Abstr act

The purpose of this report is to provide a detailed description of a database

managenent systemthat operates on an IBMPC, and was designed to hel p md-
el ers choose appropriate snmog chamber runs for mechanismtestings. In addition
this report desctribes the outlines for a prospective expert system

This report covers:

a brief discussion of nodel developing and testing;

reci sons for choosing Turbo Prolog as the inplenenting |anguage for the sys-
tem

a detailed description of the database fields and underlying organizing princi-
ples;

an overview of the data set;

a brief introduction to the structure of Turbo Prol og;

an overall structure of the database management system

an introduction to the hierarchical structure of predicates in the system
detailed explanations of selected predicates defined in the source program

a discussion of the long-termgoal of this project involving the incorporation of
the database management systeminto an expert system capable of:

a) choosing appropriate runs to test the mechanisns;

b) carrying out automatic nodel evaluations by making inferences fromthe

sets of testing results;

¢) explaining the rules it used in the process of model evaluations at different
levels of details;

d) acquiring new know edge fromthe domain expert through an intelligent

editor.

A user's guide to the database managenent system a hierarchy of predicates

defined in the system the source codes, and a sanple output will also be provided
in the appendi ces.
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| nt roducti on

This report provides a detailed description of a database management system cal | ed
OSCECI S (Qut door Smog Chamber Experinental Conditions Informtion Systenj.
The systemwas written in Turbo Prolog, a fifth generation computer |anguage based
on a subset of predicate I ogic known as Horn clauses.™ ' * For the time being, OSCEr-
Cl'S stands alone as a helping tool whose main function is to provide easy access to
the experimental conditions database for the snmog chanber experinents conducted
in the Qutdoor Smog Chanber of the University of North Carolina at Chapel Hll
over the past ten years. In the long run, OSCECIS will be incorporated into an
expert system capabl e of assisting the photochem cal kinetics nodel developers in
testing their nodels, as well as carrying out automatic nodel eval uations.

Model Devel opment and Testing

ne of the objectives of conducting smog chamber experiments is to collect reliable
data to test photochem cal kinetics nodels which sinulate the photochemcal re-
actions taking place in the |ower atnosphere. Photochem cal kinetics nodels are
the maj or conponent in methods for conputing control requirenments for organic
em ssions needed to meet Federal Air Quality Standard for ozone.''

Model Devel opnent

Al'though the past fifteen years of nodel devel opment saw many breakt hroughs in
photochem stry, the photochem cal processes of the |ower atnmosphere are still not

conpl etel'y known. Today, photochem cal reactions taking place in the troposphere
fall into three categories according to the degree to which they are understood

1) wel | -known accepted reactions;
2) reasonably understood reactions; and
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I ntroduction Model Tegting

3) partially understood reactions.

The inconpl ete know edge of photochem cal reactions makes it necessary for nod-
elers to specul ate about choices in a range of uncertainty.

What conplicates the nmodel devel opment even nore is that photochemstry is
not the only factor affecting the smog formation. Meteorological conditions also play
acrucial role in the process. Because multi-cell simulations of smog formtion wth
reasonabl e meteorol ogi cal information still demand too much conputer menory
and time, nost models today are restricted to single-cell sinulations with mninum
net eor ol ogi cal input.

The conplexity of photochem stry and neteorol ogy of the |ower atnmosphere
requires that mathematical nodels be sinpler than the actual atnmospheric chemn

istry. This sinplification is achieved by three processes: generalization, deletion,
and distortion

The general i zation process involves using a single representation (called "l ump-
ing" ) for simlar aspects of the process being nodeled to reduce the nunber of items
that nust be included in the model. The deletion process involves omssion of some
aspects of the process judged to be uninportant. The distortion process involves
changing fromexact nodel representation in some way to an inexact or incorrect
representation, for exanple, treating two consecutive processes as a single step
Each of these sinplification processes my be used intentionally or unintentionally
by the nodelers.*

The three sinplification processes involve subjective judgenents of individua
model devel opment groups as to what reaction is nore inportant than the other
what species need to be combined or deleted, what reaction rates are to be used etc.
As such, different modelers may produce different descriptions even though the rea

world situation they are describing is identical and they are using the same kinetics
dat abase.

Model Testing

To test the "appropriateness"of the descriptions, smg chanmber experinments which

vary in concentrations of nitrogen oxides (NO) and hydrocarbons (HCs) as wel |
as other initial conditions were conducted and data were col |l ected. These data

provide the ground for conparisons between the experimental outcomes and nmode
predictions as wel | as for comparisons between different models.
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Expl anations vs Predictions I ntroduction

Because the condition of a given chamber experinent represents only a tiny
fraction of the countless conbinations of conditions in the real world, a good fit
between even a large set of experinental data and nodel predictions does not guar-
antee a good fit between nodel predictions and data collected fromthe real world.
On the other hand, it is quite safe to say that a nodel showing poor fit to chanber
data is not likely to be an accurate representation of the real world.

But why don't we use the data collected fromthe real world to test the nodel
instead? Jeffries* argued against this approach by considering five factors

+ The neteorol ogi cal factors are so influential in atnmospheric concentration
that it is hard to isolate the chem cal factors.

