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ABSTRACT

Expert systems make knowledge accessible to people who
query the svstems for advice . They can'%mork faster than
humans and that means fewer workers are needed. Therefore, it
reduccs the costs and increases the output.

This thesis 1s devoted to designing and implementing an
expert system 1o help chemists in teaching the practical pari of
chemical laboratory to identify the acid radical of salt.

Taking into consideration the essential ;']r::m::ms ol cxpert
system, 1 am going to build an Expert System for the proposed
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Chapter 1 Intredoction

1- Introduction:

Computer has greatly developed 0 be involved in all our life
activities. In the past, the role of computer was just calculating nunibers
or analyzing data. Nowadays, computers are used for data processing and
decision making trying to imilate man in some aclivitics. Artificial
intelligence transformed compuier from being a machine used only in
calculating to a machine able to thiok like human beings. Then, many
flelds UITE:EI’gEd, for example, understanding natural  language by
automalic programming or by cxpert systems that can imitate human in
his ability that based on different domains,

[For decades, the human dreamt to invent a machine able o imitate
him. This dream has come to reality. The man now is able to make
automatic machines do this job. Therefore, the gap between this dream
and reality has been bridged. Since then, it was possible to make smart
programs which can achieve some of these dreams. Latelv, in 1960, a
group of scientists began to develop a program able to imitate doclors in
their diagirmsis and deseribing medieations. This group of scientists
changed the struciure of programs by separating them from cxpert's <ata
with new independent frames. This method establishes new technigues
usedh as bases Lo structure any expert system up to date. The scientists
adopted the dialogue approach with doclors 10 extract their knowledge.
This knowledge was developed through their university studies and
through their practical experiments by means of time. The expert system
calied MYCIN has worked to imitate doctors in diagnosing their patients.
but it can not be put into effect before doctors gradual agreement.

MYCIN has been developed through stages. in each stage, doctors

(2}



(Chapter 1 Introduction

advices were inserted Into  the program  code.  After  continued
adjustments. the program reached a stage equal to doctors level.
Therefore. 1L was not possible 1 add any experience. The program
becomes a real copy of doctors at its best. Because of this program, bomn
a new generation of programs  ¢alled expert.

Expert systems are considered to be the most successful in the
domam ol artificial intelligence because, for example, chemistry field is
rich with thoughts that can be applied using expert systems. DENDRAL
wits the frst and most popular of all artificial intelligence system. After 1
have interviewed some chemical experts, 1 found cut that the idea of
designing an experl system to replace the chemuical experts may saves
nmuch efforts and much money and protects students from dangers that
they may face while dealing which chemical materials,

The cxpert system may explain all the experiments that were
conducted to discover the acidic part of salts. Students can be trained 1o
conduct these experiments and observes the interactions and their result
before applying these experiments. in addition, students can apply these

experiments with out consulting a human expert.




Chapter | Introduction

1.1- Overview Artificial Intelligence (Al):-

Artificial intelligence may be defined as the branch of computer
scicnce that is concerncd with the automation of intelligent behavior. The
two most fundamental concerns of artificial intelligence rescarchers are

knowledge representation and search.

‘The intelligent activity is achicve through the use of’
|- Symbol patterns to represent significant aspects of problem domain,

2- Operations on these patterns to generate potennal solutions to
problems.
3- Search (o select solution from among these possibilities [1].

The physical symbol system hypothesis outlines the major foci of
artificial intelligence research and application development: defining the
symbol structures and operations necessary for intelligent problem
sulving and developing strategies to efficiently and correctly search the
potential solutions gencrated by these structures and operations. Thesc are
the interreluted issues of knowledge representation and search: together,
they are at the heart of modern research in artificial imtelligence. The
physical symbol system hypothesis is disputed by critics who argue that
intelligence is inherently biological and existential, and cannol be
captured symbolically [2].

"Thése arguments provide a well-considered challenge 10 the
duminant dircetion of artificial intelligence research, and have influenced
the direction of research in neural neiwork, genetic algorithms and agent-
based approaches. In gpite of these challenges, the assumptions of the

physical symbol system hypothesis underlic nearly all practical and
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theoretical work in expert systems, planning, and natural language
understands.

The function of any representation scheme is to capiure the
essential features of a problem domain and make that information
accessible 10 a problem-solving procedure. [t is obvious that a
representation language must allow the programmer to express the
knuwlcdgé; needed for problem solution. :

The represemation of only that information needed for given
purpose. is an essential tool for managing complexity. It is also important
that the resulting programs be computationally efficient. Expressiveness
and eflicicncy are major dimensions for evaluating  knowledge
representation languages. Many highly expressive represcentations are oo
ineffictem  for use in certain classes of problems. Sometimes,
expressiveness must be sacrificed to improve cfficiency. This must be
done without Limiting the representation's ability to capture essential
pmblem—sglx'ing knowledge. Optimizing the trade-off between efficiency
and expressive-ness is a major task for designers of intelligent systems.
Knowledge representation languages are also tools for helping humans
solve problems. As such, a representation should provide a natural
framework {or cxpressing problem-solving knowledge; it should make
that knowledge avaitable to the computer and assist the programmer in its
organization. A representational scheme should be adequate to express all
of the necessary information, support efficient execution of the resulting
code, and provide a natural scheme for expressing the required
knowledge,

Lh



Chapter 1 Introduction

In general, the problems artificial intelligence attempts to solve do
not lend themselves to the representations olfered by more traditional
formalisms such as arrays. Artificial intelligence is concemed with
qualitative rather than guantitative problem solving, with reasoning
rather than calculation, with organizing large and varied amounts of
knowledge rather than implementing a single, well-defined algorithm. To
support these needs, an artificial intelligence programming requires a
means of capturing and reasoning about the qualitative aspects of
problem.

'The'iuhilily to inler additional knowledge from world description is
essential to any intelligent entity. Rather, we are able 1o formulate and
reason from abstract descriptions ot ¢classes of objects and situations. A
knowledge representation language must provide this capability.

In addition to demonstrating the use of logical rules, infer additional
knowledge rom basic tacts, the intelligent system must be as general as
possible, any uscful representation language needs variables. The
requirements of gualitative reasoning make the use and implementation
ot variables subtly different from  thelr wreatment in  traditional
pmgramn{ging languages. Many artificial intelligence problemn domains
require large amount of highly interrelated knowledge. An intelligent
systent must not only know things but also must know whal it knows. Il
musl be able to selve problems as well as explain how it solved them and
why 1t made certain decisions, U should be able to describe s
knowledge in both specific and general terms, recognize its limitations,
and learn from uts interactions with the world, This knowledge about

what you know constitutes a higher level of knowledge called meta-




Chapter 1 Introduction

knowledge, and 15 essential to the design and development of truly
ntelligent systems [ 1],

Artificial intelligence applies human reasoning technigues to
computers. The software and hardware are designed to simulate’ the
human mind. lixpert systems and neural networks are just onc application
of artificial intelligence. Expert sysiems are compuler programs that
rellect the behavieral characteristics of hired experts how are specialists
in a given ficld. The software is designed to emulate how the experts
would make decision to solve clearly defined problems. An expert system
provides advice using its knowledge and expericnce base. It is designed
to ask for additional information in a reasoning process directed to
solving a specific business problemy, such as how reduce a given cost
while ‘implrm-'ing productivity and quality, It is aiso appropriate’ for
unstructred situations and tasks, is interactive, and uses judgment.

There are many hranches ol artificial intelligence, figure {(1.1)
shows that. it includes Expert Systems. Neural Network, Robotic, Visual
Image Understanding, Pattern Recognition, Speech Processing, and
Natural Language Processing. Among all different artificial intelligence
applications, expert systems are the most promising and have received the

maost attention from the commercial world.
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Figure (1.1) Fields of Artificial Intelligence.

While artificial intelligence programs have been written in almost
every programming language, the most popular are Prolog, Lisp, C/C++,
and Java. | Prolog, a high-level language, is very popular for artiﬁkciul
intelligence programming especially where logic plays a significant role,
Lisp. another high-level language, offers the advantage of fast
prototyping  at the cxpense of slower ch:CL;mlit}n. Universities  and
laboratorics use Lisp extensively for artificial intelligence research.
C/C++, a general-purpose language, is used extensively for both aniticial
miclligence and non-artificial intelligence applications. C/C++. which is
very fast, is often used when speed is of paramount importance. For
imstance.  buck-propagation in neural networks, which requires {ast
txecul_iﬂn,I can be handled simply in C/C4++, Java syniax is like tha} of
C/C++. Java should be used when portability among difterent platforms

15 0 prime importance [3].




Chapter 1 [ntroduction

1 '
Theigoal of anificial intelligence is to develop computers programs

that solve problems in a manner that would be considered intelligent if
done by a human. Aritficial intelligence scientists discovered that it was
oo difficult to make an all-purposc intelligent program. Thercfore,
arlificial intelligence scientists began to focus their efforts on developing
generalized knowledge presentation and search techniques for specialized
programs. Knowledge representations focus on ways to formulate a
problem so that it becomes solvable. Search focuses on ways o
ct‘ﬁci:—:mly‘ navigate throw the solution space to minimize computation
time and memory requirement |4]. |
Artiiﬁcial intelligence is a field of study that encompasses
computational techniques for performing tasks “that apparently require
intelligence  when performed by humans. Such problems  include
diagnosing problems in automobiles, computers and people, designing
new computers, writing stories and symphonies, finding mathematical
theories. assembling and inspecting products in factories, and negoliating
international treaties. 1t is a technology of information processing
Lnnccmn,d with processes of reasoning, leaming, and perception [5].
%ruilcml intelligence, as we know it today, is relatively new ﬁcld
Even though some  groundwork had been laid earlier, artificial
mtelligence began earnest with the emergency of the modem COMpULers
during the 19405 and 1950s. It was the ability of these new electronic
miachines to store large amount of information and process it at very high
speeds that give rescarchers the vision of building systems which could

emulate soime human abilities.

Y



Chapter 1 Introduoction

During the past years. we have witnessed the realization of many
ol these early researchers ' vision, We have seen contpuler systems shrink
in slze and cost by several orders of magnitude, We have seen memorics
merease m slorage capacity to the point where they equal a mgmtlmnt
fraction L‘If the human brain's storage capacity. We have seen the specd
and reliability of systems improve dramatically. And, we have seen the
introduction ol many impressive soltware tools.

Like other definitions of complex topics. an undersianding of
artificial intelligence requires an undersianding of related terms such as
intelligence, Knowledge, reasoning, thought, cognition, and number of
computer-related terms. While we lack precise scientific definitions for
many of these terms, we can give general definitions of them. And, of
course. one of the objectives of this 1ext is to impart special meanin:g, 0
all of the terms related to artificial imelligence, including  their
operational meanings.

Artificial intelligence one of the most important developments of
the world. The importance of artificial intelligence become apparent to
many of the world's leading countries who recognized the potential for
artificial intelligence  were willing to scek approval for long-term
commitments for the resources needed o fund intensive research
programs m artificial intelligence [6].

"uultlual mnteiligence 1s concerned with programming Comptmrs to
perform tasks that are presently done better by humans, because they
involve such higher mental processes such as perceplual learning.
memory organization, and judg-mental reasoning. Thus, writing a

program to perform complicated statistical calculations would net be seen

10



Chapter 1 Introduction

as an artificial intelligence activity, while writing a program to design
experiments 10 test hypotheses would. Most people are not very good al
doing Jong calcularions by hand. whercas computers excel at such tasks.
On the other hand, devising good experiments to test hypotheses is a skilt
that the research scientist derives partly from training and partly trom
txperipncel. Programming a compuler to perform such a task wuulc.i be
entirely nnltlptl'i\-'iﬂl [7].

From a practical standpeint, the artificial intelligence makes
computers more useful lor humans, This can be achieved by producing
computer programs that assist humans in decision making, intelligent
information search, or simplvy making computers easier 10 use with
natural language interfaces. A second goal of artificial intelligence, but an
equally important one. is to betler understand human intelligence,
Building an intelligent computer system requires us to undersiand how
human capture, organize, and use knowledge during their problem

. .

solving [S]I.

I.1.1- The basic heuristic situations to solve artificial
intelligence problem:-

- A problem may not have an exact solution because of inherent
ambiguilies in the problem statement or available data. Medical diagnosis
15 an example of this. A given set of sympioms may have several possible
causes; doctors use heurisiics to choose the most likely diagnosis and
formulate a plan of reatment. Vision is another example of an inherently

inexact problem. Visual scenes are often ambiguous, allowing multiple

11



Chapter 1 Intreduction

interpretations of the connectedness, extent, and orientation of objects.
Optical illusions exemplily ihese ambiguities. Yision sysiems typically
ust heuristics 1o select the most likely of several possible interprelations
of any given scene.
2- A problem may have an cxact solution, but the computational cost of
finding it may be prohibitive. In many problems (such as chess). siaie
space growth is combinatortally explosive, with the number of possible
states increasing exponentially or tactorially with the depth of the scarch.
In these cases, exhaustive, brule-force search techmques such as depth-
first or breadth-first search may fail to tind a solutton within any practical
length of time. Heuristics attack this complexity by guiding the search
along the most promising path through the space. By climinating
unpromising states and their descendants from consideration, a heuristic
algorithm can defeat (s combinatorial explosion and (ind an acceptable
solution.
Like all rules discovery and invention, heuristic are fullible. A heuristic 1s
only an informed guess of the next siep (o be taken in solving a problem.
It is often based on experience or intuihon. Because heuristics use limited
information, such as the descriptions of the states currently on the open
list, they are seldom able to predict the exact behavior of the state space
tarther along in the search. A heuristic can lead a search algorithm to
suboptimal solution or fail to find any solution at all. This 15 an inherent
hmitation of heuristic search. It cannot be eliminated by better heuristics
or more efficient search algorithms [9].

