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Problem

Is it possible to utilise the computational power of a multi-computer
environment for real-time applications by developing an experimental
runtime system and exploring its applications?





Abstract

In this thesis, an experimental runtime system for utilizing the computational
power of a multi-computer environment is presented.

Through simple benchmark tests it is shown how some tasks will have a con-
siderate speed-up compared to running on a single computer.

An outline for designing languages and compilers suited for the runtime is
also explored and discussed, and it is shown how the system, with some exten-
sions, would be well suited for utilizing the spare computational power in a multi-
computer environment. This also holds, with some extra considerations, for a
real-time application.
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Chapter 1

Introduction

In this thesis, an experimental runtime system developed for running real-time
applications in a multi-computer environment is presented. Structure and imple-
mentation of the runtime will be explained and its applications explored.

The thesis also brie�y presents a simple benchmark test of the system.
Initially, the GUSTAFSON runtime system was planned to support the design

of a multi-computer, real-time language. However, as the planning progressed, the
design and implementation of the runtime itself showed to be of considerate size.
As such, this project focus on the runtime, with some consideration of language
design (in chapter 4).

1.1 The name

The runtime presented in this thesis has been given the name GUSTAFSON, which
stands for General Utilisation System for Timed Application and Fast Scheduling
Over Network. The name is a backronym1, and the resulting runtime may neither
be as general nor fast as the name could imply, and only manual, static scheduling
is currently used. It should, however, be a valid description for the ideal the
runtime is shaped after.

1.2 Previous work

The author has for his master's specialisation project[1] developed an experimen-
tal real-time language with associated compiler and runtime for a single-computer,
multi-core environment. Although this thesis should be regarded as an indepen-
dent project, experiences from the specialisation project will have in�uenced some
decisions made in this project where their scopes overlap. This is especially true for

1A backronym or bacronym is a phrase constructed purposely, such that an acronym can be
formed to a speci�c desired word[3].
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the task manager (presented in section 2.2), which is designed to avoid problems
faced in the specialisation project.
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Chapter 2

Structure

2.1 Terminology

This is a short overview of the terminology used in this chapter.

• System is used to describe the overall system; that is, the nodes connected
together.

• Node is one speci�c instance of the runtime, usually running on its own
computer.

• Peer is sometimes used instead of node to distinguish between one node
(called node) and other nodes (called peers) it communicates with.

• Worker is a part of the runtime, running in its own thread.

• A program is executed on the system.

• A procedure is a small part of the program, designed to run on a single node.

• A task is an instance of a procedure, running on a single node, communicating
with other tasks on the same or other nodes.

• Each node is assigned its own unique id, used to referring to it in the program.

2.2 Task management

2.2.1 Task state

In a concurrent system, a task will often be described to have a state that re�ects
whether the task is being executed, waiting to be executed or is blocked, waiting
for another task to release a resource or �nish a computation. An example of such
a set of states is given here:
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• RUNNING - The task is currently being executed on the CPU.

• READY - The task is ready to run, and is waiting for an available CPU.

• BLOCKED - The task requires a resource currently held by another task, or
needs the result from another task's computation.

• FINISHED - The task has completed, and may be deleted.

GUSTAFSON has a set of states that is based on these, but more states are added
to distinguish between di�erent reasons for the task to be blocked, and for the task
to request actions from the runtime system.

• NEW - The state of the newly created task. The runtime set the state to
NEW when the task is created, so that the task will do necessary initialisa-
tions when run for the �rst time.

• READY - The task is ready to run, and is waiting for an available CPU in
a FIFO queue. Both the task itself and the runtime may set a task state to
READY.

• CHANR - The task requests to read a channel. This may or may not block,
depending on whether the channel has data available or not. This state
is set by the task, but the runtime may return the task to this state from
CHANRNW.

• CHANW - The task requests to write to a channel. This may or may not
block, depending on whether the channel has free bu�er space or not. This
state is set by the task, but the runtime may return the task to this state
from CHANWNW.

• NODEWAIT, CHANRNW, CHANWNW - The task is waiting for another
node to appear in the system. NODEWAIT is set by the task to tell the
runtime to check whether a given node is ready, and to wait for it if it is
not. CHANRNW and CHANWNW (�channel read node wait� and �channel
write node wait�) is set by the runtime if a channel operation could not be
performed because the corresponding node is not ready.1

• TRANSFER - The task tells the runtime to transfer a procedure to another
node.

• SPAWN - The task tells the runtime to execute a task on this or another
node. Arguments are given to tell the task what channels to use, and what
nodes to communicate with.

• DONE - The task is �nished, and the runtime should delete the entry.

1The CHANWNW state could have been omitted, since the transmitted data is bu�ered in
both the sending and receiving node until read by the destination task. It has, however, been
included to simplify the runtime, and to make read and write operations more similar.
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2.2.2 Operation

The task manager contains of a queue of non-blocking tasks, and a number of
workers that fetch tasks to run from this queue. The tasks in the queue can both
be ready to be executed and ready to perform channel communication. In the �rst
case the task will be in the state NEW or READY, and in the latter case the state
will be CHANR or CHANW, and has been put in this state by the runtime from
CHANRNW /CHANWNW (see section 2.4).

If the task is ready to run it is executed. Afterwards, the state of the task
is checked again, and if the state is READY the task is put back in the queue.
Any other state will trigger additional actions, such as channel communication or
spawning a new task. If this action does not block, the state of the task is then
returned to READY, and the task is put back in the queue. If the action blocks,
the task will be handled by other parts of the runtime (see sections 2.3 and 2.4).
If the action is to delete the task (the state is DONE ), the task is of course neither
returned to the queue nor stored in other parts of the runtime.

2.3 Channels

All communications between tasks are made by asynchronous channels. The chan-
nels are made asynchronous since they partly communicate over network, and
synchronous channels would therefore in many cases cause unacceptable delay. If
procedures should need synchronous communication, such channels may easily be
built on top of asynchronous channels.

Channels are bi-directional and both the sender and the receiver specify the
number of bytes they want to read/write on each operation. It is up to the user2 of
the system to ensure that the transferred data is assembled back into the correct
data structure, and that any di�erence in byte ordering between host is com-
pensated for. Due to this, and other design choices, channels communication is
restricted to be one-to-one, although it is not enforced by the runtime and it will
again fall to the user to ensure correct use.

The runtime system maintains two bu�ers for each channel; one for read and
one for write. If the communicating tasks are on di�erent nodes both nodes holds
a copy of each of the bu�ers, but the bu�ers are not duplicated if the tasks reside
on the same node. This design is chosen so that the task may return quickly from
a channel operation3 while the potentially slow network communication is carried
out by a number of parallel workers.

Each channel holds a queue4 of blocked tasks. These tasks are blocked due to

2The user may refere to both machine (compiler) or manual programming.
3Given that the operation does not block due to an empty bu�er in case of a read operation

or a full bu�er in case of a write operation.
4Due to the channels being one-to-one, the queue size should never exceed one. The design

and implementation do, however, not hold this limitation, partly to allow the use of queue design
from other parts of the runtime (that allows longer queues of blocked tasks), and partly to allow
future implementations of one-to-many/many-to-many channels.
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an empty/full bu�er. Tasks that are blocked because they are waiting for another
node to register in the system are managed by another part of the runtime. (See
section 2.4.)

2.3.1 Example

Figures 2.1 through 2.8 shows an example of one task on one node sending the
string �Hello, world!� to another task on another node. The top of the �gures
show the memory in which the string to be sent resides. Below follows the send
bu�er of the sending node and the receive bu�er of the receiving node and �nally
the memory the receiving task has allocated for the string.

The sending bu�er holds three pointers to manage the data transfers; swPtr,
ssPtr and srPtr which is the write pointer, the send pointer and the read pointer,
respectively. The write pointer points to the next place in the bu�er to write
to. If it points to the place before the read pointer, the bu�er is considered full
(meaning that the e�ective capacity is one byte less than the allocated memory for
the bu�er.) The send pointer points to the next byte in the bu�er to send over the
network to the receiving node. The read pointer points to the next byte for the
receiving task to read, and re�ects the state of the receive bu�er on the other node.
It is in other words updated when the sending node receives an acknowledgement
from the receiving node that the receiving task has read some of the transferred
data.

The receiving bu�er is similar, but only holds two moving pointers; rwPtr and
rrPtr, the write and read pointers, respectively. Data received over the network
is put at the location pointed to by the write pointer, and the receiving task gets
data from the location pointed to by the read pointer.

With the assumption of instant network transfers, the two bu�ers on the two
nodes will be identical, and the write and send pointer on the sending side will point
to the same location. This assumption does of course not hold, but the bu�ers will
still be identical when the system is in a stable state with no data waiting to be
sent over the network, as it is when it is idle (neither of the communicating task
wish to send or receive), only the receiver is ready, or only the sender is ready and
it has �lled the bu�ers.

The progress of this example is described in the captions of the �gures.

2.3.2 Local communication

When both the sender and the receiver resides on the same node the matter is
somewhat simpli�ed, but also somewhat complicated. Simpli�ed because all steps
involving network transfers and acknowledgements is no longer necessary, but com-
plicated because each bu�er is both a read and write bu�er, depending on which
task that is using it. The system solves this by recording the �rst task that access
the channel, and later it will compare any task accessing the channel to the record,
deciding what bu�er to use on this basis.
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Figure 2.1: Both the sender and the receiver is ready to start the transfer and the
bu�ers are empty. The receiving task is blocked and suspended, and the channel
manager will wake it when the bu�er holds data for it to read.
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Figure 2.2: The sender has transferred the �rst part (�Hello�) to the send bu�er.
There is still room for more in the bu�er, but the end of the allocated bu�er is
reached, so the transfer is done in two parts.

8



Figure 2.3: The sender has transferred the second part (�, wo�) to the send bu�er.
The bu�er is now full, as the e�ective capacity of the bu�er is one byte less than
the allocated memory. The sending task is now blocked as it still need to send
�rld!\0�, and it is suspended until the channel manager wakes it up.
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Figure 2.4: The content of the bu�er is sent over the network to the receiving
node. This is actually done in two parts, similar to the transfer to the bu�er, but
is shown in one �gure to simplify the example. The receiving task is no longer
blocked and is waked by the channel manager to resume the write operation.
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Figure 2.5: The receiver now copies the content of the receive bu�er to its al-
located memory. Again, this is actually done in two parts, but the example is
simpli�ed to show it in one �gure. As the receiver reads the data, it sends an
acknowledgement to the sender, which in turn moves its read pointer, and frees
bu�er space. The bu�ers are now empty again, meaning that the sending task
is unblocked and resumes write operation, while the receiving task is once again
blocked and suspended.
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Figure 2.6: The sender now copies the rest of its message (�rld!\0�) to the bu�er.
It has now completed its part of the transfer, and returns to its execution.
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Figure 2.7: The content of the send bu�er is again sent over the network to the
receiver. The receiving task is unblocked and resumes the read operation.
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Figure 2.8: The rest of the message is copied from the receive bu�er to the allocated
memory. An acknowledgement is sent to the sender, and the receiving task has
completed the communication and returns to its execution. Both bu�ers are now
empty and ready for a new transfer.
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2.4 Node and network managing

2.4.1 Connecting to other nodes

In most aspects, the nodes of the system may be regarded as equals. The system
is peer-to-peer and all nodes communicate directly with all other nodes. However,
when the system is starting up, one node is designated master and all other nodes
are told to connect to this node. When a node connects to the master it is informed
of any other node currently connected to the master, and it will in turn connect
to these other nodes as well.

Whenever a node connects to the master the master accepts the connection and
sends a �handshake� to the node. The handshake contains the id of the master and
the IP address and port number of all other nodes already connected to the master.
When receiving the handshake, the connecting node stores the id of the master
and sends a handshake back to the master. This handshake is on the same form as
the one from the master, and contains the id of the node, and the IP address and
port number of all connected nodes.5 When the master receives this handshake, it
stores the id of the node, and replies with another handshake. This handshake will
be identical to the previous handshake the master sent, unless another node has
connected to the master in the meantime and is completely added6, in which case
the IP address and port number of this new node is included in the handshake
as well. When this handshake is sent, the master adds the node's IP address
and port number to the handshake it will sent to subsequently connecting nodes.
Upon receiving this second handshake from the master, the node connects to all
the nodes speci�ed in the handshake in the same way it connected to the master,
except it will not connect to any nodes received in handshakes from other nodes
than the master.

Figure 2.9 illustrates how node 2 connects to the master (node 1). Node 3 is
already connected to the master, and node 2 connects to this node after connecting
to the master.

Figure 2.10 illustrates how two nodes (node 2 and 3) connects to the master
at the same time. Small di�erences in timing may decide if node 3 should connect
to node 2, or vice versa. In this example the master deal with the handshake from
node 3 �rst, and thereby have node 3 completely registered before node 2, and
so it will be node 2 which connect to node 3. In the example we can also see
that the master sends its �rst handshake to node 2 �rst, but this is of little to no
consequence.

It is interesting to note that apart from that the master does not try to connect
to another node on start-up, it behaves exactly like any other node in the system.
In other words, naming any existing node as master to a new node when adding
it would work just �ne, but with one exception: if two nodes join the network at
approximately the same time, connection to two di�erent masters, they may not

5This list is empty at this time of the operation, the master is added to the list after the
handshake is sent.

6�Completely added� means that the master has sent its second handshake to the node.
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discover each other. For this reason, all nodes should connect to the same master.

2.4.2 Managing other nodes

All nodes know of all other nodes (its peers). The peers are stored in three di�erent
data structures; a linked list, a hash table and a string. In addition to the socket
used for communicating with the peer, the id and address informations are stored.

The linked list is used for closing all connections when restarting the system
(on critical errors). Peers are added to the list as they connect to the node, or as
the node connect to them.

The string is the handshake used when the node connects to peers, or peers
to connect to it. If the node is the master, the connecting peer will use this
information to connect to all other peers connected to the master. (See section
2.4.1.)

The hash table use the peer id as key and �key modulo number of buckets�
as hash function. Peers will be added when the node receives a handshake, but
an entry will also be made if a program makes a reference to a peer not yet
connected, that is, the program attempts channel communication with a peer that
is not connected, or explicitly tells the runtime to wait for a peer to be ready (by
setting it's state to NODEWAIT, see section 2.2.1).

These three data structures are split between two modules; the network module
holds the linked list and the string, while the hash table is held by an individual
module called PeerHash, after the data structure it holds. While the network
module is responsible for the actual communication with, and connection to, other
nodes, the PeerHash module o�ers functionality for quickly retrieving the peer
information given the id (used by the channel communication module and the
network module) and is responsible for storing and waking tasks that are blocked
waiting for a peer to connect.

2.5 Summary of task storage

In summary, when a task is not executed7 it is stored in one of three possible
locations; the queue of ready-to-run tasks (see section 2.2.2), the channel module
(tied to a channel blocking the task, see section 2.3), or the PeerHash module
(waiting for a peer to connect to the node, see 2.4.2).

2.6 File and procedure managing

A program consists of a number of procedures. When the program is prepared to
run on GUSTAFSON, each procedure is compiled as a dynamic linkable library
and placed in its own separate �le with the same name as the procedure. The entry

7Non-blocking channel communication and other non-blocking actions is included in the term
execute here
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Figure 2.9: Example of simple node connection

Figure 2.10: Example of interleaved node connection
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point (main procedure) of the program to run is speci�ed on one of the nodes when
the runtime is started. See section 3.2.2 and 3.3 for more information on this.

It is actually possible to specify several independent, or even dependent, pro-
grams to to run simultaneously (one for each node), however, extra care must be
taken when designing such programs as the system will not validate that several
programs do not use the same channels.

GUSTAFSON holds functionality for transferring the function �les to the nodes
that needs them. This is invoked manually by the task setting its state to TRANS-
FER (see section 2.2.1). The designer of the program is responsible for ensuring
that any node holds the needed �les before the program tries to spawn a task from
the corresponding function on that node. Since the transferring functions is a rel-
atively slow operation8, it might be wise for the designer to ensure that all nodes
have the needed �les before the program is run, and not make the program itself
do the transferring of �les. The designer should however be aware that trying to
spawn a task on a node where the corresponding �le does not exist, will cause a
critical error, restarting the entire system (see section 2.8).

2.7 Creating new tasks

A task can spawn a task from any procedure on any node (given that the procedure
has been transferred to that node, see section 2.6). This is done by the task setting
its state to SPAWN (see section 2.2.1) after setting the needed arguments for
spawning the new task. The arguments are which procedure to create the task
from, what node to spawn the task on, what channels to use, and on which nodes
the tasks using the other ends of those channels resides.

The runtime will send this information to the given node, which will spawn the
new task. If the node to spawn the new task on is the same as the source task is
running on, the runtime will of course spawn the new task itself.

2.8 Error handling

To simplify the system, every error is treated as a critical error and restarts the
system. If a node encounters an error, it closes down its connections to its peers,
and restarts the runtime. The peers will intrepid the closed connection as errors,
and will in turn shut down their own connections and restart.

There is a delay on the restart to allow all connections to be closed, and all
peers to go in error mode before the restart. This delay is shorter for the master
node than the slaves. This makes it probable that the master is ready to accept
incoming connections before the slaves restart.

8In this implementation, the operations ties up a worker for the entire duration of the transfer
(in contrast to channel communication, which has its own dedicated set workers), and thereby
slows down the program additionally. This is done to simplify the system, as the transferring of
�les is somewhat less interesting than the remaining scope of this project.
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Chapter 3

Implementation

3.1 Runtime

The source code for the runtime is given in appendix C, and the electronic attach-
ment (see appendix A). The description of its structure and behaviour is given in
chapter 2. This section gives a short description of the modules/�les the runtime
is divided into.

3.1.1 Channel manager

The source code is given in appendix C.2 and C.3. This module is responsible for
the channel communication.

It uses the network and PeerHash modules (see sections 2.3 and 2.4). It is used
by the Task manager.

3.1.2 Function manager

The source code is given in appendix C.4 and C.5. This module is responsible for
loading procedures from �les and instantiating them to tasks (together with the
task manager). It also stores �les/procedures received from other nodes, and reads
�les to send to other nodes.

The module uses the task manager, and is used by the task manager and the
network module.

3.1.3 Network and PeerHash

The source code is given in appendix C.8, C.9, C.10 and C.11. The network module
is the largest module in the system (in terms of code lines). It is responsible
for connecting to, and communicating with other nodes. The PeerHash module
stores tasks blocked due to missing (not yet connected) peers, and retrieves peer
information given the peers id/node id (see section 2.4.2).
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These modules use, and/or are used by, all the other modules.

3.1.4 Task manager

The source code is given in appendix C.12 and C.13. The task manager manages
the queue of the tasks that are ready to run, and holds a number of workers that
execute the tasks from this queue (see section 2.2).

The module uses all the other modules, and is used by many of them.

3.1.5 Other

A main-function, given in C.1, reads the needed arguments for the system, and
starts it. It also restarts the program in case of critical errors.

The system has one global variable (given by �Global.h� and �Global.c�, see
section C.6 and C.7) used to coordinate the restart of the system in case of errors.

3.2 Prepared programs

3.2.1 Syntax and structure

This section describes the form the procedures to be run on GUSTAFSON must
have, before being compiled/linked1. Each procedure must reside in its own �le,
with the general form shown in code 3.1. The argument to the procedure (in-
stanceStruct, see code 3.2) contains �elds needed to communicate with the runtime,
remembering what part of the (re-entrant) procedure that currently is executed,
and pointers to the memory used internally in the procedure and memory used by
channel communication2.

Code 3.1 General structure for the ready-to-compile procedure

1 void procedure_name ( struct In s t anceS t ruc t ∗ i n s t ance ) {
2 switch ( ins tance−>step ) {
3 /∗ . . . ∗/
4 }
5 }

As shown in code 3.1, all code in the procedure is placed in a switch. When the
procedure is given CPU-time, it runs the case given by argument instance->step.
Before relinquishing the CPU, the procedure updates instance->step to the next
case to run, typically incrementing it for sequentially code, or setting it to lower

1That is, the form when written in C. In a practical application, the procedures would probable
not be translated to C, but rather an intermediate/assembly language. It is, however, more
practical to present the form in C, and this form will of course also tell the seasoned compiler
designer much about the form of the intermediate/assembly language.

2These memory areas may, or may not, overlap.
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Code 3.2 The struct holding the needed data for each task. The task itself uses
all �elds except the �rst (funStruct) and the last two (next/prev).

1 struct In s t anceS t ruc t {
2 struct FunStruct ∗ funStruct ;
3 void ∗memPtr ;
4 int ∗chanTrans ;
5 int s tep ;
6 enum In s tanceSta t e s t a t e ;
7 void ∗comPtr ;
8 int comSize ;
9 int loca lCh ;
10 int nodeWait ;
11

12 struct In s t anceS t ruc t ∗next , ∗prev ;
13 } ;

or higher values to implement branches and loops. A simple case is given by code
3.3.

