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1

LICENSE AGREEMENT / DISCLAIMER

Copyright & nilsen elektronikk as

The nesos ( = Nilsen Elektronikk State machine Operating System) with documentation are properties
of nilsen elektronikk as, Norway. The nesos OS is free software; you can useit, redistribute it
and/or modify it under the terms below. By using, changing or redistributing the software, you accept
the conditions below:

1

2.

Y ou are not alowed to remove or modify this copyright notice and License paragraphs, even if
parts of the software are used.

The improvements and/or extensions you make shall be available for the community under this
license, source code included. Improvements or extensions, including adaptations to new
architectures, shall be reported and transmitted to Nilsen Elektronikk AS.

Y ou must cause the modified files to carry prominent notices stating that you changed the files,
what you did and the date of changes.

Y ou may not distribute this software under another license without explicit permission from Nilsen
Elektronikk AS, Norway.

This software is free, and distributed in the hope that it will be useful, but WITHOUT ANY
WARRANTY:; without even the implied warranty of MERCHANTABILITY or FITNESS FOR A
PARTICULAR PURPOSE. You SHALL NOT use this software unless you accept to carry al risk
and cost of defects or limitations.

The software is provided «as is» and without any express or implied warranties, including, without limitation,
the implied warranties of merchantability and fitness for a particular purpose. The software should not be used
within Life Support Systems. Life Support Systems are equipment intended to support or sustain life and whose
failure to perform properly used in accordance with instructions provided can be reasonably expected to result
in significant personal injury or desth.
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2 Introduction

nesos ( = Nilsen Elektronikk finite State machine Operating System) is a powerful and
compact C-written FSMOS ( = Finite State Machine Operating System) for embedded
purposes. It makes it possible to use the techniques of concurrent programming, with avery
small overhead both in time and space. nesos consists of afew C files that can be included
with the application files or collected in alibrary and linked with the application program.
nesos is completely processor independent. It can be used with any ANCI compiler. Thereis
no need for assembly files or architecture dependent features.

3 What is a Finite State Machine Operating System

A system based on nesos consists of nesos and some processes. A processis afunction that is
called when a message packet addressed to that processis available. Always when a process
function is called, there is an input packet and during execution, the process makes actions
according to the contents of that packet (NB: See section Initiaisation state). Changing the
state of the process may be a part of an action. Every process has its own state variable and a
unique process ID. The process ID is anumber, used to route a message packet from a source
to a destination process. A process may send message packets whenever it wants. The packets
are used for synchronisation and information exchange.

Why use FSMOSs instead of pre-emptive Real-Time Operating Systems?

In some cases we prefer pre-emptive RTOS, but FSMOS has some interesting properties:
FSMOSs can be made completely processor independent. |.e. completely in C with no
architecture dependent stuff.

All processes share work space (space for stack, parameters and local variables)

As apposed to a pre-emptive RTOS, there are no concerns about atomic operations during
process execution. A process function call is aways completed until the next process
function is called.

For the same reasons, compilers making non-reentrent code can be used.

There are fewer chances that a program based on FSMOS shall mess up the stack in case
of bugs. A FSMOS program is easier to debug. Since no "clever” tricks are made to the
stack space, debuggers usually works fine.

There is areason why FSMOS iswidely used in LARGE Telecom systems. FSMOS based
systems can be specified in SDL (Specification and Description Language), aCCITT
recommendation.

There are good tools and traditions for FSMOS based systems.

There are many books about SDL. Oneis:
"An Introduction to the CCITT SDL", Anders Rockstrom, Televerket Stockholm 1985.
ISBN 91-7810-321-5

Version 1.3 nilsen elektronikk as



Aug. 16. 2000 nesos 6 of 25

3.1 Process
A processis a C function of type
void f(void);
A process function shall never block, it shall complete as soon as possible and never wait for

input because it already has the necessary input. The reason why it executes is the input packet.

A process function is associated with a PROCESS DESCRI PTOR. <nesos.h>

typedef struct process_descriptor {

int id; /* Process ID */
char name[ 32] ; /* Process name */
void (*pp)(void); /* Process function ptr */
int state; /* Process state */
int entrystate; /* State at entry */
int forwardfl ag; /[* don't free inpp */
PACKET *i npp; /* 1 nput PACKET ptr */

PACKET_DPTRS_LI M savedpp; /* Saved input packets */
} PROCESS DESCRI PTOR;

Theid is the unique identity number of a process. For debugging purposes, it may be given an
ASCII name aswell. A function pointer, pp, points to the process function. The process has a
state variable included in the PROCESS DESCRI PTOR. The current state is written to
entrystate before the process function is called. A pointer to the input message packet is
included as well. The input message packet is freed when the process function call returns,
unless forwardflag is set. If the user has forwarded the input message packet to another user or
th the save queue, then forwardflag is set.

