs to be less than zero, in which case it is sent to output N. 

2.2.3 Actors with State 

Using state variables, action firings can leave information behind for subsequent firings of 

either the same or a different action of the same actor. A simple example of this is the Sum 
actor: 

actor Sum () Input ==> Output: 
sum := 0; 
action [a] ==> [sum] 

do 
sum := sum + a; 
end 

end 

In this example the actor maintains a variable in which it accumulates the sum of all tokens it 

has seen (and consumed).[7] 

2.2.4 Schedule Statement 

If we consider that the actor has a finite number of states, and every state is forwarded to 

another state when one of the actions is fired, the current state depends on the guard 

statements and previous state. Calling the actions in a specific and deterministic order is the 

target of the state machine in the CAL actor. Using the schedule keyword in the CAL 

language permits to determine the transitions between the different states.  

Each state transition consists of three parts: the original state, a list of action tags, and the 

following state. For instance, in the transition[7]  

init (readT) --> waitA;  

init is the original state, readT is an action tag and waitA is the following state.  

Let us consider an actor with one input and two outputs, in which we want to send the input 

value alternatively to the first and the second output ports. This actor can be written without 

internal states or guard conditions like this:  

actor Split () Input ==> out1,out2: 
A: action [a] ==>out1: [a] end 
B: action [a] ==> out2: [a] end 

 

Schedule fsm S1:  

S1(A)  S2;  

S2(B)  S1;  

end 

end 



Implementing CAL Actor Component on MPPA Architecture 

 

14 

 

2.2.5 Priority statement  

When two actions have the right to be executed from the current state to move to the next 

state, the CAL engine executes the higher priority action. Let us assume that we have four 

actions, A,B,C & D, and that are scheduled according to the following code segment:  

S1(A)  S2;  

S2(B)  S1;  

S2(C)  S3;  

S3(D)  S2;  

Assume that the current state is S2. There are two actions that transit S2; B action transits S2 

to S1, C action transits S2 to S3. Any action that transits S2, B or C? , This depends on the 

priority level of B and C actions and the guard conditions for both of them. If B has a higher 

priority than C then B action transits S2 to S1 unless its guard condition is false. In this case, 

the guard condition of C action is tested whether it is true. If it is, then C action transits S2 to 

S3.  

The priority statements in CAL language are written in this syntax format:  

priority 
A > B; 

B > C; 
End 

2.3 MPEG-4 SP Decoder 

MPEG-4 is an algorithm standardized by the International Standard Organization (ISO) and is 

used for compressing video/audio data. MPEG-4 SP is the simple profile of  

MPEG-4, MPEG-4 SP has the same characteristics as the MPEG-4 original profile but the 

complexity of decoding the bit stream is low and this makes MPEG-4 SP suitable for low 

resolution devices and low bandwidth networks. A prominent example is wireless channels 

and mobile receiving devices. Simple Profile sacrifices some compression performance to 

support low-delay coding, which is a common requirement in bi-directional communication 

applications such as videophone or teleconferencing. Simple Profile is also usable for 

applications that employ streaming video on the Internet. 

2.3.1 MPEG-4 SP Decoder & CAL Dataflow Language 

The design in this thesis report is based on the MPEG-4 SP specification in CAL language 

which is existing in the following web page:        

http://sourceforge.net/projects/opendf/develop. Figure 3 shows a top-level view of the 

dataflow program describing the MPEG-4 SP decoder. The main functional blocks include a 

parser, a reconstruction block, a 2-D inverse discrete cosine transform (IDCT) block, and a 

motion compensator. All of these large functional units are themselves hierarchical 

compositions of actors—the entire decoder comprises about 35 basic actors. The parser 

analyses the incoming bitstream, extracts the data from it and feeds it into the rest of the 

decoder. It is by far the most complex block of the decoder, more than a third of the code is 

used to build the parser. The reconstruction block performs some decoding that exploits the 

correlation of pixels in neighbouring blocks. The IDCT, even though it is the locus of most of 

the computation performed by the decoder, is structurally rather regular and straightforward 

compared to the other main functional components. Finally, the task of the motion 

compensator is to selectively add the blocks issuing from the IDCT to blocks taken from the 

previous frame. Consequently, the motion compensator needs to store the entire previous 

frame of video data, which it needs to address into with a certain degree of random access [1].  

http://sourceforge.net/projects/opendf/develop
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 Figure 3: Top-level view of MPEG-4 SP Decoder. [1] 

2.3.2 MPEG-4 SP Parser Header 

MPEG-4 SP parser header consists of four actors, ParseHeaders, BlockExpand, MVSequence 

and MVReconstruct. Our approach here is to study the best way of mapping every actor to 

acquire the best performance.  

Parseheader’s actor consists of 65 scheduled states and 70 actions (two of them are not 

scheduled and 68 actions are scheduled actions). BlockExpand actor has 5 scheduled states 

and 5 actions. MVSequence has 6 scheduled states and 8 actions. MVReconstruct has 31 

scheduled states and 19 actions.  