It is also shown in code 3.3 how the procedure updates its state before it returns.
The states are explained in section 2.2.1, but it is in this section shown the practical
use. Apart from updating the instance->step, no additional information is needed
for the procedure to pass to the runtime for the state READY. Most other states,
however, needs additional information to be saved in the instance struct before
returning.

The state NODEWAIT is illustrated in code 3.4. What node to wait for is
given to the runtime (in instance->nodeWait).

Code 3.3 The typical case of the ready-to-compile procedure

1 case N:
2 /∗Do work∗/
3 in s tance−>step = N + 1 ;
4 in s tance−>s ta t e = READY;
5 return ;

Code 3.4 Code for blocking the task until node 7 is connected

1 case N:
2 in s tance−>nodeWait = 7 ;
3 in s tance−>step = N + 1 ;
4 in s tance−>s ta t e = NODEWAIT;
5 return ;
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The states TRANSFER and SPAWN has some similarities. In both cases a
struct SpawnStruct (see 3.7) must be �lled with needed information. The name
of the procedure to be transferred or spawned must be supplied in both cases.
SPAWN also needs information of the channels the procedure will use (see 2.3).
Examples of cases for TRANSFER and SPAWN are given in codes 3.5 and 3.6.

Code 3.5 Code for transferring a procedure to another node. The allocation of
memory may have been done already, in the initialisation, or a previous transfer.
The SpawnStruct (see code 3.7) is �lled with the data needed to transfer the
procedure; the name of the procedure (line 5) and the node to transfer it to (node
9, line 6).

1 case N:
2 in s tance−>comSize = s izeof ( struct SpawnStruct ) ;
3 in s tance−>comPtr = mal loc ( ins tance−>comSize ) ;
4 ( ( struct SpawnStruct ∗) ins tance−>comPtr )−>name = mal loc ( s t r l e n (

"proc_name" ) + 1) ;
5 s t r cpy ( ( ( struct SpawnStruct ∗) ins tance−>comPtr )−>name , "

proc_name" ) ;
6 ( ( struct SpawnStruct ∗) ins tance−>comPtr )−>peer Id = 9 ;
7

8 in s tance−>step = N + 1 ;
9 in s tance−>s ta t e = TRANSFER;
10 return ;

Cases for sending and receiving data over channels are given by code 3.8 and 3.9.
In addition to pointers to the memory area to read from/send to, the procedure
needs to supply the number of bytes to be sent/received.

Finally, a case for cleaning up after the procedure is given in code 3.10. All
allocated memory is freed (it may be more than given in code 3.10) and the state
is set to DONE.

3.2.2 Compilation

To prepare a procedure formatted as shown in section 3.2 to be run on the runtime
GUSTAFSON, it should be compiled as a dynamic linkable library. Each proce-
dure needs to reside in its own �le, and the �le must have the same name as the
procedure. Code 3.11 shows the compilation in gcc.
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Code 3.6 Code for spawning a new task on node 11. The allocation of memory
may have been done already, in the initialisation or a previous transfer. The
SpawnStruct (see code 3.7) is �lled with the data needed to spawn a new task; the
name of the procedure (�proc_name�, line 5), the node to run it on (node 11, line
6), the number of channels (N_CHANNELS, line 7) and the data for each channel
(CHAN_ID/PEER_ID, line 9-10).

1 case N:
2 in s tance−>comSize = s izeof ( struct SpawnStruct ) ;
3 in s tance−>comPtr = mal loc ( ins tance−>comSize ) ;
4 ( ( struct SpawnStruct ∗) ins tance−>comPtr )−>name = mal loc ( s t r l e n (

"proc_name" ) + 1) ;
5 s t r cpy ( ( ( struct SpawnStruct ∗) ins tance−>comPtr )−>name , "

proc_name" ) ;
6 ( ( struct SpawnStruct ∗) ins tance−>comPtr )−>peer Id = 11 ;
7 ( ( struct SpawnStruct ∗) ins tance−>comPtr )−>ctS i z e = 2 ∗

N_CHANNELS ∗ s izeof ( int ) ;
8 ( ( struct SpawnStruct ∗) ins tance−>comPtr )−>chanTrans = mal loc (

N_CHANNELS ∗ s izeof ( int ) ) ;
9 ( ( struct SpawnStruct ∗) ins tance−>comPtr )−>chanTrans [ 0 ] =

CHAN_ID;
10 ( ( struct SpawnStruct ∗) ins tance−>comPtr )−>chanTrans [ 1 ] =

PEER_ID;
11 /∗And so on f o r o ther channe l s ∗/
12

13 in s tance−>step = N + 1 ;
14 in s tance−>s ta t e = SPAWN;
15 return ;

Code 3.7 Struct holding data for spawning tasks and transferring procedures

1 struct SpawnStruct{
2 char ∗name ;
3 int ∗chanTrans ;
4 int c t S i z e ;
5 int peer Id ;
6 } ;
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Code 3.8 Code for sending �Hello, world!� to another task. The id of the node the
receiving task is running on and a global channel identi�er in the array chanTrans
(see code 3.2) based on the number CHAN_ID. �comPtr� will often be set to
point to an existing memory area (an o�set of instance->memPtr), rather than
allocating a new memory area and copying data to it (line 3-4).

1 case N:
2 in s tance−>comSize = 14 ;
3 in s tance−>comPtr = mal loc (14) ;
4 s t r cpy ( intance−>comPtr , "Hel lo ,  world ! " ) ;
5 in s tance−>loca lCh = CHAN_ID;
6

7 in s tance−>step = N + 1 ;
8 in s tance−>s ta t e = CHANW;
9 return ;

Code 3.9 Code for receiving 14 bytes from another task. The received data is
stored at the existing memory area pointed to by �instance->memPtr + 42� (line
3).

1 case N:
2 in s tance−>comSize = 14 ;
3 in s tance−>comPtr = instance−>memPtr + 42 ;
4 in s tance−>loca lCh = CHAN_ID;
5

6 in s tance−>step = N + 1 ;
7 in s tance−>s ta t e = CHANR;
8 return ;

Code 3.10 Code for cleaning up when task is complete. Freeing of other memmory
areas may be needed, depending on the procedure. The instance state is set to
DONE, so that the runtime will delete the task.

1 case N:
2 f r e e ( ins tance−>memPtr) ;
3 in s tance−>step = 0 ;
4 in s tance−>s ta t e = DONE;
5 return ;

Code 3.11 Compilation of GUSTAFSON procedures

1 gcc −shared −n o s t a r t f i l e s −o procedure_name procedure_name . c −g
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3.3 Running GUSTAFSON

This section brie�y describes how to run GUSTAFSON in a multi-computer envi-
ronment.

When starting an instance of GUSTAFSON on a node the instance must be
set up as either a master or a slave (see section 2.4.1), and it may or may not be
given a procedure to run. This totals to 4 di�erent modes to run GUSTAFSON
in.

Common for all modes is that the two �rst arguments should specify the unique
id of the node and the local (tcp) port to listen for new connections on. If no other
arguments are given, the instance starts as a master, with no procedure running
on it initially. See code 3.12 for an example.

Code 3.12 Starting an instance of GUSTAFSON as a master with no procedure
initially running. The node id is set to 2, and the instance listens to tcp port 1045
for incoming connections.

1 . / runtime 2 1045

To start the instance as a slave the �ag -c is given, followed by the ip address
and tcp port of the master. See code 3.13 for an example.

Code 3.13 Starting an instance of GUSTAFSON as a slave with no procedure
initially running. The node id is set to 3, and the instance listens to tcp port
1045 for incoming connections. The slave will connect to the node with ip address
10.0.0.1 on tcp port 1045.

1 . / runtime 3 1045 −c 1 0 . 0 . 0 . 1 1045

To run a procedure on the instance the �ag -p is given, followed by the proce-
dure name. This extension can be added both to master and slave instances. See
code 3.14 for an example.

Code 3.14 Starting an instance of GUSTAFSON as a slave with the procedure
�myProcedure� initially running. In all other aspects, the instance is equal to the
one given in code 3.13.

1 . / runtime 3 1045 −c 1 0 . 0 . 0 . 1 1045 −p myProcedure
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Chapter 4

Applications

The runtime presented so far in this report would of course have little practical use
without a language to use with it. Although the full design and implementations
of such languages and associated compilers fall outside the scope of this thesis,
this chapter will present a rough outline of such languages.

In this chapter, two levels of abstraction that can be used when programming
for GUSTAFSON is shown. The lower level of abstraction is to apply a simple
language where it is still the programmer's responsibility to specify what part of
the program that should be split in separate tasks and on what nodes to execute
each task.

On the higher level of abstraction, a more standard type of language is applied.
In this case the compiler will split the program in tasks and assign the tasks to
di�erent nodes, based on simple or complex analysis.

4.1 Low level abstraction

4.1.1 Example

Code 4.1 shows an example of a simple producer/consumer pair, written in a
language suited to be converted to a program intended for GUSTAFSON. This
language contains, in addition to the usual if, while, procedures and so on, syntax
for:

• waiting for other peers to connect/be connected to - WAITFOR <node id>

• transferring �les/functions to other nodes - TRANSFER <procedure name>
<node id>

• reading from and writing to channels - CHAN(<chan number>) ! var and
CHAN(<chan number>) ? var

• spawning tasks on other peers (or the same node) - SPAWN <procedure
name> <node id> <channel information>
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Code 4.1 An example of a simple producer/consumer pair

1 PROCEDURE f 1
2 FOR a = 1 TO 42
3 CHAN(1 ) ! a
4 END

5 CHAN(2 ) ! a
6 END

7

8 PROCEDURE f 2
9 b = 0
10 WHILE b != 42
11 CHAN(1 ) ? b
12 PRINT b
13 END

14 CHAN(2 ) ! b
15 END

16

17 PROCEDURE main
18 WAITFOR 2
19 WAITFOR 3
20 TRANSFER f 1 2
21 TRANSFER f 2 3
22 SPAWN f 1 2 ( 1 : 3 , 2 : 1 )
23 SPAWN f 2 3 ( 1 : 2 , 3 : 1 )
24

25 CHAN(1 ) ? a
26 CHAN(2 ) ? a
27

28 PRINT "DONE! "
29 END
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The syntax WAITFOR and TRANSFER should be relatively simple to under-
stand; see sections 2.4.2 and 2.6 for descriptions of their functions.

The syntax for reading from and writing to channels are partly inspired by
occam[2]; ! and ? is used to indicate writing and reading, respectively. CHAN(...)
is used to indicate the channel to use. Chan number is an identi�cation local to
the current procedure. The runtime will translate this to a globally valid channel
id.

SPAWN starts a new task. The �rst two arguments are the same as for
TRANSFER; they indicate the procedure to create a task from and the node
to run it on. The last argument is a translation from the local channel identi�ca-
tion used in procedures, to globally valid channel id and peer id. The argument
is on the form (<chan id>:<peer id> [,<chan id>:<peer id>]*) and contains a
chan id/peer id pair for each channel used in the procedure.

In the example (code 4.1), lines 1 through 6 gives the producer (called f1 ). The
producer produces the numbers from 1 through 42 and writes them to channel 1
(local id). Afterwards it writes 42 to channel 2.

The consumer (called f2 ) on lines 8 through 15 is similar; the consumer reads
numbers from channel 1 and prints them. When the consumer reads the number
42, it exits, after writing 42 to channel 2.

Lines 17 through 29 gives the main. The main, designed to run on node 1,
spawns a producer on node 2 and a consumer on node 3. Lines 18 and 19 instructs
the main to wait to nodes 2 and 3 are connected. Then the procedure �les for the
producer and consumer are transferred to nodes 2 and 3 (lines 20-21). Lines 22
and 23 spawns the producer and consumer on the remote nodes, and sets up the
channels. Channel 1 on the producer is tied to channel 1 on the consumer, and
channel 2 on both the producer and consumer is tied to the main, to channels 1
and 2, respectively. Finally, the main listens to channels 1 and 2, to tell when the
producer and consumer are �nished, and prints �DONE� when they are.

The translated versions of main, f1 and f2 are given in the electronic attachment
(main.c, f1.c and f2.c), and in the appendix, section B.2.

4.1.2 Application

Manually programming in this low level abstraction does not seem feasible, since
the programmer is charged with the responsibility of managing and assigning tasks
to nodes, and the set up and use of channels is somewhat complex.

However, consider the same example given in code 4.2 with a slightly higher
lever of abstraction. In this example it is not the concern of the programmer to
decide what tasks should run on what nodes, nor to manually check which nodes
are ready; this responsibility is left to the compiler1, or even the runtime. The
programmer also uses variables for the channels, both for the actual communica-

1The compiler would of cause not check which nodes are ready, since this obviously must be
done at runtime, but rather insert the code for checking if nodes are ready at the appropriate
place.
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Code 4.2 An example of a simple producer/consumer pair - modi�ed

1 PROCEDURE f 1 ( ch1 , ch2 )
2 FOR a = 1 TO 42
3 ch1 ! a
4 END

5 ch2 ! a
6 END

7

8 PROCEDURE f 2 ( ch1 , ch2 )
9 b = 0
10 WHILE b != 42
11 ch1 ? b
12 PRINT b
13 END

14 ch2 ! b
15 END

16

17 PROCEDURE main
18 CHAN cha , chb , chc
19 SPAWN f 1 ( cha , chb )
20 SPAWN f 2 ( cha , chc )
21

22 chb ? a
23 chc ? a
24

25 PRINT "DONE! "
26 END

30



tion, and when setting up the tasks. This level of abstraction may be suited for
actual use.

Without these modi�cations, however, this low level abstraction is still suited
for an intermediate language.

4.2 High level abstraction

4.2.1 Example

As specifying the code for each task as an individual procedure is both time con-
suming and potentially greatly increase the number of code lines, a higher abstrac-
tion is desired.

Consider we want to encrypt a string with the hypothetical function encrypt().
Assume the unspeci�ed method of encryption lets us split the string in several
parts, encrypt them separately, and reassemble the encrypted strings, forming the
same encrypted message as if we where to have encrypted the whole string in one
piece. The task is in other words well suited for parallelisation.

Code 4.3 shows a simple program to encrypt two strings in parallel. The key-
word PAR (loosely inspired by occam[2]) indicate that every statement between it
and the associated END should be run in parallel. The compiler is left responsible
for splitting the code into procedures and setting up the needed channels.

The same program is transposed to a lower level abstraction in code 4.4. The
number of lines are approximately doubled (not counting blank lines), even when
the TRANSFER and WAITFOR commands used in code 4.1 are omitted. The
readability is also reduced, even in this simple example.

4.2.2 Application

A high level abstraction language like this would be suited for many applications.
However, the ability to manually specify tasks is still in many cases useful, so the
functionality of a high level abstraction like in code 4.3 should come in addition
to the functionality shown in section 4.1.2.
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Code 4.3 Simple example of distributing work to two nodes

1 FUNCTION main
2 PAR

3 a = encrypt ( "This s t r i n g should be encrypted " )
4 b = encrypt ( "And so should t h i s " ) ;
5 END

6 PRINT a + b
7 END

Code 4.4 Code 4.3 rewritten to a lower level abstraction

1 FUNCTION f 1
2 CHAN(1 ) ! encrypt ( "This s t r i n g should be encrypted " )
3 END

4

5 FUNCTION f 2
6 CHAN(1 ) ! encrypt ( "And so should t h i s " )
7 END

8

9

10 FUNCTION main
11 SPAWN f 1 2 ( 1 : 1 )
12 SPAWN f 2 3 ( 2 : 1 )
13

14 CHAN(1 ) ? a
15 CHAN(2 ) ? b
16 PRINT a + b
17 END
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Chapter 5

Benchmark

5.1 The benchmark program

This chapter presents a simple benchmark test. By using a simple (and ine�cient)
algorithm for factorising a number into its prime components, it is shown how a
near ideal1 task for parallelisation is executed on nine2 nodes. The program, writ-
ten in the �Low level GUSTAFSON language� given in section 4.1, is given in code
5.1. Three di�erent implementations are used (given in appendix B.2), di�ering
on how the while- and for-loops (lines 4 and 5 in code 5.1) are implemented.

The implementation referred to as �-O0� returns to the runtime for each it-
eration of the loops, clearly resulting in massive overhead as the inner loop (the
for-loop on line 5) totally iterates approximately equal to the sum of the factors of
number being factorised, which may be in the millions, and even billions for some
numbers.

The �-O1� implementation does not return to the runtime for each for-loop
iteration, but rather uses the for-loop directly. It still returns to the runtime
for each iteration of the outer loop (the while-loop on line 4). This reduces the
overhead from the �-O0� implementation.

Finally the �-O2� implementation returns to the runtime at neither loop. As
the while-loop typically has few iterations, this should not have a large impact on
performance compared to the �-O1� implementation.

A single code version of the program is given in 5.2 and is used as a reference.

1Ideal in the sense that it has one independent component for each node, and the components
are of the same size.

2Eight nodes are doing the computations, while one node acts as a controller. Having a
separate node as a controller is not necessary, but simplify the example.
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Code 5.1 Ine�cient factorisation program for benchmark tests

1 PROCEDURE work
2 CHAN(1 ) ? number
3

4 WHILE number != 1
5 FOR f a c t o r = 2 TO number
6 IF number MOD f a c t o r == 0
7 PRINT f a c t o r
8 number = number / f a c t o r
9 BREAK

10 END

11 END

12 END

13 CHAN(1 ) ! number
14 END

15

16 PROCEDURE main
17 WAITFOR 2
18 . . .
19 WAITFOR 9
20

21 SPAWN work 2 ( 1 : 1 )
22 SPAWN work 3 ( 2 : 1 )
23 SPAWN work 4 ( 3 : 1 )
24 SPAWN work 5 ( 4 : 1 )
25 SPAWN work 6 ( 5 : 1 )
26 SPAWN work 7 ( 6 : 1 )
27 SPAWN work 8 ( 7 : 1 )
28 SPAWN work 9 ( 8 : 1 )
29

30 //Example va lues , the a c t ua l v a l u e s used d i f f e r s
31 CHAN(1 ) ! 70312316987348207
32 CHAN(2 ) ! 8560050841190522549
33 . . .
34 CHAN(8 ) ! 9223372036854775783
35

36 CHAN(1 ) ? a
37 CHAN(2 ) ? a
38 . . .
39 CHAN(8 ) ? a
40

41 PRINT "DONE"
42 END
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Code 5.2 A single core C reference program for the benchmark tests

1 #include <s td i o . h>
2 #include <s t d l i b . h>
3 #include <l im i t s . h>
4

5 int main ( int argc , char ∗∗ argv ) {
6 i f ( argc < 2)
7 return −1;
8 long long unsigned int n = s t r t o u l l ( argv [ 1 ] , NULL, 10) ;
9 i f (n == ULLONG_MAX | | n == 0)
10 return −1;
11

12 long long unsigned int f ;
13 while (n != 1) {
14 for ( f = 2 ; f <= n ; ++f ) {
15 i f (n % f == 0) {
16 p r i n t f ( "%l l u \n" , f ) ;
17 n = n / f ;
18 break ;
19 }
20 }
21 }
22

23 return 0 ;
24 }
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5.2 The benchmark setup

Nine identical machines were used in the benchmark tests. The reference program
ran on one, while the GUSTAFSON program used one computer as a controller
and an other eight to do the computations.

The GUSTAFSON program does eight times the work of the reference program
(it factorises the same number eight times, once on each work node), meaning the
computation time for it is directly comparable with the computation time of the
reference program, provided we ignore the controller node (which is a reasonable
assumption in this example, as the factorisation demands much more computa-
tional power than the controlling node).

The scripts used to execute the program (on several computers by ssh) is given
in appendix B.2.

5.3 The benchmark results

Two di�erent numbers is used in the bench mark, 15310972286449713778 with
factors 2, 401, 991, 4801, 22159 and 181081, and 15310972286449713776 with
factors 2, 2, 2, 2, 103, 1468189 and 903994019. The results are given in tables 5.1
and 5.2.

From the �rst example (table 5.1) it is shown that there is, as expected, a large
improvement from the �-O0� to �-O1� and �-O2� implementations (the latter run-
ning about 2.75 times faster), but it is also shown that even the fast GUSTAFSON
implementations are much slower than the reference program (which runs about
40 times faster). For a small computation this should be expected, as a number of
(relatively slow) messages needs to be sent over the network.

From the second, much more computationally heavy, example (table 5.2) it is
again shown a large improvement the �-O0� to �-O1� and �-O2� implementations
(this time �-O1� is almost 50 times faster than �-O0�). More surprisingly is is shown
a signi�cant speed-up from �-O1� to �-O2�. The reason for this eludes the author,
but it is of little consequence for the conclusions of the benchmark. Finally, it is
shown that the di�erence between the reference and the GUSTAFSON program is
much smaller here, with the reference program running only twice as fast as the �-
O1� implementation, meaning the the use of the GUSTAFSON program (running
8 times the calculations of the reference) has a considerate speed-up in this case. It
should be noted that there is still a massive room for improvement, but tweaking
the runtime for maximal e�ciency is not considered within the scope of this thesis.