3.2 The state variable
The state variableisamain issue in SDL. nesos uses the state variable both for controlling
initialisation and execution. After aprocessis created by using
void nesosl nstall Process(PROCESS_DESCRIPTOR * pdp);
the state variable is assigned STATE_INIT (= —1) by nesos.

3.3 Initialisation state

All processes must have state != STATE_INIT, until message packets are passed to any
process. Processes with state == STATE_INIT are called, one by one, with NULL input
PACKET pointer. Thus, the processes can make low level initialisations before they have to
deal with messages.

When nesos has completed the initiaisation call, and state == STATE_INIT, the process state
is set to zero by nesos. When all process states are = STATE_INIT, normal message passing
starts.
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3.4 STATE_APPSEL state

Rather than being a state, this state value can be used to restore the original state value. Before
calling the application process function, nesos writes the current st at e istoent ryst at e. If
st at e = STATE_APPSEL (=-2) by the application code or nesosExeFunct i onTabl e
(See 11.17), the original state (= ent r yst at e) isrestored by nesos. The motivation isto
provide adequate functionality for nesosExeFunct i onTabl e.

3.5 Message forwarding

The input message packet can be forwarded to another user by updating the

processid. i npp- >dst accordingly (processid isthe PROCESS DESCRI PTOR of
the a process) , then calling

voi d nesosl nPacket Forwar di ng(voi d);

Finally, one of the following function calls must be made to transmit the packet:
packet Put ( processi d. i npp);
packet Put X( processi d. i npp);
packet Put Hi Pri (processid.inpp);
packet Put Hi Pri X(processid. i npp);

3.6 Message saving

If aparticular input packet can not be processed in the current state, it can be saved for later.
After state has been changed, the oldest message from the save queue appears as input
message packet. |.e. saved messages have highest priority. To avoid too many packets from
ending up in the save queue, alimit number can be set. The vaue O isinfinite.

The two following functions are provided:

i nt nesosSavel nPacket (voi d);
voi d nesosSet SavedLi m t (unsi gned int maxval);

3.7 Maximum number of processes

In <nesos.h>, the maximum number of processes can be defined:
#defi ne MAX_PROCESSES 16
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4 Communication between Processes

Inter process communication serves two purposes; synchronisation and information exchange.
Packets are used for this purpose. An input packet is aways available (except during
initialisation). The information contained by the packet can be used for information transfer,
decision-making, etc.

4.1 Packets
The packet consists of a Header and Data:

t ypedef struct packet {

struct packet *next ; /[* ptr to next */
i nt pi ndex; /* index to hone pool */
i nt Src; /* source process ID */
i nt dst; /* destination process ID */
i nt si gnal ; /* signal value/lD */
unsi gned i nt | engt h; /* data length */
unsi gned i nt dmask; /* debug mask for tracing */
char data[2]; /* data buffer */

} PACKET;

next Packets are linked into a list while they are in the pool of free packers and while

they are waiting to be popped and given to a destination. Y ou should think and
_ understand before using this one.
pi ndex Used by packetFree to put a packet to the pool it belongs to. Never mess with

this one.
src The process id. of the Source process.
dst The process id. of the Destination process.
si gnal Packet type. For decition making purpuses. Also a SDL issue.
length  Number of databytes.
dmask Debug Mask. Used for message monitoring. See section.
dat a Data. Don't be confused by the [2]. Thisis for fooling the compiler only. There

is no range checking in C, and the packet size is what you allocate.

Message passing is provided using pointers. First a packet is allocated from a pool. If the pool
is empty, the user must either have a strategy for dealing with the situation or the pool must be
increased. When a packet is allocated, dst and signal must be given values, By default, dmask
and length are 0. dmask is useful during debugging, and may be assigned avalue. If there are
data to be transmitted, length must be given its sizein bytes. The src isfilled in by the
packetPut function.

Important:

The application shall not free the input packet. The packet isfreed by nesos when the process
function returns (exception: Message forwarding. See 3.4). There are very few good reasons
for calling packetFree(). Oneisif apacket is allocated, and then the application "regrets’ and
has to undo for one reason or another.
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Message passing is very efficient due to the use of pointers. Several pools for different packet
Size are possible. See function packetM akePool().

5 Time Control

A timer issimply a packet waiting in alist of timer packets. It is put into the timer list by the
start function, and may be removed any time by the stop function. When it times out, the timer
packet is removed from the timer list and given to its destination process which is called due to
the packet. Timers can provide time-out mechanisms or make a process sleep a given time.