Figure 4 shows the block diagram of MPEG-4 SP Parser Header 

Figure 4: MPEG-4 SP Parser Header 

2.3.3 The Test File: foreman_qcif_30.bit 

The test stream foreman_qcif_30.bit is an MPEG-4 encoded file. This thesis project uses this 

file to compare between different implementations of MPEG-4 SP Decoder Parser Header.  

The Common Intermediate Format (CIF), a format usually used in high-end systems, which 

provides the highest resolution at 352×288 pixels. The other is the Quarter Common 

Intermediate Format (QCIF), a format used by most desktop videoconferencing systems and 

videophones, which provides lower resolution at 176×144 pixels.[11]  

The file foreman_qcif_30.bit which is used as input stream in this thesis project has the format 

QCIF. That means the resolution of every frame is 176 * 144 pixels.  
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The size of this file is 250 Kilo Bytes (KB.). The decoded output is 300 frames, and every 

frame is 176 * 144 pixels (25344 pixels).  

Real time frequency for a QCIF is 25 fps (frames per second)[1]. Because each pixel requires 

1.5 bytes on average [1], that means about 38 Kilo Bytes (KB.) represents every frame. In this 

case, the decoder has to produce approximately 950400 bytes/second. 
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3 Stage 1:  Simulating the Finite State Machine  

The static scheduling of computations and communications is one of the main features 

available in the CAL language. Scheduling each CAL actor depends on its Finite State 

Machine (FSM).  

The Finite State Machine (FSM) in a CAL actor has a finite number of states, each of which 

associated with a list of actions. The state is transited to a next state by executing one of the 

actions that is associated with it. The actions are the transitions in CAL’s Finite state Machine.  

Among the actions associated with the current state, the highest priority action that has a true 

guard statement is selected to transit the current state. In CAL, the schedule statements 

determine the actions associated with each state. priority statements determine the priority 

level of each action. Simply, in each CAL actor; schedule and priority statements 

arrange the static scheduling explicitly. In contrast, static scheduling is not part in the aJava 

language, and its details have to be programmed by using the primitive statements such as if 

and while.  

The mission here is simulating the CAL’s static scheduling in aJava classes. The following 

seven rules and basics propose a modality of simulating the scheduling. 

3.1 The rules for extracting the Finite State Machine from a CAL Actor 

3.1.1 Rule No. 1: State Pointer points to the current state 

The Finite State Machine (FSM) in any CAL actor has a set of states; each state associates 

with a list of actions – transitions. For transiting the current state to the next state; one of the 

associated actions has to be executed.  

To simulate this in an aJava class; each state in the CAL actor is assigned to an integer 

number. The actions – transitions are converted to functions. A new integer variable is added 

to point to the current state; the new variable is a State Pointer. Hence, changing the number 

of the State Pointer changes the current state, and the State Pointer in this project is called 

position.  

The example in Figure 5 illustrates this concept. In this figure, we have two states, S1 and S2, 

each associated with an action – transition. S1 state associates with Func1 and S2 state 

associates with Func2. Func1 action transits S1 to S2. Func2 action transits S2 to S1.  

For simulating this in aJava; the scheduling engine is placed in the default fired function: 

run. The value of the State Pointer – position – determines whether Func1 or Func2 

executes. Func1 and Func2 transit the current state by changing the value of the 

position variable. The new value of the position variable indicates the new state. 

3.1.2 Rule No. 2: Non-scheduled action has a higher priority than scheduled actions 

The nonscheduled action has a higher priority than all the scheduled actions. Non-scheduled 

actions are untagged actions.  

The example in Figure 6 shows an untagged action in CAL actor source code, whose name in 

aJava section is Default1. In the scheduling engine existing in run function, Default1 

places before Func1 and Func2 because it has the highest priority. If Default1 guard 

condition is true, then Default1 executes, whereupon it exits from run function; 

consequently, neither Func1 nor Func2 executes. Either Func1 or Func2 executes if the 

Default1 guard condition is false. 
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Figure 5: The First Rule 

3.1.3 Rule No. 3: The highest priority action has a true guard condition is selected  

Among a list of actions associated with the current state, a CAL actor selects the highest 

priority action that has a true guard condition to transit the current state. If an action does not 

have a guard condition, then its guard condition is considered true.  

In this simulating approach, the scheduling engine knows the current state by testing the State 

Pointer – position variable, whether it equals a state number. Each state is tested by a 

specific if statement, for example, if( position == 2). Inside the body of each if, 

all the associated functions that transit this state place in a descending order with regard to the 

priority level of each function – transition .  

Let us study the example illustrated in Figure 7. In the CAL section, three actions transit the 

S2 state: Func2A, Func2B and Func2C. Func2A has the highest priority level, and 

Func2C has the lowest priority level.  

In aJava, the statement if(position == 2) indicates whether state 2 is the current 

state or not. Inside the body of if( position == 2), the three functions that transit S2 

state are placed in a descending order with respect to their priorities. Therefore, Func2A is 

placed first; Func2B second, and Func2C last. 