5.4 Summary

While this chapter has brie�y demonstrated the plausibility and potential of the
runtime GUSTAFSON, it should be noted that this benchmark on no expense pre-
tends to cover all aspects of GUSTAFSON and its e�ciency, nor gives a complete
picture on when it may be bene�cial to use GUSTAFSON.
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Table 5.1: Results of benchmark tests factorising 15310972286449713778

Test no Reference [ms] -O0 [ms] -O1 [ms] -O2 [ms]
1 2 221 81 80
2 2 212 80 81
3 2 241 80 84
4 2 222 80 80
5 2 215 81 80
6 2 214 80 81
7 2 221 81 80
8 2 204 80 81

Table 5.2: Results of benchmark tests factorising 15310972286449713776

Test no Reference [ms] -O0 [ms] -O1 [ms] -O2 [ms]
1 7207 735499 15011 11430
2 7208 N/A 15269 11439
3 7207 N/A 15019 11431
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Chapter 6

Discussion

6.1 Considerations for real-time applications

It is possible to argue that the most important aspect of a real-time application is
predictability. So, is it possible to claim that GUSTAFSON is predictable?

As the system is experimental, in many aspects un�nished, and also largely
untested, it will in all probability contain several bugs and faults, making it un-
predictable. However, those errors lay outside the scope of this thesis, and may be
ignored in this discussion.

The nodes of the system communicates with its peers over network, and the
system may hence su�er from some of the inherit unpredictability of the the net-
work. As the communication happens over TCP, it may be assumed that the
received data is correct1, and that lost packages is retransmitted. This leaves two
issues; total loss of network and unpredictable transmission time.

Measures may be made to reduce the chance of loss of network, but it will be
impossible to guarantee against failure. In this implementation, loss of network is
considered a critical, unrecoverable error, much in the same way as loss of a node.
If needed, the system could be extended to provide support for both redundant
nodes and networks.

Not being able to reliable predict transmission times may pose a problem in
critical real-time applications. Again, measures may be made to increase the
quality of the network, and hence increase the predictability, but some level of
uncertainty may be unavoidable.

The rest of the system should in most aspects be predictable, assuming it is
possible to predict how the OS grants the systems resources, but it may be needed
to tweak the number and priorities of workers.

1Assuming the system is not deliberately attacked. The security measures to prevent this is
considered outside the scope of this thesis.
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6.2 E�ciency

Although some high level considerations (like the choice of asynchronous channels
over synchronous channels, see section 2.3) have been made, many aspects of
making the runtime as e�cient as possible have not been touched. It is likely
that both minor adjustments to the code and larger redesigns could lead to a
considerate better e�ciency.

As it is brie�y shown in chapter 5 it is necessary with some improvement to
e�ciency for GUSTAFSON to have a practical value. However, the same chapter
show that considerate speed-up is already achievable for some tasks.

6.3 Further work

The previous sections of this chapter have already suggested several aspects of
the system that would bene�t from further development. This section will brie�y
touch a few more aspects.

6.3.1 Applications

As discussed in chapter 4, a language with a corresponding compiler is needed for
GUSTAFSON to have any practical value.

The development of one or more such languages and compilers would form an
interesting thesis on its own. A similar task (but somewhat simpler as it only
consider one (multi-core) computer) is examined in [1].

6.3.2 Ease of use

Ease of use has not been within the scope of this project. There are several
additions to the system that would improve usability, most notably:

• GUI: A simple, intuitive user graphical user interface could greatly improve
the usability. Currently information is printed on the command line once,
with no way of query for it.

• Remote control: Currently, remote control is only available in the sense of
remote controlling the target computer (remote desktop, remote shell or
similar). By integrating some remote control features into GUSTAFSON,
combined with the previous point of a GUI, usability could be greatly in-
creased. This is especially true when the nodes of the system is not placed
in the same location.

6.3.3 Multi-platform usage

The implementation presented in this thesis is build on Linux/POSIX. By extend-
ing the system to work on multiple platforms can get the following advantages:
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• Increased computational power: By including platforms now unavailable, it
is possible to increase the computational power.

• Increased availability: Allowing the system to work on hand held devices, e.g.
a smartphone, will greatly increase the users access to heavy computational
power.

• Utilize specialised platforms: Some platforms may be specialised in solving
particular tasks, e.g. doing matrix operation or digital signal processing. By
dividing the program in tasks suited for running on di�erent specialised plat-
forms it is possible �nish calculations faster, but also minimise the amount
of resources uses, freeing computational power for other tasks.

6.3.4 Other Extensions

In any future work with applications and languages for GUSTAFSON, it would
probably surface the need for additional support from the runtime. For instance,
it might be of use for an application to receive information about the workload
from the di�erent nodes, for dynamically decide what node to run a task on.

Alternatively, built-in support in the runtime for scheduling, and even re-
scheduling, of task to nodes may be of interest.

Information of network bandwidth and round-trip delay between nodes may
be of interest for both static and dynamic scheduling, as would the computational
power, and number of cores, of the di�erent nodes.

The ability to shut down one node without resetting all the other nodes would
greatly improve the system. In addition, the system should be able to handle if
a node goes down due to an error. The system would need to redistribute the
work of the a�ected node to other nodes. Alternatively, redundant nodes doing
the same work could be utilised, as brie�y touched in section 6.1, but the system
would still need to appoint new nodes to act as new backup nodes. As the number
of nodes in the system grows, this extension would grown more important, as the
chance of an error would grow as well.

An other issue when the size of the system grows, is the way the nodes are
connected. Currently, all the nodes communicates with all the nodes, making
the total number of connections grow exponentiation with the number of nodes,
generating a lot of unnecessary tra�c on the network. By letting a few larger
nodes acts as relays, it is possible to greatly reduce the number of connections.
This would of course increase the transmission time between some of the nodes,
but care could be taken in the design of the network and scheduling of tasks to
minimize the problems arising from this.
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Chapter 7

Conclusion

Is it possible to utilise the computational power of a multi-computer
environment for real-time applications by developing an experimental
runtime system and exploring its applications?

The �ndings presented in this thesis have shown how it is possible to solve the
problem presented above. In chapter 6 several alterations and extensions that are
needed before the system has a practical use are discussed, but as an experimental
system, GUSTAFSON is suited to prove the plausibility of solving the proposed
problem.

In chapter 5 it is shown how it is still room to make the system more e�-
cient, but also that GUSTAFSON can lead to considerate speed-up of suitable
tasks. It should, however, be noted that the benchmark test performed covered
too few aspects to fully conclude anything about the e�ciency of the concept.
More benchmark test, covering di�erent patterns of task-to-task communications,
must be performed to fully explore the potential of the system.

A brief outline for suitable languages for the system has been proposed, and it
would seem a plausible task to further develop a language bases on one or more of
these and write a compiler for it to use with GUSTAFSON.
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Appendix A

Electronic attachment

The electronic attachment should contain the following folders and �les:

• Runtime - Folder containing the source code for the runtime.

• Examples - Folder containing the example code from various examples in this
report.

• Bin - Destination folder for the compiled code (both runtime and examples).
This folder is initially empty, except for the folder dlibs, which is the target
folder for the compiled examples.

• Tmp - Folder for temporary �les, initially empty.

• Make�le - Make�le for compiling both the runtime and the (executable)
example �les.
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Appendix B

Translated programs

This chapter holds the source code of the example programs from chapter 4, trans-
lated to C-code ready to be compiled and run on GUSTAFSON.

Font size is reduced. See the electronic appendix for a more detailed study.
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B.1 Simple low level abstraction

B.1.1 simple.c

1 #include <std i o . h>
2 #include <s t d l i b . h>
3 #include <s t r i n g . h>
4
5 #include "TaskManager . h"
6
7 void s imple ( struct In s tanceSt ruc t ∗ i n s tance ) {
8 switch ( instance−>step ) {
9 case 0 :

10 instance−>memPtr = malloc (4) ;
11 instance−>chanTrans = malloc (4 ∗ s izeo f ( int ) ) ;
12 instance−>chanTrans [ 0 ] = 2 ;
13 instance−>chanTrans [ 1 ] = 2 ;
14 instance−>chanTrans [ 2 ] = 3 ;
15 instance−>chanTrans [ 3 ] = 3 ;
16 instance−>step = 1 ;
17 instance−>sta t e = READY;
18 return ;
19 case 1 :
20 instance−>nodeWait = 2 ;
21 instance−>step = 2 ;
22 instance−>sta t e = NODEWAIT;
23 return ;
24 case 2 :
25 instance−>nodeWait = 3 ;
26 instance−>step = 3 ;
27 instance−>sta t e = NODEWAIT;
28 return ;
29 case 3 :
30 instance−>comSize = s izeo f ( struct SpawnStruct ) ;
31 instance−>comPtr = malloc ( instance−>comSize ) ;
32 ( ( struct SpawnStruct ∗) instance−>comPtr )−>name = malloc (3) ;
33 s t rcpy ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>name , " f1 " ) ;
34 ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId = 2 ;
35 instance−>step = 4 ;
36 instance−>sta t e = TRANSFER;
37 return ;
38 case 4 :
39 st rcpy ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>name , " f2 " ) ;
40 ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId = 3 ;
41 instance−>step = 5 ;
42 instance−>sta t e = TRANSFER;
43 return ;
44 case 5 :
45 st rcpy ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>name , " f1 " ) ;
46 ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId = 2 ;
47 ( ( struct SpawnStruct ∗) instance−>comPtr )−>ctS i z e = 4 ∗ s izeo f ( int ) ;
48 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans = malloc (4 ∗ s izeo f ( int ) ) ;
49 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 0 ] = 1 ;
50 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 1 ] = 3 ;
51 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 2 ] = 2 ;
52 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 3 ] = 1 ;
53 instance−>step = 6 ;
54 instance−>sta t e = SPAWN;
55 return ;
56 case 6 :
57 st rcpy ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>name , " f2 " ) ;
58 ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId = 3 ;
59 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 0 ] = 1 ;
60 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 1 ] = 2 ;
61 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 2 ] = 3 ;
62 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 3 ] = 1 ;
63 instance−>step = 7 ;
64 instance−>sta t e = SPAWN;
65 return ;
66 case 7 :
67 f r e e ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>name) ;
68 f r e e ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans ) ;
69 f r e e ( instance−>comPtr ) ;
70 instance−>localCh = 0 ;
71 instance−>comPtr = instance−>memPtr ;
72 instance−>comSize = 4 ;
73 instance−>step = 8 ;
74 instance−>sta t e = CHANR;
75 return ;
76 case 8 :
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77 instance−>localCh = 2 ;
78 instance−>comPtr = instance−>memPtr ;
79 instance−>comSize = 4 ;
80 instance−>step = 9 ;
81 instance−>sta t e = CHANR;
82 return ;
83 case 9 :
84 p r i n t f ( "DONE!\ n" ) ;
85 instance−>sta t e = READY;
86 instance−>step = 10 ;
87 return ;
88 case 10 :
89 f r e e ( instance−>memPtr) ;
90 instance−>memPtr = NULL;
91 instance−>sta t e = DONE;
92 instance−>step = 0 ;
93 return ;
94 }
95 }
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B.1.2 f1.c

1 #include <std i o . h>
2 #include <s t d l i b . h>
3 #include <s t r i n g . h>
4
5 #include "TaskManager . h"
6
7 void f 1 ( struct In s tanceSt ruc t ∗ i n s tance ) {
8 switch ( instance−>step ) {
9 case 0 :

10 instance−>memPtr = malloc (4) ;
11 ∗( int ∗) instance−>memPtr = 0 ;
12 instance−>step = 1 ;
13 instance−>sta t e = READY;
14 return ;
15 case 1 :
16 instance−>localCh = 0 ;
17 instance−>comPtr = instance−>memPtr ;
18 instance−>comSize = 4 ;
19 (∗( int ∗) instance−>memPtr)++;
20 instance−>step = 2 ;
21 instance−>sta t e = CHANW;
22 return ;
23 case 2 :
24 i f (∗( int ∗) instance−>memPtr == 42)
25 instance−>step = 3 ;
26 else

27 instance−>step = 1 ;
28 instance−>sta t e = READY;
29 return ;
30 case 3 :
31 instance−>localCh = 2 ;
32 instance−>comPtr = instance−>memPtr ;
33 instance−>comSize = 4 ;
34 instance−>step = 4 ;
35 instance−>sta t e = CHANW;
36 return ;
37 case 4 :
38 f r e e ( instance−>memPtr) ;
39 instance−>memPtr = NULL;
40 instance−>sta t e = DONE;
41 instance−>step = 0 ;
42 return ;
43 }
44 }
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B.1.3 f2.c

1 #include <std i o . h>
2 #include <s t d l i b . h>
3 #include <s t r i n g . h>
4
5 #include "TaskManager . h"
6
7 void f 2 ( struct In s tanceSt ruc t ∗ i n s tance ) {
8 switch ( instance−>step ) {
9 case 0 :

10 instance−>memPtr = malloc (4) ;
11 instance−>step = 1 ;
12 instance−>sta t e = READY;
13 return ;
14 case 1 :
15 instance−>localCh = 0 ;
16 instance−>comPtr = instance−>memPtr ;
17 instance−>comSize = 4 ;
18 instance−>step = 2 ;
19 instance−>sta t e = CHANR;
20 return ;
21 case 2 :
22 p r i n t f ( "%d\n" , ∗( int ∗) instance−>memPtr) ;
23 i f (∗( int ∗) instance−>memPtr == 42)
24 instance−>step = 3 ;
25 else

26 instance−>step = 1 ;
27 instance−>sta t e = READY;
28 return ;
29 case 3 :
30 instance−>localCh = 2 ;
31 instance−>comPtr = instance−>memPtr ;
32 instance−>comSize = 4 ;
33 instance−>step = 4 ;
34 instance−>sta t e = CHANW;
35 return ;
36 case 4 :
37 f r e e ( instance−>memPtr) ;
38 instance−>memPtr = NULL;
39 instance−>sta t e = DONE;
40 instance−>step = 0 ;
41 return ;
42 }
43 }
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B.2 Factorisation

B.2.1 factorisation.c

1 #include <std i o . h>
2 #include <s t d l i b . h>
3 #include <s t r i n g . h>
4 #include <sys / types . h>
5 #include <sys / s t a t . h>
6 #include <f c n t l . h>
7
8 #include "TaskManager . h"
9

10 #define PREFIX "FACTORISATION: "
11
12 void f a c t o r i s a t i o n ( struct In s tanceSt ruc t ∗ i n s tance ) {
13 switch ( instance−>step ) {
14 case 0 :
15 instance−>memPtr = malloc (12) ;
16
17 int tmp = open ( "number . txt " , O_RDONLY) ;
18 char ∗tmpb = malloc (24) ;
19 read (tmp , tmpb , 24) ;
20 c l o s e (tmp) ;
21 tmpb [ 2 3 ] = 0 ;
22 ∗(unsigned long long ∗) ( instance−>memPtr + 4) = s t r t o u l l ( tmpb , NULL, 10) ;
23 f r e e (tmpb) ;
24
25 ∗( int ∗) ( instance−>memPtr) = 1 ;
26 instance−>chanTrans = malloc (16 ∗ s izeo f ( int ) ) ;
27 instance−>chanTrans [ 0 ] = 2 ;
28 instance−>chanTrans [ 1 ] = 2 ;
29 instance−>chanTrans [ 2 ] = 3 ;
30 instance−>chanTrans [ 3 ] = 3 ;
31 instance−>chanTrans [ 4 ] = 4 ;
32 instance−>chanTrans [ 5 ] = 4 ;
33 instance−>chanTrans [ 6 ] = 5 ;
34 instance−>chanTrans [ 7 ] = 5 ;
35 instance−>chanTrans [ 8 ] = 6 ;
36 instance−>chanTrans [ 9 ] = 6 ;
37 instance−>chanTrans [ 1 0 ] = 7 ;
38 instance−>chanTrans [ 1 1 ] = 7 ;
39 instance−>chanTrans [ 1 2 ] = 8 ;
40 instance−>chanTrans [ 1 3 ] = 8 ;
41 instance−>chanTrans [ 1 4 ] = 9 ;
42 instance−>chanTrans [ 1 5 ] = 9 ;
43 instance−>step = 1 ;
44 instance−>sta t e = READY;
45 return ;
46 case 1 :
47 ∗( int ∗) ( instance−>memPtr) += 1 ;
48 i f (∗( int ∗) ( instance−>memPtr) < 10) {
49 instance−>nodeWait = ∗( int ∗) ( instance−>memPtr) ;
50 instance−>step = 1 ;
51 instance−>sta t e = NODEWAIT;
52 p r i n t f (PREFIX"NODEWAIT %d\n" , instance−>nodeWait ) ;
53 }
54 else {
55 instance−>step = 2 ;
56 instance−>sta t e = READY;
57 }
58 return ;
59 case 2 :
60 instance−>comSize = s izeo f ( struct SpawnStruct ) ;
61 instance−>comPtr = malloc ( instance−>comSize ) ;
62 ( ( struct SpawnStruct ∗) instance−>comPtr )−>name = malloc (5) ;
63 s t rcpy ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>name , "work" ) ;
64 ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId = 1 ;
65 ( ( struct SpawnStruct ∗) instance−>comPtr )−>ctS i z e = 2 ∗ s izeo f ( int ) ;
66 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans = malloc (2 ∗ s izeo f ( int ) ) ;
67 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 0 ] = 1 ;
68 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 1 ] = 1 ;
69 instance−>step = 3 ;
70 instance−>sta t e = READY;
71 return ;
72 case 3 :
73 ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId += 1 ;
74 i f ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId < 10) {
75 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 0 ] = ( ( struct SpawnStruct ∗)

instance−>comPtr )−>peerId ;
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76 instance−>step = 3 ;
77 instance−>sta t e = SPAWN;
78 p r i n t f (PREFIX"SPAWN %d\n" , ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId ) ;
79 }
80 else {
81 f r e e ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>name) ;
82 f r e e ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans ) ;
83 f r e e ( instance−>comPtr ) ;
84 instance−>localCh = −2;
85 instance−>comSize = 8 ;
86 instance−>step = 4 ;
87 instance−>sta t e = READY;
88 }
89 return ;
90 case 4 :
91 instance−>localCh += 2 ;
92 i f ( instance−>localCh < 15) {
93 instance−>comSize = 8 ;
94 instance−>comPtr = instance−>memPtr + 4 ;
95 instance−>step = 4 ;
96 instance−>sta t e = CHANW;
97 p r i n t f (PREFIX"SEND %l l u TO %d:%d\n" , ∗(unsigned long long ∗) ( instance−>memPtr +

4) , instance−>chanTrans [ instance−>localCh ] , instance−>chanTrans [ instance
−>localCh + 1 ] ) ;

98 }
99 else {

100 instance−>localCh = −2;
101 instance−>step = 5 ;
102 instance−>sta t e = READY;
103 }
104 return ;
105 case 5 :
106 instance−>localCh += 2 ;
107 i f ( instance−>localCh < 15) {
108 instance−>comPtr = instance−>memPtr + 4 ;
109 instance−>comSize = 8 ;
110 instance−>step = 5 ;
111 instance−>sta t e = CHANR;
112 }
113 else {
114 instance−>step = 6 ;
115 instance−>sta t e = READY;
116 }
117 return ;
118 case 6 :
119 p r i n t f (PREFIX"DONE\n" ) ;
120 ex i t (0) ;
121 f r e e ( instance−>memPtr) ;
122 instance−>step = 0 ;
123 instance−>sta t e = DONE;
124 return ;
125 }
126 }

55



B.2.2 factorisation_o1.c

1 #include <std i o . h>
2 #include <s t d l i b . h>
3 #include <s t r i n g . h>
4 #include <sys / types . h>
5 #include <sys / s t a t . h>
6 #include <f c n t l . h>
7
8 #include "TaskManager . h"
9