+ The atnospheric hydrocarbon mxture is too conplex and various conpo-
nents of the chemical mechanismcan only be tested in isolation

* The large nunber of possible conbinations of conditions in the urban-1ike
simul ations suggests that extremes in conditions may be the nost feasible
met hod of covering the range of conditions needed.

* When mechanisns fail in the conparison, "debugging"experinments are needed
to assist in understanding why they failed; these types of experinents remove
sonme of the conplexity of the urban-like sinulation to make the cause and
effect relation clearer.

« Witten's strategy of "bottomup" construction (to be discussed very soon)
and testing of conplex mechanisns requires a series of conditions to avoid
the anbiguity of oifsetting errors and to increase the degree of understanding
of the workings of the conplex description being constructed

Figure 1 shows a schematic diagramillustrating the processes of nodel devel op-
ment and nodel testing. The arrows marked by "G D, D'represent steps in which
general i zation, deletion, and distortion are likely to take place

Expl anations vs Predictions

Besi des giving an explanation of the process of snog formation, a good nodel

shoul d al so be able to provide predictions. Wile a great amount of know edge
h«LS accumul ated during the past fifteen years of nodel devel opnent, the know edge
of photochenical reactions in troposphere is still far fromconplete. Every now
and then a new reaction rate would be determned or a new species found to have
played a role in a previously obscure reaction. The business of nmodel devel opment

thus involves not only the task of striking for a balance between nodel explanation
and nmodel prediction but also the ta*k of incorporating into the nodel the newy
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Need for Experimental Conditions Database [ ntroduction

di scovered facts v*rhich may readily tilt the bal ance painstakingly maintained in an
earlier time. This is one reason why despite fifteen years of continuous efforts, no
nmodel devel oped so far has been found to he totally satisfactory.

A Hierarchical Approach

The form dabl e task of nodel devel opment can be nade easier if the nodelers
follow a concept of hierarchy of chemcal species to test their nodels. The concept
of hierarchy of chemcal species was first described by Witten.” It is based on
the nunber of HC/ NOx systemin which the species occur, with the nmost ubiquitous
speci es occupying the lowest levels. Figure 2 is a modified version of Witten's
schematic diagramby Jeffries.* According to this concept, the models should be
tested in a "bottomup" fashion beginning fromthe bottombox in the diagram

The hierarchical approach is very inportant in the sense that it not only hel ps
establish the cause-and-effect in the mechanisns of a nodel but al so suggests that

a conpl ex mechani smshoul d not be constructed in one operation but in a stepw se
fashion. *

The "bottomup" approach is also applicable to the design of chanber experi-
ments. That is, the experimenter begins with the sinplest set of conditions that the
mechanismis designed to sinmulate and increase the conplexity of the experinenta
systemone factor at a time. To produce data which sinulate the urban environnent
nmore closely, Jeffries et al. further extend the concept of hierarchy to experinen-
tal conditions with different conbinations of dilution and injection processes. The
hierarchy begins with No Dilution / Initial Injection as the sinplest condition and
ends in Large Dilution / Continuous Injection as the nost conplicated condition.
Figure 3 is a detailed diagramof this hierarchy produced by Jeffries tt al. Figure 4
is an illustration of the concept using three chanber experinents

Need for Experinental Conditions Database

As the know edge of photochenistry grows, so do the nodel s and the database for
testing the nodels. A direct result of the growth of database is the increase in
its physical size and complexity of experinental conditions. The database of the
UNC smog chanber experinents hats grown to such a point that a separate data-
base containing nerely experinmental conditions need to be created for easy access
to individual experiment or groups of experiment sharing certain conbination of
experinmental conditions. This report deals primarily with this experinmental con-
ditions database, so called to separate it fromthe "main" database containing the
experinental outcones.
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Declarative vs Procedural I ntroduction

Conput er Language: Turbo Prol og

Turbo Prolog, a new version of Prolog progranmng |anguage, was chosen as the
i npl ementing |anguage for OSCECIS after careful considerations of its several dis-
tinctive features. The followng sections will cover some features of Prolog |anguage
in general, followed by specific features of Turbo Prolog.

Areas of Application

Prolog is a relatively new progranmmng |anguage, which has gained worldwi de pop-
ularity since its first release in 1972 by Alain Col nerauer at the University of Mar-
seilles, France. In 1983, Prolog was chosen as the fundamental system |anguage for
the anbitious Japanese national project involving the design and production of fifth
generation conputers. Today, Prolog is a major contender to the ol der |anguage
Lisp for applications of symbolic conputation ranging fromrelational database

mathematical |ogic and abstract problemsolving to many areas of artificial intelli-
gence such as natural |anguage processing, robotics and expert systems. Although
both Lisp and Prolog have efficient way of handling recursive structures, the power-
ful pattern-recognition facility of Prolog dwarfs the relatively primtive and |imted
pattern-matching capability of Lisp, not to nention the nuch cleaner syntax of
Prolog. On the other hand, early versions of Prolog tended to make nuch severe
demands on the conputer menory than Lisp did, though we will see how Turbo
Prolog solves this problemto a great extent in a latter section