3.1.4 Rule No. 4: Position of the action could determine implicitly the priority value.  

In the case when the priority levels of some actions are not determined explicitly in the 

priority statements, the place of each action in the source code determines the priorities 

implicitly. The priorities are assigned in a descending order from the top to the bottom. 
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Figure 6: The Second Rule 

Determining the priority of nonscheduled actions follows this rule. 

3.1.5 Rule No. 5:  New states are determined from the original states  

In CAL, an action may transit many original states. Each original state leads to a specific next 

state. In aJava; the function of the corresponding action tests what is the current state, which 

determines the next state.  

Figure 8 illustrates this; the action test_zero_byte transits the states: stuck_1b, 

stuck_2b, stuck_3b and stuck_4b to individual states. For simulating this in aJava; 

the function test_zero_byte determines in its body the next state from the current state – 

position value.  

Many if statements are used to achieve this, such as if (position==85) position = 

86, which can be read like if( currentState == 85) nextState = 86. 
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Figure 7: The Third Law 
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Figure 8: The Fifth Rule 
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Figure 9: The Sixth Rule 

3.1.6 Rule No. 6: Non-input fired functions have to be executed after input-fired 

Some actions in the CAL actor do not read values from the input ports. Those actions are fired 

when it has the highest priority level among the actions that associate with the current state 

and have true guard condition. 
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Figure 10: The Seventh Rule 

The term "non-input fired action" indicates the actions that do not read values from the input 

ports, the term "non-input fired functions" describes the corresponding functions of those 

actions in aJava. In contrast, the term: input-fired action indicates the actions which read 

values from the input ports, the term "input-fired functions" is the corresponding term in 

aJava.  

In aJava, the default run function is fired when an input value arrives to one of the input 

channels. Firing the default function – run executes an input-fired function, but the question 

is when non-inputs fired functions are executed. Simply, this can be arranged in the default 

function – run – as the following; input-fired functions execute first, then the following non-

input fired functions in the Finite State Machine (FSM) can execute.  

Practically, this can be achieved by placing the non-input fired functions inside the body of a 

while loop. Then placing this while loop after the check statements of the input-fired 

functions in the scheduling engine. The purpose of using a while loop; the sequence of 

calling non-input fired functions in the FSM comes sometimes consecutively.  

The example in Figure 9 has Default1, Div4, Div3 and End actions which are input-fired 

actions. In aJava, checking the corresponding functions of those actions is placed at the 

beginning of the run function. Add5, Add6 and Display are non-input fired actions. In 

aJava, checking the corresponding functions of those actions is placed inside a while loop, 

which is placed after the check statement of the last input-fired function. 

3.1.7 Rule No. 7: Reading the value doesn’t consume it  

In CAL language, the value in the input port is not consumed if it is tested in the guard 

statement and the guard statement is false. On MPPA, as soon as the value is read from an 

input channel, then the value is consumed regardless if it is needed again or not.  

This gap is overcome by a straightforward technique illustrated in Figure 10; the value of the 

input is stored in the variable store. The boolean flag variable indicates whether this value 
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has been consumed or not; if it has been consumed, then flag = true, otherwise flag = 

false, and has to be used again. The read function returns the value of the store and 

assigns a true to the flag, which means that this value has been consumed and a new value 

can be read from the input channel. In addition, the Undo function assigns false to the 

flag variable to indicate that this value is not consumed yet. 

 



Stage 2:  Distributing the CAL Actor over Many Processors Based on the Functionality 

25 

 

4 Stage 2:  Distributing the CAL Actor over Many Processors 
Based on the Functionality  

 

Distributing an actor over many processors is necessary sometimes and it is an advantage or 

preferred other times. It is necessary because of hardware limitations existing in the parallel 

processor, such as memory size and number of input or output channels. Especially, when a 

source code that was written in a large resources computer needs implementing on a Parallel 

Processor IC. The distributing is desirable when it speeds processing data streams. 

Particularly, for actors that are a bottleneck for other actors, or for first actors in the data flow 

path. Furthermore, the speed of some actors may be doubled, tripled, quadrupled or more if it 

is distributed over several processors, such as actors that can be divided into independent 

groups.  

The first demand from distributing one CAL actor over several processors is to ensure that 

this group of processors works consistently as a single CAL actor. Distributing an actor over 

many processors in an effective way to speed up the processing of this actor is another 

request. To accomplish those missions, some standardization of the distributing and 

partitioning were analysed which hopefully leads eventually to automating the process of 

distribution.  

4.1 Distributing at the Actor-Level and at the Action-Level 

Distributing the code at the actor level means grouping the actions in the actor; then each 

group is placed in a special processor. Distributing the actor at the action-level means that the 

implementation of the action is distributed over many processors. The individual pieces from 

one action communicate with each other by the channels.  

For distributing the actor code at the action level, each action is divided into standard special-

function pieces. After; the similar-function pieces from different actions are grouped together; 

then each group is placed in a special processor, which is called a special-function processor. 