Heuristics and the design of algorithms 1o bnplement heuristic
scarch have long been a core concern of artificial intelligence research.
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Game playing and theorem proving are two of the oldest applications in

artiticial intelligence: both of these require heuristics to prune spaces of

possible solutions. It is not feasible to examine every inference thal can

be made i a mathemaries domain or every possible move that can be

made on a chessboard. Heuristic search 1s often the only practical answer.
Expert systems research hus affinmed the i.mpc:-rlunue of heuristics

as an essential component of problem solving, When human expert solves

a problem, he or she examines the available information and makes a

decision. The rules of thumb that a human expert uses 10 soive problems

efficiently are largely heuristic in nature, These heuristics are exiracted

and formalized by expert systems designers [1].

.2- Research Goals: *

1- Ideniify arttficial inteiligence problem solving technique.

2- Identify development practice of artiticial inteHigence problem.

3- Applying the artificial intelligence technigue (o real world problem.

4- User can observe chemistry experiments whenever he wishes.

5- Provide protection to user from risk of exposing to chemistry

substances.

0- Provide saving in cost and time.

7- Facibitate information gathering process using expert system.

1.3- Cﬂﬂ}rihlllinll:

1- Apply alrtiﬁr:iul intelligence technique using the expert systems.

L= Studied the main component and new applications for expert systems,

2- Used the subject of study to solve problem in some Libyan

urmversities.

13



Chapier 1 Introduction

1.4- Rescarch Problem:-

Inorganic Chenisiry embraces the chemistry of elements. Consequent
1t tanges from the border of what is called organic chemistry to the border
of physical chemustry. Tnorganic chemistry concemned with substances
SII‘[HL!I‘ to th(}se encountered in organic chemistry, but additionally wnh
TS, mqolublt solids, air sensitive compounds, and with cnmp{}undq Ihal
are sn]ub]e in water. as well as those that are soluble in organic solvents.

The majority of chemical reactions and many measurements of
propertics are carried out in solvent. The properties of the solvent arc
crucial to the success or failure of the study, For the inorganic chemist.
witer has been the most important solvent, and it will continue to be. but
many other solvents have been tried and found useful. A few of them, and
the concepts that influence the choice of a solvent, are discussed here,
Closely connecied with the properties of solvent is the behavior of acids
and bases. |

Through the interviews that [ had with seme laberatory technicians
who observing tirst year students of chemical department at El-Marj
science and Arnts faculty, And El-Marj faculty of teacher training. I found
out that those technicians have been faced with some difficulties while
the students are deing their experiments. The students overuse many
expensive chemival elements due 1o their lack of experience in using
these elements. "They also ask many questions and inquiries the matter
that makes training sessions very boring. Some students, especially
females, feel emburrassed and afraid of asking questions hccauscilhu
technicians are usually males. Some of these experiments arc very

dangerous.

I4



{hapter | [ntroduction

1 have been told by the technicians themselves that they face this
problenm in most chemicul laboratories at different universities. Therefore,
[ decided to design an expert system for training siudents in order to
detect the acidic part of salt.

The concepts of acidity and basicity are so pervasive in chemistry
that acids and bases have been defined many times and in various ways.
One detinition, probably the oldesl, is so narrow as to water as solvent.
According to this, acids and bases are sources of H™ and HO'
ruspcc}iw't:iy. A somewhat broader, but closely allied definition that is
applicablc'm all protonic solvents is that of Br@nsted and Lower ( an acid
s a substance that supplies protons and base is a proton acceptor ) [10].
1.4.1- [dentification of Acid Radicals:

Acid radicals (anions) are divided into three groups:

1- Dilute Hydrochloric acid group (dil. HCI):

This group includes carbonate ((7(). ). bicarbonate { }{CO,).
sulphide ( §77), sulphite ($¢7") thiosulphate (SEO::_} and nitrite
( NO:), which arc afiected by dilute hydrochloric acid (HCI).

2- (Zunceu;lr:lled Sulphuric acid group ( Con. HISH_‘} :

This group includes chloride( (7 7), bromide{ B,-), lvdide { f ~ ) and

nitrate( A¢); ywhich are affected by Concentrated suiphurie acid 115 50,4,

3- Precipitation group { p.p.t. group ) :
This group includes sulphate( §¢7. ), phosphate { P¢)7) and borate

(840? y which are not visibly affected by acid [11].
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1.4.2- Scheme For Detection Of Acid Radical :

I ) Treat solid substance with dil. HCI and observe the effect.

S.N. ! Observation Inference

l Eifervescence in the cold with evolution of CDZ. Carbonate [CO:‘} or
Bicarbonate ( }(C(), )

? Colorless gas is evolved , odor of rotten eggs | Sulphide ( §7)

blackens lead acetate paper (HzS]'

3 Colorless gas 1s evolved with suftocating odor , Sulphite { SO ; )
tums potassium dichromate paper green (S0, ).

4 Nitrous fumes evolved n the cold | recogmized by | Nitrite ( NO)
reddish-brown color. )

1T ) Treat selid substance with Con. HﬁSDJ and heat gently. This acid

) i a a - - ' .
reacts { more vigorous ) with the above, as well as with the following

radicals :

[ SN, Observation ; Inference

l Colorless gas evolved ( HC) with pungent odor and Chloride (] 7)
which fumes in the air; with fume nf{NHJCI }in

contact with gtass rod wet with (NI ,OH } solutien.

2 Gas evolved with pungent odor ( HBr + Br ) reddish Bronide { 5;-7)
color . and solution (ums brown.

3 Violet vapors evolved (HI+1 ), accompanied by todide (7 7)
pungent acid fumes and often {80,).
4 Pungent acid fumes evolved (I IND}+N02) olten Nitrate { NO,)

colored brown by [I\‘Oz) . color deepens on addition of

COPPEr IUrNings.
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[T1 ) If the above reactions fail to detect the acid radieal, 1est for sulphate,

phosphate or borate as [ollowing [11] :-

| S.N. Observation [nference

Silver : 1
i 1 No p.p.t. . Sulphate
nitrale PP ulphate ( §0,")

solution 12 : Gives a yellow p.p.t. soluble in dil, HNO}. Phosphate ( PO:‘)

(AgNO3} 13 1 | Gives a white p.p.L. soluble in dil. HNO, . 130rﬂt=:{840:')

1.5- Thesis Qutline:

In chaprer pwe 1 display some retated works and literatures. In
chapter three | discuss (he generally definttion, characteristics, struclure.
types. development team, building. development lifecycle, benefits of the
L:xpert.sysgums and 1 discuss some expert system applications. In chapter
Sfonur 1 detine how | acquiring the knowledge and represented it in the
knowledge base. and shows the inference engine and user interface. In
chapter five | will show some conclusions and Recommend for future
wark.

My study aims to design system which will be applied to

determine the acid radicy] of unknown salt.
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2- Related Work : ‘
The following includes several works of designing of expert

systems related 10 chenustry domain .

2. 1- DENDRAL:

Dendral is a typical project expert system in chemistry. Dendral
was developed at Stanford University (o determine the molecufar
structure Maruan soil. Dendral proved to be a useful analytical taol
chemists and was marketed commiercially in the United States [12].

I
1.2- Green Chemistry Expert Svstem { GCES) :

The Green Chemisiry Expert System is a stand-alone computer
program that can be used 1o select green chemicals and reactions. Green
chemistry 15 the design of chemical products and processes that reduce or
chiminate the use or gencration of hazardous substanccs. This new
approach 1o pollution prevention s the central focus of the U.S.
Environmental Protection Agency's (EPA's) Green Chemistry Program,
an mitiative under the EPA Design for the Environment program [13].

|
2.3- An Expert System for Selection of Measurement Instruments
For Indusirial Chemical Process ( Case study : Flow mefers } :
This work an expert system developed that supporis the different

applications in the industrial chemical processes[14].
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2.4- An Expert System for Product Management (Case Study
Pharmaceutical Companies )

This work devoted o designing and implementing an expert
:«‘ystcm. fml' pharmaceutical product managentent in the Egyptian market
that can advice. analyze, diagnosc, explain and justify. The system is
supported with a datubase for the Egyplian Pharmaceutical companies
and the Pharmaceutical products 10 the Egypuan market. The
pharmaceutical product management expert system is suitable for real

time practical applications and for training purposes [15].

2.5- An Expert System for Diagnosis of Heart Discases:

The proposed system deals with Heart Diseases with a view 1o
Llutenﬁinir{g whether the disease is Anging Pectoris or Myocardial
Information.

In order 10 accomplish its tasks, the system ¢ollects data about the
paticnt's background; habits, style of life, cte., family history, elc.,
complaint: the pain type and site, and {inally results of different
investigations methods such as ECG and enzymes test. All of these data
lead to the identification of the 1schemic Heart Disease.

The system ts implemented in Prolog? and uses production rules as a

means of knowledge representation [16].

i
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2.7- The development of an expert system in cabin crew pattern :

Cabin crew patiern generation according 1o flight schedules
requires the intensive use of human experts in a limnited time. The paterns
generated aim to incur minimum cost of crew expendilure to e
company. ‘The automation of such a planning activity can reduce the
pressure on a planner due to the frequently changing flight F.Chl:dl.ll]cs.
This paper describes the role of knowledge in the cabin crew pattern
generation process from the viewpoint of acquisition, representation and
utilization. A hybrid knowledge representation st}atug}’ has been adopted
in modeling the system. The expert system embraces the tmportant area
of domain knowledge in Duty Travel. The application of the Duty Travel
technique can help to reduce the living and accommodation expenses of
cabin crew staying away from hase by shortening the whole pattern
duration significantly. An iterative verification and validation process has
heen cpmill.lcted to ensure the systemn correctness [17),

|

26- DIAGNOSIS AND EXPLANATION BY A NUCLEAR
CARDIOLOGY EXPERT SYSTEM : ‘

Examines a project directed toward the design and development of
a  knowledge-based expert system (NUCES), Interpretation  of

radionuclide imaging in the heart using NUCES [18).
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3- EXPERT SYSTEMS :
3.1- History :

Expert gystems are a recent product of arli_ﬁ{:iul intelligence. They
began 10 cmerge as universily research systems during the carly 1970s.
They have now become one of the more important innovations of
artificial intelligence since they have been shown to be successful
commercial products as well as interesting research tools.

The first expert system 0 be completed was DENDDRAL,
developed a1 Stanford University. ‘This system was capable of
determinir}:g the structure of chemical compounds given a specification of
the mmpl'nund's constituent elements and mass spectrometry  dala
obtained from samples of compound. DENDDRAL used heuristic
knowledge obtained from experienced chemisls to help constrain the
problem and thereby reduce the search space. During test. DENDDRAL
discovered a number ol struclures previously unknown to expert
chemists[6].

In 1980, General Electrie company build an expert system by
modeling the way a human troublesheoter works. The system builders
spent _several months interviewing the expert and transferring his
knowledge to a computer. The computer programming was prototyped
over a three-vear period. slowly increasing tlje information and the
number of decision rules stored in the computer. "The final product, called
DELTA, was able 1o reason much the same way an experienced

locomotive enginecr reasons. The new diagnostic technology enables a
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novice cogineer or o technician to uncover a fault by spending only o few
minutes al the computer terminal [19].

Expert systems have proven to be effective in a number of problem
domains which normally require the kind of intelligence possessed by a
human expert. The areas of application are almost endless. Wherever
hunan ::xfa::rlise is needed (o solve problems, cxpert systems are likely
candidates for application. Application dcmains‘include law, chemistry,
biology, engineering, manulacturing, acrospace, military operations,

finance. banking, meteorology. geclogy, geophysics. and more [6].

3.2- Definitions :-

There are many definitions of expert system, I will display it in this
scCtion :
* Expert system s a computer program designed to modet the problem-
solving uhi]ily of a human expert [8].
* An expert system is a system that employs hun.lan knowledge captured
i a computer to selve problems that ordinarily require human
cxpertise[19].
* An expert system 15 a computer program that emulates the behavior of
a human expert within a specific domain of knowledge [20].
* An expert system is a knowledge-based program that provides "expert
quality” solution (o problems in a specific domain {21).
* Expert|systems are programs for reconstructing the expertise and
reasoming capabilities of qualified specialists within limited domains [22).
* Kknowledge-based system is a computer S},-'stem that aitempts to

replicate specific human expert intelligent activities [23).
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* An expert system (s a set of programs that manipulate encoded
knowledge to solve problems in a specialized domain that nommally
requires human expertise. An expert systent's knowledge 1s obtained from
expert sources and coded in a form suitable for the sysiem Lo use 1n s
inference or reasoning process. The expert knowledge must be obtained
trom specialists or olher sources of expertise, such as texts, journal
articles. and data bases. This type of knowiedge usually requires much
raiming and experience 1n some spectalized field such as medicine,
geology, sysiem configuration, or engincering design. Once a suflicient
body of expert knowledge has been acquired, it must be encoded in some
form, loaded into a knowledge basc, then tested, and refined continually

throughout the life of the system [6].