6 Fatal Error Handling

A void putchar(int ch) function can be installed for printing fatal errors to a suitable channel.
The function
voi d nesoslnstal | Put Char(void (*event_pchar)(int ch),

void (*panic_pchar)(int ch));
isavailable for that purpose. If someillegal conditions are detected by nesos, the
panic_pchar() function is used to print an error message.
The function void nesosPanic(char *fmt, ...); usespanic_pchar() and can be used by the
application code whenever required.

7 Message Monitoring

A void putchar(int ch) function can be installed for printing useful messages to a suitable
channel. The function
voi d nesoslnstal | Put Char(void (*event_pchar)(int ch),

void (*panic_pchar)(int ch));
isavailable for that purpose. Events detected by nesos are printed using the event_pchar()
function. What kind of eventsis printed?
See section Packets. A packet has admask field. Timer packets aways have dmask = 0x8000;

There are two functions for setting corresponding masks:
voi d nesosSet | Mask(unsi gned int imask);
voi d nesosSet Ovask(unsi gned int omask);

If an AND operation between dmask and imask resultsin a non-zero value, amessage is
printed when given to the packetPut() function. If an AND operation between dmask and
omask results in a non-zero value, a message is printed when given to the destination process
function. The function void nesosEvent(char *fmt, ...); usesevent_pchar() and can be used
by the application code whenever required.
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8 Global nesos variables

8.1 nesos.c
process _descr_tab

process_num
process_current
process _index
time

nesos imask

nesos omask

nesos dmask
process_packets _hipri
process_packets nopri
process_packets timer
event_putchar
panic_putchar
Nnesos_error

nesos_alinit

8.2 packet.c

#def i ne PKDI FFSI ZENUM 5

Table of pointersto PROCESS DESCRIPTOR structs for installed
processes. Size MAX_PROCESSES. Never modify this table.
The number of installed processes.

The process identity of the current process.

The index into process_descr_tab, pointing to the current process.
Incremented by nesosCyclic(), afunction called periodically. The
variable givestime in ticks since reset or last overflow.

Set by nesosSetlMask(). See section Message Monitoring.

Set by nesosSetOMask(). See section Message Monitoring.
Multipurpose debug mask.

List pointers for High priority packets. Do not modify.

List pointers for Low/Normal priority packets. Do not modify.
List pointers for Timer packets. Do not modify.

Function pointer. See section Message Monitoring.

Function pointer. See section Message Monitoring.

Set when internal errors arise. Zero after reset. Can be cleared by
user.

Zexo after reset. Non-zero after all processes are initialized. See
section The state variable

/1l defined in packet.h

PACKETPOOL ppol array[ PKDI FFSI ZENUM ;

i nt

ppol array

ppol num

nesos allinit

ppol num

A table of max length PKDIFFSIZENUM, containing
PACKETPOOL structs for created packet pools. Never modify this

table.

The number of packet pools.

Zexo after reset. Non-zero after all processes are initialized. See
section The state variable

t ypedef struct

packet pool {

PACKET *startptr; /* Head of pool Iist */
char *pool mem /[* ptr to pool nenory */
unsi gned int mensize; /* size of pool nenory */
unsi gned int grossize; /* size (bytes) of a packet */
unsi gned i nt packet num /* nunber of packets */
unsi gned int netsize; /* net size of a packet */
unsi gned i nt usednex; /* statistics: max pk used */
unsi gned int packetleft; /| * packets left in pool */
} PACKETPOOL;
Version 1.3 nilsen elektronikk as
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startptr The packet pool is arranged into asingle linked list of packets. Thisis
the head pointer.

pool mem Pointer to the memory area used for the packet pool.

nmensi ze Size of poolmem in bytes.

grossi ze The total size (plus alignment size) of a packet.

packet num The total number of packets in the pool.

netsi ze The net size (i.e. data, no header), including alignment size, of a
packet.

usednmax The maximum number of packets allocated. For statistics purposes.

packet | ef t Packets free for allocation.

8.3 timer.c

PACKET *timer_start;

Timers are arranged into asingle linked list of packets. Thisis the head pointer.

9 Alignment

Some parts of nesos chop an area of memory into smaller suitable elements. The function
packetMakePool(), chops alarge memory areainto packets. Some compilers and processor
architecture demands that such structs must be properly aligned.

A value, ALIGN is defined for that purpose. ALIGN will make some nesos structs aligned to
addresses starting at modulo 2*ALIGN (Example: ALIGN == 4, the structs start at addresses
dividable by 16. I.e. the 4 least significant address bits are zero.)

#define ALIGN 4 /! nesos. h

10 Message Priority

There are three different queues for packets with different priorities. High priority packets are
handled first. When the higher priority queues are empty, the lower priority queues are
checked. The three queues are:

High priority packet queue.

Normal/Low priority packet queue.