This thesis proposes four kinds of special-function processors, which are Finite State-Machine 

Supplier, Main Process Processor, Sending Agent Processor and Data Supplier Processor. 

4.2 Special-Function Processors 

4.2.1 Finite State-Machine Supplier Processor 

Every corresponding function of a scheduled action contains two main parts:  

1. The first part is responsible for determining the next state in the Finite State Machine 

(FSM) and this includes:  

a. The guard condition.  

b. Determining the next state.  

c. The main engine in the default run function.  

2. The second part is responsible for executing the statements existing in "do...end" 

part.  

To relieve the main processor from the load of the first part, the implementation of the FSM 

can be moved to a special-function processor, which is called a Finite State Machine (FSM) 

Supplier. Distributing the code in this manner speeds the processing of the data stream. Figure 

11 shows the Finite State Machine Supplier model. 
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 Figure 11: Finite State Machine (FSM) Supplier with Main Process 

4.2.2 Main Process  

Main Process processor has the implementations of do...end sections from all the actions. 

do...end is the action section processing the data stream arithmetically and logically.  

4.2.3 Sending Agent  

The action outputs are classified into two categories; updating the internal states, and sending 

values through the channels.  

In the second category, if the values to be sent must be processed and prepared by a number 

of calculations, the Main Process processor can be relieved from the pre-sending 

computations by moving it to a special-function processor. Moving the pre-sending 

computations is effective when the number of calculations is more than the number of 

variables.  

Sending Agent is not only for relieving the Main Process processor from the pre-sending 

computations, it has a more significant role; overcoming the limited input or output channels 

constraint. Sending Agent can perform like a fork; receiving the inputs serially then sending 

them in parallel to many channels.  

Figure 12 illustrates the partitioning of the action code to standard special-function pieces and 

then distributing them over several processors. 
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Figure 12: Finite State Machine Supplier, Main Process and Sending Agent 

4.2.4 Data Supplier Processor 

Another hardware restriction on the MPPA architecture is the data memory size, which is 

small. Especially; when implementing a CAL actor on MPPA, and the processor’s memory 

size on  MPPA is not enough to contain all the CAL variables.  One of the solutions to address 

this issue is placing a part of the data memory in a special processor, then updating or reading 

this data by sending and receiving messages to the processor through the channels.  

Although the Data Supplier Processor is efficient in solving the problem of small memory 

size, unfortunately; it does not make any acceleration in processing the stream.  
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5 Stage 3: Distributing the CAL Actor over Many Processors 
Based on the Data Dependencies  

The third stage partitions some special-function groups existing in the second stage. The 

partitioning in this stage is based on the data dependencies.  

The work steps in the third stage are the following: In the first step, the code pieces that work 

mostly on the same variables are grouped together, then; the new groups are placed over new 

processors. The data dependencies determine the relation between the new groups; therefore, 

the groups are classified to Independent Groups and Dependent Groups.  

Figure 13 illustrates the relationship between stage 2 and stage 3. 

 

Figure 13: The relationship between stage 2 and stage 3 
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5.1 Independent Groups  

If we have two groups, and each one has a distinct set of variables, and furthermore, each 

group neither reads nor updates any variable in another group, then the term "Independent 

Groups" describes the relationship between those two groups. Figure 14 illustrates this 

concept. 

Figure 14: Independent Groups 

5.2 Dependent Groups  

When two groups interfere in one or more variables, then "Dependent Groups" describes the 

relationship between those two groups.  

Before going on describing in depth the Dependent Groups, four terms have to be introduced, 

Updating Group, Reading Group, Uni-Updating Dependent Groups, and Bi-Updating 

Dependent Groups.  

The term ―Updating Group‖ describes the group that updates the shared variables in the 

Dependent Groups relationship. The term ―Reading Group‖ indicates the group that only 

reads the shared variable, while another Updating Group updates this variable. The term ―Uni-

Updating Dependent Groups‖ describes the case when one of the groups is an Updating 
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Group, and another group is a Reading Group. The term ―Bi-Updating Dependent groups‖ 

means that both of the groups are Updating Groups.  

Figure 15 illustrates the terms ―Uni-Updating Dependent Groups‖ and ―Bi-Updating 

Dependent Groups‖. 

Figure 15: Dependent Groups  

5.2.1 Synchronizing the Dependent Groups  

In CAL actor, the scheduled actions execute in a determined order. Hence, if an action reads 

one of the global variables in the actor, consequently; it reads the last updating has occurred. 

For example, if the order of the current action that needs to read the variable m is 12, and the 

actions that have the orders 8 and 3 update the variable m. reasonably, the action number 12 

has to read the updated value occurring in action number 8. Different speeds of dependent 

groups that share the same variables may cause a synchronization problem.  

Let us suppose the following example: we have two groups, group A and group B, of which 

group A is a Reading Group and group B is an Updating Group. Group A is dependent of 

group B because it reads the variable m from B. Assume two cases; the first case occurs when 

group B is faster than group A, and the second occurs when group B is slower than group A.  

In the first case, when group B is faster than group A, consider the action that has order 12 

executes now in group A. Normally, we can not read the value m from group B if the action 

that has the order 14 updates it.  