Decl arati ve vs Procedur al

One myjor difference hetween Prolog and conventional high level |anguages such
as Pascal and PL/| is that the former allows declarative descriptions of problens
whereas the latter are strictly procedural. In a declarative language, the programs
mer supplies to the conputer a set of assertions about entities and their relations
Wi thout giving execution details. The Prolog system derives procedural meaning
automatically fromthe syntax of the declarative Ianguage and carries out required
executions. In a procedural |anguage, the programer supplies stepw se execution
details to the computer which, in turn, follows the pre-programed steps closely
to obtain desired answers. In brief, a declarative |anguage tells what, whereas a
procedural |anguage tells how

By virtue of the declarative nature of the Prolog |anguage, a programfor a
given application typically requires ten times fewer programlines with Prolog than

with Pascal or PL/L1. This helps decrease the tine and cost of software devel opment
t remendousl y.
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Introduction Logi cal Databage

Anot her advantage associated with the declarative nature of Prolog is that it
can solve that class of problems having an undeterministic nature; that is, the class
of problems which can not be pre-programmed stepw se because the probl em space
is too large to be handled by a conputer or involves conbinatorial explosion

Logi cal Dat abase

As mentioned at the beginning of this report, Prolog is founded on a subset of
predicate logic called Horn clauses. Predicate logic is a formlismthat is a natura
and powerful representation |anguage marred only by its perceived conputationa
ineflBciency.* By restricting its foundations to Horn clauses, Prolog |oses some degree
of expressiveness, but gains a great deal in conputational efficiency.®"" Mre details
about Horn clauses will be given in Chapter 4.

The structure of Prolog and its strong pattern-recognition facility make it espe-
cially suitable for inplenenting database systens. Database systens inplemented
in other languages usually require different representations for the database, the
query language and the host unit where searching and other data manipul ation
mechani sms reside. For exanple, a typical database managenent system nmay have
the fol lowing characteristics: its database may be in the formof a text file, its host
unit my be witten in a high level |anguage such as Pascal, and its query |anguage
may take the formof certain linguistic structures limted only by the imagination
of the designer. In Prolog, however, the database, the query Ianguage and the host
unit all share the same structure. Moreover, the expressiveness inherited fromthe
predicate logic by Prolog provides for free a query | anguage which is natural and
very close to human | anguage

Know edge Base and Expert System

e of the goals of building a database is to collect facts against which hypot heses,
theories or nodels can be matched. The process of these testing activities involves
compl ex mental exercises which call upon great perseverances and ingenuities on
the paxt of the researchers. Wile the human intelligence is indispensable in this
process, artificial intelligence represented in the computer may be a highly desirable
hel ping tool which can take over sone of the chores of reasoning details and | eave
the more subtle aspects of the problens to the researchers.

The structure of Prolog makes it especially suitable for know edge representa-
tions upon which a know edge base can be built. The major difference between a
dat abase and a know edge base is that the objects of the forner are data, whereas
the objects of the latter are entities, their relations, and rules describing these re-
lations.  The know edge baise, together with a know edge acquisition facility, an

10
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Wiy Turbo Prolog? I ntroduction

i nference nechanism and an explanatory interfax:e, constitutes an expert system
which, if successfully inplemented, can performthe tasks of a given domain at an
expert's level.

The Prol og | anguage provides a bridge between a database and a know edge
base by virtue of its unique |anguage structure. The know edge base can be built
inanincrenental fashion wthout changing the structure of the original database
system (there is only one language structure anyway). This will result in a great
saving of efforts and tine. Unless the database designer is very sure that his or
her database is not going to involve in any formof conplex reasoning or that there
i's never a need to devel op the database into a know edge base, Prolog shoul d be
seriously considered as a candidate for the inplementing |anguage.

Why Turbo Prol og?

As a latest inplenmentation of Prolog |anguage, Turbo Prolog retains all the major
advantages of Prolog |anguage discussed in previous sections while at the same tine
adding to it many desirable new features. Sone of themare summarized bel ow.

1. Turbo Prolog is a full-fledged conpiler which can produce stajid-alone pro-
grans for the IBMPC and conpatibles. Oder versions of Prolog are mostly
interpreters. The differences between an interpreter and a conpiler are: In-
terpreter accepts a source program translates it into some internediate data
structure, and then executes the algorithmby carrying out each operation
givenin the intermediate structure. Aninterpreter is considerably |ess effi-
cient than a conpiler because it has to carry out the translation "ritual" every
time it executes the program A conpiler perforns translation step once and
the output (an execution file) can be executed many times wthout overhead.
It demands fairly heavy conputer resources while conpiling, but when exe-
cuting, only those resources needed by the executing programare required. ™
A conpiled Turbo Prolog programis nore conservative in its nemory re-
quirements than an equivalent interpreted programof any earlier version of
Prolog while, at the same time, it executes at a nuch faster speed

2. Turbo Prolog has a typed structure in nmuch the same way that Pascal does
The typed structure not only makes debugging a nuch easier job but also
reduces the space requirenents of the Prolog |anguage.

3. Unlike earlier inplementations of Prolog which allowonly integer in mathe-
matical operations, Turbo Prolog allows both integer and real operations and
functions as well as bit-wse operations for control and robotics applications.

4. Turbo Prolog provides a conprehensive, fully modul ar program devel opment
environnent. A programcan be broken up and conpiled in separate modul es

11
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I ntroduction Previoug Wrk

which are linked together in a later stage. This feature is highly desirable for
devel opi ng huge progranms. Moreover, the Turbo Prol og devel opment group
is currently putting their efforts in developing an interface between Turbo
Prol og and Turbo Pascal, an exciting feature which will enhance the powers
of the two already powerful |anguages even nore.