10 #define PREFIX "FACTORISATION: "
11
12 void f a c t o r i s a t i on_o1 ( struct In s tanceSt ruc t ∗ i n s tance ) {
13 switch ( instance−>step ) {
14 case 0 :
15 instance−>memPtr = malloc (12) ;
16
17 int tmp = open ( "number . txt " , O_RDONLY) ;
18 char ∗tmpb = malloc (24) ;
19 read (tmp , tmpb , 24) ;
20 c l o s e (tmp) ;
21 tmpb [ 2 3 ] = 0 ;
22 ∗(unsigned long long ∗) ( instance−>memPtr + 4) = s t r t o u l l ( tmpb , NULL, 10) ;
23 f r e e (tmpb) ;
24
25 ∗( int ∗) ( instance−>memPtr) = 1 ;
26 instance−>chanTrans = malloc (16 ∗ s izeo f ( int ) ) ;
27 instance−>chanTrans [ 0 ] = 2 ;
28 instance−>chanTrans [ 1 ] = 2 ;
29 instance−>chanTrans [ 2 ] = 3 ;
30 instance−>chanTrans [ 3 ] = 3 ;
31 instance−>chanTrans [ 4 ] = 4 ;
32 instance−>chanTrans [ 5 ] = 4 ;
33 instance−>chanTrans [ 6 ] = 5 ;
34 instance−>chanTrans [ 7 ] = 5 ;
35 instance−>chanTrans [ 8 ] = 6 ;
36 instance−>chanTrans [ 9 ] = 6 ;
37 instance−>chanTrans [ 1 0 ] = 7 ;
38 instance−>chanTrans [ 1 1 ] = 7 ;
39 instance−>chanTrans [ 1 2 ] = 8 ;
40 instance−>chanTrans [ 1 3 ] = 8 ;
41 instance−>chanTrans [ 1 4 ] = 9 ;
42 instance−>chanTrans [ 1 5 ] = 9 ;
43 instance−>step = 1 ;
44 instance−>sta t e = READY;
45 return ;
46 case 1 :
47 ∗( int ∗) ( instance−>memPtr) += 1 ;
48 i f (∗( int ∗) ( instance−>memPtr) < 10) {
49 instance−>nodeWait = ∗( int ∗) ( instance−>memPtr) ;
50 instance−>step = 1 ;
51 instance−>sta t e = NODEWAIT;
52 p r i n t f (PREFIX"NODEWAIT %d\n" , instance−>nodeWait ) ;
53 }
54 else {
55 instance−>step = 2 ;
56 instance−>sta t e = READY;
57 }
58 return ;
59 case 2 :
60 instance−>comSize = s izeo f ( struct SpawnStruct ) ;
61 instance−>comPtr = malloc ( instance−>comSize ) ;
62 ( ( struct SpawnStruct ∗) instance−>comPtr )−>name = malloc (5) ;
63 s t rcpy ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>name , "work_o1" ) ;
64 ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId = 1 ;
65 ( ( struct SpawnStruct ∗) instance−>comPtr )−>ctS i z e = 2 ∗ s izeo f ( int ) ;
66 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans = malloc (2 ∗ s izeo f ( int ) ) ;
67 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 0 ] = 1 ;
68 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 1 ] = 1 ;
69 instance−>step = 3 ;
70 instance−>sta t e = READY;
71 return ;
72 case 3 :
73 ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId += 1 ;
74 i f ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId < 10) {
75 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 0 ] = ( ( struct SpawnStruct ∗)

instance−>comPtr )−>peerId ;
76 instance−>step = 3 ;
77 instance−>sta t e = SPAWN;
78 p r i n t f (PREFIX"SPAWN %d\n" , ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId ) ;
79 }
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80 else {
81 f r e e ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>name) ;
82 f r e e ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans ) ;
83 f r e e ( instance−>comPtr ) ;
84 instance−>localCh = −2;
85 instance−>comSize = 8 ;
86 instance−>step = 4 ;
87 instance−>sta t e = READY;
88 }
89 return ;
90 case 4 :
91 instance−>localCh += 2 ;
92 i f ( instance−>localCh < 15) {
93 instance−>comSize = 8 ;
94 instance−>comPtr = instance−>memPtr + 4 ;
95 instance−>step = 4 ;
96 instance−>sta t e = CHANW;
97 p r i n t f (PREFIX"SEND %l l u TO %d:%d\n" , ∗(unsigned long long ∗) ( instance−>memPtr +

4) , instance−>chanTrans [ instance−>localCh ] , instance−>chanTrans [ instance
−>localCh + 1 ] ) ;

98 }
99 else {

100 instance−>localCh = −2;
101 instance−>step = 5 ;
102 instance−>sta t e = READY;
103 }
104 return ;
105 case 5 :
106 instance−>localCh += 2 ;
107 i f ( instance−>localCh < 15) {
108 instance−>comPtr = instance−>memPtr + 4 ;
109 instance−>comSize = 8 ;
110 instance−>step = 5 ;
111 instance−>sta t e = CHANR;
112 }
113 else {
114 instance−>step = 6 ;
115 instance−>sta t e = READY;
116 }
117 return ;
118 case 6 :
119 p r i n t f (PREFIX"DONE\n" ) ;
120 ex i t (0) ;
121 f r e e ( instance−>memPtr) ;
122 instance−>step = 0 ;
123 instance−>sta t e = DONE;
124 return ;
125 }
126 }
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B.2.3 factorisation_o2.c

1 #include <std i o . h>
2 #include <s t d l i b . h>
3 #include <s t r i n g . h>
4 #include <sys / types . h>
5 #include <sys / s t a t . h>
6 #include <f c n t l . h>
7
8 #include "TaskManager . h"
9

10 #define PREFIX "FACTORISATION: "
11
12 void f a c t o r i s a t i on_o2 ( struct In s tanceSt ruc t ∗ i n s tance ) {
13 switch ( instance−>step ) {
14 case 0 :
15 instance−>memPtr = malloc (12) ;
16
17 int tmp = open ( "number . txt " , O_RDONLY) ;
18 char ∗tmpb = malloc (24) ;
19 read (tmp , tmpb , 24) ;
20 c l o s e (tmp) ;
21 tmpb [ 2 3 ] = 0 ;
22 ∗(unsigned long long ∗) ( instance−>memPtr + 4) = s t r t o u l l ( tmpb , NULL, 10) ;
23 f r e e (tmpb) ;
24
25 ∗( int ∗) ( instance−>memPtr) = 1 ;
26 instance−>chanTrans = malloc (16 ∗ s izeo f ( int ) ) ;
27 instance−>chanTrans [ 0 ] = 2 ;
28 instance−>chanTrans [ 1 ] = 2 ;
29 instance−>chanTrans [ 2 ] = 3 ;
30 instance−>chanTrans [ 3 ] = 3 ;
31 instance−>chanTrans [ 4 ] = 4 ;
32 instance−>chanTrans [ 5 ] = 4 ;
33 instance−>chanTrans [ 6 ] = 5 ;
34 instance−>chanTrans [ 7 ] = 5 ;
35 instance−>chanTrans [ 8 ] = 6 ;
36 instance−>chanTrans [ 9 ] = 6 ;
37 instance−>chanTrans [ 1 0 ] = 7 ;
38 instance−>chanTrans [ 1 1 ] = 7 ;
39 instance−>chanTrans [ 1 2 ] = 8 ;
40 instance−>chanTrans [ 1 3 ] = 8 ;
41 instance−>chanTrans [ 1 4 ] = 9 ;
42 instance−>chanTrans [ 1 5 ] = 9 ;
43 instance−>step = 1 ;
44 instance−>sta t e = READY;
45 return ;
46 case 1 :
47 ∗( int ∗) ( instance−>memPtr) += 1 ;
48 i f (∗( int ∗) ( instance−>memPtr) < 10) {
49 instance−>nodeWait = ∗( int ∗) ( instance−>memPtr) ;
50 instance−>step = 1 ;
51 instance−>sta t e = NODEWAIT;
52 p r i n t f (PREFIX"NODEWAIT %d\n" , instance−>nodeWait ) ;
53 }
54 else {
55 instance−>step = 2 ;
56 instance−>sta t e = READY;
57 }
58 return ;
59 case 2 :
60 instance−>comSize = s izeo f ( struct SpawnStruct ) ;
61 instance−>comPtr = malloc ( instance−>comSize ) ;
62 ( ( struct SpawnStruct ∗) instance−>comPtr )−>name = malloc (5) ;
63 s t rcpy ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>name , "work_o2" ) ;
64 ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId = 1 ;
65 ( ( struct SpawnStruct ∗) instance−>comPtr )−>ctS i z e = 2 ∗ s izeo f ( int ) ;
66 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans = malloc (2 ∗ s izeo f ( int ) ) ;
67 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 0 ] = 1 ;
68 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 1 ] = 1 ;
69 instance−>step = 3 ;
70 instance−>sta t e = READY;
71 return ;
72 case 3 :
73 ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId += 1 ;
74 i f ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId < 10) {
75 ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans [ 0 ] = ( ( struct SpawnStruct ∗)

instance−>comPtr )−>peerId ;
76 instance−>step = 3 ;
77 instance−>sta t e = SPAWN;
78 p r i n t f (PREFIX"SPAWN %d\n" , ( ( struct SpawnStruct ∗) instance−>comPtr )−>peerId ) ;
79 }

58



80 else {
81 f r e e ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>name) ;
82 f r e e ( ( ( struct SpawnStruct ∗) instance−>comPtr )−>chanTrans ) ;
83 f r e e ( instance−>comPtr ) ;
84 instance−>localCh = −2;
85 instance−>comSize = 8 ;
86 instance−>step = 4 ;
87 instance−>sta t e = READY;
88 }
89 return ;
90 case 4 :
91 instance−>localCh += 2 ;
92 i f ( instance−>localCh < 15) {
93 instance−>comSize = 8 ;
94 instance−>comPtr = instance−>memPtr + 4 ;
95 instance−>step = 4 ;
96 instance−>sta t e = CHANW;
97 p r i n t f (PREFIX"SEND %l l u TO %d:%d\n" , ∗(unsigned long long ∗) ( instance−>memPtr +

4) , instance−>chanTrans [ instance−>localCh ] , instance−>chanTrans [ instance
−>localCh + 1 ] ) ;

98 }
99 else {

100 instance−>localCh = −2;
101 instance−>step = 5 ;
102 instance−>sta t e = READY;
103 }
104 return ;
105 case 5 :
106 instance−>localCh += 2 ;
107 i f ( instance−>localCh < 15) {
108 instance−>comPtr = instance−>memPtr + 4 ;
109 instance−>comSize = 8 ;
110 instance−>step = 5 ;
111 instance−>sta t e = CHANR;
112 }
113 else {
114 instance−>step = 6 ;
115 instance−>sta t e = READY;
116 }
117 return ;
118 case 6 :
119 p r i n t f (PREFIX"DONE\n" ) ;
120 ex i t (0) ;
121 f r e e ( instance−>memPtr) ;
122 instance−>step = 0 ;
123 instance−>sta t e = DONE;
124 return ;
125 }
126 }
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B.2.4 work.c

1 #include <std i o . h>
2 #include <s t d l i b . h>
3 #include <s t r i n g . h>
4 #include "TaskManager . h"
5
6 #define PREFIX "WORK: "
7
8 void work ( struct In s tanceSt ruc t ∗ i n s tance ) {
9 switch ( instance−>step ) {

10 case 0 :
11 instance−>memPtr = malloc (16) ;
12 instance−>step = 1 ;
13 instance−>sta t e = READY;
14 return ;
15 case 1 :
16 instance−>localCh = 0 ;
17 instance−>comPtr = instance−>memPtr ;
18 instance−>comSize = 8 ;
19 instance−>step = 2 ;
20 instance−>sta t e = CHANR;
21 return ;
22 case 2 :
23 ∗(unsigned long long∗) ( instance−>memPtr + 8) = 2 ;
24 i f (∗(unsigned long long∗) ( instance−>memPtr) == 1)
25 instance−>step = 4 ;
26 else

27 instance−>step = 3 ;
28 instance−>sta t e = READY;
29 return ;
30 case 3 :
31 i f (∗(unsigned long long∗) ( instance−>memPtr) % ∗(unsigned long long∗) ( instance−>

memPtr + 8) == 0) {
32 ∗(unsigned long long∗) ( instance−>memPtr) /= ∗(unsigned long long∗) ( instance−>

memPtr + 8) ;
33 p r i n t f (PREFIX"Factor : %l l u (% l l u l e f t ) \n" , ∗(unsigned long long∗) ( instance−>

memPtr + 8) , ∗(unsigned long long∗) ( instance−>memPtr) ) ;
34 instance−>step = 2 ;
35 }
36 else {
37 (∗(unsigned long long∗) ( instance−>memPtr + 8) )++;
38 instance−>step = 3 ;
39 }
40 instance−>sta t e = READY;
41 return ;
42 case 4 :
43 instance−>localCh = 0 ;
44 instance−>comPtr = instance−>memPtr ;
45 instance−>comSize = 8 ;
46 instance−>step = 5 ;
47 instance−>sta t e = CHANW;
48 return ;
49 case 5 :
50 f r e e ( instance−>memPtr) ;
51 instance−>step = 0 ;
52 instance−>sta t e = DONE;
53 break ;
54 }
55 }
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B.2.5 work_o1.c

1 #include <std i o . h>
2 #include <s t d l i b . h>
3 #include <s t r i n g . h>
4 #include "TaskManager . h"
5
6 #define PREFIX "WORK: "
7
8 void work_o1 ( struct In s tanceSt ruc t ∗ i n s tance ) {
9 switch ( instance−>step ) {

10 case 0 :
11 instance−>memPtr = malloc (24) ;
12 instance−>step = 1 ;
13 instance−>sta t e = READY;
14 return ;
15 case 1 :
16 instance−>localCh = 0 ;
17 instance−>comPtr = instance−>memPtr ;
18 instance−>comSize = 8 ;
19 instance−>step = 2 ;
20 instance−>sta t e = CHANR;
21 return ;
22 case 2 :
23 ∗(unsigned long long∗) ( instance−>memPtr + 8) = 2 ;
24 i f (∗(unsigned long long∗) ( instance−>memPtr) == 1)
25 instance−>step = 4 ;
26 else

27 instance−>step = 3 ;
28 instance−>sta t e = READY;
29 return ;
30 case 3 :
31 instance−>step = 3 ;
32 for (∗(unsigned long long∗) ( instance−>memPtr + 16) = ∗(unsigned long long∗) (

instance−>memPtr + 8) ;
33 ∗(unsigned long long∗) ( instance−>memPtr + 16) + 1000 > ∗(unsigned long long∗) (

instance−>memPtr + 8) ;
34 (∗(unsigned long long∗) ( instance−>memPtr + 8) )++){
35 i f (∗(unsigned long long∗) ( instance−>memPtr) % ∗(unsigned long long∗) ( instance

−>memPtr + 8) == 0) {
36 ∗(unsigned long long∗) ( instance−>memPtr) /= ∗(unsigned long long∗) ( instance

−>memPtr + 8) ;
37 p r i n t f (PREFIX"Factor : %l l u (% l l u l e f t ) \n" , ∗(unsigned long long∗) ( instance

−>memPtr + 8) , ∗(unsigned long long∗) ( instance−>memPtr) ) ;
38 instance−>step = 2 ;
39 break ;
40 }
41 }
42 instance−>sta t e = READY;
43 return ;
44 case 4 :
45 instance−>localCh = 0 ;
46 instance−>comPtr = instance−>memPtr ;
47 instance−>comSize = 8 ;
48 instance−>step = 5 ;
49 instance−>sta t e = CHANW;
50 return ;
51 case 5 :
52 f r e e ( instance−>memPtr) ;
53 instance−>step = 0 ;
54 instance−>sta t e = DONE;
55 break ;
56 }
57 }
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B.2.6 work_o2.c

1 #include <std i o . h>
2 #include <s t d l i b . h>
3 #include <s t r i n g . h>
4 #include "TaskManager . h"
5
6 #define PREFIX "WORK: "
7
8 void work_o2 ( struct In s tanceSt ruc t ∗ i n s tance ) {
9 switch ( instance−>step ) {

10 case 0 :
11 instance−>memPtr = malloc (16) ;
12 instance−>step = 1 ;
13 instance−>sta t e = READY;
14 return ;
15 case 1 :
16 instance−>localCh = 0 ;
17 instance−>comPtr = instance−>memPtr ;
18 instance−>comSize = 8 ;
19 instance−>step = 2 ;
20 instance−>sta t e = CHANR;
21 return ;
22 case 2 :
23 ∗(unsigned long long∗) ( instance−>memPtr + 8) = 2 ;
24 i f (∗(unsigned long long∗) ( instance−>memPtr) == 1)
25 instance−>step = 4 ;
26 else

27 instance−>step = 3 ;
28 instance−>sta t e = READY;
29 return ;
30 case 3 :
31 while (∗(unsigned long long∗) ( instance−>memPtr) % ∗(unsigned long long∗) ( instance

−>memPtr + 8) != 0)
32 (∗(unsigned long long∗) ( instance−>memPtr + 8) )++;
33 ∗(unsigned long long∗) ( instance−>memPtr) /= ∗(unsigned long long∗) ( instance−>

memPtr + 8) ;
34 p r i n t f (PREFIX"Factor : %l l u (% l l u l e f t ) \n" , ∗(unsigned long long∗) ( instance−>

memPtr + 8) , ∗(unsigned long long∗) ( instance−>memPtr) ) ;
35 instance−>step = 2 ;
36 instance−>sta t e = READY;
37 return ;
38 case 4 :
39 instance−>localCh = 0 ;
40 instance−>comPtr = instance−>memPtr ;
41 instance−>comSize = 8 ;
42 instance−>step = 5 ;
43 instance−>sta t e = CHANW;
44 return ;
45 case 5 :
46 f r e e ( instance−>memPtr) ;
47 instance−>step = 0 ;
48 instance−>sta t e = DONE;
49 break ;
50 }
51 }
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B.2.7 Benchmark script - copy

1 #!/ bin/bash
2
3 IP [2]= " 129 .241 .187 .142 "
4 IP [3]= " 129 .241 .187 .144 "
5 IP [4]= " 129 .241 .187 .145 "
6 IP [5]= " 129 .241 .187 .148 "
7 IP [6]= " 129 .241 .187 .151 "
8 IP [7]= " 129 .241 .187 .152 "
9 IP [8]= " 129 .241 .187 .155 "

10 IP [9]= " 129 .241 .187 .157 "
11
12
13 for ID in 2 3 4 5 6 7 8 9
14 do

15 ssh ${IP [ ID ]} "rm ~/GUSTAFSON/ −r f ; mkdir ~/GUSTAFSON"
16 scp node . z ip ${IP [ ID ]} :~/GUSTAFSON
17 ssh ${IP [ ID ]} "cd GUSTAFSON; unzip node . z ip "
18 done

B.2.8 Benchmark script - generate

1 #!/ bin/bash
2
3 IP [2]= " 129 .241 .187 .142 "
4 IP [3]= " 129 .241 .187 .144 "
5 IP [4]= " 129 .241 .187 .145 "
6 IP [5]= " 129 .241 .187 .148 "
7 IP [6]= " 129 .241 .187 .151 "
8 IP [7]= " 129 .241 .187 .152 "
9 IP [8]= " 129 .241 .187 .155 "

10 IP [9]= " 129 .241 .187 .157 "
11
12 RUNSTR="gnome−termina l −−tab −t h2 −−command=\" ssh −t ${IP [ 2 ] } 'cd ~/GUSTAFSON; ./

runtime 2 10002 '\ ""
13 for ID in 3 4 5 6 7 8 9
14 do

15 RUNSTR="$RUNSTR −−tab −t h$ID −−command=\" ssh −t ${IP [ ID ]} ' s l e ep ${ID } ; cd ~/
GUSTAFSON; . / runtime ${ID} 1000${ID} −c ${IP [ 2 ] } 10002 '\ ""

16 done

17 echo "#!/bin /bash" > ex . sh
18 echo $RUNSTR >> ex . sh

B.2.9 Benchmark script - execution 1

1 #!/ bin/bash
2 gnome−te rmina l −−tab −t h2 −−command=" ssh −t 129 .241 .187 .142 ' cd ~/GUSTAFSON; ./ runtime

2 10002 ' " −−tab −t h3 −−command=" ssh −t 129 .241 .187 .144 ' s l e ep 3 ; cd ~/GUSTAFSON;
./ runtime 3 10003 −c 129 .241 .187 .142 10002 ' " −−tab −t h4 −−command=" ssh −t
129 .241 .187 .145 ' s l e ep 4 ; cd ~/GUSTAFSON; ./ runtime 4 10004 −c 129 .241 .187 .142
10002 ' " −−tab −t h5 −−command=" ssh −t 129 .241 .187 .148 ' s l e ep 5 ; cd ~/GUSTAFSON; ./
runtime 5 10005 −c 129 .241 .187 .142 10002 ' " −−tab −t h6 −−command=" ssh −t
129 .241 .187 .151 ' s l e ep 6 ; cd ~/GUSTAFSON; ./ runtime 6 10006 −c 129 .241 .187 .142
10002 ' " −−tab −t h7 −−command=" ssh −t 129 .241 .187 .152 ' s l e ep 7 ; cd ~/GUSTAFSON; ./
runtime 7 10007 −c 129 .241 .187 .142 10002 ' " −−tab −t h8 −−command=" ssh −t
129 .241 .187 .155 ' s l e ep 8 ; cd ~/GUSTAFSON; ./ runtime 8 10008 −c 129 .241 .187 .142
10002 ' " −−tab −t h9 −−command=" ssh −t 129 .241 .187 .157 ' s l e ep 9 ; cd ~/GUSTAFSON; ./
runtime 9 10009 −c 129 .241 .187 .142 10002 ' "

B.2.10 Benchmark script - execution 2

1 #!/ bin/bash
2
3 time ./ runtime 1 10001 −c 129 .241 .187 .142 10002 −r f a c t o r i s a t i o n # or fac tor i sa t ions_o1

/ fac tor i sa t ion_o2
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Appendix C

Runtime Source Code

This chapter holds the source code of the GUSTAFSON runtime for quick refer-
ence.