In the second case, when group B is slower than group A, suppose actions 6 and 11 update the 

variable m, and those two actions execute in group B. In addition, group A reads the variable 

m in action 12. Consequently, group A can not read the variable m from group B if the last 

update occurs in the action number 6.  

Solving the synchronization problem is different in two cases. If the Reading Group is faster 

than the Updating Group, then it has to wait for it.  
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When the Reading Group is slower than the Updating Group then this issue can be addressed 

by using two buffers; the first buffer stores the updates of the shared variable and the second 

buffer stores the order of every action that updates the shared variable. The length of the 

buffer and the rate of updating determine how much the updating group can precede the 

reading group and when it has to stop.  

It is clear that the Independent Group is more efficient in speeding up the processing of data 

stream than the dependent groups, but in the case of Uni-Updating Dependent Groups; the 

Updating Group can invest the parallelism offered in MPPA because it works freely without 

the need to stop for synchronizing. This speeds the processing of data streams in the module. 

The speed of the Reading Group depends on two factors. The first factor is the rate of 

updating the shared variable(s); the lower reading rate, the faster the Reading Group is. The 

second factor is the speed of the Updating Group processor; the faster Updating Group, the 

faster the Reading Group is.  
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6 Stage 4:  Eliminating the Feedbacks  

Processing a data stream by pushing it one way from the first processor to the last is faster 

than returning the flow of the data back in some parts along the path.  

The feedbacks are a natural result of distributing the implementation of CAL actor over many 

processors. The distributed codes work on the same set of global variables; consequently, it is 

possible that more than one processor use the same variables.  

The term ―Shared Variable‖ means many processors use the same variable by mirroring it in 

all of those processors.  

Using the Shared Variable is different from a processor to another. Some processors read the 

value of the Shared Variable. Other processors update the value of the Shared Variable, and 

others read and update the shared variable.  

The processor that updates the value of a Shared Variable has to send the new value to all the 

processors that have a mirrored copy of the same variable. When an updating processor is 

placed after a reading processor in the data path, then feedback appears, because the direction 

of the data from the updating processor to the reading processor is opposite to the data flow 

direction.  

Programming languages depend on updating expressions to update the value of the variable. It 

is possible to delete or reduce the feedbacks by doubling the updating expressions in the 

reading processors. Doubling updating expressions requires all the input variables of the 

updating expression to be available in the reading processor.  

Figure 16 and Figure 17 illustrate those concepts. In Figure 16, processor A reads the Shared 

Variable d, and processor B updates it. The updating expression in processor B is d = k + 

10 – 2, because the input variable , k , used in the updating expression is present in 

processor A; therefore the updating expression is duplicated and the feedback is deleted.  

  Figure 16: Eliminating the Feedbacks 

In Figure 17, the input variables , m and r , of the updating expression are not available in 

processor A. Therefore, it is not possible to repeat the updating expression. The feedback 

remains. 

6.1 Common Combinations 

Figure 14 has 6 modules that could be standards for distributing the actor over several 

processors on MPPA. In the first module, one processor implements the whole function of the 

actor. 
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Figure 17: non-eliminated feedbacks 

In the second module, a FSM Supplier processor connects two Main Process processors, each 

of which has an independent group possessing distinct outputs.  

In the third module, a FSM Supplier processor connects two Main Process processors, each of 

which has a dependent group possessing special outputs.  

In the fourth module, a FSM Supplier connects two Main Process processors, each of which 

has an independent group. The two independent groups share the same outputs. Therefore, a 

Sending Agent is added and connects to both of them.  

In the fifth module, a FSM Supplier connects two Main Process processors, each of which has 

a dependent group. Both of the Main Process processors share the same output. Therefore, a 

Sending Agent connects to both of them.  

In the sixth module, a FSM Supplier connects to a Main Process processor, which in turn 

connects to a Sending Agent and a Data Supplier.  

Those 6 modules are not the only combinations existing to represent the implementation of 

the actor over many processors, but if we neglect the number of Main Processes in every 

module, we can consider them as common or basic modules. 

 

Figure 18: Modules of Distributing the CAL Actor over Many-Processors 
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7 Case Study: Implementing of MPEG-4 SP Decoder’s Parser 
Header on MPPA 

7.1 The Implementation 

The CAL implementation of MPEG-4 Decoder Parser Header consists of five actors: 

Byte2Bit, ParseHeader, BlockExpand, MVSequence and MVReconstruct. Figure 4 illustrates 

the map of those five actors. 

In this case study, The Parser Header actors are implemented on MPPA by using the 

implementation methodology mentioned in this thesis. The five actors written in CAL 

language are implemented on 11 processors. Figure 19 is the diagram of the MPPA 

implementation, in this diagram, every rectangular is a processor, and the uni-directional 

arrows are uni-directional channels.  

The test stream is the file: foremans_qcif30.bit, its size is about 2 Mbit.  

  

Figure 19: The Implementation of MPEG-4 SP Decoder’s Parser Header on MPPA 

The following sections illustrate in short each actor.  