5. Turbo Prolog allows a full control of wi ndow facility which contain nmxed
text and graphics. It also allows an easy access to the memory and /0 ports.
These tools will be especially useful for creating user-friendly prograns.

The features discussed in this and earlier sections suit our purposes of devel op-
ing the OSCECIS well. As nentioned earlier, OSCECIS is a first step towards an
ultimte goal of developing an expert system capable of assisting the nodelers in
testing their nodels as well as carrying out automatic nodel evaluations based on
the given sets of testing results. The suitability of Prolog as an expert system devel -
opi ng | anguage has been proven by many successful applications.” The additiona
features of Turbo Prolog can only enhance this suitability.

Pr evi ous Wr k

The experinental conditions database is extracted fromthe nain database con-
taining the experinental outcones and conpl ete docunentation of the UNC snog
chanber experiments. Table 1 shows an exanple Segnented Data File (SegFile)
for the run conducted in Cctober 4, 1983. A SegFile contains conplete information
of a fully processed run in the main database. The data in a given SegFile can be
used to generate plots such as those shown in Figure 5

The organi zing principles of the experinmental conditions database has been
di scussed in the 1985 UNC report entitled "Qutdoor Smog Chanber Experinents
to Test Photochem cal Mdels: Pheuse IV ' which also contains a conplete index to
all pre-1984 chanber experiments and suggestions on run selection for nodel testing
The OSCECI S fol | ows these organizing principles closely with only a slight change
inrun series and rankings and an addition of a new field containing informtion of
percentage of sun light.

Structure of This Report

In Chapter 2, we will outline the organizing principles of the experinental condition
dat abase while describing each of its fields. An overview of the data set will be given
in Chapter 3. In Chapter 4, a brief introduction of the structure of Turbo Prolog will
be given, followed by the discussion of the overall structure of OSCECIS. Chapter 5

12


NEATPAGEINFO:id=37B7A312-FEA6-4649-9D76-653EDA578227


Structure of This Report I ntroduction

Table 1. Exanple Segnented Data File

GENERAL DOCUHENTATI O'!

RUNDATE: OCTOBER 04, 1983
RUNTYPE: AUTO

RUN DESCRI PTI ON:  COMPARI SON OF REACTI VI TY OF EXHAUST
FROM DI RECT | NJECTI ON FROM DODGE CHARGER I N HI GH I DLE
*1 TH SYNTHETI C AUTCEXHAUST.

RESULTS: TWD SYSTEMS RESULTED I N SI M LAR REACTIVITY

I NI TI AL CONDI TI ONS: BLUE RED
DODGE CHARGER 0.0 2.587

SYNTHETI C EXHAUST NVHC 2.190 0.0

HO 0. 214 0.21s

HO2 0. 037 0. 039

88888

- OCT- 83 GENERATED 4G | 19- VAR- 84
SY: OC043K. C1G .G G

Pl CKED DATA ENTERED BY JEFFREY HCFFI | ER
CALI BRATI ON FACTCRS APPLI ED BY CHARLES

TOLUENE 2. 912000E-01 PPHC/ I N 2 KGS
ETHYLENE 9. O20000E- 02 PPMC. | N 2 KGS

NAME ABBREVI ATI ONS - SAME ORDER AS |i: DATA

TOLUENE | S TOLUENE MAX A 1.5610 MAX CON: 0. 4546

ETHYLENE | S ETHYLEI | E MAX A 4.9164 WAX CON: 0. 4435

13
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I ntroduction Structure of This Report

Table 1. cont. Exanple Segmented Data File
88888
04- OCT- 83 GE! : ERATED O : 13- VAR- 84
SY: 0CO043K. C2G . C2G
Pl CKED DATA EI JTERED BY JEFFREY HOFFI.' ER

CALI BRATIO'! FACTORS APPLI ED BY JEFFREY HOFFI I ER

ETHAI JE 1. 498000E-01 PPMZ/ 1 : KGS
PROPYLEI | E 7. 307000E- 01 PPHC/ I 1 1 KGs

I JAVE ABBREVIATIO IS - SAVE ORDER AS | 1! DATA

ETHANE | S ETHAWE NMAX A 0.2014 MAX CON: 0.0302
PROPYLEI | E | S PROPYLEI | E MAX A: 0.1311 MAX COI J: 0.0988
88888

88888

USER DOCUI . ! E1. "' TATIOIl FOR RUN 831004

CALI BRATI O : FACTORS USED:

SPECI E
TI ME I NTERVAL BEG NNING  GAl i ; El;D1.'G BEG linillG OFFS Edilg
GAI N SLOPE GAi; OFFSET SLOPE  OFFSET
HR HR HR- 1 HR-1
03G
2.500 15. 500 1.01380 0.00000 1.01380 0.00000 0.00000 O0.00000
18. 000 6. 000 0. 00000 0.00000 0.00000 -9.99999 0.00000 -9.99999