3.3- Characteristics :-

Expert system elements as show in figure (3.1) include: a user
interface. a knowledge base. an inference engine and control mechanism,
and -:nmpl}ler hardware [23].

* User Intertace: the user interacts with the -system through a user
itterface hat simplifies communication and hides much of the
complexily, such as the internal structure of rule basc. Bxpert system
interfaces employ a varety of user styles, such as question-and-answer,
menu-driven. or graphics interface. The final decision on the interface
iype 15 a compromise among user needs, the requirements of the

knowledge base and inferencing system.
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ht
v
+ \ 4 Knowledge Hase
" { Stored Facts
User Interface and heuristics!

Rule—of-Thumb)

Disk™Working
Memory

Recard of
Consullation :

Input ,
Conclusions ,
Recommendation

N

Figure (3.1) Essenlial components of expert sysiem.

* Knowledge Base: the heart of the expert sysiem is the hnowledge base,
which contains the knowledge of a particular apphcation domain. n the
rule-based expert system, this knowledge is represented in the form of
( if ...then..) rules. The knowledge base contains both general
knowledge as well as case-specific information,

* Inference Engine: the inference engine applies the knowledge 1o the

solution of actual problems (1].
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The major characteristics that distinguish expert systems from
conveniional computer sysiens are that they -
1- Expert systems use knowledge rather than data to control the solution
Pracess. ['vlluch of the knowledge used is heuristic in nature rather than
algorithmic.
2- The knowledge is encoded and maintained as entity separate from the
conirol program. As such, 1t 1s not compiled t(:-gmher with the control
program itself. This permits the incremental addition and modifteation
(refinement) of the knowledge basc without recompilation ol the control
programs, Furthermiore, it is possible in some cases to use different
knowledge bases with the same control programs to produce different
types of gxpert systems. Such systems art known as expert system shells
since they may be loaded with different knowledge bases.
3- Expert systems arc capable of explaining how a particular conclusion
was reached, and why requested information is neceded during a
consultation, This 18 important as it gives the use-lt' a chanee to assess and
understand the svstem's reasoning ability. thereby improving the user's
contidence in the system.
4. Expert systems use symbolic represcnlations for knowledge (rules,
networks, or frames Jand perform their inference through symbolic
computations that closely resemble manipulations of natural language.
5- Expert systems often reason with meta-knowledge: that is, they reason
with knuulflcdge about themselves, and their own knowledge limits and

capabilitics [6].
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Other distinguishing characteristics of expert systems are that they :-
6- Have a facility to explain their advice or reasoning process, so that a
uscr can see why and how a conclusion was reached.
7- Contain symbolic programming and rcasoning capabilities.
8- Use IF-THEN rules extensively, but not necessarily exclusively. and
su are more readily undersiandable to non-technical users.
G- Can handle uncertain. unknown, and conflicting data.
10- V{-:r},r (i:‘r‘ten require 4 high level of involverment of @ human expef't in

their development [23].

3.4- Structure :

Expert systems are composed of two major parts : the
development environment and the consultation (runtime) environment
figure (3.2) show that. The development environment 1s used by the
cxpert system builder to build the compenents and introduce knowledge
into the k'lmwledgu base. The consuliation environment is used by a

nonexpert to obtain expert knowledee and advice.
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CONSULTATION ENVIRONMENT : DEVELOPMENT ENVIRONMENT
Y E
A

1

Figure(3.2) Structure of an ¢xpert system.

The following components may ¢xisl i an ¢xpert system :
J.4.1- Knowledge acquisition subsystem :-

Knowledge acquisiion s the accumulation, transfer, -and
iranstormation of problem-solving expertise from some knowledge
source 10 o compuier program for constructing or expanding the
knowledge base. Potential sources of knowledge include human expert,

textbooks, database, speeial research reports, and piciures.
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3.4.2- Knowledge base :-

The knowledge Dbase comtains  knowledge nccessary  for
understanding, formulating. and solving problems. It includes two basic
clements: (1) Facts, such as the problem situation and theory of the
problem a{‘l:u and (2) Special heuristics, or Rules that direct the use of
knowledge to solve specific problems in a particular domain, The
heuristics express the informal judgmental knowledge in an application
area. Global strategies. which can be both heuristics and a pan of the
theory of the problem area, are usually included in the knowledge base.
Knowledge, not mere facts, is the primary matcrial of expert systeni. "The
information wn the knowledge base is incorporated into a computer
progrant by a process called knowledge representation. There arc many
metheds to represent the knowledge of expert system are discussed as
bellows : ‘

* Rule-based Representation :

Rule-based systems are comprised of rule,-working memory, and a
rute interpreter. The domain knowledge in a rule-based system s
represented as a set of rules. In their simplest form, rules are condition-
action pairs specifying that if some condition is true, then some aciion is
performed.

* Frame Representation:

Frames are a  straightforward way to represent  descriptive
infmrrﬁaliﬂ:n. Each frame contains informaton about one particular object,
concept, or event and typically has slors which contain values. Ofien, a
lrame will describe a stereornyped class of objects, concepts, or events

which has a set of expected slots.
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* Hybrid Representation:

Often, o single form of knowledge representation is not adequate
for the solution of an expert sysiem task, so many recent systems have
exploited the advantages of different representations by combining them
in one systeim.

* Semantic network Representation:

A semuantic network is a graph consisting of nodes and links. Each
node rr:pn:'scnls one or more data items such as objects, concepis, events.
or hypotheses, while cach link between two nodes represents a binary
relationship between those nodes [20].

3.4.3- Inference engine :-

The brain of expert system is the inference engine, also knows as
the control structure or 1he rule interpreter. This component is essentially
4 computer program that provides a methodology for reasoning about
infermation in the knowledge base and in the blackboard, and for
formutating conclusions. This component provides directions about how
to use the|system's knowledge by developing the agenda that organives
ind controls the steps taken to selve problems whenever consultation is
performed.

‘I'he inference engine has three major elements

* An mierpreter, which executes the chosen agenda items applying the
corresponding knowledge base rules.

* A scheduler, which muintains control over the agenda, It estimates the
cifects of applying inference rules in light of item priorities or other
criteria on the agenda.

* A consistency enforcer, which attempts to maintain a consistent
representation of the emerging solution.
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3.4.4- Blackboard { workplace ) :-

-Thcj blackboard is an area of working memory set aside for. the
description of a current problem, as specified by the input data: it is also
used for recording intermediate results, The blackboard  records
intermediate hypotheses and decisions. Three tvpes of decisions can be
recorded on the blackboard: (1)Plan — how to attack the problem,
(2)Agenda — potential actions awaiting execution, and (3)Solution —
candidate hypotheses and aliernative courses of that the system has
generated thus far.

3.4.5- User interface :-

Exp‘crt systems contain a language processor for friendly, problem-
oriented communication between the user and the computer, This
communication could best be carried out in a natural language, and in
sonie cases it is supplemented by menus and graphics,

3.4.6- Explunaiion subsvstem { justifier ) :-

The ability to trace responsibility for conclusions to their sources is
crucial both in the transfer of expertise and in problem solving. The
explanation subsystem can trace such responsibility and explain the
expert system behavior by interactively answering questions such as the
follgwing i

* Why was a certain questian asked by the expert system 7
* How was a certain conclusion reached ?
* Why was a certain alternative rejected ?

* What is the plan to reach the solution ?
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3.4.7- Knowledge refining system :-

Human experts have a knowledge refining system: that s, they can
analyze their own performance, learn from it, and improve it for future
consullations. Similarly, such evaluation is necessary in computerized
learning 54!1 that the program will be able to analyze the reasons for s
success of, failure. ‘This could lead to improvements that result in a better

knowledge base and more ¢ffective reasoning .

3.5- Types :-

Expert systems appear in many varicties. The following
classifications of expert systems are not exclusive, that i1s. one expert
system can appear in several calegorivs.

3.5.1- Rule-based expert systems :-

In :«E,uth systems the knowledge is represented as a series of
production rules.

3.5.2- Frume-bascd expert systems :-

[n thesc sysiems, the knowledge is rcp-n-:sentcd as frames, a
representation of the object-oriented programming.
3.5.3- Hybrid systems :-

These  systems  include  several knowledge representation
approaches. at mitnimum trames and rules, but usually much more.
3.5.4- Model-based systems ;-

Mmlie]—buﬂcd systems are struclured around a model that simulates
the structure and function of the system under study. The model 1s used to

compute values which are compared to observed ones [19].
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3.6- Expert Svstem development team :- -

In general, there are five members of the expert system
development team: the domain experl, the knowledge engineer, the
programmer, the project manager, and the end user. The success of expert
system entirely depends on how well the members work together. The

basic relations in the develepment team are summarized in figure(3.3).

Priviey! manaser

Domain expert I‘:ﬂ Knowledge engineer <=>| Provmummer

‘ Expert system
|

.' P End user

‘ Figure(3.3) The expert sysiem development team.

The domain expert is a knowledgeable and skilled person capable
of solving probiems in a specific area or domain. This person has the
greatest expertise in a given domain. This expertise is to be captured in
the expert system, Therefore, the expert must be able to communicate his
knowledge, be willing to participate in the expert system development
and commit a substantial amount of time 1o the project. The knowledge
engineer 15 someone who 1s capable of designing, building, and testing an
EK]JE]'['S}(SISEHI. This person is responsible for selecting an appropriate task
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for the expert system. He interviews the domain expert 1o find out how a
particular problen is solved. Through interaction with the expert. the
knowledge engincer establishes whal reasoning methods the expert uses
to handle facis and rules and decides how to represent them i the expert
system. The knowledge cngineer then chooses some development
software or an expert system shell, or look at programnung languages for
encoding the knowledge. And finally, the knowledge engineer is
responsible for testing, revising, and integrating the expert system in to
the workplace. The programmer is the person responsible for the actual
programming., describing the domain knowledge i terms that a computer
can ug’lderqsmnd. The programmer needs to have skills in syml:{c:-lic
pmgrmmﬂiing i such artificial intelligence languages as Prolog, LISP,
and OPS3 and also some experience in the application of different types
of expert system shell. The project manager is ?he leader of the expert
system development team, responsible for keeping the project on track.
The end user 15 a person who uses the expert system when it is

developed[12].

3.7- Building Expert Systems :-
3.7.1-Fxpert Systems Development lifecyele :-

An expert system is basically computer software and as such its
devclopment follows a software development process. The goal of such a
process 15 1o maximize the probability of developing viabie, sustainable
software within cost 1mitations and according to schedule. The main
funciions of model of this process are to determine the order of the sieps

involved in the software development and to establish the criwena for

"
thn
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progressing from one siage to another. Many such models have been
proposcd: notable is waterfall model for a system development life cycle.
When expert systems are constructed. some or all of the software
development tasks are being performed. The nature of the specilic
applicmiurl"t determines which tasks are going 1o be performed, in which
order, and to what depth. |
The various tasks that are cncountered in building expert systems

are organized in six phases, as show 1o figure (3.4) [19].
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. iy
Problem definition.
INeeds assessment. '
Phase | Tvalualion of alternative solution,
Project Verilication of an experl sys1cms “
ininalization approach, |
Consideration of managenal issues .
Conceptual design and plan.
Phase 2 Dcx-eIU]u:_l:nt 51;‘3:]-.:5;}*.
. - ' . o gt
Systém unalysis Suurccc:r nowledge. —
and design {',“c-m_pl_nlmg TESOUTCES,
i Feasibilily study.
Cost-Henetit analysis.
Phuse 3 Building it small prototype.
Rapid Testing, lmproving, Expanding. ¢
prololyping Dcmnns}raling _and analyzing feasibility.
Computing design.
Phase 4 Building knowledge base.
System Testing, Evaluating,  and  Improving ¢
developmuent knowledge b;_ise .
i Planning fer integration.
Acceptance by users.
Installation, Demonstraticn. Deployment.
Phase 5 s e e
Imblementtion Orientation, Training. .
F Y Securily. ‘ .
Decumentation.
[ntegration, Field testing.
Phase 6 Operaticon.
i Post implementation Maintenance and Upgrades. —
Periodic cvaluation.
il A I

| Figure(3.4) Expert system development tifecyele.
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3.7.2- Questions to begin building an expert system :

Why are we developing 1his expert system?

-WiHl the effort in butlding the system be justified?

What will the return on investment be?

How are we going to building it?

What tools are available?

Can the system be built in the way that we envisage?

What can go wrong?

When do we stop development?

How do we maintain the systent after 1t has been built?

The. first question, as anv software development eftort, 15 Why are
W duing this? with the associated guestions Will the effort in huilding
the svstem be justified? and What will the return on investment be?