7.1.1 Byte2Bit  Actor 

The Byte2Bit actor converts the stream of input bytes to stream of bits. Every byte is 

converted to eight bits. In Figure 19, the implementation of this actor places on BYTE2BIT 

processor. 

7.1.2 ParseHeaders Actor 

ParseHeaders consists of 70 actions; two untagged actions, 68 scheduled actions, and six 

tagged actions, which contain only guard statements, and work such as conditional branch for 

the next actions.  

MPEG-4 Decoder SP written in CAL language has more than 30 actors, the size of 

ParseHeader actor is the biggest among them; therefore, most of the approaches in this study 

are developed from implementing this actor. ParseHeader implementation on MPPA 

distributes over 5 processors. Figure 20 illustrates the proposed implementation of 

ParseHeader actor on MPPA architecture. Those processors are the following:  
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Figure 20: Implementing ParseHeader over Five Processors 

1- Finite State Machine (FSM) Supplier: This processor contains the pieces of code 

specialized in determining the Finite State Machine in ParseHeader actor. Sending the 

next state number to the Main Process processor is the function of this processor. Its 

name in Figure 19 is PH_FSM.  

2- The Main Process. This processor contains the arithmetic and logical statements 

existing in the ParseHeader actor. Its name in Figure 19 is PH.  

3- Data Agent: Main Process processor needs to use vld_table array, which has about 700 

elements, the size of the processor memory is not enough to hold this array and other 

variables. Therefore, the VLD_table array is placed in another processor called 

VLD_TABLE, which connects to the Main Process processor. Its name in Figure 19 is 

Vld_TABLE.  

The ParseHeader actor has 7 outputs. The processor in Ambric can not deliver more than 4 

outputs. In order to enhance the number of outputs; two other processors are added to fork the 

outputs; their names are:  

4- LRV_SA: a Sending Agent processor. It receives the outputs VALUE, RUN and 

LAST serially from the Main Process, then sends them in parallel to the BlockExpand 

processor. Its name in figure 19 is LRV_SA.  

5- BTYPE_SA: a Sending agent processor receives a one BTYPE output then sends it to 

three individual processors. Its name in figure 19 is BTYPE_SA. 

7.1.3  MVSequence Actor 

The MVSequence actor consists of 8 actions, all of which are scheduled. This Actor is small, 

and its size can be placed in a one processor memory. The MV_Sequence actor can be 

implemented on the MPPA architecture in two ways; implementing the entire actor on a 

single processor or distributing its implementation over two processors: FSM Supplier and 

Main Process processor. The processors that perform the MVSequence actor in Figure 19 are 

MVS_FSM and MVS. MVS processor is the Main Process processor. 

7.1.4 BlockExpand Actor 

The BlockExpand actor consists of 5 actions. It can also be implemented over one processor 

or two processors. The BlockExpand implementation is placed in only one processor, which is 

BLOCK_EXPAND in Figure 19. 
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7.1.5 MVReconstruct Actor 

The MVReconstruct actor consists of 19 actions, and its implementation size is bigger than 

the processor memory. Therefore, it distributes over two processors, one of them is the FSM 

Supplier, and the second is the Main Process processor. Their names in Figure 19 are 

MVREC_FSM and MVREC. 

7.2 The effect of FSM Supplier 

For measuring the impact of instantiating a Finite State Machine special-function processor, 

the MVSequence actor is implemented on MPPA twice. In the first, MVSequence actor is 

implemented on a single processor. In the second, it is implemented over two processors: 

FSM Supplier and Main process.  

For testing the effect of FSM supplier; the MVSequence actor is implemented alone – without 

other actors - on the MPPA architecture.  

The MVSequence actor has one input, which consumes the outputs from BTYPE output port 

existing in the ParseHeader actor. Because MVSequence is implemented only on MPPA, the 

values that came from BTYPE output port are stored in a file, and then this file is used as 

input file in this experiment.  

Table 1 shows the execution times of the two implementations.  

There are two reasons for selecting the MVSequence actor for evaluating the impact of the 

special-function processor – FSM -:  

1- MVSequence actor can be implemented in only one processor. ParseHeader & 

MVReconstruct actors need implementing over many processors.  

2- It has scheduled tagged actions, BlockExpand has only prioritized actions. 

Figure 21: MVSequence(FSM Supplier and Main Process) 

7.3 Optimizations: Diminishing or Deleting the Feedbacks 

In Figure 19; there are three feedbacks existing in the implementation of MPEG-4 SP Parser 

Header.  

The first feedback is from PH processor to PH_FSM Supplier processor. The second feedback 

is from LRV_SA to PH, and the third feedback is from BTYPE_SA to PH. Those processors 

exist in the processor set that implements the ParseHeader actor.  

There are 13 shared variables in PH_FSM and PH processors; PH processor updates all of 

those variables. As soon as PH updates any of those variables, it sends the latest update 

directly to PH_FSM. There are 42 updates sent from PH to PH_FSM. Those updates are the 

reason for the first feedback, which is from PH to PH_FSM.  

