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S0S-4 SMALL OPERATING SYSTEM
FOR EMBEDDED SYSTEMS

Jerry E. Sayers
Fact Tennesiee State University

Iohnson City, Tennessee 27614

Abstrart

A multitasking operaling system for IBM PC or corpatilile has been
developed  to privide  stwlents with an educational opportunity for hands on
experience with concurrent programming concepls, The operating system includes
featues which permit users to ohserve performance a function of the 1/0
versus  compule  bound  processes. Although  other such educational operating
system exits, this operaling system is limited primarily to process management.
The small size of the operaling system makes it easy to comprehend in a single
term course, It is, however, a powerful real time executive for applications

such as small, embedded system.

Introduction

There are many definitions for an operating system. There are many
operating systems in use and they accommodate a wide range of applications.
However, an operating system may be defined simply as a set of software
designed to assist a user of a system in utilizing the computer hardware
and its resources. The resources include programs, data, and peripherals.

Despite the wvariety found in computing hardware and their operating
systems, there are many common elements found in all operating systems. The
intent of this paper is to give an overview of the basic clements of an
operating system and a discussion of the evolution of operating systems
development. The driving forces behind that development will be preseted.
We shall examine the basic types of operating systems and typical applications
best suited for them, develop a logical design and give an implemantation of a
small operating system (SOS) which will run on IBM/PC/XT/AT and 100% com
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pat ihlv.,

08 is a simple, though functional, fived priovity, proemptive operati
system (more about  that later) seitable  for dedcated applications el
might Le found in any application requiring real time response to a fon multi

tasked processes, The application nsed in this paper isthat of data cotertio

N

platfora with minimal dala nanagement capabilities. The S0S kenel (the b i
sel of operating system prinaritive poocestes) should be  adaptable toa w08
variety of similar applications. However, the main purpose of thic pae 10!
provide an cilucational oxperience with amultitasking operating nystes agment
Ly a wusabl, hand: on application, The hasic elezents  found in SOS are al
fomnd i all other multitasking systems and “hould provide a good hoginning

for <twlents of operating systens.
The Evolution of Operaling Systems
Operating Sysutem Concepts
Types of Operating Systens

Description of 50S

The logical design of Small Operating System (S0S) will be developed, an!
the data structure to support an implementation of SOS will be presented. 709
is a fixed priority, preemtive, real time, multitasking system. Tl consists of
a kencl and application tasks. The kenel i: the nucleus of an operating systen
and SOS"s kenel will contain system processes, an inlerrupt subsystem, and
support functions such as system start up, system shutdown ete... Tt wouli!
be ideal for very small embedded systems. The system will provide the frame
work for a sixteen process (or task) system. The Scheduler is allocated to
Task 0, the highest priority task in the system. We shall develop a sys'en
with, minimally, tow tasks, an interrupt subsystem and some support function
that make up the kenel. The tasks are the Scheduler and the Work Up task.
The inerrupt service routines to be written are the Timer handler. A common
front of timer interrupt and voluntary suspends will be a part of the inter -

rupt subsystem. The duties of the support procedures will include the follow-
208



csave and Toad new interrupt vectors
~ore old faterrupt vecters

dnitialize ticer, printer, von port, ole, ..

el, veoot intorrupt casks
cinitialize POB
cprovide dicet conery video display

o

e appl ot ion procasses will be written to demonstrate the use of SO0S,
These will be 1) a  keyhoard  input manager, 2) aserial vonmunications manager,
J & &
and all remaining task slots will be {illed with CPU  intensive tasks to
demonstrate the sultitasking ahility of SOS. A more detailed discussion of the
g J
processes, the intercupt  subsystem, and  the support  functions will be given
later. First, lel us re explore the concept of a process.
Processes in SOS
The Interrupt Handler/Interrupt Subsysten

Interprocess Communication

Logical Model Diagrams

From the descriptions given above, two diagrams were designed. Figure 2.
is a data flow diagram (DFD) which shows graghically how information flows in
the  °0S environment. In particular, note that the DFD is partitioned into the
interrupt subsystem, the multitasking subsystem, and the SO0S/MS DOS domains.
Figure 2. is an entity relationship diagram (ERD) which shows the relationship
between different objects in the SOS system. These type of diagrams aid in the
design of a software system, and the work done developing them is helpful in
identifying potential problems before too much effort is committed to the

implementation phase of the software life cycle.

Early Development of SOS 209
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RINS/PNOS Pro 1
Sume Other Operating Systens
Basic Design Considerations
The SOS Kenel
Application Processes in SOS
Cyclical Versus Aborted Processes
Queue Management Processes

Special Features of SOS

Two special features were added to SOS for debugging and deconstration
of S0S’s multitasking capahilities. One feature was fill a?i‘unused proce:s:
slots with a compute bound process and to permit the user to modify the amount
of time these processes needed the CPU. The other feature was to have a real
time display of the status of each process.