The issue of win is quickly followed by fiow. If we think that the
cxpert system can be justified and will produce a return on invesiment,
how are we going to building it? In general, one will also ask who s
going 10 help us? The development of most expert syslems s 2 joint,
rather than an individual effort. Joimt efforts have one advantage in that
there are more people who are knowledgeable about the sysiem and who
can polentially support it afler its built.

:I'I1u,dm-'e|up|u¢.:m of knowledge acquisition tools, makes it feasible
for ex]‘:-crt:s. to make on some. if not all. of the knowledge engineering
task. In general, the need for a knowledge engineer is often inversely
proportional to the quality of the knowledge acquisition tools that are

avatlable.
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Apart from domain ¢xperts and knowledge engineers, a third type
of person who should be consulted is the user, In some cases. experts will
use expert system themselves, n other cases there will be a different class
of user. 'The user should be involved early in the process so that the input-
output characteristics of the system, and its interface. can be moided 10
p-::rsnﬁal needs. ‘

'I‘Iwiiu-'ay in which ¢xpert systems should be built; 1.e., the how of
building expert sysicms, 1s strongly affected by what tools are aviilable.

Al one extreme the choice of 100ls to be used in building the expert
system is predetermined by organizational policy. At the other exireme,
one has total freedom in the choice of the hardware and software to be
used Tor expert system development. However, mwost situations he
somewhere between these two extremies and compromises need 10 be
madc.

Other important tools include knowledge acquisition 1ools and
pregrams for testing and validating the knowledge base. An interface
building toolkit will also be useful in testing carly prototypes. Such a
toolkit would allow a variety of screen design utihities, windowing and
menu options, ete. This teolkit may be buill into the expert system shell
or added by linking external routings.

Another major question 18 Can it be done? One way to gel o better
perspective on this question is to think through the possible failure modes

and construct a "lault-tree” as it were.
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3.7.3- Reasons of Failure in expert system :

* The knowledge required and the difficulty in acquirimg it is
underestimated, or the expert finds it difficult to express how the
knowledge is structured.

* During the project key members of the development team depart
without leaving behind sufficient documentation of their activity. The
system never fully recovers from the resulting internal chaos.

* The project has insufficient financial backing, or because ol internal
policy or nllmnagement changes. the level of resources originally promised
1s not fill Iillled.

* The inference engine is too slow when the system is ficlded. producing
unacceptably poor real-1ime performance.

* Users cannot use the system because they do not understand how to
operate it due to vither poor interface design or to the lack of appropriate
nstractions,

* No one is available 10 update and maintain the system as the knowledge
in the domain changes. Consequently, the system falls out of step with the
knowled ge domain.

*A scriuul:-; attempt should he made at the beginning of the development
process 1o think through the stages of building the expert svstem and
anticipate any aws or pitfalls that may be encountered. A sufticiently
serious {law may Icad one (o suspend the project, while in other cases it
may produce a modified strategy.

* Like any software development eftort, building an cxpert sysiem
requires some discipline in the methods and processes that are used.

Enforcing: discipline can be difficult as a result of social 1ssues that

1)
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interfere with building expert systems, These social issues are often
different from the issues involved in conventional software development.
* A final| feature of expert system development can be overlooked:
Knowing when to stop. An expert system can always be refined, rewritien
in a new shell, and so on. Deciding when development stops and the
system becomes operational can be a difficult decision. Stopping carly
can lead 10 an immature system that is rejected by users. Stopping too late
is wasteful at the least; and after a certain point the ratio of retumn to effort

becomes unfavorable [24].

3.8- Benefits Of Expert Systems :-

Exp?crt systems can provide major benefits to users, 1 will discussed

some ot i I:-
I- Increased vutput and productivity ;

Lixpert systems can work faster than humans,
2- Encreased quality @

Expert systems can increase quality by providing consistent advice
and reducing error rate.
3- Reduced downtime :

Many operational expert systems are used for diagnosing
malfunctions and prescribing repairs. By using expert system il is
possible o reduce downtime significantly.

4- Capture of scaree expertise :

The scarcity of expertise becomes evident in situations where there

are notl enough experts for a task, the expert is about to retire or leave a

job, or expertise 1s required over a broad geographic lecation.
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5- Flexibility :

Expert systems can offer flexibility in providing services and in

manufacturing,
6- Easier equipment operation :

Expert systemns make complex equipment ¢asier to operate,
7- F,Iimin::itiun of the need {or expensive equipment &

In many cases a human must rely on expensive instruments for
moenitoring and control. Expert systems can perform the same tasks with
lower-cost instruments because of their ability to investigate mere
thoroughty and quickly the information provided by instruments.

8- Operation in hazardous environments :

Many tasks require humans to operaie in hazardous environments.
The expert sysiems may ehable humine to avoid such environments. This
characteristic is extremely important to enable workers to avoid hor,
humid, m‘li oxic environments, such as a nuclear power plant that-has
malfunctioned.

Y-Accessibility to knowledge :

Expert systems make knowledge and information accessible.
People can query systems and receive advice,

10- Reliability :

Expert systems are reliable. They do not become tired or bored.
Expert systems also consistently pay atlention o all details and so do
overicok relevant information and potential solutions.

{1- Increased capabilities of other computerized systems
Integration of expert sysiems with other systerns makes the other

syslems more effective.
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12- Integration of several experts opinions :

n c:I:rtuin cases, expert systems force us (o integrate the opinions of
several experts and thus may increase the quulityﬁﬁhc advice.
13- Ability to work with incomplete or uncertain information :

In contrast to conventional compuler sysiems, expert system can,
like human experts, work with incomplete information. The user can
respond with a "don't know” or "not sure” answer to one or more of the
sysiem's questions during a consultation, and the expert system will still
be able o Iiaruduce an answer, although it may not be a certain one. Expert
systems dt.‘:n not have (o be complete in the same way in which a set of
I*'DRTRM!\' IF-statements do. They can also deal with probabilities, as
long as the inference engine can cope with them. |
14- Provision of training :

Expert  systems can provide training. Novices who work with
expert system become more and more expenienced. The explanaiion
lacility can also serve as o teaching device, and so can notes that may be
inserted in the knowledge base.

15- Enhancement ol problem solving :

Explcrt systiems  cnhance problem  solving by allowing  the
integration of top experts’ judgment into analysis. They also increase
users' understanding (hrough explanation. Expcr; syslems can be used 10
support the solution of difficult problems.

16- Ability to solve complex problems :
Expert systems may solve problems whose complexity exceeds

human ability. Alrcady some expert systems arc able to solve problems
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where the required scope of knowledge exceeds that of any one
individual. However, these problems must be in a narrow domain.
17- Knowledge transfer to remote locations :

Onc of the greatest potential beneflls of cxpert systems is ils ease
of transfer across international boundaries. This can be extremely
important o developing countries that cannot iy for knowledge
delivered by human experts [19).
3.9-Expert Systems Applications :-

The range and depth of applications has broadened dramatically.

Applications can now be found in almost all areas of business and
government. They include such area as:
Ditferent ;lypes of medical diagnoses (internal medicine. pulmonary
diseases, ilnf?-:ctim:s blood diseases, and so on). Diagnosis of complex
electronic | and electremechanical systems. Diagnosis of diesel electric
locometion systems.

Diagnoses of software development projects. orecasting crop
damage. ldentification of chemical compound structures and chemical
compounds, Location of faults in computer and communications SYStem.
Scheduling of customer orders, job shop production operations, computer
resources for operating svsiems. and  various manufacturing  tasks.
Evaluation of loan applications for lending institutions, Assessment of
geologic structures from dip meter logs. Analysis of structural systems
tor design or as a result of carthquake damage. The optimal configuration
of components 1o nwet given specification for a complex sysiem (like
compuier or manufacturing facilities). Estate planning for minimal

taxation and other speeified goals. Stock and bond portfolio selection and
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management. The design of very large scale integration (VLS sysiems.
Numercus military applications ranging (rom battlefield assessment to
ocean surveillance. Numerous applications related to space planning and
exploration. Planning curricula for students. Planming experiments in
bivlogy. chemisiry. and molecular genetics, Teaching students specialized
tasks {Iikuilmuble shooting equipment faults) [6].

Thelprevious applications can be organized by their generic tasks
as Hlustrated in table{d.1).

Table (4.1} classification of expert systems applications.

N Domain Description

| | Control Governing system hehavior specification.

2 | Design Configuring objects under constraint,

3 { Diagnosis Inferming system malfunclion from observable.

4 | Simulation ] Modeling the interaction between system components,
5_| Interpretation | Inlerring sitnation description from data.

0 | Monitoring

Comparing observalions to expectations.

7 | Planning

Designing actions.

8 1 Prediction

Inferring likely consequences of given situations.

Y| Prescription

Recominending solution to system malfunction.

10 | Selection

tdentifying best choice froni a Hist of possibilitics.

|1 | Instruction

Diagnosing, debugging, and repairing student behavior.

I- Control :

Control systems adaptively govern the behavior of a given system.

For example, controlling a manufacturing process or (he treatment of a
patient 1o the hospital. An expert control system obtains data on the
syslem's operation, interprets the data to form an understanding of the
state of thlf.: system or a prediction its future state, and determines and

executes needed adjustments. Control sysiems must also  perform
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monitoring and interpretation tasks to track systern behavior over time.
Some systents include prediction and planning tasks that allow them to
formulate plans to avoid anticipated problems. -

2- Design

Design systems configure objects under a sct of problem
constraints. For example, designing a computer system under user-
defined constraints of necded memory, speed, ele, These systems usually
perfor their tasks following a series of steps. each with its own specitic
constraints. Complicating matiers, these steps arc usually dependent upon
cach other. which makes it difficult to assess the impact a change in one
siep wilt have on the other steps. Because of this complication, these
lypes of systems are often built using a4 non-nmonolonic reasoning
technique.

3- Diagnaosis :

Diagnosis systems infer syslem malfunctions or faults from
observable informanon. Most diagnosis system have knowledge of
possible faull conditions with means 1o infer whether the fault exists Irom
infﬂrmalicjn on the sysiem observable behavior. For example. diagnosis a
given discase from the patient's symptoms, or locating malfunctions in an
clectronic circult from test results. A more recent trend in the field relies
on a model-based reasoning approach, which models the system's normal
behavior, and  detects and  diagnosis  fawlts  from  deviations  in
expectaoons. Most diagnosis systems include a prescription task that
offers a remedy to the detected fault [8]. DIAGNOSIS AND
EXPLANATION BY A NUCLEAR CARDIOLOGY EXPERT

SYSTEM: Examincs a project directed toward the design and

|
1
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development  of  a  knowledge-based  expert sysiem (NUCES).
Interpretation of radionuchide imaging in the heart using NUCES 125].
4- Simulation : 1

Simulation systems model o process or syslem to permil
opcrational studies under various conditions. They model the various
components of the system and their interactions. Users are usually
pernitted (o make adjustiments to the model 10 account for cither existing
or hypothetical conditions. Using the model along with the user-supplied
mformation, these systems can be used to predict operating conditions for
the real system.

A- Interpretation :

]ntc1'|1|'ulatior1 systemns produce an understanding of a situation
from a\'aillablc information. Typically this information consists of data
[rom such source as sensors, iNStruments, test rééults, ele. For example,
machine monitoring sensors, Imaging systems, or speech analysis resulls,
These systems translate the raw data into symbolic form that describes
the situation, These systems often need to work with neisy, incomplete,
or unreliable data that requires inexact or statistical reasoning.

0- Monitoring :

Monttoring  systems compare  observable information on  the
behavior of a system with system states that are considered crucial 1 its
npcrntion.IMunimring systems will usually interpret signals from sensors
and compare the information with know crucial states. When a crucial
state is detected, an established sequence of tasks is performed. An
Intelligent System For Credit Management Follew-up, this thesis is a

hybrid intelligent sysiem that combines the neural network and expert
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system technologies, It deals with the credit decision in the two phases of
long granting and follow-up. The first subsysiem analyzes the financial
performance of every client based on quantitative and qualitative
information so as to take the decision of whether to grant or reject the
loan. "l_"hcﬁ. the second subsystem starts following up the granted loan. If
the customer refrains from paying, it calculates his credit rating. If the
customer credil rating is bad, it analyzes the problem causes and reasons
and accordingly takes the suitable remedial action [26].

7- Planning :

Planning systems (orm actions to achieve a given goal under
problem constraints. For example, planning the different tasks performed
by a rebot o accomplish a given work funetion. Some planning systems
must have the fiexibility to change the series of planned tasks when they
ﬁhtuin‘nwrf problem information. To accomplish this, they need the
ability to backtrack and reject @ current line of reasoning in favor of
cxpfnring=a betier one. As in the case of systems built for design
applications, planning systems usually require nu}l-nmmﬂonic reasoning.
B- Prediction :

Prediction systems infer likely conscquences from a given
situation. 'These systems attempt to predict future events using available
information and a model of the problem. Prediction systems often must
be able 1o reason about time or ordered events. Models must be available
to infer how some given action influences future events. For example.
predicting) the expected damage to a crop from an invading insect,

Intelligent simulation models are often used in these types of systems,
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Y- Prescription ;

Prescription systems recommend solulions to a given system
malfunction. These types of sysiems usualty first incorporate a diagnosis
task to determine the nature of the malfunction. Maost rely on a "canned”
prescription for each known fault. More advanced systems incorporate
planning and prediction techniques for creating tailored remedies.