The term ―update‖ here means a result of an expression that has to be sent by using a feedback 

channel. The number of ―updates‖ equals the number of expressions updating the Shared 

Variables.  

The second feedback is from the BTYPE_SA to PH. In BTYPE_SA processor, there are two 

updates that have to be sent to PH. The last feedback moves from LRV_SA to PH because 

there are four updates that have to be sent from LRV_SA to PH processor.  
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In the PH_FSM processor, there are 26 updates that can execute in the PH_FSM processor. 

Duplicating of the 26 updating expressions is possible because their input variables are 

available in the PH_FSM processor. However, the input variables for the other 18 updates are 

not available in the PH_FSM processor; hence, the updates feedbacks from PH to PH_FSM 

are reduced but they are not removed thoroughly. The feedback channel is now used by 18 

updates instead of 42 updates.  

Because the PH processor has all the variables in the ParseHeader actor, it could duplicate any 

updating expression. So, the feedbacks from BTYPE_SA to PH and from LRV_SA to PH are 

deleted.  

Figure 22 shows the new implementation of the MPEG-4 Decoder’s Parser Header without 

feedbacks. 

Figure 22: The implementation of MPEG-4 SP’s Parser Header on MPPA – Without Feedbacks 

7.4 Practical Results:  

7.4.1 The Impact of FSM Supplier 

From Table 1; instantiating a FSM processor results in a speed up of 1.11. This speed up is 

not common in all the actors. The proportion between the amount of FSM computations and 

ordinary computations determines the speed up, so as soon as the amounts of two 

computations are even, then the speed up reaches its peak. 

 

 Execution time 

(seconds) 

First Implementation – without FSM Supplier -  0.2211 

Second Implementation – with FSM Supplier -  0.1978 

Table 1: The Impact of FSM Supplier 

7.4.2 Execution Time Measurements 

To measure the performance, several tests were made. The following is the a list of all of 

them:  
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MPEG-4 SP Decoder Parser Header implementation written by CAL language that executes in 

a single Intel 2.1 G.Hz. core needs 135 seconds to process the encoded MPEG-4 file - 

foreman_qcif_30.bit - completely. 

MPEG-4 SP Decoder Parser Header implementation written by JAVA language that executes 

in a single Intel 2.1 G.Hz. core needs 35 seconds to process the encoded MPEG-4 file - 

foreman_qcif_30.bit - completely. 

MPEG-4 SP Decoder Parser Header implementation on MPPA needs 11.08 seconds to 

process the encoded MPEG-4 file: foreman_qcif_30.bit from the input to the 

MVReconstruct.out 

MPEG-4 SP Decoder Parser Header implementation on MPPA needs 11.13 seconds to 

process the encoded MPEG-4 file: foreman_qcif_30.bit from the input to the 

BlockExpand.out . 

After deleting and reducing the feedbacks; MPEG-4 SP Decoder Parser Header 

implementation on MPPA needs 10.74 seconds to process the encoded MPEG-4 file: 

foreman_qcif_30.bit from the input to the MVReconstruct.out. 

After deleting and reducing the feedbacks; MPEG-4 SP Decoder Parser Header 

implementation on MPPA needs 11.13 seconds to process the encoded MPEG-4 file: 

foreman_qcif_30.bit from the input to the BlockExpand.out.  

7.5 Tables of Results 

The results of the test runs are summarized in the tables below. 

7.5.1 Results of Implementing MPEG-4’s Parser Header on MPPA 

 The Outputs (seconds)  

 MVReconstruc.out BlockExpand.out 

With Feedbacks 11.08 11.13 

Without Feedbacks 10.74 10.833 

Table 2: The Reading Results in Ambric 2045 

The result for ―without Feedbacks‖ is taken because it is more optimized than the result in the 

row ―with Feebacks‖. In addition, the time needed for processing the data stream from the 

input to the BlockExpand.out is taken because it represents the complete time.  

Processing 300 frames during 10.83 seconds means the frequency of processing the frames is 

27.5 (frames per seconds) , which is sufficient for real-time applications[1].  

7.5.2 Total Comparison of Ambric2045, Java & CAL Results 

 Time-

seconds 

No. of 

Processors 

Speed of the 

Processor 

CAL running in simulator 
135 1* Intel 2.1 

GHz 

JAVA 
35 1* Intel 2.1 

GHz 

Ambric 2045 10.833 11 300 MHz 

Table 3: The Perforamnce Results in CAL, Java & Ambric 2045 
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The speed of processing the test stream in CAL is slow because the CAL language has a big 

run-time library. 

7.5.3 Speed Up Comparisons  

Table 4 illustrates the speed up of Ambric 2045 with regards to CAL and JAVA.  