Lowest priority timer packet queue. When atimer is stopped and the timer is not found,

this queue is checked as well.
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11 API - nesos.c

*

* Pur pose: To be called first.
*

*

* I nput : none

* Ret ur n: none

*

voi d nesoslnit(void)

11.2 nesosSetlMask

*z—========== nesosSet | Mask
*

* Pur pose: Set trace
*

*

* | nput : mask

* Ret ur n: none

*

voi d nesosSet | Mask(unsi gned

11.3 nesosSetOMask
*——z======== nesosSet Ovhsk

*

* Pur pose: Set trace
*

*

* | nput : mask

* Ret ur n: none

*

voi d nesosSet OMask( unsi gned

11.4 nesoslinstallProcess
*

mask for input nessages.

i nt i mask)

mask for output nessages.

i nt omask)

——=—=—=—=—=—=—=== nesosl nstall Process =============—===—=========

L I

Ret ur n: none

Pur pose: Install process.

| nput : ptr to process descriptor containing
all necessary process information

voi d nesoslnstal | Process(PROCESS DESCRI PTOR *pdp)
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*

* Pur pose: The mail programloop nust call this function
* as often as possible.

*

* I nput : none

* Ret ur n: 0: No process to run, 1: Process ran

*

i

nt nesosRun(voi d)

11.6 nesosCyclic

*

* Pur pose: To be called every tine tick. E.g. froma
* timer interrupt handl er

*

* I nput : none

* Ret ur n: none

*

voi d nesosCyclic(voi d)

*

* Pur pose: Put packet from process to input list.
* This is for Low Nornal Priority packets
* PACKET. src = process_current;

*

* | nput : ptr to packet

* Ret ur n: none

*

voi d packet Put ( PACKET *pp)

11.8 packetPutX

*

* Pur pose: Put packet from External source to input |ist.
* This is for Low Nornal Priority packets

* User nust set PACKET. src

*

* | nput : ptr to packet

* Ret ur n: none

*

voi d packet Put X( PACKET *pp)

11.9 packetPutHiPri
*m—m—m===———= packet PutH Pri ==============—=========—=—===—=—======

*

* Pur pose: Put packet from process to input list.
* This is for Hgh Priority packets

* PACKET. src = process_current;

*

* | nput : ptr to packet

* Ret ur n: none

*

voi d packet Put Hi Pri ( PACKET *pp)
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11 10 packetPutHiPriX
*o—mm====———= paCketPUtHlPrl e e e et

*

* Pur pose: Put packet from External source to input |ist.
* This is for High Priority packets

* User nust ser PACKET. src

*

* | nput : ptr to packet

* Ret ur n: none

*

voi d packet Put Hi Pri ( PACKET *pp)

11 11 nesosInPacketForwarding
*m—mm====———= n6505|nPaCketF0rmﬂrd|ng ——=—=————=—=————————=—=—=—======

*

* Pur pose: Mar k i nput packet as forwarded to avoid that nesos
* frees the packet when the application exits.

* NB: Don't forget to call packetPut() as well.

*

* I nput : none

* Ret ur n: none

*

voi d nesosl nPacket Forwar di ng(voi d)

11.12 nesosSavelnPacket

/::::::::::: nesosSave]nPaCket e e e g
*

* Pur pose: The i nput packet is put into a save list.

* The nunber of saved packets is limted to a maxi num
* The max can be set using nesosSet SavedLimt ()
* Default max value is Infinite (=0)

*

* I nput : ptr to PACKET_DPTRS_LIM (list handl e)

* packet ptr

* CQut put : none

* Ret ur n: 1. . 0. Failed because list is ful

*

i

i nt nesosSavel nPacket (voi d)

11.13 nesosSetSavedLimit

| =========== nesosSet SavedLi mt ———————-———————-—————————————=—=
*

* Pur pose: Set maxi mum nunber of elenents of a

* save |ist

*

* | nput : max val ue

* CQut put : none

* Ret ur n: none

*

voi d nesosSet SavedLi mi t (unsi gned int maxval)

Version 1.3 nilsen elektronikk as



Aug. 16. 2000 nesos 15 of 25

11.14 nesosInstallPutChar

——m—m—mm—m————— nesosl nst al | Put Char ================—===—=======
*

* Pur pose: Install character output functions for

* event nessages and pani c nessages.

*

* I nput : ptr to event put _char function

* ptr to panic_put_char function

* Ret ur n: none

*

voi d nesoslnstall Put Char(void (*event_pchar) (int ch),
voi d (*pani c_pchar) (int ch))

*
* Pur pose: A printf-like function. To be called when a
: non-reversable fault is detected.

: I nput : fm formatting string

: Ret ur n: none

voi d nesosPani c(char *fmt, ...)

11.16 nesosEvent

*::::::::::: nesosEvent ===========-S==SSssSSSSSSSSSSSSSSSSss=ssss
: Pur pose: A printf-like function. To print an event.