1{- Sclection :

Selection systems identify the best choice from a list of
puﬁsibi]iti{!::-;. They work from problem specifications defined by (he user
and auenipt to find a solution that most closely maiches these
spectfications, These systems usually employ” an inexact reasoning
technique or a matching cvaluation function when forming (heir
selections,

11- Instruction :

Instruction system guide the education of a student in a given topic.
They treat the student as a system thal must be diagnosed and repaired.
Typically they begin by literacting with the student to form a model of
the student’s undersianding of the topic. They than compare this student
model with an "iden!” model to uncover weaknesses in the student's
understanding. This task is then followed by remedial instruction to

correct any misunderstandings [8].
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4- THE CASE STUDY :

In the FLlluwing section, a description of problem is defined according
to the chemical ;expert. ._
4.1- I\"lethmiiulug}' to solve the problem :

I pcr!'u;rmed some phases to complete my work as following :

1- 1dentification : |

Idenitfy the problem and its characteristics .
2- Conceptualization :
Find concepis 10 represent knowledge.

3- Fllrlll‘l:lliZHti{lll :
[flcsign structure to organize knowledge.

4- 'rmpler_lnenmtinn : ~.
I*J“Drmu]alu rules to embody knowledge,

5- Testing :

Validate rules (hat organize knowledge.
4.1.1- Identification :
1- I3ilute Hydrochloric acid group :

[ discuss the steps performing when detection of salt that include in

the dilute Hydrochlorie acid group, I am represent the steps in {lowchart as

show in ﬁgur!e(zi.l), :
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Figure(4.1) show the steps in ditute Hydrochloric acid group.

2- Concentrated Sulphuric acid group :
i discu;ss the steps doing when detection of salt that include in the
cencentrated Sulphuric acid group, 1 am represent the steps in flowchart as

show in ﬁgur{:{rﬁ.z}.

r]]
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Firgure{4.2) show the steps in concentrated Sulphuric acid group.

3- Precipitation group :
I discuss the steps doing when detection of salt that include in the
Precipitation group, [ am represent the steps in flowchart as show in

figure(4.3}.
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—

-
Salt solution +
Silver nilrate solution

)

\
Ae]luwsl\ k No

w‘e/

™~ pl‘LClpI[ﬂ.tL

Figure(4.3) show the steps in precipitation group.

4.1.2- l{ntm‘lledge Acquisition :-

Like ail EXpLrt system projects, | need first to obtain 4 source of
knnwle'dgc. USII.IHH}-' this source is an expert on the problem. For ‘this
problem, | u:c.mlm:l with some lechnicians professional{Domain cxperts) in
chermstry ini_I chemical department at Sciences “College at Garvounis
university , El-Marj faculty of teacher training and El-Marj Science and Arts

faculty, they have years of experience in chemical laboratories .
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Through the interviews that [ bad with some laboratory technicians
whao observing first year students of chemical department at El-Marj Science
and Arts fuculty, And El-Mar facubty of teacher training, T found out that
those technicians have been faced with some difficulties while the students
are doing their experiments. The students overuse many expensive chemical
elements due to their lack of experience in using these elements. They also
ask many qufi'stinns and inquiries that makes training sessions very boring.
Nome SIur;iumts feed embarrassed and afraid of asking questions because the
technicians are usually males. Some of these experimenis are very
dangerous,

1 have been 1old by the technicians themselves that they face this
problem in most chemical laboratories at different universities. Therefore, [
tdecided to design an cxpert system for training students on  some of
ExXperiments :

4.1.3- Knowledge Representation :- ‘

The representation method used to encode knowledge of the problem

: i : . .
15 the rule representation method. The following rule are constructed based

on the knowledge acquisition problem.
4.1.3.1- IF-THEN Rules :

IF- THEN rules are the most common way 10 represent knowledge in
currently expert system. Such rules contain premises or conditions in the IF
clanses, and conclusions in the THEN clauses. 1F-THEN rules differ from
similar ones iln conventional computer systems, they can be modified much
more eflasily (o meet changing needs. and 1t was easicr to update. Rule-bused

CXPETT systens have the capability to ask users questions about information

needed to deal with specific problems during consultations [25],

Lh
Lh
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' I
4.1.3.2- S}'.\'tcim Rules :

Rule A.l:
I

AND
THEN
Rule A.2:
I

AND
And |
AND |
THEN
Rule A.3:
[T

AND
THEN
Rule A.4:
[

AND
THEN
Rule A.5:
IF

AND
THEN
Rule A.1.1:
IF

AND

Solid salt + CH! ctfervescence.
LEvolved CO; gas.

Salt is Carbonate or Bicarbonate.

Solid salt + CHI effervescence.
[;!}-.'nhfcd NQO» gas.

Brown fumes.

Solution turns faint blue.

|
Salt 1s Nitrites.

|

Solid salt + CHI effervescence.
Evolved gas its odor of roften eggs,
Salt is Sulphide.

1 "

Solid salt + CHI effervescence.
t[h-*c-lvcd S0, gas its odor sulfocating.
Salt 1s Sulphite.

k

Slolid salt + CHi effervescence

Yellow ppt.

Salt is Thiosulphate.

Salt 1s Carbonale or Bicarbonate.

Salt solution + MgSQ, make white precipitate.
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AND Salt solution + HeCl: make white precipitate.
AND E%alt solution + BaCl2 make whitc precipitate.

TIHEN, . Saltis Carbonale.
Rule A.1.2:

[F Salt 1s Carbonate or Bicarbonate. .

AND Salt solution+MgSO, after heating make white precipiiate.
AND Salt solution+ BaCl2 after heating make white precipitate.
AND Salt solution+HgCly afler heating make white precipitate,
THEN Salt is Bicarbonate.

Rule A2.1:

IF Salt is Nitrites.

AND | . S'ul_l solution + Kl change solution 1o blue.

AND Eia]t solution + AgNO, make white precipitate.

THEN Salt 1s Nifrites.
|
Rule A.3.1:

IF Salt IS Sulphide.

AND Salt solution + (CHLCOORPh make black ppt.

AND Salt solution + AgiNQO; make white precipitate.

AND Slali solution + Na2[Fe{CN}SNO] change solution to purple.

THEN Salt1s Sulphide.
RMeAAJ:“

[F Slalt 15 Sulphite.

AND Salt solution + 12 make white precipitatc.
AND ‘S;alt solution + AgNQ; make white precipitate.
AND Salt solution + BaCl, make white precipitate.

THEN Salt 1s Sulphite,

th
e |
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:

Rule A5

IF Salt is Thiosulphate.

AND Salt solution + (CH,COO0),Pb make white precipitate,

AND Salt solution + AgNQO; make white precipilate.

AND Salt solution + FeCly make violet color precipitate.

THEN E&all Is Thiosulphaie.

Rule B.1:

[F
AND
THEN

Rule B.2:

IF
AND
And
THEN.

Rule B.3:

IF
AND
THEN

Rule B.4:

IF
AND
AND
THEN

Solid salt + cone. H,50, effervescence..
Evolved HCI gas which forming white fumes its pungent odor.
Salt 1s Chloride.

Solid salt + conc. 1,50, effervescence.

Evolved Bry gases which forming reddish brown lumes.
T )

solution turns reddish brown.

|
Salt is Bromide.

]
Solid salt + conc. H,S50, effervescence.,
LEvolved HIH, gases.

Salt 15 lodide.

Solid salt + conc. H.50; effervescence,
Run high brown fumes of NO; gas.
s.;olutiﬂn turns faint blue.

Salt is Nitrates. .
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|

Rule B.1.1:

IF Sfalt 15 Chloride, ,

AND Salt solution + (CHLCOO);Pb make white precipitare.
AND Salt solution + AgNO; make white precipitate.

AND Salt solution + Mn(); make white precipitate.

THEN Salt is Chloride.
Rule B.2.1:

[ Elal[ 15 Bromude.

AND - Fla{t solutiont (CHyCOO):Pb make white crysialline precipitate.
AND S!alt solution + AgNO; make pale yellow precipitate.

AND Sf:.sdt solution+Cl+CHC! make yellow color in the organic layer.

THEN Salt is lromide.
Rule B.3.1:

i Salt is ludide.

AND Salt solution + (CH.COO);Pb make yellow precipiiate.
AND Salt solution + AgNO,; make yellow precipilate.
AND S"alt solution+ Cly#CHCI; change solution to brown.
THEN! - Flpalt is lodide.

Rule B4.1:

I Salt is Nilrates,

AND Salt solution + FeSOs a brown ring will form.
THEN Salt is Nitrates.

Rule CC.1:

IF Solid salt + CHI not eftervescence.

AND Solid salt + conc. H.50, not effervescence,

AND Salt solution + BaCl, make white precipitate.




Chapter 4

The Case Study

THEN

Salt is Sulphate , Borate or Phosphate.
L]

Rule C.2¢ .

IF Sahi 1s Sulphate . Borate or Phosphate.

AND éall solution + AgNG; make white precipitate.

AND Salt solution + {CH,COO);Pb make white precipitate.
THEN Salt 1s Sulphate.

Rule C.3:

[F Salt is Sulphate , Borate or Phosphate.

AND Salt solution + AgNQ; make yellow precipitate.
AND S'Ialt solution + FeCly make yellowish whit precipitate.
THEN! * Salt is Phosphatc.

Rule C.4:

[ Salt 15 Sulphate . Borate or Phosphate.

AND éall solution + AgNO; make yellow precipitale.
AND Salt solution + Ph.Ph make pink color.

THEN Salt 1s Rorate,

I
1
4

4.1.4- Implementation :

Exﬁcrl S}Irstcms mode] the reasoning of humans using a lechnique
called interence . An expert system performs inference using a moedule
called the inference engine . Inference engine combines facts contained in
working memory with knowledge contained in the knowledge base . From
this action it is able to infer new information that it then adds to the working,

memory . Figure (4.4) illustrates this process {8].
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Knowledpe Working
r base MEmory
iKulcs Facis
i .
Inference
engine

Figure {(4.4) Inference process in expert system .

In thislsyslcm I use the forward chaining . Forward chaining is a
technique Ibr:igathuring information and then inferring from it whatever can
be inferred . However. in forward chaining , many rules may be exccuted
that have 'notILirig to do with the established goal [12]. '

A program writing in visual basic version 6.0. implements the
[ollowing is [Lr seasion of the implementation phase. -

!
4.1.3- Testing :-

Expert system comain a language processor for friendly, problem-
ofiented  communication  between  the user and computer . This
communication could best be carried out in a natural language, and in some

i
cases it is supplemented by menus or graphics | In this system | use a graphic

N DT
o design user interface .

61



Chapter 4 | ' The Case Study

When beginning the program, the opening screen appears as show in
figure(4.5). Tlhis sereen contains the expert system caption and shows some
useful notices for he user before carrying on the systen, [t also contams (wo
options: the first (Exit) for closing the system; the second (Start) to starting

the system and o move (o the next screen,

ﬂ
!

I| ] . T 0 - : - . b ] T |

- Expert Svstem For, - . i
'| Identification Of Acid Radlcal

' ,‘ 1* ! . b\' -11‘;- 1."' -' -y '|'l.

F| [Notes :2 S e
TR w3 Ea . - 4 _-1:-.

"-rli-l; Ty

q;i:

Acld radicais are divided into three groups :

e - L

1- Dlluts Hydrachleric acld group{ HCY ) .
. 4
}

. 2_, Congentrated Sulphuric acid group lH2504}- .

3 Pmcipttntion greup (pop.t. group) .

Figure (4.3) show the syslem opening screen.
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When I:I:Iicking on (start) in the previous screen. i new Screen appears
as show in figure(4.6). [t asks the user to put one gram of an unknown salt in
a4 lesl 'Lluhc unld add one ml. of Hydrochloric acid (HCL) and observe what
would happen. The screen contains the guestion ( [f}f{}u see effervescence or
not 7). The u:SET‘ may click on (Yes) or {(No). Then click on (Next) to move
10 the next step. The user may move back to the previous screen by clicking

on (Previous).

|~ |Putone gram of a unknow satt in test tub and !

add to it one mt of Hydrochloric acid { HCI}.

3 . - - . .
- . - L - x

e | Did you soe efforvescence ?
. [ Coea e T

. ' .
- ra ' : -
= ora . ‘
;

|
Figure (4.6) show the etTervescence when add Hydrochloric acid to

[ unknown salt.
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i
When choose (yes) and then click {(Next) in the previous screen, anew
i - Lo
screen appearls as show in figure (4.7). The screen shows 10 the user that this
sall is hydrochloric acid group. [t also asks the user if he see CO2 evolved or

not. The user may choose (Yes) or (No) then click on (Next).

i
L

alt Irom hydrochleric acid groupe .