Font size is reduced. See the electronic appendix for a more detailed study.
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C.1 main.c

1 #include <std i o . h>
2 #include <unistd . h>
3 #include <s t d l i b . h>
4 #include <s t r i n g . h>
5
6 #include "Global . h"
7 #include "Network . h"
8 #include "FunctionManager . h"
9 #include "TaskManager . h"

10 #include "PeerHash . h"
11 #include "ChanManager . h"
12
13
14 int main ( int argc , char ∗∗argv ) {
15 i f ( argc < 3) {
16 f p r i n t f ( s tder r ,ERRFIX"Not enough arguments ! \ n Usage :  %s <id> <port> [−c <ip> <port

>] [− r  <funct ion >]\n" , argv [ 0 ] ) ;
17 return −1;
18 }
19 char ∗tmp1 , ∗tmp2 ;
20 int id = s t r t o l ( argv [ 1 ] , &tmp1 , 10) ;
21 int port = s t r t o l ( argv [ 2 ] , &tmp2 , 10) ;
22 i f (∗tmp1 != 0 | | ∗tmp2 != 0) {
23 f p r i n t f ( s tder r ,ERRFIX" Id and port  must be a numbers ! \ n Usage :  %s <id> <port> [−c <

ip> <port >] [− r  <funct ion >]\n" , argv [ 0 ] ) ;
24 return −1;
25 }
26 i f ( port < 1025 | | port > 65535) {
27 f p r i n t f ( s tder r ,ERRFIX"Port out o f  range !  Valid  range  i s  1025−65535\n Usage :  %s <id>

 <port> [−c <ip> <port >] [− r  <funct ion >]\n" , argv [ 0 ] ) ;
28 return −1;
29 }
30 i f ( id < 0 | | id > 9999) {
31 f p r i n t f ( s tder r ,ERRFIX" Id out o f  range !  Valid  range  i s  0−9999\n Usage :  %s <id> <port

> [−c <ip> <port >] [− r  <funct ion >]\n" , argv [ 0 ] ) ;
32 return −1;
33 }
34
35
36 i f ( tm_init (4) ) //TODO dynamic s e t number of workers?
37 goto e r ro rLb l ;
38 i f ( fm_init ( ) )
39 goto e r ro rLb l ;
40 i f ( ph_init ( ) )
41 goto e r ro rLb l ;
42 i f ( ch_init (4) ) //TODO dynamic s e t number of workers?
43 goto e r ro rLb l ;
44
45
46 char ∗mip = NULL;
47 char ∗mpt = NULL;
48 i f ( argc > 5 && strcmp ( argv [ 3 ] , "−c" ) == 0) {
49 mip = argv [ 4 ] ;
50 mpt = argv [ 5 ] ;
51 }
52
53 int e = nw_init ( id , port , mip , mpt) ;
54 i f ( e == −2)
55 goto panicLbl ;
56 i f ( e )
57 goto e r ro rLb l ;
58
59 char ∗prog = NULL;
60 i f ( argc > 4 && strcmp ( argv [ 3 ] , "−r " ) == 0)
61 prog = argv [ 4 ] ;
62 else i f ( argc > 7 && strcmp ( argv [ 6 ] , "−r " ) == 0)
63 prog = argv [ 7 ] ;
64
65 i f ( prog != NULL){
66 i f ( fm_loadFunction ( prog ) | | fm_createInstance ( prog , NULL) )
67 f p r i n t f ( s tder r ,ERRFIX"Could not run program !\ n" ) ;
68 else

69 p r i n t f (PREFIX"Running program :  %s\n" , prog ) ;
70 }
71
72 p r i n t f (PREFIX"Running\n" ) ;
73
74 while ( masterSwitch )
75 s l e ep (1) ;
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76 panicLbl :
77 nw_panic ( ) ;
78 e r ro rLb l :
79 s l e ep ( ( argc > 4 ? 5 : 3) ) ; // Sleep shor te r i f "master"
80 p r i n t f (PREFIX"Restar t ing \n" ) ;
81 char ∗∗argvv = malloc ( s izeo f ( char∗∗) ∗ ( argc + 1) ) ;
82 int i ;
83 for ( i = 0 ; i < argc ; ++i )
84 argvv [ i ] = argv [ i ] ;
85 argvv [ argc ] = NULL;
86
87 execve ( argv [ 0 ] , argvv , NULL) ;
88 per ro r ( "Execve" ) ;
89
90 return −1;
91 }
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C.2 ChanManager.h

1 #ifndef _CHAN_MANAGER_H
2 #define _CHAN_MANAGER_H
3
4 #include <pthread . h>
5
6 #define NCHANBUCKETS 256
7 #define BUFFERSIZE 32768
8
9 struct PeerL i s t ;

10 struct In s tanceSt ruc t ;
11
12 struct ChanStruct{
13 pthread_mutex_t lock ;
14 int chid ;
15 struct PeerL i s t ∗peer ;
16 vo lat i l e void ∗volat i l e rbu f f e r , ∗vo lat i l e rrPtr , ∗vo lat i l e rwPtr ;
17 vo lat i l e void ∗volat i l e sbu f f e r , ∗vo lat i l e srPtr , ∗vo lat i l e swPtr , ∗vo lat i l e s sPtr ;
18 struct In s tanceSt ruc t ∗wai t ing Ins tance ;
19 struct In s tanceSt ruc t ∗orgWriter ;
20
21 struct ChanStruct ∗next ;
22 } ;
23
24
25 int ch_init ( int workers ) ;
26
27 int ch_receive ( ) ;
28
29 int ch_action ( struct In s tanceSt ruc t ∗ i n s tance ) ;
30
31
32 #endif//_CHAN_MANAGER_H

68



C.3 ChanManager.c

1 #include <pthread . h>
2 #include <s t r i n g . h>
3 #include <s t d l i b . h>
4 #include <semaphore . h>
5
6 #include "TaskManager . h"
7 #include "ChanManager . h"
8 #include "PeerHash . h"
9 #include "Network . h"

10 #include "Global . h"
11
12 stat ic pthread_mutex_t chanHashLock = PTHREAD_MUTEX_INITIALIZER;
13 stat ic struct ChanStruct ∗∗chanHash ;
14
15 stat ic int sendQueue [ 2 5 6 ] ;
16 stat ic unsigned char sqrPtr = 0 ;
17 stat ic unsigned char sqwPtr = 0 ;
18 stat ic sem_t sqrSem , sqwSem ;
19 stat ic pthread_mutex_t sqLock = PTHREAD_MUTEX_INITIALIZER;
20
21
22 stat ic struct ChanStruct ∗al locateNew ( int chid , int peer id ) {
23 struct ChanStruct ∗ r e t = malloc ( s izeo f (∗ r e t ) ) ;
24 ret−>chid = chid ;
25 i f ( pee r id == −1 | | pee r id == nw_getNodeId ( ) )
26 ret−>peer = NULL;
27 else

28 ret−>peer = ph_getPeer ( pee r id ) ;
29 ret−>wai t ing Ins tance = NULL;
30 ret−>orgWriter = NULL;
31 ret−>next = NULL;
32 pthread_mutex_init (&( ret−>lock ) , NULL) ;
33
34 ret−>rrPtr = ret−>rwPtr = ret−>rbu f f e r = malloc (BUFFERSIZE) ;
35 ret−>ssPtr = ret−>srPtr = ret−>swPtr = ret−>sbu f f e r = malloc (BUFFERSIZE) ;
36
37 return r e t ;
38 }
39
40 stat ic int min3 ( int i1 , int i2 , int i 3 ) {
41 i 1 = ( i1 < i2 ? i 1 : i 2 ) ;
42 return ( i 1 < i3 ? i 1 : i 3 ) ;
43 }
44
45 stat ic void volatile_memcpy ( vo lat i l e void ∗dest , vo lat i l e void ∗ src , int n) {
46 int i ;
47 for ( i = 0 ; i < n ; ++i )
48 ∗((unsigned char∗) dest + i ) = ∗((unsigned char∗) s r c + i ) ;
49 }
50
51 stat ic struct ChanStruct ∗getChan ( int chid , int peer id ) {
52 pthread_mutex_lock(&chanHashLock ) ;
53 struct ChanStruct ∗ptr = chanHash [ chid % NCHANBUCKETS] ;
54 struct ChanStruct ∗ l a s t = NULL;
55 while ( ptr != NULL && ptr−>chid != chid ) {
56 l a s t = ptr ;
57 ptr = ptr−>next ;
58 }
59 i f ( ptr == NULL){
60 ptr = al locateNew ( chid , pee r id ) ;
61 i f ( l a s t == NULL)
62 chanHash [ chid % NCHANBUCKETS] = ptr ;
63 else

64 la s t−>next = ptr ;
65 }
66 i f ( ptr != NULL && ptr−>peer == NULL && peer id != −1 && peer id != nw_getNodeId ( ) )
67 ptr−>peer = ph_getPeer ( pee r id ) ;
68
69 pthread_mutex_unlock(&chanHashLock ) ;
70 return ptr ;
71 }
72
73 stat ic void ∗worker (void ∗data ) {
74 while ( masterSwitch ) {
75 sem_wait(&sqrSem ) ;
76 pthread_mutex_lock(&sqLock ) ;
77 int chid = sendQueue [ sqrPtr++];
78 pthread_mutex_unlock(&sqLock ) ;
79 sem_post(&sqwSem) ;
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80 struct ChanStruct ∗ptr = getChan ( chid , −1) ;
81 i f ( ptr == NULL){
82 f p r i n t f ( s tder r , ERRFIX"Error  in  send worker − channel  not found (%s :%d) \n" ,

__FILE__,__LINE__) ;
83 SHUTDOWN;
84 }
85
86 pthread_mutex_lock (&(ptr−>lock ) ) ;
87 int maxTransfer = ( int ) ptr−>swPtr − ( int ) ptr−>ssPtr ;
88 i f ( maxTransfer < 0)
89 maxTransfer += BUFFERSIZE;
90 i f ( maxTransfer > 0) {
91 int s p l i tPo i n t = BUFFERSIZE − ( int ) ptr−>ssPtr + ( int ) ptr−>sbu f f e r ;
92 i f ( s p l i tPo i n t <= maxTransfer ) {
93 i f ( nw_chsend ( ptr−>peer , ptr−>chid , ptr−>ssPtr , s p l i tPo i n t ) ) {
94 f p r i n t f ( s tder r , ERRFIX"Error  on chansend (%s :%d) \n" ,__FILE__,__LINE__) ;
95 SHUTDOWN;
96 }
97 ptr−>ssPtr = ptr−>sbu f f e r ;
98 i f ( s p l i tPo i n t < maxTransfer ) {
99 i f ( nw_chsend ( ptr−>peer , ptr−>chid , ptr−>ssPtr , maxTransfer − s p l i tPo i n t ) ) {

100 f p r i n t f ( s tder r , ERRFIX"Error  on chansend (%s :%d) \n" ,__FILE__,__LINE__) ;
101 SHUTDOWN;
102 }
103 ptr−>ssPtr += maxTransfer − s p l i tPo i n t ;
104 }
105 }
106 else {
107 i f ( nw_chsend ( ptr−>peer , ptr−>chid , ptr−>ssPtr , maxTransfer ) ) {
108 f p r i n t f ( s tder r , ERRFIX"Error  on chansend (%s :%d) \n" ,__FILE__,__LINE__) ;
109 SHUTDOWN;
110 }
111 ptr−>ssPtr += maxTransfer ;
112 }
113 }
114 pthread_mutex_unlock(&(ptr−>lock ) ) ;
115 }
116 return NULL;
117 }
118
119
120
121 int ch_init ( int workers ) {
122 chanHash = malloc (NCHANBUCKETS ∗ s izeo f ( struct ChanStruct ∗) ) ;
123 memset ( chanHash , 0 , NCHANBUCKETS ∗ s izeo f ( struct ChanHash∗) ) ;
124
125 sem_init(&sqrSem , 0 , 0) ;
126 sem_init(&sqwSem , 0 , 256) ;
127
128 int i ;
129 for ( i = 1 ; i <= workers ; ++i ) {
130 pthread_t t ;
131 i f ( pthread_create(&t , NULL, worker , NULL) ) {
132 f p r i n t f ( s tder r , ERRFIX"Could not c r ea t e  requ i r ed  number o f  threads .  ( Fa i l ed  on %d

 of  %d)  (%s :%d) \n" , i , workers , __FILE__, __LINE__) ;
133 return −1;
134 }
135 }
136 return 0 ;
137 }
138
139
140
141
142 int ch_action ( struct In s tanceSt ruc t ∗ i n s tance ) {
143 int chid = instance−>chanTrans [ instance−>localCh ] ;
144 int peer id = instance−>chanTrans [ instance−>localCh + 1 ] ;
145
146 struct ChanStruct ∗ptr = getChan ( chid , pee r id ) ;
147 i f ( ptr == NULL){
148 f p r i n t f ( s tder r , ERRFIX"Could not f i nd  chan (%s :%d) \n" ,__FILE__,__LINE__) ;
149 return −1;
150 }
151 i f ( ptr−>peer == NULL && nw_getNodeId ( ) != peer id ) {
152 instance−>nodeWait = peer id ;
153 i f ( instance−>sta t e == CHANR)
154 instance−>sta t e = CHANRNW;
155 else i f ( instance−>sta t e == CHANW)
156 instance−>sta t e = CHANWNW;
157 else {
158 f p r i n t f ( s tder r , ERRFIX"Erroneous ly  s t a t e  %d (%s :%d) \n" , instance−>state , __FILE__

, __LINE__) ;
159 return −1;
160 }
161 tm_requeue ( in s tance ) ;
162 return 0 ;
163 }
164
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165
166 pthread_mutex_lock (&(ptr−>lock ) ) ;
167
168 unsigned char trade = 0 ;
169 void vo lat i l e ∗volat i l e r bu f f e r ;
170 void vo lat i l e ∗volat i l e rwPtr ;
171 void vo lat i l e ∗volat i l e r rPtr ;
172 void vo lat i l e ∗volat i l e s bu f f e r ;
173 void vo lat i l e ∗volat i l e swPtr ;
174 void vo lat i l e ∗volat i l e s rPtr ;
175
176 i f ( ptr−>peer == NULL){ //Local
177 i f ( ptr−>orgWriter == NULL && instance−>sta t e == CHANW){
178 ptr−>orgWriter = ins tance ;
179 }
180 i f ( ptr−>orgWriter == ins tance ) {
181 r bu f f e r = ptr−>sbu f f e r ;
182 rwPtr = ptr−>swPtr ;
183 rrPtr = ptr−>srPtr ;
184 s bu f f e r = ptr−>rbu f f e r ;
185 swPtr = ptr−>rwPtr ;
186 srPtr = ptr−>rrPtr ;
187 trade = 1 ;
188 }
189 }
190 i f ( trade == 0) {
191 r bu f f e r = ptr−>rbu f f e r ;
192 rwPtr = ptr−>rwPtr ;
193 rrPtr = ptr−>rrPtr ;
194 s bu f f e r = ptr−>sbu f f e r ;
195 swPtr = ptr−>swPtr ;
196 srPtr = ptr−>srPtr ;
197 }
198
199 i f ( instance−>sta t e == CHANR){
200 int t rans = 0 ;
201 int maxTransfer = ( int ) rwPtr − ( int ) r rPtr ;
202 i f ( maxTransfer < 0)
203 maxTransfer += BUFFERSIZE;
204 while ( instance−>comSize > 0 && maxTransfer > 0) {
205 int s p l i tPo i n t = BUFFERSIZE − ( int ) r rPtr + ( int ) r bu f f e r ;
206 int toTrans fe r = min3 ( instance−>comSize , sp l i tPo in t , maxTransfer ) ;
207 volatile_memcpy ( instance−>comPtr , rrPtr , toTrans fe r ) ;
208 instance−>comPtr += toTrans fe r ;
209 instance−>comSize −= toTrans fe r ;
210 maxTransfer −= toTrans fe r ;
211 rrPtr += toTrans fe r ;
212 i f ( ( int ) r rPtr == ( int ) r bu f f e r + BUFFERSIZE)
213 rrPtr = rbu f f e r ;
214 trans += toTrans fe r ;
215 }
216 i f ( instance−>comSize == 0) {
217 instance−>sta t e = READY;
218 tm_requeue ( in s tance ) ;
219 }
220 else {
221 instance−>prev = NULL;
222 instance−>next = ptr−>wai t ing Ins tance ;
223 i f ( ptr−>wai t ing Ins tance != NULL){
224 ptr−>wait ingInstance−>prev = ins tance ;
225 }
226 ptr−>wai t ing Ins tance = ins tance ;
227 }
228 i f ( t rans ) {
229 i f ( ptr−>peer == NULL){//same peer
230 while ( ptr−>wai t ing Ins tance != NULL){
231 i f ( ptr−>wai t ing Ins tance != ins tance ) {
232 struct In s tanceSt ruc t ∗tmp = ptr−>wai t ing Ins tance ;
233 ptr−>wai t ing Ins tance = ptr−>wait ingInstance−>next ;
234 tm_requeue (tmp) ;
235 }
236 else { ;
237 ptr−>wait ingInstance−>prev = NULL;
238 ptr−>wai t ing Ins tance = ptr−>wait ingInstance−>next ;
239 }
240 }
241 }
242 else {
243 nw_chsend ( ptr−>peer , ptr−>chid , NULL, t rans ) ;
244 }
245 }
246 }
247 else i f ( instance−>sta t e == CHANW){
248 int t rans = 0 ;
249 int maxTransfer = ( int ) s rPtr − ( int ) swPtr − 1 ;
250 i f ( maxTransfer < 0)
251 maxTransfer += BUFFERSIZE;
252
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253 while ( instance−>comSize > 0 && maxTransfer > 0) {
254 int s p l i tPo i n t = BUFFERSIZE − ( int ) swPtr + ( int ) s bu f f e r ;
255 int toTrans fe r = min3 ( instance−>comSize , sp l i tPo in t , maxTransfer ) ;
256 volatile_memcpy ( swPtr , instance−>comPtr , toTrans fe r ) ;
257 instance−>comPtr += toTrans fe r ;
258 instance−>comSize −= toTrans fe r ;
259 maxTransfer −= toTrans fe r ;
260 swPtr += toTrans fe r ;
261 trans += toTrans fe r ;
262 i f ( ( int ) swPtr == ( int ) s bu f f e r + BUFFERSIZE)
263 swPtr −= BUFFERSIZE;
264 }
265 i f ( instance−>comSize == 0) {
266 instance−>sta t e = READY;
267 tm_requeue ( in s tance ) ;
268 }
269 else {
270 instance−>prev = NULL;
271 instance−>next = ptr−>wai t ing Ins tance ;
272 i f ( ptr−>wai t ing Ins tance != NULL){
273 ptr−>wait ingInstance−>prev = ins tance ;
274 }
275 ptr−>wai t ing Ins tance = ins tance ;
276 }
277 i f ( t rans ) {
278 i f ( ptr−>peer == NULL){//same peer
279 while ( ptr−>wai t ing Ins tance != NULL){
280 i f ( ptr−>wai t ing Ins tance != ins tance ) {
281 struct In s tanceSt ruc t ∗tmp = ptr−>wai t ing Ins tance ;
282 ptr−>wai t ing Ins tance = ptr−>wait ingInstance−>next ;
283 tm_requeue (tmp) ;
284 }
285 else {
286 ptr−>wait ingInstance−>prev = NULL;
287 ptr−>wai t ing Ins tance = ptr−>wait ingInstance−>next ;
288 }
289 }
290 }
291 else {
292 sem_wait(&sqwSem) ;
293 pthread_mutex_lock(&sqLock ) ;
294 sendQueue [ sqwPtr++] = chid ;
295 pthread_mutex_unlock(&sqLock ) ;
296 sem_post(&sqrSem ) ;
297 }
298 }
299 }
300 else {
301 pthread_mutex_unlock(&(ptr−>lock ) ) ;
302 f p r i n t f ( s tder r , ERRFIX"Erroneous ly  s t a t e  %d (%s :%d) \n" , instance−>state , __FILE__,

__LINE__) ;
303 return −1;
304 }
305 i f ( trade ) {
306 ptr−>rbu f f e r = sbu f f e r ;
307 ptr−>rwPtr = swPtr ;
308 ptr−>rrPtr = srPtr ;
309 ptr−>sbu f f e r = rbu f f e r ;
310 ptr−>swPtr = rwPtr ;
311 ptr−>srPtr = rrPtr ;
312 }
313 else {
314 ptr−>rbu f f e r = rbu f f e r ;
315 ptr−>rwPtr = rwPtr ;
316 ptr−>rrPtr = rrPtr ;
317 ptr−>sbu f f e r = sbu f f e r ;
318 ptr−>swPtr = swPtr ;
319 ptr−>srPtr = srPtr ;
320 }
321
322 pthread_mutex_unlock(&(ptr−>lock ) ) ;
323 return 0 ;
324 }
325
326
327 int ch_receive ( int chid , void ∗data , int s i z e ) {
328 struct ChanStruct ∗ptr = getChan ( chid , −1) ;
329
330 i f ( ptr == NULL){
331 f p r i n t f ( s tder r , ERRFIX"Error  on r e c e i v e  − channel  not found (%s :%d) \n" ,__FILE__,