: I nput : fm formatting string

: Ret ur n: none

voi d nesosEvent (char *fnmt, ...)
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11.17 nesosExeFunctionTable

typedef struct function_id {

int sn; /* signal / nunber val ue */
int st; /* suggested next state / state */
void (*fp)(void); /* function ptr */

} FUNCTI ON_I D;

¥ mm—mmmmmm—=m— nesosExeFuncti onTabl @ ==============—===—=—===—===—=—==—=—==—=—===

Pur pose: This function is given an array of FUNCTI ON_I D.
The array is terminated with a NULL function ptr.
The FUNCTION ID table is described above.
The array is scanned for equal state and signal,
When found, the corresponding function is called.

The purpose is to provide a convenient nmethod for the
user to call a function corresponding to the state
and signal value of the input nessage.

I nput : ptr to array of FUNCTION ID

Ret ur n: 0 Not found. The default function is executed.
1 Found. The correspondi ng function is executed.
-1 Bad FUNCTION ID table. State not found.

L I R R R R I ]

*
~

i nt nesosExeFunctionTabl e(FUNCTION ID *fip)

The FUNCTION_ID table structure is:

<state A_header>

<state A_signal_i> (repeated for every different signa i of state A)
<state B_header>

<state B signa_j> (repeated for every different signal j of state B)
(... repested for every different state)

<terminator>

Definitions:

<state S header>={ sn, &, fp},

sn = Number of different signalsin state S

st = State value

fp = Default function to call if no signd valueisfound

<gtate S signa_>>={ n, &, fp},

sn = Signa value (J)

st = Next state. If next state depends on input etc., st = STATE_APPSEL (=-2). Then, if not
changed by the application code, the original state (entrystate) is restored by nesos.

fp = Function ptr corresponding to current state S and signal J

<terminator> ={ 0, 0, NULL }
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12 API - packet.c

12.1 packetMakePool
——m—m—mm—m————— packet VakePool ————————m—m—m—m——m—m—m—m—m———=———

Pur pose: To be done first.
This function nust be called a nunber of tines to
buil d nmessage pools of different sizes.

Each tine this function is called, a new area of
nmenory, and the size of that nenory is given.

The net size of a packet is given as well.

The net size MIST be different and increasing.
Net size of zero is allowed.

A maxi mrum of PKDI FFSI ZENUM di f f er ent net

packet sizes can be confi gured.

(defined in packet. h)

The FIRST tine, pindex MJST be O.

The NEXT tine(s), pindex MIST be 1,2,3 and so on
The maxi mum pi ndex val ue i s PKDlI FFSI ZENUM - 1

The nmenory size (nm) for n nunber of packets:
m= n * (sizeof (PACKET _HEAD) + packet net_size) +
alignment space if ALIGN is defined.

| nput : ptr to pool nenory
size of pool nenory (bytes)
net size of data packet (bytes)
pi ndex, see above

Ret ur n: Ok: nunber of pools, Error: -1

b R R R I I T R

nt packet MakePool (char *ppool, unsigned int ppsize,
unsi gned int netsize, int pindex)
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12.2 packetAlloc

| * =========== packet Al | 0OC ==============—===—=—==—=—=====

*

* Pur pose: Al oc a Packet fromthe pool. A packet of size equal or
* greater than nminsize is returned. |If the pool is enpty,
* NULL is returned.

*

* | nput : m ni mum net size of packet

* Cut put : none

* Ret ur n: ptr to Packet, see above

*

*

PACKET *packet Al | oc(unsigned int mnsize)

12.3 packetFree

*

* Pur pose: Free a Packet to the pool
*

* | nput : ptr to Packet

* CQut put : none

* Ret ur n: none

*

*

voi d packet Free( PACKET *pp)

12.4 packetUsedMax

| * =========== packet UsedMax ==============—===—========

*

* Pur pose: Ret urns the maxi mum nunber of packets in use
*

*/

unsi gned i nt packet UsedMax(i nt pindex)

12.5 packetNetsize

| * =========== packet Net si ze ===========—===—=—==—=—==—=—====
*

* Pur pose: Returns the net size of packet

*

*/

unsi gned i nt packet Netsi ze(int pindex)

12.6 packetNumberOf

| * =========== packet Nunmber & ——————=——=—=—=——=—=———=——=—=—=—=—=—==
*

* Pur pose: Returns total number of packets

*

*/

unsi gned i nt packet Nunmber O (i nt pi ndex)
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13 API - timer.c

13.1 Introduction

A timer is a hidden object, which after a given time will send a message packet to a given
destination and then disappear. A waiting process will then be called. The signal value of the
packet header can be used to distinguish the timer packet from other packets. The number of
active timersis only limited by the memory space. For more information, see the function
descriptions below.