S0S dynamically displays the status of each process as shown in figure 7.
This feature requires a lot of overhead, but provides a dynamic view into the
states of the operating system processes. The performence loss is acceptable
hecauce of the educational benefit derived from this feature. An ancillary
benefit of the system status display is its debugging potential. It is easy to
verify that transitions of a process occur as excepted by viewing the status
display. Other features designed to enhance the educational wvalue of the
operating system were implemented in some of the user processes. For example,
the compute bound processes all are infinite loops which consume CPU cycles
for a variahle amount of time, and then sleep for a fixed amount of time. The
times are directly related to the PID value times a multiplicative factor;
thus, the lower the priority, the longer the loop between SUSPEND calls.
By pressing the keypad "+" or keypad "-" keys, the multiplicative factor to an
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amount that causes the low priority processes

to be suspended nost of the tine

This was done purely for educational purposes. The code used to create several

of these processes was

ring
PIDA

EQU 12
EQU 11

MAKE_TASK 9
MAKE_TASK A

;Define PIDs for

; processes 3 & A

; Generates a complete PROC.

; place after an ENDP statement.

Place in Start lUp code to "create" the process on the READY list

MOV AX, 1

MOV STATUS[PIDS], AX
MOV STATUS[PIDA], AX

;Status bit for READY

; sel for Process 9

; -set for Process A

Listing 5 is the marro for creating the compute bound processes.

Small Operating System Status

Task

0: -NUL-
2:Aborted
4: Suspended
6i: Suspended
8: Suspended
A:Ready

C: Suspended
E: Suspended

1:Aborted
3: Suspended
5: Suspended
7:Running
9:Ready
B:Ready
D:Ready
F:Ready

Figure 5. System Status Real Time Display
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MAKE_TASK
TASK&N&

TSTART&N&:

TLOOP&N& :

TWATTANG:

TASK&NS :

MACRO
PROC
ST
MOV
MOV
MUL
MOV
PUSH
MOV
1.0OP
POP
LOOP
MOV
MOV
MUL
PUSHF
CLI
CALL
INP
ENDP
ENDM

N
FAR

AX, RUNNING
AH, MULTIPLIER
AH

CX, AX

CX

(X, 4000h
TWAIT&N&
CX
TLOOP&N&
AX, RUNNING
AH, 55

AH

SUSPEND
TSTART&N&

; Get PID&N&
; Put multiplier in AH

; Set count (xMULTIPLIERxPID)
; COMPUTE BOUND

; Get PID&N&
; COUNTS FOR | second

; Prepare to wait

; PID

; seconds

; Restart task

Listing 5. Macro to Create Compute Bound Processes.

We have looked briefly at the evolution of operating systems. We have
had an overview of the basic components of an operating

discussion of several

214

A Sample Apllication

Conclusion

flavors of operating systems and the application best
suited for them. The purpose of this paper was to lay the ground work for the

design, develoment, and implementation of small, fixed priority, peemptive,

system as well as a



Cw

roal time operaling system named S0S (for Small Operating System). Next tle
piyor presenled  a design for SO0S. SO0S is written in 8026 aszenbly language.
Although it was  undertoken as an edwcational project 1o learn about multi
processing, the resu!ting product  is a very powerful and vseful operating
syslem when used within the range of applivations for which it vas intemdal,
The reader is veferred to the Selected References for further reading,
The book by Davis is a wser viewr of operating systems, The book by Mackava et
al covers advanced  Lopics  Tike performance neaswesenl and queuing heory,
The other books fall into tuo catizories; generic concepts with a hands on
operating system  developed in the hook, Of special  interest for this paper
is the text by Milenkovic, io which a PC based Real Time operating system is
preseatde, The text by Tancnbaum  develops a multiprovessing system Minix
vhich is similar to 'aiv, Likewise, the text by Comer develops another Unix
work alike operaling system named Xinu, The others are more generic or are
based on a vommercial operating system (e.g., Yuen uses the IBM mainfranme as
his example nachine) and represenls many of the rclassical® operating system
books available today. Hopefully, this list will provide you with a good

starting place to learn mure about operating systems.

215



SO S — A F kARG MR

ERFOABMIASE 1. E. EHily

1 3
PPN UBM PO MRE IS (L5 B R SNR ST R R, ey L p iy
DI RSN T BRI RV R LY 1,'..&,¢_ftx'¥m} TR COMEEIRY ¥

AL PEME A TIaR ., BOKC (1 MR FE IR TR S, kil 750 i)l
PRERRTIR. (b TRV RSB, BRERSE AW bR D kel
LR e U, R T IR RS

S BRIERGIOUTE, RFRZEMECE, BV ASMERGE, BRI AZN R,
SO Srhir AR, DI b T RS, HTRER, EEEBIE, SO SNl
BITOS.“BDOSi@, FHHBRARE, BARIEEE, SOSEL, SO0503"
FILEE, FAMIPEREIOERE, HEBUATPRUERE, 5 O SHOISHL, RIFPIH. 4hie.

&% g
ACRE B TR ERSINEE, B0k TIRIERGMREALURRS, phe TR T
() SRR RIS S . ASCRYH YRR B PRI M RE R0
RUXHHEERSS O S (PRURERSMRR ) ITTER. HEK, UPARTSO S0 -
Tk, BRM 8 08 6ILANE RSN, REERMEN WIS 2
FEgm s Y, (BHERIGT MRS — M TR AGEARMEEOMERnRT A
Ho

216