__LINE__) ;
332 return −1;
333 }
334
335 pthread_mutex_lock (&(ptr−>lock ) ) ;
336
337 i f ( data == NULL){ //Ack
338 int maxTransfer = ( int ) ptr−>ssPtr − ( int ) ptr−>srPtr ;
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339 i f ( maxTransfer < 0)
340 maxTransfer += BUFFERSIZE;
341 i f ( s i z e > maxTransfer ) {
342 f p r i n t f ( s tder r , ERRFIX"Buf fe r  over f low  %d/%d (%s :%d) \n" , s i z e , maxTransfer ,__FILE__

,__LINE__) ;
343 pthread_mutex_unlock(&(ptr−>lock ) ) ;
344 return −1;
345 }
346 ptr−>srPtr += s i z e ;
347 i f ( ptr−>srPtr > ptr−>sbu f f e r + BUFFERSIZE)
348 ptr−>srPtr −= BUFFERSIZE;
349 while ( ptr−>wai t ing Ins tance != NULL){
350 struct In s tanceSt ruc t ∗tmp = ptr−>wai t ing Ins tance ;
351 ptr−>wai t ing Ins tance = ptr−>wait ingInstance−>next ;
352 tm_requeue (tmp) ;
353 }
354 }
355 else { //Receive
356 int maxTransfer = ( int ) ptr−>rrPtr − ( int ) ptr−>rwPtr − 1 ;
357 i f ( maxTransfer < 0)
358 maxTransfer += BUFFERSIZE;
359
360 i f ( maxTransfer < s i z e ) {
361 f p r i n t f ( s tder r , ERRFIX"Buf fe r  over f low  %d/%d (%s :%d) \n" , s i z e , maxTransfer ,__FILE__

,__LINE__) ;
362 pthread_mutex_unlock(&(ptr−>lock ) ) ;
363 return −1;
364 }
365 int s p l i tPo i n t = BUFFERSIZE − ( int ) ptr−>rwPtr + ( int ) ptr−>rbu f f e r ;
366 i f ( s p l i tPo i n t <= s i z e ) {
367 volatile_memcpy ( ptr−>rwPtr , data , s p l i tPo i n t ) ;
368 ptr−>rwPtr = ptr−>rbu f f e r ;
369 i f ( s p l i tPo i n t < s i z e ) {
370 volatile_memcpy ( ptr−>rwPtr , data + sp l i tPo in t , s i z e − s p l i tPo i n t ) ;
371 ptr−>rwPtr += s i z e − s p l i tPo i n t ;
372 }
373 }
374 else {
375 volatile_memcpy ( ptr−>rwPtr , data , s i z e ) ;
376 ptr−>rwPtr += s i z e ;
377 }
378 while ( ptr−>wai t ing Ins tance != NULL){
379 struct In s tanceSt ruc t ∗tmp = ptr−>wai t ing Ins tance ;
380 ptr−>wai t ing Ins tance = ptr−>wait ingInstance−>next ;
381 tm_requeue (tmp) ;
382 }
383 }
384 pthread_mutex_unlock(&(ptr−>lock ) ) ;
385 return 0 ;
386 }
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C.4 FunctionManager.h

1 #ifndef _FUNCTIONMANAGER_H
2 #define _FUNCTIONMANAGER_H
3
4 #include <sys / types . h>
5 #include <sys / s t a t . h>
6 #include <std i o . h>
7 #include <s t d l i b . h>
8
9 struct In s tanceSt ruc t ;

10
11 struct FunStruct {
12 char ∗name ;
13 FILE ∗ f i l e ;
14 void ∗handle ;
15 void (∗ fun ) ( struct In s tanceSt ruc t ∗) ;
16 } ;
17
18
19 int fm_init ( ) ;
20 int fm_writeToFile ( char ∗name , char ∗data , int len , int remainder ) ;
21 int fm_createInstance ( char ∗name , int ∗chanTrans ) ;
22 int fm_loadFunction ( char ∗name) ;
23 int fm_readFunction ( char ∗name , void ∗∗ptr , unsigned long ∗ f i l e L e n ) ;
24
25 #endif //_FUNCTIONMANAGER_H
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C.5 FunctionManager.c

1
2 #define _GNU_SOURCE
3 #include <search . h>
4
5 #include <std i o . h>
6 #include <s t d l i b . h>
7 #include <dl f cn . h>
8 #include <s t r i n g . h>
9 #include <sys / types . h>

10 #include <sys / s t a t . h>
11 #include <pthread . h>
12 #include <errno . h>
13
14 #include "FunctionManager . h"
15 #include "TaskManager . h"
16 #include "Global . h"
17
18 #define PATH " ./ d l i b s /"
19 #define PERM 0777
20
21 stat ic pthread_mutex_t tabLock = PTHREAD_MUTEX_INITIALIZER;
22 stat ic struct hsearch_data ∗tab ;
23
24 int fm_init ( ) {
25 umask(~PERM) ;
26 tab = malloc ( s izeo f (∗ tab ) ) ;
27 bzero ( tab , s izeo f (∗ tab ) ) ;
28
29 i f ( hcreate_r (50 , tab ) == 0) {
30 f p r i n t f ( s tder r ,ERRFIX"Error  c r ea t i ng  hash tab l e  in  funct i on  manager .  (%s :%d) \n" ,

__FILE__, __LINE__) ;
31 return −1;
32 }
33 return 0 ;
34 }
35
36 ENTRY ∗ fm_createFi le ( char ∗name) {
37 struct FunStruct ∗ fun = malloc ( s izeo f ( struct FunStruct ) ) ;
38 fun−>name = malloc ( s t r l e n (name) + 1) ;
39 st rcpy ( fun−>name , name) ;
40 fun−>handle = NULL;
41 fun−>fun = NULL;
42
43 char ∗tmp = malloc ( s t r l e n ( fun−>name) + s t r l e n (PATH) + 1) ;
44 s p r i n t f (tmp , PATH"%s" , fun−>name) ;
45
46 i f ( ( fun−>f i l e = fopen (tmp , "wb" ) ) == NULL){
47 f r e e (tmp) ;
48 f p r i n t f ( s tder r ,ERRFIX"Error  c r ea t i ng  f i l e !  (%s :%d) \n" , __FILE__, __LINE__) ;
49 return NULL;
50 }
51 f r e e (tmp) ;
52
53 ENTRY entry , ∗ r e s ;
54 entry . key = name ;
55 entry . data = fun ;
56 int succ e s s ;
57
58 pthread_mutex_lock(&tabLock ) ;
59 succ e s s = hsearch_r ( entry , ENTER, &res , tab ) ;
60 pthread_mutex_unlock(&tabLock ) ;
61
62 i f ( succ e s s == 0) {
63 f p r i n t f ( s tder r ,ERRFIX"Error  c r ea t i ng  hash entry !  (%s :%d) \n" , __FILE__, __LINE__) ;
64 return NULL;
65 }
66 i f ( res−>data != entry . data )
67 f p r i n t f ( s tder r ,ERRFIX"Warning :  Hash tab l e  overwr i t e !  (%s :%d) \n" , __FILE__, __LINE__

) ; //TODO send warning to source?
68
69 return r e s ;
70 }
71
72 int fm_completeFile ( struct FunStruct ∗ fun ) {
73 i f ( f c l o s e ( fun−>f i l e ) ) {
74 f p r i n t f ( s tder r ,ERRFIX"Error  c l o s i n g  f i l e !  (%s :%d) \n" , __FILE__, __LINE__) ;
75 return −1;
76 }
77 fun−>f i l e = NULL;
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78 char ∗tmp = malloc ( s t r l e n ( fun−>name) + s t r l e n (PATH) + 1) ;
79 s p r i n t f (tmp , PATH"%s" , fun−>name) ;
80 fun−>handle = dlopen (tmp , RTLD_LAZY) ;
81 i f ( ! fun−>handle ) {
82 f r e e (tmp) ;
83 f p r i n t f ( s tder r , "Error  in  %s :%d − %s\n" , __FILE__, __LINE__, d l e r r o r ( ) ) ;
84 return −1;
85 }
86 fun−>fun = dlsym ( fun−>handle , fun−>name) ;
87 i f ( ! fun−>fun ) {
88 f r e e (tmp) ;
89 f p r i n t f ( s tder r , "Error  in  %s :%d − %s\n" , __FILE__, __LINE__, d l e r r o r ( ) ) ;
90 return −1;
91 }
92 f r e e (tmp) ;
93 return 0 ;
94 }
95
96 int fm_writeToFile ( char ∗name , char ∗data , int len , int remainder ) {
97 ENTRY entry , ∗ r e s = NULL;
98 entry . key = name ;
99

100 pthread_mutex_lock(&tabLock ) ;
101 hsearch_r ( entry , FIND, &res , tab ) ;
102 pthread_mutex_unlock(&tabLock ) ;
103
104 i f ( r e s == NULL)
105 i f ( ( r e s = fm_createFi le (name) ) == NULL)
106 return −1;
107
108 struct FunStruct ∗ fun = ( struct FunStruct ∗) res−>data ;
109 i f ( fun−>f i l e == NULL){
110 f p r i n t f ( s tder r ,ERRFIX"Error  in  %s :%d − po s s i b l e  overwr i t e \n" , __FILE__, __LINE__) ;
111 return −1;
112 }
113
114 i f ( fw r i t e ( data , 1 , len , fun−>f i l e ) < len ) {
115 f p r i n t f ( s tder r ,ERRFIX"Error  wr i t ing  to  f i l e !  (%s :%d) \n" , __FILE__, __LINE__) ;
116 return −1;
117 }
118
119 i f ( remainder == 0)
120 i f ( fm_completeFile ( fun ) )
121 return −1;
122
123 return 0 ;
124 }
125
126 int fm_loadFunction ( char ∗name) {
127 struct FunStruct ∗ fun = malloc ( s izeo f ( struct FunStruct ) ) ;
128 fun−>name = malloc ( s t r l e n (name) + 1) ;
129 st rcpy ( fun−>name , name) ;
130 fun−>handle = NULL;
131 fun−>fun = NULL;
132 fun−>f i l e = NULL;
133
134
135 char ∗tmp = malloc ( s t r l e n ( fun−>name) + s t r l e n (PATH) + 1) ;
136 s p r i n t f (tmp , PATH"%s" , fun−>name) ;
137
138 fun−>handle = dlopen (tmp , RTLD_LAZY) ;
139 i f ( ! fun−>handle ) {
140 f r e e (tmp) ;
141 f p r i n t f ( s tder r , "Error  in  %s :%d − %s\n" , __FILE__, __LINE__, d l e r r o r ( ) ) ;
142 return −1;
143 }
144 fun−>fun = dlsym ( fun−>handle , fun−>name) ;
145 i f ( fun−>fun == NULL){
146 f r e e (tmp) ;
147 f p r i n t f ( s tder r , "Error  in  %s :%d − %s\n" , __FILE__, __LINE__, d l e r r o r ( ) ) ;
148 return −1;
149 }
150 f r e e (tmp) ;
151
152 ENTRY entry , ∗ r e s ;
153 entry . key = fun−>name ;
154 entry . data = fun ;
155 int succ e s s ;
156
157 pthread_mutex_lock(&tabLock ) ;
158 succ e s s = hsearch_r ( entry , ENTER, &res , tab ) ;
159 pthread_mutex_unlock(&tabLock ) ;
160
161 i f ( succ e s s == 0) {
162 f p r i n t f ( s tder r ,ERRFIX"Error  c r ea t i ng  hash entry !  (%s :%d) \n" , __FILE__, __LINE__) ;
163 return −1;
164 }
165 i f ( res−>data != entry . data )
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166 f p r i n t f ( s tder r ,ERRFIX"Warning :  Hash tab l e  overwr i t e !  (%s :%d) \n" , __FILE__, __LINE__
) ; //TODO send warning to source?

167
168 return 0 ;
169 }
170
171 int fm_readFunction ( char ∗name , void ∗∗ptr , unsigned long ∗ f i l e L e n ) {
172
173 char ∗tmp = malloc ( s t r l e n (name) + s t r l e n (PATH) + 1) ;
174 s p r i n t f (tmp , PATH"%s" , name) ;
175
176 FILE ∗ f i l e ;
177 f i l e = fopen (tmp , " rb" ) ;
178 i f ( ! f i l e ) {
179 f p r i n t f ( s tder r , "Unable to  open f i l e  %s − %s − (%s :%d) \n" , name , s t r e r r o r ( errno ) ,

__FILE__, __LINE__) ;
180 return −1;
181 }
182 f s e ek ( f i l e , 0 , SEEK_END) ;
183 ∗ f i l e L e n = f t e l l ( f i l e ) ;
184 f s e ek ( f i l e , 0 , SEEK_SET) ;
185 ∗ptr = malloc (∗ f i l e L e n ) ;
186 i f ( ptr == NULL){
187 f p r i n t f ( s tder r ,ERRFIX"Unable to  a l l o c a t e  %lu  bytes  o f  memory (%s :%d) \n" , ∗ f i l eLen ,

__FILE__, __LINE__) ;
188 return −1;
189 }
190 i f ( f r ead (∗ ptr , 1 , ∗ f i l eLen , f i l e ) != ∗ f i l e L e n ) {
191 f p r i n t f ( s tder r ,ERRFIX"Error  whi le  reading  from f i l e  %s (%s :%d) \n" , name , __FILE__,

__LINE__) ;
192 return −1;
193 }
194 f c l o s e ( f i l e ) ;
195 f r e e (tmp) ;
196 return 0 ;
197 }
198
199 int fm_createInstance ( char ∗name , int ∗chanTrans ) {
200 ENTRY entry , ∗ r e s = NULL;
201 entry . key = name ;
202
203 pthread_mutex_lock(&tabLock ) ;
204 int succ e s s = hsearch_r ( entry , FIND, &res , tab ) ;
205 pthread_mutex_unlock(&tabLock ) ;
206
207 i f ( r e s == NULL | | suc c e s s == 0) {
208 i f ( fm_loadFunction (name) ) {
209 f p r i n t f ( s tder r ,ERRFIX" F i l e  not found !  %s :%d\n" , __FILE__, __LINE__) ;
210 return −1;
211 }
212 pthread_mutex_lock(&tabLock ) ;
213 succ e s s = hsearch_r ( entry , FIND, &res , tab ) ;
214 pthread_mutex_unlock(&tabLock ) ;
215 }
216 i f ( r e s == NULL | | suc c e s s == 0) {//Should not happen
217 f p r i n t f ( s tder r ,ERRFIX"Entry not found !  %s :%d\n" , __FILE__, __LINE__) ;
218 return −1;
219 }
220
221 i f ( tm_createNew (( struct FunStruct ∗) res−>data , chanTrans ) ) {
222 f p r i n t f ( s tder r ,ERRFIX"Error  on c r ea t i ng  new ins tance !  %s :%d\n" , __FILE__, __LINE__)

;
223 return −1;
224 }
225
226 return 0 ;
227
228 }
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C.6 Global.h

1 #ifndef _GLOBAL_H
2 #define _GLOBAL_H
3
4 extern char masterSwitch ;
5 #define SHUTDOWN { f p r i n t f ( s tder r , " ! ! !  SHUTDOWN (%s :%d) \n" ,__FILE__,__LINE__) ;

masterSwitch = 0 ; return NULL;}
6 #define PREFIX ">>> "
7 #define ERRFIX " ! ! !  "
8
9

10 #endif //_GLOBAL_H

C.7 Global.c

1
2 char masterSwitch = 1 ;
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C.8 Network.h

1 #ifndef _NETWORK_H
2 #define _NETWORK_H
3
4 #include <pthread . h>
5 #include <semaphore . h>
6 #include <std i o . h>
7
8 struct PeerL i s t {
9 int socket ;

10 int id ;
11 char cascade ;
12 char ∗ r cvBuf f e r ;
13 char rPtr , wPtr ;
14 sem_t rSem , wSem;
15 pthread_mutex_t sendLock ;
16 struct sockaddr_storage ∗ saddr ;
17
18 struct PeerL i s t ∗prev ;
19 struct PeerL i s t ∗next ;
20 } ;
21
22
23 int nw_init ( int id , int port , char ∗mip , char ∗mpt) ;
24 int nw_getNodeId ( ) ;
25 int nw_sendFile ( int id , char ∗name) ;
26 int nw_chsend ( struct PeerL i s t ∗peer , int chid , vo lat i l e void ∗ volat i l e data , int s i z e )

;
27 int nw_spawn( int id , char ∗name , int ∗chanTrans , int c tS i z e ) ;
28 int nw_close ( ) ;
29 int nw_panic ( ) ;
30
31
32 #endif //_NETWORK_H
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C.9 Network.c

1 #include <std i o . h>
2 #include <s t d l i b . h>
3 #include <s t r i n g . h>
4 #include <sys / types . h>
5 #include <sys / socket . h>
6 #include <arpa/ in e t . h>
7 #include <netdb . h>
8 #include <pthread . h>
9 #include <unistd . h>

10 #include <sys / types . h>
11 #include <sys / s t a t . h>
12 #include <f c n t l . h>
13 #include <semaphore . h>
14
15 #include "Network . h"
16 #include "FunctionManager . h"
17 #include "Global . h"
18 #include "PeerHash . h"
19 #include "ChanManager . h"
20
21 #define BLOCKS 256
22 #define BLOCKSIZE 1024
23 #define TBUFFERSIZE 2048
24
25 struct ThreadList {
26 pthread_t ∗ t ;
27 int l i s t e nSo ck e t ;
28 struct ThreadList ∗next ;
29 } ;
30
31
32 enum Mode{IDLE , PARTLY, BUFFER, TRANSFER, EXECUTE, WRITE, READ, HANDSHAKE, ERROR}; //

BUFFER i s unused
33 struct ParseRet{
34 enum Mode mode ;
35 char ∗name ;
36 int id ; //Chan id , peer id or f i l e socke t /ptr , s u b j e c t to change
37 int aux ; //Aux data ( port , meassage id )
38 int n ; //number of by t e s or args
39 } ;
40 // L i s t o f threads to cance l in panic−mode
41 //Must always be cons i s t en t , and be read without a l l o c a t i n g lock .
42 //(Aquire l ock for wr i t ing )
43 stat ic pthread_mutex_t threadsLock = PTHREAD_MUTEX_INITIALIZER;
44 stat ic struct ThreadList ∗ th r ead sF i r s t = NULL;
45 stat ic struct ThreadList ∗ threadsLast = NULL;
46
47 // L i s t o f peers
48 stat ic pthread_mutex_t peersLock = PTHREAD_MUTEX_INITIALIZER;
49 stat ic struct PeerL i s t ∗peers = NULL;
50 struct PeerStr ing {
51 int a l l o c S i z e ;
52 int usedSize ;
53 char ∗ s t r i n g ;
54 } pee rSt r ing ;
55
56
57 //Node in fo
58 stat ic int nodeId = −1;
59 stat ic int nodePort ;
60
61 // In te rna l pro to types
62 void ∗ rece ive_thread (void ∗) ;
63 void ∗recvWrk_thread (void ∗) ;
64
65
66 // L i s t aux func t ions
67 stat ic void addThread ( pthread_t ∗t , int l i s t e nSo ck e t ) {
68 struct ThreadList ∗tmp = malloc ( s izeo f (∗tmp) ) ;
69 tmp−>t = t ;
70 tmp−>l i s t e nSo ck e t = l i s t e nSo ck e t ;
71 tmp−>next = NULL;
72 pthread_mutex_lock(&threadsLock ) ;
73 i f ( th r ead sF i r s t == NULL)
74 th r ead sF i r s t = tmp ;
75 i f ( threadsLast != NULL)
76 threadsLast−>next = tmp ;
77 threadsLast = tmp ;
78 pthread_mutex_unlock(&threadsLock ) ;
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79 }
80
81 struct PeerL i s t ∗addPeer ( int nodeSocket , struct sockaddr_storage ∗ c l i e n t , char cascade ,

char i sAccept ) {
82 struct PeerL i s t ∗peer = malloc ( s izeo f (∗ peer ) ) ;
83 peer−>prev = NULL;
84 peer−>socket = nodeSocket ;
85 peer−>saddr = c l i e n t ;
86 peer−>id = −1;
87 peer−>cascade = cascade ;
88 peer−>rcvBuf f e r = malloc (BLOCKS ∗ BLOCKSIZE) ;
89 peer−>rPtr = peer−>wPtr = 0 ;
90 sem_init(&peer−>rSem , 0 , 0) ;
91 sem_init(&peer−>wSem, 0 , BLOCKS) ;
92 pthread_mutex_init(&peer−>sendLock , NULL) ;
93
94 pthread_mutex_lock(&peersLock ) ;
95
96 i f ( i sAccept ) {
97 pthread_mutex_lock(&peer−>sendLock ) ;
98 char ∗tmp = peerSt r ing . s t r i n g ;
99 int l e f t = pee rSt r ing . usedSize ;