The timers are inserted to the list according to the expiration time. Those who expirefirst are
at the front of the list. The timer value of the first one is the number of ticks until it expires.
The timer value of the next timersis relative to the previous. This way, only the first timer has
to be decrement. When decrement to zero, all timers with zero are removed from the list and
put into the process input list.

=== tinerstart e e
Pur pose: Atiner is started, or re-started if it already
excists. The tinmer will excist until it is deleted by
timerStop or until it has timed out. If it excists

when the tine el apses, the function checkEvent Ti merLi st ()
will pop it fromthe Iist and transnmit it to destination

The tiners are ordinary packets arranged in a sinple
linked list. The first elenents tine is absol ute,

and the next elenment(s) tinme is relative to the current.
At insertion, the time of the current, and the next,

el ement nmay be adjusted. At deletion, the tinme of the
foll owi ng el enent nust be adjusted. The function
checkEvent Ti mer Li st () decrenments the first tiner,

and then renove all tiners with zero tine.

L I R . N TN I N N N N T

| nput : source, destination and signal
time [ticks]

CQut put : none

Ret ur n: none

void timerStart(int signal, unsigned |ong tine)

13.3 timerStop

*m—m—m===———= tinerstop e e
*

* Pur pose: A timer, started using tinmerStart(),
* i s del eted.

*

* | nput : source, destination and signa

* Cut put : none

* Ret ur n: If the timer does not exci st

* return 0, otherwise 1

*

*

i

nt timerStop(int signal)
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14 An example

A number of philosophers are sitting around a round table. Each philosopher owns a disc, but
they must share chopstick with their neighbours. Before eating, a philosopher must acquire
two chopsticks, the one at the left hand and the one at the right hand. 1.e. when a philosopher
eats, his neighbour can not. A philosopher is either sleeping, waiting for chopsticks to be ready
or eating. A deadlock situation could occur if al philosophers grabbed the left (or right)
chopsticks then began waiting for the other one. Therefore, they grab different chopsticks first.

Find the model of a dining philosopher below. His four states are: Sleeping,
Awaiting_ChopStick_ A (AW_CSA) , Awaiting_ChopStick_ B (AW_CSB), and Eating.

The START_EATING / STOP_EATING messages from the philosophers are sent to a display
process. This process has only one state and calls a Display function

State diagram SDL diagrams

SLEEPING) CAW CSA) CAW CSB) ( EATING >

TIMEOUT oK ‘ oK ‘ TIMEOUT ‘
¢T|MEOUT I I I
) START STOP
A= f('d) ‘ B = f(id); ‘ ‘ EATING ‘ EATING
[ [ [

TIMEOUT ACQUIRE A ‘ ACQUIRE B ‘ T = random() ‘ ‘ T = random() ‘
\ \
‘ Start Timer(T) ‘ Start Timer(T)
| |
AWﬁCSA) (AWﬁCSB) < EATING ) CSLEEPING)
The model of a chopstick is much like any other resource model. The number of resourcesis

one; therefore, the initial state is 1. Acquire requests are saved when all resources are reserved
(See 3.6 Message saving)

State diagram SDL diagrams

/ \ state > O
ACQUIRE RELEASE

ACQUIRE ‘ RELEASE ACQUIRE RELEASE

‘ state++ ‘ ‘ state-- ‘ ‘ state++ ‘
C 0 > C 1 ) C state - 1 ) C state + 1 )

‘ Save

ACQUIRE RELEASE
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/******************** '\mJLE INFO ****************************/

/*

**  File name df . c

*/

/*  AUTHOR Jan Erik N lsen */

/* VERSI ON 1.0 */

/* DATE Thu May 04 14:01:12 2000 */

/*

* Conpi | er M crosoft cl /AL /G /W

* Li brary

* Contents The cl assic Di ning Phil osophers Problem of Dijkstra
* sol ved by semaphores.

* Test program for nesos

*

*/

#i ncl ude <mat h. h>

#i ncl ude <stdio. h>

#i nclude <string. h>

#i ncl ude <coni o. h>

#i ncl ude <stdlib. h>

#i ncl ude <dos. h>

#i ncl ude "nesos. h"

#i nclude "tiner.h"

#i ncl ude "packet. h"

extern int process_current;

extern unsigned int nesos_dnask;

extern int nesos_error,;

void df Di splayStatus(int id, int awake);

voi d df Di spl ayProcess(void);

voi d df Phi | osopher Process(void);

voi d df Chopsti ckProcess(void);

doubl e expdi strand(doubl e nmean);