LT S - - o oyl A — L ww -
L T Ty

H

» owe - oy

L

- I Pid you su0 CO2 gas m:ulvnd '?i W Yox . Ne

Figure (4.7) show run high CO2 gas.
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‘I:_-’»rh.cn choose (Yes) and click (Next) from the previous screen, a new
screen appears as show in figure(4.8) in which a message shows that this salt
may be Carbonate or Bicarbonate. 1t also contains an option to apply one of
three confirmatory 1ests (1. 2, or 3). One of these tests will be applied to

1
confirm the salt type when choosing one of them.

rrn i;tlil y Tlli.i

= 3 g . ; Retuen

Flgurle {4.8) show the salt may be Carbonate or Bicarbonate.
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{ - :
;

When choosing the confirmatory test number one in figure(4.8), a new
screen appears in which a message asks the user to add {MgS04) o the salt
solution as indicated i tigure{4,9}, The screen also asks user if he see white

precipitate or not.

.

]Adg MgSO4 to the salt solution . ;

L -l--\:’-l

]Did vou see white ppt. 7 & Yoz © No

1 )
‘Previpus
Ll

u,

- ) ™.

. . ‘Return
0 %L i 1

Figure (4.9) show the white precipitate.
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When f.f}mnsing the confirmatory (est number two in fgure(4.8), a new

| . .
screen appears asking the user to add (HgCl2) 10 the salt solution and
obscrve what happen as indicated in figure(4.10). The screen also asks user if

he see white precipitate or not.

FooT ‘al'r'r" “rr. n 4}: .:..‘_r_-‘_a._‘!‘, m

Add HgCI2 to the salt solution .

| . . .

Did yvou see rddish brown ppt. 7. “.¥os Mo

’ L

4
L]

k

Pravious

——
T el
Lol R

. Return

Figure (4.10) show the reddish brown precipitaie.
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|

I the user choosing the confirmatory test numnber three in figure(4.8),

another window appears asking the user to add (BaCl2) solution to the salt
|

solution as indicated in figure(d.11).The screen also asks user if he see white

precipilate or not,

- . it n e

T
i E | ﬁu_dd _Eaﬁlﬁ éotu}_ion_tcﬂ the salt solution . -
J A N
1

{Did you see white ppt. 7 " Yeux (%.No

Yy

Erqviﬁus

¢ Figure (4.11) show the white precipiate.
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When the user selects one ol the confimatory test (1.2.013) from the
window in figure(4.8) and then click on (Yes) in the windows show n
figures (4.9).(4. 10or{(4.11), a new window appears confirming that the salt
is Carbonuate :;m{! also gives the user options to aver the confirmatory tests or

. . ;
return to the beginning of the program as show in figure(4.12).

] 1
| - 1 1

IFigure {(4.12) aver the salt is Carbonate.
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f

If one of the confirmatory tests (1.2, or3) in the window show in

figure{4.8) has selected and then clicking on (No) in one of the windows

indicated in figure(4.9), (4.10) or (4.11). 2 window appears confirming that

. . . : :
this salt is Bicarbonate and the ppt. will be formed afier heating as show in

ﬁgurf:(ii. 13).

The window also gives the user options ol averrng the
i L]

confirmitory testes or relurning to the beginning of the program.,

lThe salt is Bicarbonats.

| Atter heatlng you seo ppt. .

PR

. Averment
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Chapter 4 ' The Case Study

When sclected (No) and click (Next) in the window indicated i
figure(4,7). a new window states that the salt 15 from Hydrochloric acid

group. There 15 also a Yes or No guestion as indicated in figure(4.14).

|

The salt from hydrachlorlc acid groupe |

[T ZF . - w3 . mmmm s o, wm
- Aooe Eali) . {._-__-\..- =3 g - -

Did you £a¢ brown fumes and

Lfes FiNo .

solution lurns faint blua 7

=
ol

o
?’

Previcus

Figure (4.14) show run high brown fumcs.
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Chapter 4 ! The Case Study

If the user sclected (Yes) from the window indicated in figure{4.14)
and then click { Next ), a new window appears indicate that the salt may be
Nitrite. There are also three chuices to conduct the contirmatory tests as

indicated in figure (4.15), '

- =

| Provious

-—u—-‘ — — o el

"Conflrmatory Tost
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|
i

The Case Study

IT the user selects the confirmatory test number one from the window
i
in fgure(4.13), a new window appears asking the user to add (AghO3)
solution to the 'salt solution and observe what will happen as indicaled in
! -

figure(4.16). '|J‘hc window also asks user if he see white ppt. or not.

Add AgNO3 solution to the salt solution. ..

R .

. Xy .
Did you see white ppt. ? - a Yes MHo

L

s [ -
= 'r Mext

Previous

h Return
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Chapter 4 The Case Study

If the user selects the continmatory test number twe from the window
n I'tgu;ru(fl.li)l;lnulher' window usks him to add (KI) solution to the salt
| .
solution and then add drops of dil. Hydrochlonie acid and observe what the

intliction as it 1s indicated in figure(d.17),

Add Kl solution to the salt sclution and

N add drops of dil H2504 .

L P | roam W

I P S T | - It
e solutlon color change to faint brown 7 mva; O Ho

Ele O =

MNaxt

Pravigus

'l ' "
P w "‘L"J_‘ Raturn

. . . 1
Flgl]fﬂ (4.17) show change color of solution to faint brown.
i




Chapter 4 The Case Study

I
‘E‘Ehen Jclrcting confimatory lest number three indicaled in window in
ﬂgure{él.l‘S), !-anuther window appears asking the user to add ( FeSO4 )
solution with dil. ( H2SO4 } 10 ihe salt solution and observe what will

happen as indicated in window in Ngure(4.18).
|

Add FeSO4 solution with dil H2S04 to *

T ‘ t -
-the salt solution

The solution ¢efor change to brown 7 i Yae: . No

4
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Chapter 4 The Case Study

H thejuser selected ( Yes ¥ and click { Next ) in one of the three
windows in figures (4.10), ( 4.17), or ( 4.18), another window appears shows
that the salt i_ls Nitrite. It also gives the user the possibility to move to the
window of L:(il‘rnﬂrmatnr}r tests or return to the beginning of the program as

indicated in figure(4.19).

The salt is Hitrite .

PR eyt

1
|} Averment
T —_— .1

! Figure (4.19) aver the salt is Nitrite.
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-

When ;s.elcctcd (No} and click (Next) in the window indicated in
figure(4.14), a new window states that the salt is from Hydrochleric acid
|
group. There 1s alse a Yes or No question as indicated in figure(4,20).

|

The salt from hydrochloric ncid groupa .

Did you smeoll  gas as cdor of
. ¥ag . Mo

retten eggs 7

Naxt'.

Previous

Retum
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L !

1f the 1;5-31‘ selected {Yes) from the window indicated in figure(4.20)

and then click { Next ), a new window appears indicate that the salt may be
|

Sulphide. ‘There are also ihree choices to conduct the confirmatory tesls as

indicated in the window in figure (4.21).

! The salt may be Sulphide [ §-

Confirmatory Test  Previous
1 .
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Chnptér 4 : - The Case Study

. i '. .
It the uscr selects the confirmatory test number one from the window
in figure(4.21). a new window appears asking the user to add (AgNO3)
I
solution to the salt solution and observe what will happen as indicated in

figure(4.22).

|7 1 A
: Add AgHOZ solution te the salt selution! : :

Did you sea black ppt. 7

‘ o . Pravious

Figure (4.22) show the black precipitate.
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(Jhaptir 4 ! The Case Study

t

|
If the user selects the confirmatory test number two from the window
in figure(4.21), another window asks him to add ((CH3COO0)2Pb) solution to

the salt solution and ebserve what happen as it is indicated in figure(4.23).

Add lCH‘CDﬂszh wsolution 'to tha sn[t solutlon.

b o PO riﬂi--.-li"lr'- —-bjf‘

Did yow 300 black ppt, ?’ % .¥ex (Mo

Previous

i ¢t or Return .

L - .

Figure (4. 23} show the black precipitaie.
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Chapter 4 The Case Study

[f the user choosing the confirmatory test number three in
fgure(4.21), another window appears  asking the user o add

{(WNa2[Fe(CN)SNO]) solution to the salt solution as indicated in figure(4.24}.

|

¥ i

I Add Ha2[Fe{CH)EMO] solutian to Hia kalt selutian,

lThe solition color change to purple 7 t Yes ~ Mo
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Chapter 4| " The Case Study

Il the user selected ( Yes ) and click { Next ) in cne of the three
windows in ﬁlgurus (4.22), (4.23), or (4.24), another window appears shows
that the salt is Sulphide. {1 also gives the user the possibilily to move 10 the
window of confirmatory (ests or retumn to the beginning of the program as

indicated in ﬁg1|1rc{4‘25}.

|

3 . Avermenit
[

R

. Return
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When selecied {(No) and click {(Next) in the window indicated in
figure(4.200, a new window states that the salt is from Hydrochloric acid
i

gronp. There is also a Yes or No question as indicated in figure(4.20).

The salt frem hydrachloric acld grougs .

Colorless gas is evolved with -
‘ } : o e awes, o | edves GiNe
suffocating edor 7 *

Previous

Raturn,

Fiéu}‘u (4.26) show run high gas with suffocating odor.
I -

+
' v




Chapter The Case Study

If (he user selected (Yes) from the window indicated in figure(4.20)
i
and then click {Next), n new window appears indicate that the salt may be

Sulphite. There are also thice choices to conduct the confirmatory lests as
|
indicated in the window in ligure (4.27).

—_—

1

The salt may be Sulphite . ¥

o *Praviaus
Coenfirmatary Tost K

SR B aaskis. CONR S | ¢ Roturn. ‘

L |Figurt: (4.27) show the salt may be Sulphite.
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Chapter 4 The Case Study

If the user selects the confirmatory test number one from the window

|
in TIEILILH- 2"), 4 new -window appears asking the user to add (AgNO3J)
qnlutmn 10 the ‘;"ill solution and observe what will happen as indicated in

figure(<.28).

I Ald AgNOY solution to the salt sofution,

E'__ [L'Iid you soe white ppt. . by huntin915

turng brown noxt ko black 7

Previcus

o : .
Figure (4.28) show the white precipitate change to brown .

|
|




Chapter 4 . The Case Study

|
! . .
If the user selects the confirmatory test number two from the window

in Mgure(d.27), !;mul;her window asks him to add (BaCl2) sotution o the'salt

solution and abserve what happen as it is indicated in figure(4.29).

|
|

D

Previous

Figure (4.29) show the white precipitate.
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1 | .
If the user selects the confirmalory test number tree {rom the window

in figure(4.27), another window asks him to add (12} solution to the salt

solution and observe what happen as it 1s indicated in figure(4.30).

] Add 12 solutlen ta the salt soluticn,

|D1d the coler of iodine lose 7

-

Figure (4.30) show lose the lodide color,

|
)
Lo
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Chapter 4 The Case Study

I
i
|
'

\ ;

I +

If thejuser selected ( Yes } and click { Next ) in one of the three
windows in ﬁlgurcs (4.283, (4.29), or (4.30), another window appears shows
that the salt is Sulphite. 1t also gives the user the possibility o move to the

window of confirmatory tests or return (o the beginming of the program as

indicated in figure(4.31).

Figure (4.31) aver the salt is Sulphite.

38




Chapter 4 The Case Study

|
El

When selected (No) and click {Next) in the windew indicated in
]

figure(4.20), @ new window states that the user will be see a yellow colloidal
precipilation and the salt may be Thiosulphate. There are also three choices

10 conduct the confirmatory tests us indicated in the window in figure (4.32).

L LY

‘ [‘fuu see yellow colloidal precipitation.

t The salt may he Thiosulphate | " ‘

i Provi
”Conf_lr’n;m!ury Test oV m?-.;

r3oe2 o ' - P Y Retusi

t

Figure (4.32) show Lhe salt may be Thiosulphate.
i

—_——t——— — .
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|- | .

1 .
If the user selects the confirmatory test number one from the window
in figure(4.32), a new window appears asking the user to add (AgNO3)
solution 1o the salt solution and observe what will happen as indicated in

I
lgure(4.33). .

[1ne saiis Thiosulphate .

T

et

‘?r-.f"

Figure (4.33) show the white precipitate and aver the salt is Thiosulphate.
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It the user selects the confirmatory (est number two from the window

in figure(4.32), a mnew window appears asking the user to add
|

((CH3CO0)2Pb) selution o the salt solution and observe what will happen

as indicated in figure(4.34).

lAdiI {CH}COO)2Fb solution te the satt solutlon. ‘

" L

You seo white ppt. chanyg to black | .
with heating . ‘

!The salt |s Thinsulphate . ‘

' Py
o {‘rg BN
. fpl )
{? A T *-;; .
X 5

At
et T
[

< ﬁ!ﬂ'u L ‘

P

Averment ! ‘

Return o ‘

Figure (4.34) show the white precipitate and aver the salt 1s Thiosulphate.

| 21
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Chapter 4 The Case Study

|
If the user selects the confirmatory test number tree from the window
in figure(4.32). 2 new window appears asking the user to add {FeCl3}
solution 1o the salt solution and observe whatl will happen as indicated

figure(4.33).