100 while ( l e f t ) {
101 int n = send ( peer−>socket , (void∗)tmp , l e f t , 0) ;
102 i f (n < 1) {
103 f p r i n t f ( s tder r ,ERRFIX"Error  on send !  (%s :%d) \n" , __FILE__, __LINE__) ;
104 pthread_mutex_unlock(&peer−>sendLock ) ;
105 pthread_mutex_unlock(&peersLock ) ;
106 return NULL;
107 }
108 l e f t −= n ;
109 tmp += n ;
110 }
111 pthread_mutex_unlock(&peer−>sendLock ) ;
112 }
113
114 peer−>next = peers ;
115 i f ( peer s != NULL)
116 peers−>prev = peer ;
117 peers = peer ;
118
119 char host [ 2 5 6 ] ;
120 char port [ 1 0 ] ;
121 i f ( getnameinfo ( ( struct sockaddr ∗) c l i e n t , s izeo f (∗ c l i e n t ) , host , 255 , port , 10 ,

NI_NUMERICHOST | NI_NUMERICSERV) == 0) {
122 i f ( i sAccept )
123 p r i n t f (PREFIX"[%s ]:% s connected \n" , host , port ) ;
124 else

125 p r i n t f (PREFIX"Connected to  [%s ]:% s\n" , host , port ) ;
126 }
127 else {
128 i f ( i sAccept )
129 p r i n t f (PREFIX"Node connected ,  IP not found (ERROR) − (%s :%d) \n" , __FILE__,

__LINE__) ;
130 else

131 p r i n t f (PREFIX"Connected to  node ,  IP not found (ERROR) − (%s :%d) \n" , __FILE__,
__LINE__) ;

132 return NULL;
133 }
134 pthread_mutex_unlock(&peersLock ) ;
135
136 pthread_t ∗ t1 = malloc ( s izeo f (∗ t1 ) ) ;
137 pthread_t ∗ t2 = malloc ( s izeo f (∗ t2 ) ) ;
138 pthread_create ( t1 , NULL, rece ive_thread , peer ) ;
139 pthread_create ( t2 , NULL, recvWrk_thread , peer ) ;
140 return peer ;
141 }
142
143 int connectPeer ( char ∗pee r In f o ) {
144 char ∗ savePtr = NULL;
145 char ∗ ip = strtok_r ( peer In fo , " | " , &savePtr ) ;
146 char ∗port = strtok_r (NULL, " | " , &savePtr ) ;
147
148 struct addr in fo h in t s ;
149 memset(&hints , 0 , s izeo f h in t s ) ;
150 h in t s . a i_family = AF_UNSPEC;
151 h in t s . ai_socktype = SOCK_STREAM;
152 h in t s . a i_ f l ag s = AI_PASSIVE ;
153
154 struct addr in fo ∗ l i s t ;
155 i f ( ge taddr in fo ( ip , port , &hints , &l i s t ) ) {
156 f p r i n t f ( s tder r ,ERRFIX"Error  on ge taddr in fo  (%s :%d) \n" , __FILE__, __LINE__) ;
157 return −1;
158 } ;
159 struct addr in fo ∗ptr ;
160 struct PeerL i s t ∗peer ;
161 for ( ptr = l i s t ; ptr != NULL; ptr = ptr−>ai_next ) {
162 int s e rve rSocke t = socket ( ptr−>ai_family , ptr−>ai_socktype , ptr−>ai_protoco l ) ;
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163 i f ( s e rve rSocke t < 0) continue ;
164 i f ( connect ( serverSocket , ptr−>ai_addr , ptr−>ai_addrlen ) < 0) continue ;
165
166 struct sockaddr ∗addr = malloc ( s izeo f ∗addr ) ;
167 socklen_t len = s izeo f ∗addr ;
168 i f ( getsockname ( serverSocket , addr , &len ) ) continue ;
169
170 i f ( ( peer = addPeer ( serverSocket , ( struct sockaddr_storage ∗) addr , 0 , 0) ) == NULL)

continue ;
171 break ;
172 }
173 f r e e add r i n f o ( l i s t ) ;
174 i f ( peer == NULL){
175 per ro r ( "Connect" ) ;
176 f p r i n t f ( s tder r ,ERRFIX"Unable to  connect  (%s :%d) \n" , __FILE__, __LINE__) ;
177 return −1;
178 }
179 return 0 ;
180 }
181
182 int cascadePeer ( char ∗ bu f f e r ) {
183 char cmpl = 0 ;
184 i f ( bu f f e r [ s t r l e n ( bu f f e r ) − 1 ] == '  ' )
185 cmpl = 1 ;
186
187 char ∗ savePtr = NULL;
188 char ∗ tok = strtok_r ( buf f e r , " " ,&savePtr ) ;
189 char ∗ l a s t = NULL;
190 while ( tok != NULL){
191 i f ( l a s t != NULL)
192 i f ( connectPeer ( l a s t ) )
193 return −1;
194 l a s t = tok ;
195 tok = strtok_r (NULL, " " ,&savePtr ) ;
196
197 }
198 i f ( cmpl ) {
199 i f ( l a s t != NULL)
200 i f ( connectPeer ( l a s t ) )
201 return −1;
202 bu f f e r [ 0 ] = 0 ;
203 }
204 else {
205 memmove( buf f e r , l a s t , s t r l e n ( l a s t ) + 1) ;
206 }
207 return 0 ;
208 }
209
210 struct ParseRet parse ( char ∗msg) {
211 struct ParseRet r e t = {IDLE , NULL, −1, 0} ;
212 char ∗ptr ;
213 switch (∗msg) {
214 case 'H ' : //H<id> <port> <s i z e of l i s t o f nodes>
215 r e t .mode = HANDSHAKE;
216 r e t . id = s t r t o l (msg + 1 , &ptr , 10) ;
217 r e t . aux = s t r t o l ( ptr + 1 , &ptr , 10) ;
218 r e t . n = s t r t o l ( ptr + 1 , NULL, 10) ;
219 break ;
220 case 'T ' : //T<name> <s i z e of f i l e >
221 r e t .mode = TRANSFER;
222 r e t . name = strndup (msg + 1 , ( int ) s t r ch r (msg + 1 , '  ' ) − ( int )msg − 1) ;
223 r e t . n = s t r t o l (msg + s t r l e n ( r e t . name) + 1 , NULL, 10) ;
224 break ;
225 case 'E ' : //E<name> <s i z e of arguments>
226 r e t .mode = EXECUTE;
227 r e t . name = strndup (msg + 1 , ( int ) s t r ch r (msg + 1 , '  ' ) − ( int )msg − 1) ;
228 r e t . n = s t r t o l (msg + s t r l e n ( r e t . name) + 1 , NULL, 10) ;
229 break ;
230 case 'W' : //W<chan> <size>
231 r e t .mode = WRITE;
232 r e t . id = s t r t o l (msg + 1 , &ptr , 10) ;
233 r e t . n = s t r t o l ( ptr + 1 , NULL, 10) ;
234 break ;
235 case 'R ' : //R<chan> <size>
236 r e t .mode = READ;
237 r e t . id = s t r t o l (msg + 1 , &ptr , 10) ;
238 r e t . n = s t r t o l ( ptr + 1 , NULL, 10) ;
239 break ;
240 default :
241 r e t .mode = ERROR;
242 }
243 return r e t ;
244 }
245
246 //Thread func t ions
247 void ∗ rece ive_thread (void ∗data ) {
248 struct PeerL i s t ∗peer = ( struct PeerL i s t ∗) data ;
249 while ( masterSwitch ) {
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250 int n = 0 ;
251 sem_wait(&peer−>wSem) ;
252 i f ( ( n = recv ( peer−>socket , &peer−>rcvBuf f e r [ peer−>wPtr ∗ BLOCKSIZE + 4 ] , BLOCKSIZE

− 4 , 0) ) < 1)
253 SHUTDOWN;
254 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>wPtr ∗ BLOCKSIZE] = ( short )n ;
255 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>wPtr ∗ BLOCKSIZE + 2 ] = 4 ;
256 ++peer−>wPtr ;
257 sem_post(&peer−>rSem) ;
258 }
259 return NULL;
260 }
261
262 void ∗recvWrk_thread (void ∗data ) {
263 struct PeerL i s t ∗peer = ( struct PeerL i s t ∗) data ;
264
265 char ∗ bu f f e r = malloc (TBUFFERSIZE) ;
266 bu f f e r [ 0 ] = 0 ;
267 void ∗chanTrans ;
268 int ctPtr = 0 ;
269 struct ParseRet s t a t e = {IDLE , NULL, −1, 0} ;
270
271 //Wait for f i r s t item
272 sem_wait(&peer−>rSem) ;
273
274 char advance = 0 ;
275 while ( masterSwitch ) {
276
277 short l en = ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE ] ;
278 short o f f = ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE + 2 ] ;
279 char ∗msg = &peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE + o f f ] ;
280 int partLen = s t rn l en (msg , l en ) ;
281 char end = 0 ;
282 i f ( partLen < len ) {
283 ++partLen ;
284 end = 1 ;
285 }
286
287 switch ( s t a t e .mode) {
288 case IDLE :
289 i f ( ! end ) {
290 strncpy ( buf f e r , msg , l en ) ;
291 s t a t e .mode = PARTLY;
292 }
293 else

294 s t a t e = parse (msg) ;
295 i f ( partLen == len )
296 advance = 1 ;
297 else {
298 advance = 0 ;
299 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE] −= partLen ; //new len
300 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE + 2 ] += partLen ; //new

o f f s e t
301 }
302 break ;
303 case PARTLY:
304 s t rnca t ( buf f e r , msg , partLen ) ;
305 i f ( end ) {
306 s t a t e = parse ( bu f f e r ) ;
307 bu f f e r [ 0 ] = 0 ;
308 }
309 i f ( partLen == len )
310 advance = 1 ;
311 else {
312 advance = 0 ;
313 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE] −= partLen ; //new len
314 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE + 2 ] += partLen ; //new

o f f s e t
315 }
316 break ;
317 case HANDSHAKE:
318 partLen = ( len < s ta t e . n ? l en : s t a t e . n) ;
319 s t a t e . n −= partLen ;
320
321 i f ( peer−>id != −1 && peer−>cascade ) { //Cascade on 2nd handshake
322 s t rnca t ( buf f e r , msg , partLen ) ;
323 i f ( cascadePeer ( bu f f e r ) ) {
324 f p r i n t f ( s tder r ,ERRFIX"Could not cascade !  (%s :%d) \n" ,__FILE__, __LINE__) ;
325 SHUTDOWN;
326 }
327 }
328
329 i f ( s t a t e . n == 0) {
330 i f ( peer−>id == −1){
331 peer−>id = s ta t e . id ;
332 ph_add( peer ) ;
333 pthread_mutex_lock(&peersLock ) ;
334 pthread_mutex_lock(&peer−>sendLock ) ;
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335 char ∗tmp = peerSt r ing . s t r i n g ;
336 int l e f t = pee rSt r ing . usedSize ;
337 while ( l e f t ) {
338 int n = send ( peer−>socket , (void∗)tmp , l e f t , 0) ;
339 i f (n < 1) {
340 f p r i n t f ( s tder r ,ERRFIX"Error  on send !  (%s :%d) \n" , __FILE__, __LINE__) ;
341 pthread_mutex_unlock(&peer−>sendLock ) ;
342 pthread_mutex_unlock(&peersLock ) ;
343 SHUTDOWN;
344 }
345 l e f t −= n ;
346 tmp += n ;
347 }
348
349 char host [ 2 5 6 ] ;
350 char port [ 1 0 ] ;
351 i f ( getnameinfo ( ( struct sockaddr ∗) peer−>saddr , s izeo f (∗ peer−>saddr ) , host ,

255 , port , 10 , NI_NUMERICHOST | NI_NUMERICSERV) == 0) {
352 p r i n t f (PREFIX"Handshake from [%s ]:% s − id :%d\n" , host , port , s t a t e . id ) ;
353 i f ( pee rSt r ing . a l l o c S i z e < pee rSt r ing . usedSize + 22) {
354 pee rSt r ing . a l l o c S i z e ∗= 2;
355 char ∗ ns t r i ng = malloc ( pee rSt r ing . a l l o c S i z e ) ;
356 st rcpy ( nstr ing , pee rSt r ing . s t r i n g ) ;
357 f r e e ( pee rSt r ing . s t r i n g ) ;
358 pee rSt r ing . s t r i n g = ns t r i ng ;
359 }
360 s p r i n t f ( pee rSt r ing . s t r i n g + pee rSt r ing . usedSize − 1 , "%s |%d " , host ,

s t a t e . aux ) ;
361 pee rSt r ing . usedSize = s t r l e n ( pee rSt r ing . s t r i n g + 17) + 18 ;
362 s p r i n t f ( pee rSt r ing . s t r ing , "H%04d %05d %04d" , nodeId , nodePort ,

pee rS t r ing . usedSize − 17) ;
363 }
364 else {
365 p r i n t f (PREFIX"Cl i ent  connected  ( ip  unava i l i b l e ) \n" ) ;
366 return NULL;
367 }
368 pthread_mutex_unlock(&peer−>sendLock ) ;
369 pthread_mutex_unlock(&peersLock ) ;
370 }
371 s t a t e .mode = IDLE ;
372 }
373 i f ( partLen == len )
374 advance = 1 ;
375 else {
376 advance = 0 ;
377 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE] −= partLen ; //new len
378 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE + 2 ] += partLen ; //new

o f f s e t
379 }
380 break ;
381 case TRANSFER:
382 partLen = ( len < s ta t e . n ? l en : s t a t e . n) ;
383 s t a t e . n −= partLen ;
384
385 i f ( fm_writeToFile ( s t a t e . name , msg , partLen , s t a t e . n) ) {
386 f p r i n t f ( s tder r ,ERRFIX"Error  wr i t ing  to  f i l e !  (%s :%d) \n" , __FILE__, __LINE__) ;
387 SHUTDOWN;
388 }
389 i f ( s t a t e . n == 0) {
390 f r e e ( s t a t e . name) ;
391 s t a t e .mode = IDLE ;
392 }
393
394 i f ( partLen == len )
395 advance = 1 ;
396 else {
397 advance = 0 ;
398 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE] −= partLen ; //new len
399 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE + 2 ] += partLen ; //new

o f f s e t
400 }
401 break ;
402 case EXECUTE:
403 partLen = ( len < s ta t e . n ? l en : s t a t e . n) ;
404 s t a t e . n −= partLen ;
405
406 i f ( ctPtr == 0)
407 chanTrans = malloc ( s t a t e . n + partLen ) ;
408 memcpy( chanTrans + ctPtr , msg , partLen ) ;
409 ctPtr += partLen ;
410
411 i f ( s t a t e . n == 0)
412 s t a t e .mode = IDLE ;
413
414 i f ( partLen == len )
415 advance = 1 ;
416 else {
417 advance = 0 ;
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418 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE] −= partLen ; //new len
419 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE + 2 ] += partLen ; //new

o f f s e t
420 }
421
422
423 i f ( s t a t e .mode == IDLE){
424 i f ( fm_createInstance ( s t a t e . name , chanTrans ) ) {
425 f p r i n t f ( s tder r ,ERRFIX"Error  on execute !  (%s :%d) \n" , __FILE__, __LINE__) ;
426 SHUTDOWN;
427 }
428 ctPtr = 0 ;
429 f r e e ( s t a t e . name) ;
430 s t a t e . name = NULL;
431 }
432 break ;
433 case WRITE:
434 partLen = ( len < s ta t e . n ? l en : s t a t e . n) ;
435 s t a t e . n −= partLen ;
436 i f ( ch_receive ( s t a t e . id , msg , partLen ) ) {
437 f p r i n t f ( s tder r ,ERRFIX"Error  on wr i te  (%s :%d) \n" ,__FILE__,__LINE__) ;
438 SHUTDOWN;
439 }
440 i f ( s t a t e . n == 0)
441 s t a t e .mode = IDLE ;
442 i f ( partLen == len )
443 advance = 1 ;
444 else {
445 advance = 0 ;
446 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE] −= partLen ; //new len
447 ∗( short ∗)&peer−>rcvBuf f e r [ peer−>rPtr ∗ BLOCKSIZE + 2 ] += partLen ; //new

o f f s e t
448 }
449 break ;
450 case READ:
451 i f ( ch_receive ( s t a t e . id , NULL, s t a t e . n) ) {
452 f p r i n t f ( s tder r ,ERRFIX"Error  on read (%s :%d) \n" ,__FILE__,__LINE__) ;
453 SHUTDOWN;
454 }
455 s t a t e .mode = IDLE ;
456 break ;
457 case ERROR:
458 default :
459 f p r i n t f ( s tder r ,ERRFIX"Error  (%s :%d) \n" ,__FILE__,__LINE__) ;
460 SHUTDOWN;
461 break ;
462 }
463 i f ( advance && s ta t e .mode != READ){
464 //Advance to next queue item
465 ++peer−>rPtr ;
466 sem_post(&peer−>wSem) ;
467 sem_wait(&peer−>rSem) ;
468 advance = 0 ;
469 }
470 }
471 return NULL;
472 }
473
474 void ∗accept_thread (void ∗data ) {
475 while ( masterSwitch ) {
476 struct sockaddr_storage ∗ c l i e n t ;
477 s ize_t s i z e = s izeo f (∗ c l i e n t ) ;
478 c l i e n t = malloc ( s i z e ) ;
479 int c l i e n tSo ck e t = accept (∗( int ∗) data , ( struct sockaddr ∗) c l i e n t , &s i z e ) ; //Cancel

point
480 i f ( c l i e n tSo ck e t < 0)
481 f p r i n t f ( s tder r ,ERRFIX"Error  on accept \n" ) ;
482 else i f ( addPeer ( c l i en tSocke t , c l i e n t , 0 , 1) == NULL)
483 SHUTDOWN;
484
485 }
486 return NULL;
487 }
488
489 //Pub l ic func t ions
490 int nw_init ( int id , int port , char ∗mip , char ∗mpt) {
491 nodeId = id ;
492
493 pee rSt r ing . s t r i n g = malloc (1024) ;
494 pee rSt r ing . a l l o c S i z e = 1024;
495 pee rSt r ing . usedSize = 19 ;
496 s p r i n t f ( pee rS t r ing . s t r ing , "H%04d %05d 0002" , id , port ) ;
497 s p r i n t f ( pee rS t r ing . s t r i n g + 17 , " " ) ;
498
499 struct addr in fo h in t s ;
500 memset(&hints , 0 , s izeo f h in t s ) ;
501 h in t s . a i_family = AF_INET; //CHANGE TO AF_NET6 for IPv6
502 h in t s . ai_socktype = SOCK_STREAM;
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503 h in t s . a i_ f l ag s = AI_PASSIVE ;
504
505 struct addr in fo ∗ l i s t ;
506
507 char portStr [ 6 ] ;
508 s p r i n t f ( portStr , "%d" , port ) ;
509
510 i f ( ge taddr in fo (NULL, portStr , &hints , &l i s t ) ) {
511 f p r i n t f ( s tder r ,ERRFIX"Error  on ge taddr in fo  (%s :%d) \n" , __FILE__, __LINE__) ;
512 return −1;
513 }
514
515 int e r r o rL i s t en = −1;
516 struct addr in fo ∗ptr ;
517 for ( ptr = l i s t ; ptr != NULL; ptr = ptr−>ai_next ) {
518 int yes = 1 ;
519 int s e rve rSocke t = socket ( ptr−>ai_family , ptr−>ai_socktype , ptr−>ai_protoco l ) ;
520 i f ( s e rve rSocke t < 0) continue ;
521 i f ( s e t sockopt ( serverSocket , SOL_SOCKET, SO_REUSEADDR, &yes , s izeo f ( int ) ) < 0)

continue ;
522 i f ( bind ( serverSocket , ptr−>ai_addr , ptr−>ai_addrlen ) < 0) continue ;
523 i f ( l i s t e n ( serverSocket , 10) < 0) continue ;
524
525 pthread_t ∗ t = malloc ( s izeo f (∗ t ) ) ;
526 int ∗ socket = malloc ( s izeo f ( int ) ) ;
527 ∗ socket = se rve rSocke t ;
528
529 i f ( pthread_create ( t , NULL, accept_thread , socket ) ) {
530 f r e e ( t ) ;
531 f r e e ( socket ) ;
532 continue ;
533 }
534 addThread ( t , s e rve rSocke t ) ;
535 e r r o rL i s t en = 0 ;
536 }
537 f r e e add r i n f o ( l i s t ) ;
538 i f ( e r r o rL i s t en ) {
539 per ro r ( " L i s t en " ) ;
540 f p r i n t f ( s tder r ,ERRFIX"Unable to  socket /bind/ l i s t e n  (%s :%d) \n" , __FILE__, __LINE__) ;
541 return −1;
542 }
543
544 i f (mip != NULL && mpt != NULL){
545 i f ( ge taddr in fo (mip , mpt , &hints , &l i s t ) ) {
546 f p r i n t f ( s tder r ,ERRFIX"Error  on ge taddr in fo  (%s :%d) \n" , __FILE__, __LINE__) ;
547 return −1;
548 } ;
549 struct addr in fo ∗ptr ;
550 struct PeerL i s t ∗peer ;
551 for ( ptr = l i s t ; ptr != NULL; ptr = ptr−>ai_next ) {
552 int s e rve rSocke t = socket ( ptr−>ai_family , ptr−>ai_socktype , ptr−>ai_protoco l ) ;
553 i f ( s e rve rSocke t < 0) continue ;
554 i f ( connect ( serverSocket , ptr−>ai_addr , ptr−>ai_addrlen ) < 0) continue ;
555
556 struct sockaddr ∗addr = malloc ( s izeo f ∗addr ) ;
557 socklen_t len = s izeo f ∗addr ;
558 i f ( getsockname ( serverSocket , addr , &len ) ) continue ;
559
560 i f ( ( peer = addPeer ( serverSocket , ( struct sockaddr_storage ∗) addr , 1 , 0) ) == NULL)

continue ;
561 break ;
562 }
563 f r e e add r i n f o ( l i s t ) ;
564 i f ( peer == NULL){
565 f p r i n t f ( s tder r ,ERRFIX"Unable to  connect  (%s :%d) \n" , __FILE__, __LINE__) ;
566 return −2;
567 }
568 }
569
570 return 0 ;
571
572 }
573
574 int nw_getNodeId ( ) {
575 return nodeId ;
576 }
577
578 int nw_sendFile ( int id , char ∗name) {
579 struct PeerL i s t ∗peer = ph_getPeer ( id ) ;
580 i f ( peer == NULL){
581 f p r i n t f ( s tder r ,ERRFIX"Trying to  t r a n s f e r  to  non−e x c i s t i n g  peer  − id=%d name=%s (%s