END OF PROGRAM DOCUMENTATI ON

99999
YYHVDDHHHI . ! U] S 03G NOG NOXG NO2G DPG CTHP
LTMP TSR uv
8310040500 1 7R 0. 0008 0. 0864 0.1138 0. 0237 50.0450 56.8300
58. 6810 - 0. 0046 - 0. 2439
8310040504 1 3B 0. 0196 - 0. 0022 - 0. 0007 0. 0001 b56.6496 -60.5560
21. 6880 0. ooea -0. 2439

14
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Structure of This Report I'ntroduction

Table 1. cont. Exanple Segmented Data File

8310041704 1 3B 0.5787 -0. 0012 0. 0513 0.0507 72. 7266 -60. 5120
20. 5120 0.1592 11. 7073

8310041708 1 7R 0.5508 -0.0013 0. 0578 0.0573 64. 7658 83. 3620
81. 3040 0.1376 10. 2439

99999

YYMVDDHHVH USER SI DE GEI | ERATED 01."' 19- VAR- 84

2.4.4 TR TOLUEIIE ETHYLEtIE  [1-BUTALIE  TRAI.'S-2-B I SCPEIITAI) tI-PEIITAl."E ACETYLELIE

8310040625 1 B.
0. 2266 0.4546 0.4435 0.0877 0.0366 0.1339 0. 0000 0. 0905

8310040655 1R
0. 1868 0.2580 0.2248 -999.0000 0. 0459 0.1195 0.0634 0.2332
8310041455 1R
0. 1439 0.1573 0.0890 -999. 0000 0. 0000 0.0828 0.0340 0.167:

8310041525 1 B
0. 1821 0.2514 0.1300 0.0688 0. 0000 0.0921 0. 0000 O ooa

99999
YYMADDHHVH USER S| DE CEI | ERATED G : 13- MAR- 84
ETHYLEI I E ETHAIIE PROPYLENE
8310040625 1 B
0.4522 0.0093 0. 0952
8310040655 1 R
0. 4097 0.0238 0. 09S8
8310041525 1 B
0.1603 0. 0086 0. 0000
8310041555 1 R

0. 2675 0. 0260 0. 000O
99999
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structure of This Report ['ntroduction

gives detailed explanations of selected predicates defined in OSCECIS. Chapter 6
di scusses the long-termgoal of this project: the devel opment of an expert system
into which the OSCECIS will ultimately be incorporated. Appendix A contains
the user's guide to the system Appendix B contains the hierarchical structure of

predicates defined in the system Appendix Clists the source program Appendi X
D shows a sanple output of the system

17
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Dat abase Recor ds

Thi s chapter covers a detailed description of the fields of the database records.
The organi zing principles of the database have been described in the 1985 UNC
report "Qutdoor Snog Experinents to Test Photochem cal Mdels: Phase IF .* In
the process of explaining the organizations of the database fields, some organizing
principles will be reiterated but not covered in full details.

Each record in the database is com posed of 27 fields. For reasons which will be
made clear in chapter 4, each record is physically broken up into two portions. The
first portion contains mainly codes of experinental conditions, whereas the second
portion contains mainly concentrations and identifications of nitrogen oxides (NX)
and hydrocarbons (HCs) for a given experinent in the two sides of the smog chamber
Figure 6 is a schematic diagramof the structure of a single record in the database.
Each box in the record encl oses the name of the corresponding field. Detailed
description of each field follows.

Dat e of Run

This is the principal key for each record. It consists of a character string of length
six in the form"yymmdd", where y's are the last two digits of the year in which
the run was conducted, nmis the nonth and dd is the day. For exanple, the run
date "770518" uniquely identifies the run conducted in My 18, 1977

Cl ass of Run

This field classifies the experiments conducted in the chanbers into two basic types:
Characterization runs and Organi ¢/ NOx runs. Physically, this field is conposed of a
character string of length one.
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First Portion: Experinental Conditions

Run dass Dilu-|pjecn HC  Proj Pc
of Series Rank

Date Run tion tion type type status

Second Portion: Concentrations and |dentifications of HCs
—-Red Side Info i ' Blue Side INfo--ccmemmmnaaean-

Run Red Isl 1st 2nd 2nd 3rd 3rd Blue 1st 1st 2nd 2nd 3rd 3rd HC  Quality Sun

NOx HC HC HC HC HC HC NOx HC HC HC HC HC HC Instru- of

Dat e Con Con |ID Con ID Con ID Con Con ID Con ID Con |ID ment Run Iight

Figure 6. Schematic Diagramof the Structure of a Single Bjecwd
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Dat abase Records Dilution

Characterization runs address unique aspects of the UNC chamber performance
They are designed to provide chanber-specific data such ais the magnitude of 03
produced by rural background air, magnitude of NOx em ssions fromthe chanber

wal |'s, photolysis rate of al dehydes etc. The follow ng codes designate the Charac-
terization runs:

¢ C- Characterization experinent.
* D - Characterization experinent, second day.

Organic / NOx runs are designed to test the chemcal aspect of a mechani sm
For instance, a run of this type may contain propylene in one side of the chanber
and ethylene / acetal dehyde in the other side of the chanber in order to test whether
a mechani sm can adequately describe the chemcal transfornations of both sides.
The Organic / NOx runs and their corresponding codes are shown bel ow

« O- One day organic NOx experiment.
« T - Two day organic NOx experinment, first day.
« S - Two day organic NOx experinent, second day.