Add FECH tututmn to the salt snlutlnn

-13 sofution to the sak solutiin_»

Tho scelution coler change to violet .

dlisappcar aler shoert time

. . ITh.? salt la Thlpsulphate
A —

-c-'r-“‘.:‘ .
g N

.-r

o Bvermant

Reture

Figure (4.35) show change the color of solutien to violet and aver the salt is

] . | Thiosulphate.
| ]I 1
1
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Chapter 4| . The Case Study

When sclected (No) and click (Next) in the window indicated In
ligure(4.6), a.new window appears as show in figure(4.36), It asks the uscr
to put one gram of an unknown sali in a test tube and add one mi. of
Sulphuric ucild (112S04) and observe what would happen. The window
cunlain:s the qm::stiun ( ifyﬂu see effervescence or not? ). The user may click
on (\’EI:«‘} ot (No) then click on (Next) to mave to the next step. The user
may movce ba!:k to the previous screen by clicking on (Previous) or return to

the beginning of the program by click on { Return ).

Put one yram of a unknow %Aalt in test tub and add
to it ene ml of Con. Sulpburlc acid {H2504) .

Did you 3ce effervescence 7 i Yos ™ Ho

l*'igur::; {4.36’,'1 show the ¢ifervescence when add Sulphuric acid to unknown

L]

1, . | salt.
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Chapter 4 | The Cuse Study

When the user choose (yves) and then click (Next) in the previous

window in figure(4.36}, a new window appears as show in heure (4.37). The
I
window shows (o the user that this sali is Sulphuric acid group. It also asks

the user if he; sec hard odor gas evolved or pot, The user may choose (Yes)
| .
or (iNa) then click on (Next).

|The salt from Sulphuric acid {HEEO-}J Yroupe . ‘

Colorinss gas is ovolved with

= Yes C HNo A
hard odor ? ‘

Next ‘

. .
iPravlous |-

|

- . — .
|~ | Figure (4.37) show run high gas with hard odor.

04




Chapter 4 | FThe Case Study

If the user selected (Yes) from the window indicated in figure(4.37)
and then click (Next). a new window appears indicate that the salt may be

Chloride. There are also three choices to conduct the confirmatory tesls as

indicated in thc:'winduw in ligure (4.38).

|

Provioss

v ___4

| . Figure If4.38] show the salt may be Chlonde.
I

=]
LA



Chapter 4 The Case Study

If the user scicets the confirmatory test number one from the window

i figure(4.38), a new window uppears asking the user to add (AgNG3)
. i : : e :

solution 1o the salt solution and observe what will happen as indicated in

Hgure(4.39). 1
|

Add AgHNOJI solution to the salt solution.

Did you see white ppt. 7 % Yes' € HNo .

. .
"Previous

. Return

' ' Figure (4.39) show the white precipitate.

' 26
|
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Chapter 4 The Case Study

| . :
[f the 1115ur selects the confirmatory test number two from the window

co L . . .
i figure(d4.38), a4 new window appears asking the user o add {(CI1300)2Pb)
solution to the salt selution and observe what will happen as indicated in

Hgure(4.40).

f F e
: Add (CH3COD)2Pb solution to the salt selutlen,

‘ 't. ¥ W | - % Lo . . omop !*‘ H 1
1

II:Illt yout see white precipltation . ':

i, Y¥es . No ) a= 1

solving In hot water 7

Maxt

Previous

}' . o i -___ T Return

Figure (4.40) show the white precipitate.
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Chapter 4 The Case Study

[f the user selects the confirmatory test number tree from the window
l 1
i figure(4.38), a new window appears asking the user to add(MnO2) and
con. H2S04 1o 1he sold salt and observe what will happen as indicated in

figure{4.41).

| Add MnO2 and con. H2504 acid tn tha soid salt .

[Did you Eaa greenish yellow gas 2 | & yoe ¢ Mo

Mext

Previous

Raturn

:Figure (4.41) show run high greenish yellow pas.

08




Chapter 4 The Case Study

It the uLcr selected ( Yes ) and click { Next ) in one of the three
windows in ﬁgurus (4.39), (4.40), or (4.41), another window appears shows
that the salt 15 Chloride. It also gives the user the p-ﬁ:nssibilily 10 move to the

. . | - . . -
window of confirmatory (ests or return to the beginning of the program as

indicated in f;gurc{d.?j).

Figure {4.42) aver the salt is Chlonde.
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B

1 |
1

When the user select {(No) and click (Next) in the window indicated in

r .
figure(d.37), a new window states that the salt is from Sulphuric acid group.

There is also ? Yes or No question as indicated in ligure(4.43).

i_ The salt fram Sulphuric acld (H2504) grouge .

[Did yvou oo reddish brown steam ?; % Yes Mo

Naxt

Pravious

Figure {4.43) show run high reddish brown stcam.
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Chapter 4 The Case Study
L.

If the user selected (Yes) from the window indicaled in tigure(4.43}

I .
and then click (Next), a new window appears indicate that the sall may be
Bromide. There are also three choices to conduct the confirmatory tests as

indicated n the window in figure (4.44).

The salt maiﬂ be Brumid&.:!.t

’ h ]
' : . .
_4|’.:|m1'irmi|tnr5|r Test] § oM L. o ¢ Previous

ey e el | R I

Figure (4.44) show the salt may be Bromide.
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(.Ihaplr%-.r 4

If the user selects the cenlinmatory test number one from the window

in tigure{d.44), a new window appears asking the user to add (AgNO3)

solution to the salt solution and observe what will happen as indicated in

Hgure(d4.45).

Add AgHO solution to the satt soletien.

Did you soo pallid o

GoYes Mo

yellow preclpitation 7

et

Previous

S Heturn
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Chapter 4 The Case Study

If the user selects the confirmatory 1est number two from the window
in figure(4.44), a new window appears asking the user to add
((CH3COO)2Pb) solution 1o the salt solutien and ebserve what will happen

as indicated in figure(4.46),

Add {CHACDO}EPI& solutien to tho =alt solutlon.

' | Did you seo white proclpitation.

'+ Yes T Mo

‘ . solving In hot watar 7

Next

Previoun

S . Return .
! - : .

Figure {4.46) show the white precipitate,




Chapter 4 _ The Case Study

I the user selects the confirmatory test number three from the window
in figure(4.44}, a new window appears asking the user to add drops from
chlorwater and chloroform to the salt solution and observe what will happen

. A
as indicated n tigure(4.47).

]
1
i
1

Add drops Frem chlorwater and chlaroform ta

the salt sulution . .

T 1t Yes L Na
. . to orange rod ¥ ! -
I t tms . = . _-..—. - B =

‘ . Did tho soiutlon calor change

e —
B
*

Next

- Previous

Returmn

¢ Figure (4.47) show change the color of selution to orange.
|
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If the user selected (Yes) and click (Next) in one of the three windows
in figures (4.45), (4.46), or (4.47), another window appears shows that the
salt is Hmmiﬂe. [t also gives the user the possibility to move (o the window
of confirmatory tests or return 1o the beginning of the program as indicated
m ﬁguét{-zi.drgj. : |

[ The salt is Bromide. .

B A =Tl i

| Figure (4.48) aver the salt is Bromide.
l




Chapter 4 | The Case Study

When the user select (No) and click {(Next) in the window indicated in
figure{4.43), u new window states that the salt 15 tfrom Sulphuric acid group.

There is also a Yes or No question as indicated in figure(4.49).
|

]The zait from Sulpburic acld (H2S04) groupe .-

s | Did you see mauva vapor 7 Z.¥os © Ho

Figure (4.49) show run high mauve vapor,
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Chapter 4 The Case Study

If the user sclected (Yes) from the window indicated in figure(4.49)
I
and then ¢lick (Next), a new window appears indicate that the salt may be

. . [ .
lnd1dr:.1 Ihere are also four choices to conduct the confirmatory tests as

indicated in the window in figure (3.50).

ﬂunﬂrhatnry Test
1

Figure {-4.50) show the salt may be lodide.

e r— et g ] o
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Chapter 4 - The Case Study

It the user selects the confirmatory test number one from the window

in ﬁgu'lre(.cl.:?{)},' a new window appears asking the user to add (AgNO3)
[

solution to the salt solution and observe what will happen as indicated in

figure(4+.51). ,I
|

i Add AgND3 solution to the salt solution.

|Dld you sae yallow pracipitation? - Yes f‘fN::

7

Prevlous

Retutn

Figure {4.51} show the vellow precipitate.
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Chapter 4 The Case Study

[f the user selects the conlirmatory test numbcer two from the wmduw
in hgurc{-”l.:{} ). a new window appears asking the user 10 add
({CIHCDD)EPb) solution to the salt solution and Dthne what will happen

as indicated i m feure(d.52}.

I Add (CH3COO0)2Pb sotution ta the salt solutian, a

' .Dhl ou see yellow precipitation. '
Y ¥ " P “ ¥os, T Ho
i - solving in hot water 7 "
I . _ -
i —, i
l !

e
;& H
- }J %' !
] . -
| .
i T Hext
. -] —_—
k .
‘l : . | s . ..Prewous
Co H . e
i -
] . {\'; T
: = : " Return

Figure {4.52} show the yellow pr-::ci'pitatc.

1

|

|
B ~
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Chapter 4 The Casc Study

I the user selects the contirmatory test number three from the window

in figure($.50). a new window appears asking the user 10 add drops from
1

chlorwater :mfd chloreform fo the salt selution and observe what will happen

as imdicated in figure{d.33).

Add drops from chiorwater and chlorofarm ta

the salt sulution .

.IDid the solutlon caolor change

to brown ¥

MNext

“Pravious

Figure (4,53} show change the color of solution 10 brown.
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|
|
) |
1
| |
I - *
1

[fthe lIbE] sclects the conflnmatory test number four from the window

in ﬁgure{4.}0), a new window appears asking the user to add (CuSO3)

solution to the salt solution and observe what will happen as indicated in

figure(4.54).

Add CusSC4 =olution te the salt solution, :

Did you a2 Brown

precipitation?

MNext

Previocus

Reture

Figure (4.54) show the brown precipatate.

It



Chapter 4

The Case Study

|
1
+

I the user seiceted (Yes) and click {Next) in one of the four windows

in figures (4.51). (4.52).(4.33). or (4.534), another window appears shows that

the salt s [odide. 1t also gives the user e possibility to move to the window

of confirmatory tests or return to the beginning of the program as indicated

in figure{4.53).

| The salt is lodide .

Avermont

Return

Figure (4.55) aver the salt is lodide,




Chapter 4 ‘ ' The Case Study
I '

i
When the user selected (No) and click {Next) in the window indicated
in tigure(4.49), a new window states that the user will be see a brown fumes
with suffocating odor. and the sall may be Nitrate. There are also (wo

choices 1o conduct the confirmatory tests as indicated in the windew in

figure (4.56).

Did you soe brown fumes 2nd fumes

with suHocating edor 7

The salt may be Nitrate Sy

I Previous
Confirmatery Tutl

®2 el

r

Figure {4.56) show rnun high brown fumes and the salt may be Nitrate.
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(:hapt{E:r.-"-l B The Case Stl;d}'

IT the user selects the confinmatory 1est number one from the window
in figure(4.56), a new window appears asking the user to add con. Sulphurie
acid with copper wrnings 1o the salt solution and observe what will happen

as indicared in igure(4.37).

i N .
s lAdd Con. Sulphuric acid {HES(H} with

copper trraings to the sold sait .

Disl you sce hrown fTumos and tha

solution color change to blue ¥ IThe salt may bo Hivate .

Averment
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Chapter 4 The Case Study

If the user selects the confirmatory test number two from the window
in figure(4.56). a new window appears asking the user to add (Fe304) and
con. Sulphuric acid 10 the salt solution and observe what will happen as

indicated in figure(4.38).

| Add FoS04 and Con. Sulphuric acld

(H2S04) to the salt solution .~}

The gcil forms stratun down the the

solution . and a brown ting will tarm '

. bhatwaen I_flm two siratums . ["“’ £alt may be Nilratg ]

B Avormant

Return




Chapter 4 . The Case Study

When the user select (No) and click {(Next) in the window indicated 1n
figure(4.36). a new window states that the salt is from precipitation group
and asks the user 10 add BaCl2 solution to ihe salt solution. There 15 also a
Yes or Nu qu::S.[iﬂn as indicated 1n figure($.39).

! . l

. IThn salt fram precipitation group .
[

I'Add BaCl2? sotutien to the salt sodution .

|

- | | Did you soe white precipitation

not selving in dil. acids 7

" Yes - Ho

Next

Previous

Figure (3.59) show the while precipitate.
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Chapter 4 The Case Study

Il the user selected (Yes) from the window indicated in figure(4.59)
arxl then click (Next), # new window appears indicate thal the salt may be
. — . -

Sulphate. There are also two choices to conduct the confirmateory tests as

window in figure (4.60),

]
indicated in the

F L

. o
I tFigure {(4.60) show the salt may be Sulphate. '

’ 17
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If the user selects the contirmatory test number one from the window

i ligure(3.60). a new window appears asking the user 10 add (AgNO3)

solution to the salt solution and observe what will happen as indicated in
1

ﬁgure{l”'r.ﬁl ).