:%d) \n" , id , name , __FILE__, __LINE__) ;
582 return −1;
583 }
584 void ∗ptr = NULL;
585 unsigned long s i z e ;
586 i f ( fm_readFunction (name , &ptr , &s i z e ) ) {
587 f p r i n t f ( s tder r ,ERRFIX"Error !  (%s :%d) \n" , __FILE__, __LINE__) ;
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588 return −1;
589 }
590 char ∗header = malloc ( s t r l e n (name) + 15) ;
591 s p r i n t f ( header , "T%s %lu " , name , s i z e ) ;
592 pthread_mutex_lock(&peer−>sendLock ) ;
593 int l e f t = s t r l e n ( header ) + 1 ;
594 while ( l e f t ) {
595 int n = send ( peer−>socket , (void∗) header , l e f t , 0) ;
596 i f (n < 1) {
597 f p r i n t f ( s tder r ,ERRFIX"Error  on send !  (%s :%d) \n" , __FILE__, __LINE__) ;
598 pthread_mutex_unlock(&peer−>sendLock ) ;
599 return −1;
600 }
601 l e f t −= n ;
602 header += n ;
603 }
604 l e f t = s i z e ;
605 while ( l e f t ) {
606 int n = send ( peer−>socket , (void∗) ptr , l e f t , 0) ;
607 i f (n < 1) {
608 f p r i n t f ( s tder r ,ERRFIX"Error  on send !  (%s :%d) \n" , __FILE__, __LINE__) ;
609 pthread_mutex_unlock(&peer−>sendLock ) ;
610 return −1;
611 }
612 l e f t −= n ;
613 ptr += n ;
614 }
615 pthread_mutex_unlock(&peer−>sendLock ) ;
616 return 0 ;
617 }
618
619 int nw_spawn( int id , char ∗name , int ∗chanTrans , int c tS i z e ) {
620 struct PeerL i s t ∗peer = ph_getPeer ( id ) ;
621 i f ( peer == NULL){
622 f p r i n t f ( s tder r ,ERRFIX"Trying to  execute  on non−e x c i s t i n g  peer  (%s :%d) \n" ,__FILE__,

__LINE__) ;
623 return −1;
624 }
625 char ∗ bu f f e r = malloc ( s t r l e n (name) + 12 + c tS i z e ) ;
626 s p r i n t f ( bu f f e r , "E%s %d" , name , c tS i z e ) ;
627 memcpy( bu f f e r + s t r l e n ( bu f f e r ) + 1 , chanTrans , c t S i z e ) ;
628 pthread_mutex_lock(&peer−>sendLock ) ;
629 int l e f t = s t r l e n ( bu f f e r ) + c tS i z e + 1 ;
630 while ( l e f t ) {
631 int n = send ( peer−>socket , (void∗) bu f f e r , l e f t , 0) ;
632 i f (n < 1) {
633 f p r i n t f ( s tder r ,ERRFIX"Error  on send !  (%s :%d) \n" , __FILE__, __LINE__) ;
634 pthread_mutex_unlock(&peer−>sendLock ) ;
635 return −1;
636 }
637 l e f t −= n ;
638 bu f f e r += n ;
639 }
640 pthread_mutex_unlock(&peer−>sendLock ) ;
641 return 0 ;
642 }
643
644 int nw_chsend ( struct PeerL i s t ∗peer , int chid , vo lat i l e void ∗ vo lat i l e data , int s i z e )

{
645 char ∗ bu f f e r = malloc (32) ;
646 char ∗tmp = bu f f e r ;
647 i f ( data == NULL)//R<id> <size >\0
648 s p r i n t f ( bu f f e r , "R%d %d" , chid , s i z e ) ;
649 else //W<id> <size >\0<data>
650 s p r i n t f ( bu f f e r , "W%d %d" , chid , s i z e ) ;
651 pthread_mutex_lock(&peer−>sendLock ) ;
652 int l e f t = s t r l e n ( bu f f e r ) + 1 ;
653 while ( l e f t ) {
654 int n = send ( peer−>socket , (void∗) bu f f e r , l e f t , 0) ;
655 i f (n < 1) {
656 f p r i n t f ( s tder r ,ERRFIX"Error  on send !  (%s :%d) \n" , __FILE__, __LINE__) ;
657 pthread_mutex_unlock(&peer−>sendLock ) ;
658 return −1;
659 }
660 l e f t −= n ;
661 bu f f e r += n ;
662 }
663 f r e e (tmp) ;
664 i f ( data ) {
665 l e f t = s i z e ;
666 while ( l e f t ) {
667 int n = send ( peer−>socket , (void∗) data , l e f t , 0) ;
668 i f (n < 1) {
669 f p r i n t f ( s tder r ,ERRFIX"Error  on send !  (%s :%d) \n" , __FILE__, __LINE__) ;
670 pthread_mutex_unlock(&peer−>sendLock ) ;
671 return −1;
672 }
673 l e f t −= n ;
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674 data += n ;
675 }
676 }
677 pthread_mutex_unlock(&peer−>sendLock ) ;
678 return 0 ;
679 }
680
681 int nw_panic ( ) {
682 p r i n t f (PREFIX"Panic ! \ n" ) ;
683 pthread_mutex_lock(&peersLock ) ;
684 struct ThreadList ∗pt ;
685 for ( pt = th r ead sF i r s t ; pt != NULL; pt = pt−>next ) {
686 shutdown ( pt−>l i s t enSocke t , 2) ;
687 pthread_cancel (∗pt−>t ) ;
688 }
689 struct PeerL i s t ∗pp ;
690 for (pp = peers ; pp != NULL; pp = pp−>next )
691 shutdown (pp−>socket , SHUT_RDWR) ;
692 pthread_mutex_unlock(&peersLock ) ;
693 return 0 ;
694 }
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C.10 PeerHash.h

1 #ifndef _PEER_HASH_H
2 #define _PEER_HASH_H
3
4 #define NPEERBUCKETS 64
5
6 struct PeerHash{
7 int id ;
8 struct PeerL i s t ∗peer ;
9 struct In s tanceSt ruc t ∗wai t ing Ins tance ;

10 struct PeerHash ∗next ;
11 } ;
12
13
14 int ph_init ( ) ;
15 int ph_add( struct PeerL i s t ∗peer ) ;
16 int ph_waitForNode ( struct In s tanceSt ruc t ∗ instance , int id ) ;
17 struct PeerL i s t ∗ph_getPeer ( int id ) ;
18
19 #endif//_PEER_HASH_H
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C.11 PeerHash.c

1 #include <pthread . h>
2 #include <s t r i n g . h>
3 #include <s t d l i b . h>
4
5 #include "TaskManager . h"
6 #include "PeerHash . h"
7 #include "Network . h"
8
9 stat ic pthread_mutex_t peerHashLock = PTHREAD_MUTEX_INITIALIZER;

10 struct PeerHash ∗∗peerHash ;
11
12 int ph_add( struct PeerL i s t ∗peer ) {
13 i f ( peer−>id < 0)
14 return −1;
15 pthread_mutex_lock(&peerHashLock ) ;
16 struct PeerHash ∗ptr = peerHash [ peer−>id % NPEERBUCKETS] ;
17 struct PeerHash ∗ l a s t = NULL;
18
19 while ( ptr != NULL && ptr−>id != peer−>id ) {
20 l a s t = ptr ;
21 ptr = ptr−>next ;
22 }
23
24 i f ( ptr == NULL){
25 ptr = malloc ( s izeo f ∗ptr ) ;
26 ptr−>id = peer−>id ;
27 ptr−>peer = peer ;
28 ptr−>wai t ing Ins tance = NULL;
29 ptr−>next = NULL;
30 i f ( l a s t == NULL)
31 peerHash [ peer−>id % NPEERBUCKETS] = ptr ;
32 else

33 la s t−>next = ptr ;
34 }
35 else {
36 ptr−>peer = peer ;
37 while ( ptr−>wai t ing Ins tance != NULL){
38 struct In s tanceSt ruc t ∗ i n s tance = ptr−>wai t ing Ins tance ;
39 ptr−>wai t ing Ins tance = ptr−>wait ingInstance−>next ;
40 i f ( instance−>sta t e == CHANRNW)
41 instance−>sta t e = CHANR;
42 else i f ( instance−>sta t e == CHANWNW)
43 instance−>sta t e = CHANW;
44 else

45 instance−>sta t e = READY;
46 tm_requeue ( in s tance ) ;
47 }
48 }
49 pthread_mutex_unlock(&peerHashLock ) ;
50 return 0 ;
51 }
52
53 int ph_waitForNode ( struct In s tanceSt ruc t ∗ instance , int id ) {
54 i f ( id < 0)
55 return −1;
56 pthread_mutex_lock(&peerHashLock ) ;
57 struct PeerHash ∗ptr = peerHash [ id % NPEERBUCKETS] ;
58 struct PeerHash ∗ l a s t = NULL;
59
60 while ( ptr != NULL && ptr−>id != id ) {
61 l a s t = ptr ;
62 ptr = ptr−>next ;
63 }
64
65 i f ( ptr == NULL){
66 ptr = malloc ( s izeo f ∗ptr ) ;
67 ptr−>id = id ;
68 ptr−>peer = NULL;
69 ptr−>wai t ing Ins tance = ins tance ;
70 ptr−>next = NULL;
71 i f ( l a s t == NULL)
72 peerHash [ id % NPEERBUCKETS] = ptr ;
73 else

74 la s t−>next = ptr ;
75 }
76 else i f ( ptr−>peer != NULL){
77 i f ( instance−>sta t e == CHANRNW)
78 instance−>sta t e = CHANR;
79 else i f ( instance−>sta t e == CHANWNW)
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80 instance−>sta t e = CHANW;
81 else

82 instance−>sta t e = READY;
83 tm_requeue ( in s tance ) ;
84 }
85 else {
86 instance−>prev = NULL;
87 instance−>next = ptr−>wai t ing Ins tance ;
88 i f ( ptr−>wai t ing Ins tance != NULL){
89 ptr−>wait ingInstance−>prev = ins tance ;
90 }
91 ptr−>wai t ing Ins tance = ins tance ;
92 }
93 pthread_mutex_unlock(&peerHashLock ) ;
94 return 0 ;
95 }
96
97 struct PeerL i s t ∗ph_getPeer ( int id ) {
98 i f ( id < 0)
99 return NULL;

100 pthread_mutex_lock(&peerHashLock ) ;
101 struct PeerHash ∗ptr = peerHash [ id % NPEERBUCKETS] ;
102 while ( ptr != NULL && ptr−>id != id )
103 ptr = ptr−>next ;
104
105 pthread_mutex_unlock(&peerHashLock ) ;
106 i f ( ptr == NULL)
107 return NULL;
108 return ptr−>peer ;
109 }
110
111 int ph_init ( ) {
112 peerHash = malloc (NPEERBUCKETS ∗ s izeo f ( struct PeerHash∗) ) ;
113 memset ( peerHash , 0 , NPEERBUCKETS ∗ s izeo f ( struct PeerHash∗) ) ;
114 return 0 ;
115 }
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C.12 TaskManager.h

1 #ifndef _TASK_MANAGER_H
2 #define _TASK_MANAGER_H
3
4 struct FunStruct ; //Forward from FunctionManager . h
5
6 enum In s tanceSta te {NEW = 1 , READY = 2 , CHANR = 4 , CHANW = 8 , CHANRNW = 16 , CHANWNW =

32 , NODEWAIT = 64 , TRANSFER = 128 , SPAWN = 256 , DONE = 512};
7
8 struct In s tanceSt ruc t {
9 struct FunStruct ∗ funStruct ;

10 void ∗memPtr ;
11 int ∗chanTrans ;
12 int step ;
13 enum In s tanceSta te s t a t e ;
14 void ∗comPtr ;
15 int comSize ;
16 int localCh ;
17 int nodeWait ;
18
19 struct In s tanceSt ruc t ∗next , ∗prev ;
20 } ;
21
22 struct SpawnStruct{
23 char ∗name ;
24 int ∗chanTrans ;
25 int c tS i z e ;
26 int peerId ;
27 } ;
28
29
30 int tm_init ( int workers ) ;
31 int tm_createNew ( struct FunStruct ∗ funStruct , int ∗chanTrans ) ;
32 int tm_requeue ( struct In s tanceSt ruc t ∗ i n s tance ) ;
33
34
35 #endif//_TASK_MANAGER_H
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C.13 TaskManager.c

1 #include <pthread . h>
2 #include <s t d l i b . h>
3 #include <s t r i n g . h>
4
5 #include "FunctionManager . h"
6 #include "TaskManager . h"
7 #include "PeerHash . h"
8 #include "Global . h"
9 #include "Network . h"

10 #include "ChanManager . h"
11
12 //Add to l a s t , take from f i r s t ;
13 stat ic pthread_mutex_t queueLock = PTHREAD_MUTEX_INITIALIZER;
14 stat ic pthread_cond_t queueCond = PTHREAD_COND_INITIALIZER;
15 stat ic struct In s tanceSt ruc t ∗ f i r s t , ∗ l a s t ;
16
17 stat ic void addToQueue ( struct In s tanceSt ruc t ∗ i n s tance ) {
18 pthread_mutex_lock(&queueLock ) ;
19 instance−>next = l a s t ;
20 instance−>prev = NULL;
21 i f ( l a s t != NULL)
22 la s t−>prev = ins tance ;
23 l a s t = ins tance ;
24 i f ( f i r s t == NULL)
25 f i r s t = ins tance ;
26 else i f ( f i r s t −>prev == NULL)
27 f i r s t −>prev = ins tance ;
28 pthread_cond_broadcast(&queueCond ) ;
29 pthread_mutex_unlock(&queueLock ) ;
30 }
31
32 //Blocks i f queue i s empty
33 stat ic struct In s tanceSt ruc t ∗ getF i r s t I t em () {
34 struct In s tanceSt ruc t ∗ r e t ;
35 pthread_mutex_lock(&queueLock ) ;
36 while ( f i r s t == NULL)
37 pthread_cond_wait(&queueCond , &queueLock ) ;
38 r e t = f i r s t ;
39 i f ( f i r s t != NULL){
40 i f ( f i r s t −>prev ) {
41 f i r s t −>prev−>next = NULL;
42 f i r s t = f i r s t −>prev ;
43 }
44 else {
45 f i r s t = NULL;
46 l a s t = NULL;
47 }
48 }
49 pthread_mutex_unlock(&queueLock ) ;
50 return r e t ;
51 }
52
53 stat ic void ∗worker (void ∗data ) {
54 while ( masterSwitch ) {
55 struct In s tanceSt ruc t ∗ item = getF i r s t I t em () ;
56 i f ( item−>sta t e & (READY | NEW) )
57 item−>funStruct−>fun ( item ) ;
58 switch ( item−>sta t e ) {
59 case NEW:
60 f p r i n t f ( s tder r ,ERRFIX"Task has i nva l i d  s t a t e  (%s :%d) \n" ,__FILE__,__LINE__) ;
61 SHUTDOWN;
62 break ;
63 case READY:
64 addToQueue ( item ) ;
65 break ;
66 case CHANR:
67 case CHANW:
68 i f ( ch_action ( item ) ) {
69 f p r i n t f ( s tder r ,ERRFIX"Error  on ch_action (%s :%d) \n" , __FILE__, __LINE__) ;
70 SHUTDOWN;
71 }
72 break ;
73 case CHANRNW:
74 case CHANWNW:
75 case NODEWAIT:
76 ph_waitForNode ( item , item−>nodeWait ) ;
77 break ;
78 case TRANSFER:
79 i f ( nw_sendFile ( ( ( struct SpawnStruct ∗) item−>comPtr )−>peerId ,
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80 ( ( struct SpawnStruct ∗) item−>comPtr )−>name) ) {
81 f p r i n t f ( s tder r ,ERRFIX"Error  on t r a n s f e r  (%s :%d) \n" ,__FILE__,__LINE__) ;
82 SHUTDOWN;
83 }
84 item−>sta t e = READY;
85 addToQueue ( item ) ;
86 break ;
87 case SPAWN:
88 i f ( ( ( struct SpawnStruct ∗) item−>comPtr )−>peerId == nw_getNodeId ( ) ) {
89 int ∗chanTrans = malloc ( ( ( struct SpawnStruct ∗) item−>comPtr )−>ctS i z e ∗ s izeo f (

int ) ) ;
90 memcpy( chanTrans , ( ( struct SpawnStruct ∗) item−>comPtr )−>chanTrans , ( ( struct

SpawnStruct ∗) item−>comPtr )−>ctS i z e ∗ s izeo f ( int ) ) ;
91 i f ( fm_createInstance ( ( ( struct SpawnStruct ∗) item−>comPtr )−>name , chanTrans ) ) {
92 f p r i n t f ( s tder r ,ERRFIX"Error  on spawn (%s :%d) \n" ,__FILE__,__LINE__) ;
93 SHUTDOWN;
94 }
95 }
96 else i f (nw_spawn ( ( ( struct SpawnStruct ∗) item−>comPtr )−>peerId ,
97 ( ( struct SpawnStruct ∗) item−>comPtr )−>name ,
98 ( ( struct SpawnStruct ∗) item−>comPtr )−>chanTrans ,
99 ( ( struct SpawnStruct ∗) item−>comPtr )−>ctS i z e ) ) {

100 f p r i n t f ( s tder r ,ERRFIX"Error  on spawn (%s :%d) \n" ,__FILE__,__LINE__) ;
101 SHUTDOWN;
102 }
103 item−>sta t e = READY;
104 addToQueue ( item ) ; ;
105 break ;
106 case DONE:
107 f r e e ( item−>chanTrans ) ;
108 f r e e ( item ) ;
109 break ;
110 }
111 }
112 return NULL;
113 }
114
115
116 int tm_init ( int workers ) {
117 f i r s t = NULL;
118 l a s t = NULL;
119 int i ;
120 for ( i = 1 ; i <= workers ; ++i ) {
121 pthread_t t ;
122 i f ( pthread_create(&t , NULL, worker , NULL) ) {
123 f p r i n t f ( s tder r ,ERRFIX"Could not c r ea t e  requ i r ed  number o f  threads .  ( Fa i l ed  on %d 

of  %d)  (%s :%d) \n" , i , workers , __FILE__, __LINE__) ;
124 return −1;
125 }
126 }
127 return 0 ;
128 }
129
130 int tm_createNew ( struct FunStruct ∗ funStruct , int ∗chanTrans ) {
131 struct In s tanceSt ruc t ∗ i n s tance = malloc ( s izeo f ∗ i n s tance ) ;
132 instance−>funStruct = funStruct ;
133 instance−>memPtr = NULL;
134 instance−>chanTrans = chanTrans ;
135 instance−>step = 0 ;
136 instance−>sta t e = NEW;
137 addToQueue ( in s tance ) ;
138 return 0 ;
139 }
140
141 int tm_requeue ( struct In s tanceSt ruc t ∗ i n s tance ) {
142 addToQueue ( in s tance ) ;
143 return 0 ;
144 }
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