[* - ProCess I DS ----c-mmmmm oo
#defi ne PHNUM 5 /* Nunber of Phil osophers
#define PHO_PI D 0 /* identity of first philosopher
#define CSO_PID (PHO_PID+PHNUM) /* identity of first chopstick
#defi ne DSP_PI D (CSO_PID+PHNUM) /* identity of display process
[* ---- Signal definitions -------mmmmmm
#define S_ PH TIMER 1 /* Phil osopher timer

#define S DI SPLAY 2 /* Display state nessage
#define S_ACQU RE 3 /* Acquire chopstick

#define S_RELEASE 4 /* Rel ease chopstick

#define S_ K 5 /* Chopstick granted
PROCESS_DESCRI PTOR phpi d[ PHNUM ; [ * df Phi | osopher Process

[* ---- Philosopher state --------mmmm
#defi ne PH_SLEEPI NG O /* Sl eeping

#define PH AWCSA 1 /* Awaiting Chopstick A

#define PH AWCSB 2 /* Awaiting Chopstick B

#define PH EATING 3 /* Eating

PROCESS_DESCRI PTOR cspi d[ PHNUM ; /* df Chopsti ckProcess

PROCESS_DESCRI PTOR  dpi d;

#def i ne PKDI FFNUM 4
typedef struct {

df Di spl ayProcess

*/
*/
*/

*/

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/

unsi gned int nsize

unsi gned int nsize;
} PKCONF;
static const PKCONF pkstab[ PKDI FFNUM = {

{ 0, 256}, { 4, 256}, {16, 1024}, {64, 1024}};
void interrupt (*orig_clock)();
void interrupt mydC ock();
voi d nyPutch(int ch);
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void main(int argc, char *argv[])

U _
i nt i, ch;
char *cp;

argv = argv;, argc = argc;

printf("Dining Philosophers. g for Qit\n\n");

nesoslnit();

nesosl nst al | Put Char (myPut ch, nyPut ch);
/*

nesosSet | Mask( OXFFFF) ;

nesosSet Ovask( OXFFFF) ;

nesos_dnmask = OxFFFF;
*/

for (i = 0; i < PKDI FFNUM i ++)

if ((cp = (char *)nmall oc(pkstab[i].nsize))

printf("Menory allocaction error\n");
exit(4);

}
packet MakePool (cp, pkstab[i].nsize, pkstab[i].nsize,

if (nesos_error) exit(4);

orig_clock = getvect(8); [/* timer int */
setvect (8, myd ock);

dpid.id = DSP_PID;

strcpy(&dpi d. nane[ 0], "DPID");
dpi d. pp = df Di spl ayProcess;
nesosl nstal | Process(&dpid);

for (i =0; i < PHNUM i++) {
phpid[i].id = PHO_PID + i;
strcpy(&phpid[i].nanme[0], "PPIDO");
phpid[i].name[4] = (char)(i + '0");
phpid[i].pp = df Phil osopherProcess;
nesosl nstal | Process(&phpid[i]);

cspidfi].id = CSO_PID + i;
strcpy(&cspid[i].nanme[0], "CPIDO");
cspid[i].name[4] = (char)(i + '0");
cspid[i].pp = df ChopstickProcess;
nesosl nstal | Process(&cspid[i]);

}
for (i =0;; i++) {
nesosRun();
if (kbhit()) {
ch = getch();
if (ch =="q") break;
if (ch=="t") tinerPrint();
if (ch ==
ch = getch() | 0x100;
if (ch == 0x175) break; [/* Crl + End */
}
}
}

setvect (8, orig_clock); /* restore old tinmer

printf("\n");
for (i =0;; i++) {
if (packetUsedMax(i) == OxFFFF) break;

printf("Pk up=%a nz=%\n", packetUsedMax(i),

exit(0);

NULL) {

i);

handl er */

packet Net si ze(i));
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| * =========== df Di sp| aySt at us e ]
*
* Pur pose: Di spl ay Phil osopher status.
*
* I nput : personal identity [O..(PHNUM1)]
* awake TRUE/ FALSE
*/
void df Di splayStatus(int id, int awake)
{
#define LEDSTR_SI ZE ((PHNUM * 4) + 4)
static char | edst r[ LEDSTR_SI ZE] ;
static int init = 0;
static unsigned int counter = 0;
int i;
if (tinit) {
for (i = 0; i < LEDSTR_SIZE;i++) ledstr[i] = ;
for (i =0; i < PHNUM i ++) | edstr[i*4] ="'-";
ledstr[(i*4) + 1] = 0;
init = 1;
}
if (id<O0]] id > PHNUM printf("ERRORid = %d\n", id);
el se {
| edstr[id*4] = (char)((awake)? 219 : '-');
printf("%u: %s\r", counter++, & edstr[0]);
}
}
| * =========== df Phi | osopher Pr ocess e ]
*
* Pur pose: There are PHNUM di ni ng phil osophers sharing the
* same code, but using different process descr.
*
*/
voi d df Phi | osopher Process(voi d)
{

voi d sendPacket ToDi spl ay(int on);
voi d sendPacket ToChopstick(int dst, int sig);

int csa, csb;
PACKET *pp;
int index = process_current - PHO_PID;

if (phpid[index].state == STATE_INIT) { /* initialisation state */
timerStart(S_PH TI MER, (unsigned |ong)expdistrand(40.0));
return;