Dilution

This field identifies two types of chanmber experiments: runs with dilution rates
controlled at about 1 dilution rates which are used to approxi mate various patterns
of mxing height rises. The follow ng codes designate the two types of dilution:

¢« N- Normal dilution (about 1 % / hour).
« L - Large dilution (about 5-fold dilution in 10 hours)

I nj ection

This fieldis simlar to the previous field. It classifies runs into various injection
level s of reactants. The fol | owing codes designate the five injection |evels:

| - Al reactants injected before sunrise
. HC injected during experinent, NOx injected before sunrise

H -

N - NOx injected during experinment, HC injected before sunrise
B - Both HC and NOx injected during experinent.
C -

Conbi nation of injection different from above.


NEATPAGEINFO:id=C0297962-EA32-4ECC-BC8E-D9752D7B6488


Hydrocarbon Type Dat abase Records

By varying the two attributes of Dilution and Injection, a hierarchy of experi-
nental conditions can be devel oped to sinmulate the urban environment in a progres-
sive manner. The hierarchy begins with No Dilution / Initial Injection combination
at the lowest level and ends with Large Dilution / Continuous Injection conbina-
tion at the highest |evel. Table 2 shows the four basic conbinations of Dilution and
[ nj ection.

Hydr ocar bon Type

The field is designed to give a summary of the relationship of the hydrocarbon
species or mxtures in both sides of a given side-by-side chamber experinent. It
consists of a character string of length two. There are two basic types associated
with this attribute of the database. The first type consists of runs with a single
speci es on each side of the chamber. The fol | owing codes designate HC class of
species of this type:

« | A - aldehyde on each side

+ 10- olefin on each side;

o |P- parafiin on ejich side

« |R- aromatic on each side;

« |U- olefin one side, aldehyde other side;
« |V - olefin one side, parafiin other side

* |W- olefin one side, aromatic other side;

* | X - sonme other conbination.

The second type consists of runs with mixture on at |east one side of the cham
ber. The fol l owi ng codes designate HC class of species of this type

« MB- sinple mxture of two or three species;
e MC - named mixture or mxture of named m xtures;

o W - mxture with time varying conposition

A sinmple mxture has two or three species. A named mxture or mxture of
named mxtures has at |east four species and can have several hundred {e.g. auto
exhaust). Table 2 and Table 3 give the naned mxtures used in the UNC experi-

nents.
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Table 2 « Conpoaition of Hydrocarbon MxtnrMntcd [a UNC Snog Chanber |beparl mento.

Compound ShvaM X SIKO/EI X
kut ant 0.1003 0. 4t 3«
ptntutt 0.31U 0.3ttO
Uopt nt t nt

J-ntthyl ptntutt
}, 4 (Umcth) " | peii tui
1,2, 4-1rinmxthyl pt nUa(

otkyl tnt 0.1131 0. 1150
propyl cnt Qlim

| - but cn<

Iruii-I-bulot

cii-}-bul «n«
2-authyl -1 - but (n«
]-m(hyl - 2- buln<

b«nicii «

tol uint

mi)rl«a(

a-iyl<n(

t, 1, 4-Truii«thyl bani cn*
n- propyl beni <at

i tc-butylbtnicnt

fonnUdchydc

kc«t Ad<hyd«

CcO

total pu-aSin 0.71M 0. «tso
total ol c&n Oltlt o ltso
total aromatic 0. 0000 0. 0000

|CO.yM.ii. matchtd t«|CJ,4,,i.

UNCM X

0. 3Ss3I
ol"tt't
O GsM
0.0Sst4
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0.11(7
0 0834
0. 0384
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0. 7077
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0. 0000
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0. 4««l
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0. 0000
0. 0000
1. 0000

0. 3403
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0. 3503
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0. 0000
0. 0000
1. 0000

0J>W6
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aM t
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Table S.  Conpoiitlon of Hydrocarbon M xtnxM mad ia UNC Smog Chanber Bxperinanta.
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Dat abaae Records Procesaing Status

Processi ng Status

This fieldis conposed of a character string of |ength one representing the processing
status of a run. The suitability of a run for mechanismtesting depends on feictors
such as sunlight or whether there are instrument problenms associated with the
particular run. As such, not all runs are worth processing. In addition, runs
are assigned a priority for processing based on factors such as the experinental
conditions or the extent to which the run conditions provided unique informtion.
Five types of existing processing status and their corresponding codes fol | ow

« S- Afully processed and documented run, available for distribution on
magnetic media.

P- Apartially processed run, currently being processed, available in graph-
ical formwith estimated initial conditions of ca. +20 %

L - Apartially processed run of lowpriority, available in graphical formfor
raw data with target initial conditions of ca. +20 %for NOx and HCs. This
type of run may never be fully processed.

N - Not to be processed, not available.
U - Unprocessed run; a processible run but no processing has occurred.

Proj ect

Four projects using the UNC Qutdoor Smog Chanmber have contributed data for
model testing as well as for the experimental conditions database. The codes iden-
tifying the project types were declared as character strings of length two. They

ar e

« ET - Experiments to test explicit mechanisns for al dehydes, ol efins, paraf-
fins, and sinple two-conponent of mxtures.

« RE - The reactivity grant project, primarily dealing with mxtures and
changes in mxture conposition.