Add AgHOD 3 salution te the salt solution.

Did you seo white

o« | Yes Mo

precipitation?

P - 1

! L Flgure (4.01) show the white precipitate, *
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Chapter 4 The Case Study

1 - .
Lt the ulza::r sclects the confirmatory test number two from the window
in figure(4.60). a2 new window appears asking the user io add
UL -
((CH3ICOM2Pb) solution to the salt solution and observe what will happen

as indicated in figure{4.02).

Did yau see white precipitation

solving in dil. anid hot Mitrle acid 7
L mi— e L _a - . R

= ¥Yes ™ Mo

-

Next

Previous

Return

Figure (4.62) show the whtie precipiate.

[
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Chapter 4 The Case Study

I
Ilf e I!ISEI" sclected (Yes) and click (Next) in one of the two windows
in ﬁgu?cs' (4.61).0r (4.62). another window appears shows that the salt is
Sulphate. It also gives the user the possibility to move 10 the window of
confirmatory tests of return to the begimiing of the program as indicated

figure{4.63). :

| Figure (4.63) aver the salt is Sulphate.
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Chapter 4 The Case Study

* r ' , : , L :
When the user select {No) and click (Next) in the window indicated in
i _
figure(4.59), o new window stales that the salt is from precipitation group
and asks the user If HesShe see white precipitation-. There is also a Yes or

No question as indicated in Nigure(4.04).
1

e .
’7 ] The salt frem precipitation group . :
‘ ' " OHd you see white precipitation

[ solving in dil. Nitrlc acld 7 |

* Yex I Ho

i
E MNext
rl‘
| * 1
| - ' " Previous
. . 1
I -4 '“‘:“f" . Return

Figure (4.64) show the white precipitate.
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Chapter 4 ) The Case Study
|.

|
]
[f the I_Fscr selected {Yes) from the window indicated in figure(4.64)

and then click (Next), a new window appears indicate that the salt may be
I
Phosphale, There are also two choices to conduct the confirmatory (ests as

indicated in the window in figure (4.65).

Thoe salt may be Phosphate . o

‘o fomt iy

|
i
k-

A

L]

| .. I
o i

| . !

[ B

* Confirmatory Test’

- r
|

3 G '1]. S f o 4 ; ‘ " Roturn

Previous
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t
t I
|
i

If the user selects the confirmatory test number one from the window
i1 IigLn'e{f-l.ﬁS;). a new window appears asking the uscr to add (AgNO3)
solution 1o the salt solution and observe what will happen as indicaled in
figure(4.60).

a the salt selution.

- A .- .
L Ao — . =

Cid you sev yollow procipitation’

solving in dil. Nitrie acid ?

+ ¥es ™ HNo

Next

Pravious

Figure (4.00) show the yellow precipitate,
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Chapt:‘:r 4 E The Case Study
| ;

If the user selects the confirmatory test number two from the window

I
in figure(4.65), a new window appears asking the user 10 add (AgNO3)
solution 1o the salt solution and observe what will happen as indicaled in

figure(4.67).

Add FeCll selution to the calt selution.

Did you seo yollowlsh whito

precipitation solving in dil. acids ¥

'+ Yes T Ho

Next

Previous

Figure (4.67) show the yellowish white precipitate.
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Ehaptér 4 4 The Case Study

Il the user selected (Yes) and click (Next) in one of the two windows
in figures (4.06).0r (4.07), another window appears shows that the salt is
Phosphate. It also gives the user the possibility to move to the window of

confirmalory tests or return o the beginning of the program as indicated in

figure(4.68),

ﬁvermunt

| o : T Retuen

! Figure (4.08) aver the salt is Phosphaie.

Il
d
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Chapter 4 The Case Study

—

When the user select (No) and click (Next) in the window indicated in
fisure(4.64), a new window appears indicate that the salt may be Borate,
There are also two choices to conduct the contirmatery tests as indicated in

the window in figure(4.69).

¥whan add excoss Ffrom Barlom chleride
solution to tho salt formed salution white

pracipitation , it seluble in Nlttic acid .

IThn talt may be Borate .

. —
- A— o x -
—-—

i
Confirmatory thl,
1

Frevicus I

il
'

Roturn
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Chaplil.‘r 4 . The Case Study

i
i
If the user selects the confirmatory test number one from the window
in figure{(4.69). a new window appears to aver that the sali 1s Borate as

indicated in figure(4.70),

‘ ' Whon add Silver Hitrato to the salt solution glives

a yvellow precipitation . it soluble in Nitrle achd and

‘ : Ammoniusn Hy<drexide .

IThn salt i= Borate .

.—
————— .

Provious

- Return

Figure (4170) show the yellow precipiiate and aver the salt is Borate.

1

1

| ’ A t
I
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Chapter 4 The Case Study

3
i
L
1

If the user selects the confirmatory test number two from the window
in figure(4.69}, a new window appears to aver that the salt s Borate as

indicated in figure{4.71).

1

Yihen add png drop from phenotphthatein ta
tha salt salution gives pink color.

Tha %alt is Borate .

(=14

L
'I'-,J‘#P

s, .4

Provieus

' -
1, - - b .
N T’ ! : . W -
. .
! R TRV - '
i Raturn

Figure {4.71) show change the color of solution to pink and aver the salt is

Borate.
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Chapter 5 Conclusions
1

]
5- Conclusions :
The importance of this system lies in
1- The treatment of all the needed experiments to discover salts acidic
part by the same way conducted by human expetis.
2- ;_T{‘.l make confirmative experiments which are made to assure the

|
results of an experiment.
1

3- The system will be within the reach of students to apply it on an
ordinary L:Imnputer. They also will be save from the resulted gus and
vapor, |

Education institutions in which chemistry is teached can save lots
of money . [ have conducted this study for five years, from 2000 to 2005,
in order 1o know the students’ number. the quantity of used materials, and
to estimate the expenses as well. T found out that the students' number is
abolit WU‘% at Science College of Benghazi, Faculty of Arts and Science
of .flj‘x]-'hflar!j.!Faculty of Teachers preparing in Al-Mag . and Al-Marj
Medical [ntﬂtimte :

'I"h::! amountt of uscd muderials is 639872 grums, and the price of
these materials 1s about 2006,998.59 doilars,

5.1- Students' number in Sciences College of Benghazi :-
| £

< | Dol 2000 | -2001 | -2002 § -2003 | -2003 | -2005
N Pepartimedt | 5641 ) 2p02 1 2003 | 2004 | 20035 | 2006

1- Physics

2- | Chennstry

s 1762 1050 [06] 500 584 554
3- Biology

4- | Medicine

i Totall | 5514 "
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|

1

8.2- Students’ number yn Faculty of Arts & Sciences of Al-Marj :-

N Dej)immem 22000 | 22001 | -2002 | -2003 | -2004 { -2005
' i 2001 | 2002 | 2005 | 2064 § 2005 | 2006
] - IPhysics
2- | Chemistry
3- Biology
4- | Mathematics | 730 632 g14 818 398 49]
3- Stanistic
6- | Medicine
7- | Engincering
3903

1
1
|
J

5.3- Stud

Tm.;al .

\

1 - A . " . .
e¢nis’ number in Faculty of Teachers preparing of Al-Marj :-

N De Eartmcnl 20000 | 2001 {1 -2002 [ -2003 | -2004 | -2005
' pi 2001 | 2002 | 2003 | 2004 | 2005 | 2006
1- Physics
2- Chemisiry 95 104 30 38 - 7
3- Biclogy

Total 324
5.4- Studr:ints' mundber in Al-Mar] Medical Institute ;-
N | De ia'rimenl 22000 | <2001 | <2002 | 2003 | 22004 1 -2005
b SPRETERE g1 | 2002 | 2003 | 2004 | 2005 § 2006
] Labor:

ati_nr:lm‘r),r N B B . . 260
2 Phamacy

260

Toal
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3.5- Table to show muterial cost price in five years -

. i : . : :
( Amnunt of material used in single experiment 1S on gram }
! I

R Q7 [ Numberof | Number | Total of Gr: ’
N. Material confirmative of the ’Itd_m Cost price
experiment o studenis | quaniity price

1- | Carbonate 4 9998 39991 | 0.01S [ 199968

2- | Bicarbonale 4 Y998 39991 1 0.018 71399925

3- Nitrite 4 D0HS 39991 [0.125 |4,799.04 3

- Sulphide 4 9908 39991 | 0.03S ]1,199.76 5

3- Sulphite 4 9908 39991 ]1.208 |47,590.405

6- | Thiosulphate . 9998 39991 10.05S [1.999.605

- Chlornide 4 | 9908 39091 [0.03§8 [1.119.78 5

8- Bromide 4 QuYS 39990 [0.025 1719.86 5

9- ‘odide 4 9998 39991 10.108 3999203

10- Nitrates | 4 DOUS 39997 | 0.128 |4.799.03 %

il- | Sulphaici 4 9998 39991 | 1.208 14799040 %

12- ‘Borate 4 9998 39991 | 0.02% | 590585

13- | Phosphate 4 D908 39991 | 0.08% [3.19930%

14- S”'ﬂg”‘" 4 9998 | 39991 10.508 119,996.00 §

13- | Silver nitrate 4 UL 39901 | 1.208 | 47.990405

16- E'"”d‘;'l‘;g'_““"“ 4 9998 | 39991 |0.508 |19,996.008
Total 159968 | 639872 | S 18§ | 206,998,595

’SCILL[Ld sample of thirty male and thirly temale they studying the
cmuic of g Ecm,ml chenistry |, and | distnbuted them into two groups. The
frst gmup applics the experinments dircetly in the laboratory while the
seu.ond Eruup works aceording o the proposed system; then it applies the
experlmentq in the Inboratory, | iried o divide each group as tollows :

'r
t
3

o — -
—
"
[ 2]
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]
"] Level ‘ ‘
Normat [ Middle High
Sex
Male 5 5 5
Female | 5 5 5

i
i
! 1
|
|

k

! ru'gisluru I the result as [ollow :
' !

t .
The first group worked withow the propesed system .
!

! Number of | Number | Total of Gram
N. | Materiat | confirmative of the .| Costprice
experiment | students | quantity price
1- | Carbonate 7 30 210 |0.018 $2.10
2- | Bicarbonate 7 30 210 [0.018 32.1¢
3- Nl 7 30 210 {0125 | $25.20
4- | Sulphide 7 30 210  ]0.03S 56.30
5- Sulphite 7 30 210 [ 1.208 | $252.00
6- | Thhosulphate 7 30 210 |1 0.058 $10.50
7- |1 Chlaride 7 30 210 [0.035 $6.30
§- 11 Bromide 7 30 210 10.028 $4.20
9- [odide 7 30 210 [0.105 | $21.00
19)- Nilrntes 7 30 210 | 0125 $25.20
Il-|  Sulphate 7 30 210 1.20% | $252.00
12- Borate 7 30 210 0.02% $4.20
13- | Phosphate 7 30 210 | 0.08% | $I6.80
14- b“!ﬂ'g”“ 7 30 210 [0.508 | $105.00
[5- | Silver nitrate 7 30 210 1.205 | $252.00
j6- | Hydroshione 7 30 | 210 |osvs | si0s00
i j Total 3360 j55.19 | $1,089.90
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|

\ .

l n | 1
1

‘The sccuml.i group worked with the proposed system :

! . Number ?f Number | Total of Gram| Cost
N Material | confirmative of the . :
| : _ .| price | price
i experiment | students | quantity
1- | Carbonaie 3 30 90 0.01% | $0.90
2- | Ricarbonate 3 30 00 | 0.01%]| $0.90
3- Nitrite 3 a0 00 0.12% | $§10.80
4- | Sulphide 3 30 90 (0,038 | $2.70
5- Sulphite 3 | 30 G 1.205 | $10K8.0
G- | Thiosulphate 3 30 a1) 0.055 | 34.30
7- | Chloride 3 30 90 0.035 ) $2.70
2| Bromide 3 30 90 [0.02§8] $1.80
Q- lodide 3 3 ) 0.105] 39.0
10- Nitrates 3 01 W 0,128 | $10.80
11-]  Sulphate 3 30 | 99 1.205 | $1068.0
12- Borate 3 30 | 90 [0.028] $1.80
13-| Phosphate 3 30 90 0.088 | §7.20
1a.| Sulphuric 3 0 | 90 |0508| $450
acid
15- | Silver nirate 3 | 30 90 1.208 | $108.0
16- I'{Yd'_:‘l‘i;l“”t 3 30 90 |0.505| $45.0
I Total 1440 1$5.19( 846710

|
‘ Fﬂ'.ﬂ';l'lip]’ﬂ\-"iﬂl!bi study 1 saw the group who uscd the proposed
I . '

system worked casily and quickly, and we can save money s obove we
saved 622,85
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5.0- Future Work :
' Theiwurk in the practical part of chemistry at identification of the

salt'_rradicals 15 divided into two parts . Y
Om:' is lh-:I subject ol this research which relates to identification of acid
radical as | am discuss in my work at this research.

The other is the identification of base radical, may be considered in future
work to =c0111plcln: the process of practical part of chemisiry at

identification of the sall radicals.
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