 

 CAL running in 

simulator 

JAVA 

Ambric 12.46 3.23 

Table 4: The Speed up Comparisons 
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8 Conclusions 

In this thesis report, four proposed approaches are used together to implement CAL actors on 

the MPPA architecture efficiently. In the first approach, seven basic rules combine to simulate 

the Finite State Machine existing in a CAL actor. The second approach explains how the 

implementation of the actor could be divided into small pieces, which are distributed over a 

number of processors. The third approach is also for distributing the code, but it is in a higher 

layer than the one in the second approach. The last approach illustrates the modality of 

eliminating the feedback.  

Comparing each actor and its implementation twice tests the first approach. The first 

comparison compares the sequence of calling the actions and the sequence of calling its 

corresponding functions. The four comparisons for the four main actors are identical although 

the test stream consists of 2 million bits. The second comparison compares the actor output 

and its implementation output. The results are also identical.  

According to the results of those two comparisons; two consequences are concluded. The 

behaviour of the CAL actor and its implementation are identical. Furthermore, the codes that 

distribute over several processors to implement a CAL actor work in a consistent manner. This 

means that the first approach succeeds in simulating the behaviour of the Finite State 

Machine, and the second approach distributes the code efficiently.  

Practical measurements prove that the second and fourth approaches succeed in speeding the 

processing of the test stream.  

Four approaches work cooperatively to achieve four implementing conditions: Identical 

Behaviour, Consistency, Parallelism and Optimization. 

8.1 Identical Behaviour  

The similarity of a CAL actor behaviour and its implementation on a processor or many 

processors determines the validity of the implementation. Two features existing in CAL actor 

determine the behaviour; encapsulation and static scheduling.  

The architecture of CAL actors and aJava classes embody the encapsulation; so, the 

conversion from CAL code to aJava class is mostly direct.  

Seven rules and basics propose the approach of simulating the static scheduling existing in 

CAL actor. The proposed rules manipulate four main issues. Firstly, the static scheduling of 

computations and communications depends on a Finite State Machine, which is a behavior 

model composed of a finite number of states and transitions between the states. In CAL actor, 

schedule statements contain the state names and the list of actions –transitions - associated 

with each state. Rules 1,2 & 5 manipulate the simulating of this principle in aJava.  

Secondly, each state has a list of actions associated with it, selecting one of the associated 

actions from the list depends on two matters; the priority level of each action and the Boolean 

value of the guard statements. Rules 3 & 4 address this issue.  

Thirdly, there is a difference in the firing mechanism that occurs in CAL actors and the one in 

the Ambric processor. In CAL, the action could be fired although it does not read values from 

the input ports. In contrast, the default – run – function on MPPA is fired when an input 

value reaches one of its input channels. Rule number 6 addresses this issue.   

Fourthly, in CAL; there is a difference between reading the value from an input port and 

consuming it, the value could be read but not consumed; In Ambric, the value in the input 

channel is consumed as soon as it is read. The seventh rule addresses this disparity.  
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8.2 Consistencies 

Distributing a CAL actor code over many processors on the MPPA architecture has to be 

planned and organized well. The importance of this is to ensure consistency in the work of 

processors that implement a single CAL actor. The approach here breaks each action to small 

pieces based on the pieces’ functionality. After, the similar-function pieces are grouped in 

sets. Subsequently, each set is placed in a special-function processor. Hence, we are proposing 

four different kinds of special-function processors: Finite State Machine Supplier, Main 

Process, Sending Agent and Data Supplier.  

Distributing the code according to this procedure ensures that every small piece knows to 

which it has to talk; In addition, concluding the channels network between the processors 

implementing a single CAL actor component properly. Furthermore, determining where the 

global data variables have to be placed, mirrored and updated. 

8.3 Parallelism 

Increasing the number of processors is a traditional approach to speed up the processing. In 

the second approach; pieces of codes are grouped into special-function groups, each of which 

consists of a number of pieces that are similar in their functions. To increase the processing 

speed; the code pieces in the similar-function group could be partitioned and grouped also 

based on data dependencies, then placing each new group over a new processor.  

The relationship between the data-dependencies groups is classified here by Independent 

groups, Uni-Updating Dependent Groups & Bi-Updating Dependent Groups. Less data 

dependencies in Dependent Groups lead to a more flexibility and a higher performance 

enabled by parallel the processing.  

Synchronizing the execution of dependent groups can be done by putting one or both of the 

groups in the waiting mode or by using the buffers. 

8.4 Optimization 

The feedback returns the data streams to the point where they came from. Feedback is an 

expected result of distributing a single – CAL Actor – component over many processors. 

Eliminating and reducing the feedbacks can be done by duplicating the updating expressions 

in front and back processors. This exercise increases the speed of the processing, but it 

increases the power consumed in the MPPA embedded processor. 

8.5 Future Work 

The current implementation processes 27.6 frames per second. In this thesis project, our 

concern is to apply CAL actors properly over a single processor or several processors. 

Increasing the number of processors process the data stream is a traditional way to increase 

the performance. The ―Dependent Groups‖ technique was explained before in this thesis, but 

it wasn’t applied. Enhancing the performance by applying the ―Dependent Groups‖ technique 

is a matter to consider.  

Generating an aJava code from CAL actor automatically is another possible enhancement of 

this thesis.  
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