AU - The autonobile exhaust snog chamber project, dealing with the rela-
tive reactivity of exhaust fromtwo vehicle, with two gisolines

ME - Methanol exhaust project, dealing with the relative reactivity of ex-
haust fromvehicle with methanol additive fuel.

Seri es

Series type was designed to put individual runs into meaningful groups or sequences
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Serieg Dat abzi se Records

SO as to aid modelers in choosing appropriate runs for model testings. Table 4
contains the forty series types set up for this purpose. Note that the |eading zeros
for those series codes smaller than 10 can not be omtted since the database field

containing the series type is a character string of Iength two instead of an integer

Table 4. Series Codes Used in the Experinental Conditions Database

Code Seri es Nane

01 Characterization; Background

02 Characterization; NOx oxid. NO only
03 Characterization; NOx oxid. CO added
04 Characterization; 03 decay

05 Characterization; NO2/03, dark

06 Characterization; A d. added

07 Mat ched propyl ene
08 ©Mat ched m Xt ure

09 NMat ched ot her

10 Replicate propyl ene
11 Replicate other

12 Al dehyde devel opnent
13 d efin devel opnent
14 Paraffin devel opnent
15 Aronati c devel opnent
16 HC type transition
17 Ter pene devel opnent
18 Reactivity conpari son
19 Single to Sinple

20 Si npl e Conp. change
21 Compl ex Conp. change
22 Sinmple to Conpl ex
23 Substituti on, UNCM X
24 Substitution, P/ B

25 Substitution, SI MM X
26 Substitution, O her
27 Addition, one species
28 Addition, CO

29 Additi on, Al dehyde
30 Additi on, O her
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Dat abaac Records Rank

31 Aut oExhaust
32 EKNVA test

33 Del t a HC

34 Del t a NOx

35 Static to dynam c

36 Tenperature effects
37 WAt er effects

38 Sol ar effects

39 Ket one devel opnent
40 Al l NO 2

Rank

Unlike all the fields mentioned earlier, this field is conposed of an integer instead
of a charfu:ter string. The purpose of ranking runs is to aid in selecting runs from

the database for nodel testing. Runs are ranked into various categories as shown
in Table 5.

Table 5. General Run Rankings

Rank Range Cat egory

1 Best in HC type
2-10 Best of kind
11-50 Satisfactory

51- 100 Supporting

101- 500 Sone probl ens
501- Not for nodeling

The assignment of the rank number to a runis a result of a subjective judgenent
based on overall quality of the run, weather conditions, and HC i nstruments used.

Concentrations and HC Species/Mxture |dentifications

Thi's section discusses a col lection of fields whkh contain information on NOx and
HC concentrations, and HC species/mxture identifications. The fields are mrked
by "Red Side Info" and "Blue Side Info" in Figure 6. A quick examnation of Figure
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Sunl i ght Dat abage Racor di

6 reveab that the "Red Side Info" and "Blue Side Info" share a comaon structure.

For simplicity, the structure of the "Red Side Info" will only be discussed since the
di scussion applies abo to the "Blue Side Info".

The first field of the "Red Side Info" contains the NOx concentration in ppm
The second, fourth and sixth fields of the "Red Side Info" contain concentrations,

in ppnC, of the first, second and third HC species/mtbcture respectively. The third
fifth and seventh fields of the "Red Side Info" contain identifications of the first,

second and third HC species/mxture respectively. Wen there is |ess than three
HC species/mxtures , the field corresponding to the enpty HC species/mxtiire
wll be given a value zero. As a rule, these fields are filled up in left to right order

All fields containing concentrations are of real type whereas all fields containing
HC identifications are of integer type

HC | nst r unent

This field contains the nunber of HC instrunent used in a particul su* experinent.
The information in this field will be used to judge the quality of the run and to
assign a rank to the particular run. This field is of integer type

Quality of Run

The major determning factors in the quality of a run are weather conditions such
as sunlight, cloudiness and haze condition as well as the nunber and performance
of the analytical instruments. Details of grading techniques has been covered in
the 1982 final report "Qutdoor Smog Chamber Experiments to Test Photochem ca
Mbdel s". A Experinents are rated on a scale of 0 to 9 (highest). This fieldis of
integer type.

Sunl i ght

This field contains information on the percent of possible solar radiation received
for the day. The percent solar radiation is a function of cloud cover of the day. This
fieldis of integer type
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Overvi ew of Data Set

This chapter provides a general view of the data set by presenting the distributions
of chanber runs according to different database attributes discussed in the previous
chapter. A chapter with simlar goal has been given in the 1985 UNC report.* Since
the publication of the report, however, eighty seven new runs have been added to
the database. Not only these new runs brought the total number of runs in the
dat abase from 345 to 432, but they also made the information contained in the old
report obsolete. This chapter updates the distributions information of the database
and, at the sane tine, serves as a supplenent to the discussions in the previous
chapter.

Peri od Covered, D stribution

Table 6 shows the distribution of experiments by year. Runs conducted in 1977-
80 period were discussed in an earlier report.* The nunber of runs listed for
these years only included those experiments that have been fully processed. Runs
conducted in 1984-86 period have not been covered in any earlier report.