}

if ((index & 1) ==
csa = (index+1l) % PHNUM csb = index;

el se {
csa = index; csb = (i ndex+1l) % PHNUM
}

switch (phpid[index].state) {
case PH_SLEEPI NG
sendPacket ToChopsti ck(CSO_PID + csa, S_ACQU RE);
phpi d[index].state = PH_AW CSA;
br eak;

case PH_AW CSA:
sendPacket ToChopsti ck(CSO_PI D + csb, S_ACQU RE);
phpi d[index].state = PH_AW CSB;
br eak;

case PH_AW CSB:
timerStart(S_PH TI MER, (unsigned |ong)expdistrand(40.0));

Version 1.3 nilsen elektronikk as



Aug. 16. 2000

Nesos

24 of 25

sendPacket ToDi spl ay(1);
phpi d[index].state = PH_EATI NG
br eak;

case PH_EATI NG

timerStart(S_PH TI MER, (unsigned |ong)expdistrand(20.0));

sendPacket ToChopsti ck(CSO_PI D + csa,

S_RELEASE) ;

sendPacket ToChopsti ck(CSO_PI D + csb, S RELEASE);

sendPacket ToDi spl ay(0);
phpi d[index].state = PH_SLEEPI NG
br eak;

defaul t:

}
}

voi d sendPacket ToDi spl ay(i nt
{

on)
PACKET *pp;

= packet Al l oc(2);

(pp NULL)
nesosPani c(" pp
el se {
pp- >dst
pp- >si gnal
pp- >drmask =
pp- >dat a[ 0]
pp- >dat a[ 1]
pp- >l ength 2;
packet Put (pp) ;

pp
if ==

NULL") ;
= DSP_PI D

S_DI SPLAY;
1;

char) on;

}
}

voi d sendPacket ToChopsti ck(i nt

{
PACKET *pp;

dst, int

pp = packet Al l oc(0);

if (pp NULL)
nesosPani c(" pp

el se {
pp->dst = dst;
pp- >si gnal si g;
pp- >drmask = 1;
pp->length = O;
packet Put (pp) ;

NULL") ;

df Chopsti ckProcess

* Pur pose:

(char) (process_current
(

nesosPani c("No such state");

- PHO_PID);
/* "on" */
si g)

* same code, but using different
*
*/
voi d df Chopsti ckProcess(voi d)
PACKET *pp;
int index = process_current - CSO_PID;
if (cspid[index].state == STATE_ INT)

cspid[index].state /* Nunber

return;

1

}

if (cspid[index].inpp->signal
else if (cspid[index].inpp->signal

/[* identity */

There are PHNUM chopsticks sharing the
process descr.

{ /* initialisation state */

of resources */

S_ACQUI RE) {

S RELEASE) cspid[index].state++;
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if (cspid[index].state == 0) nesosSavel nPacket ();
el se {
pp = packet Al l oc(0);
if (pp == NULL)
nesosPani c("pp == NULL");
el se {
pp->dst = cspid[index].inpp->src;
pp->signal = S _CK;
pp- >dmask = 1;
pp->length = O;
packet Put (pp) ;

cspid[index].state--;

}
el se nesosPani c(" Unknown si gnal ");
}
| * =========== df Di sp|ayProcess e ]
*
* Pur pose: This process is waiting for a status nessage
* packet from a Dining Phil osopher.
* A system dependent display function is called,
* and then the packet is rel eased.
*
* I nput : ptr to pid
*/

voi d df Di spl ayProcess(voi d)

if (dpid.state == STATE_INIT) { // initialisation state
return;

}
df Di spl aySt at us(dpi d. i npp->data[ 0], dpid.inpp->data[l]);

}

| * =========== expdistrand e ]
*

* Pur pose: The function conputes a Random

* Negati ve Exponential distributed val ue.
* This is an estinate for the time between
* two i ndependent events, e.g. visitors.
*

* I nput : nmean tine [system ticks]

* Ret ur n: randomtine [systemticks]

*/

doubl e expdi strand(doubl e nmean)

return(-nmean * log(1l.0 - ((double)rand() / 32768.0)));

voi d nyPutch(int ch)

printf("%", ch);

void interrupt myC ock()
{

(*orig_clock)();
nesosCyclic();

}
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