Table 6. Distribution of Experinents by Year

Year Runs

e 18
'78 45
'79 28
' 80 23

‘81 67
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Peri od Cover ed, Di stri buti on Overvi ew of Data Set

' 82 90
‘83 74
‘84 52
' 85 19
' 86 16

Tabl e 7 shows the distribution of experiments by nonth. It can be seen that
experiments were performed mainly in the sumrer nonths when sunlight is abun-

dant. Experinents conducted in non-summer nonths were primarily designed to
provide data on tenmperature and sol ar effects.

Table 7. Distribution of Experiments by Mnth

Mont h Runs
Jan 3
Feb 1
Mar 2
Apr !
Vay 4
Jun 65
Jul 91
Aug 97
Sep 73
Cct 69
Nov 23
Dec 3

Tabl e 8 gives the distribution of runs by project. Experiments conducted in

1984-86 period contributed 40 runs to the "ET" type project and 47 runs to the
Met hanol Exhaust proj ect.
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Table 8. Distribution of Experinments by Project

code Pr oj ect Runs
ET  Exp. Test Photo. Mech. 1978-80 114
ET  Exp. Test Photo. Mech. 1981-83 128
ET Exp. Test Photo. Mech. 1984-86 40
RE HC Reactivity 69
AU Aut onpbi | e Exhaust 34
ME Met hznol Exhaust 47

The distribution of experinments by class is shown in Table 9. As can be seen,
the majority of the runs are of "One day, regular" type.

Table 9. Distribution of Experinents by C ass
Code cal ass R Ns

Char acteri zati on 48

Second day, char 12
One day. regular 364
Two day, regul ar 5
Second day, reg. 3

w 4 © O 0

Tabl e 10 presents the breakdown of the runs by dilution and injection conditions.
The characters enclosed in parenthesis are codes for the corresponding types.

Table 10. Distribution of Ebcperiments by Dilution and Injection Conditions
O lution I nj ection Ri ms

Nor mal  (N) Initial Only (1) 414
HC Conti nuous (H)
NOx Conti nuous (N)
HC tc NOx Continuous (B)
O her Combi nation (O
Large (D) Initial Only (I)
HC Conti nuous (H)
NOx Conti nuous (N)
HC b NOx Conti nuous (B)
O her Combi nation (C)

= N O O

w O O O N
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Conpounds and M xtures Used

A summary of experiments by the HC type is shown in Table 11 . "Single, ol efins"
and "Mxture, conplex" are by far the two predomnant types of run.

Table 11. Distribution of Experinents by HC Type

Code HC T3r pe Runs

A Single, aldehyde 49
10 Single, olefins 103
P Single, paraffins 13
'R Single, aromatics 11
U Single, ole vs aid 16

IV Single, ole vs par
W Single, ole vs aro

I X Single. other 14
MB  Mxture. sinple 37
MC M xture, conplex 131
MW M xture, varying 3
B Background air 41
S One si de 4

Tabl e 12 Number of Chanber Sides Containing Species lists all the species and
the mxtures used in the experiments. The number given in the table is the nunber
of chamber sides in which the species or mxture appreared.

Tabl e 12. Number of Chanber Sides Containing Species

| A e == —uoaa ey

= =1 =T HyyL_ EEnNEe=
=20 FPFIRO—/ Y L. ENNEE
== — < oO— A IAde
= A — EBEuUJUT BN
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40 N- BUT ANE
TRANS- 2- BUTENE

| SOPENTANE

N- PENTANE

2, 3- DI METHYLBUTANE
BENZENE

50 TOLUENE
N- OCTANE

ETHYLBENZENE

28 M XYLENE
14 O XYLENE
5 N- PROPYLBENZENE
1, 2, 4- TRI METHYLBENZENE

1 2, 2, 4- TR METHYLPENTANE
1 M ETHYLTOLUENE
22 | SOPRENE
9 A- Pl NENE
78 FORNMAL DEHYDE
VETHACROLEI N
NVETHYLVI NYLKETONE
ACETALDEHYDE
ACETONE

BENZAL DEHYDE

VMETHYL ETHYL KETONE
PROPI ONAL DEHYDE

Bl ACETYL
NVETHYLGLYOXAL
METHYLBENZYLQUI NONE
N- PROPYLNI TRATE

N- BUTYLNI TRATE

3- PENTANONE

GYLYCOAL DEHYDE
ACETONI TRI LE
NMETHANOL

7 03
41 CcO
8 H202
5 N20
24 SYNTHETI C AUTO EXHAUST
31 ' 72 DODGE AUTO EXHAUST DI RECT

R I R S|

, 4-
4-

()]
N b

PR A DM B2 P 0 ON W W

[y
N
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7 ''72 DODGE AUTO EXHAUST CRYO
18 '79 VOLARE AUTO EXHAUST DI RECT
2 SYNTHETI C AUTO EXHAUST O
3 SYNTHETI C AUTO EXHAUST | A
2 SYNTHETI C AUTO EXHAUST | B
18 SYNURBAN
4 SYNAUTO084
2 H MAAUTO
6 TOL/ XYL/ M X
2 TOL/ XYL/ M X2
2 TOL/ XYL/ M X3
2 TOL/ TMB/ XYLS
4 1 SO-/2, 2, 4- TM PENTANES
111 UNCIVEK
9 SI MM XI
11 CAOVARO
24 S| MARO
15 BUTANE/ PROPYLENE
20 SI MM X2
13 ARAOVATI C M X
4 DODGEM Xn
28 TWODAYCON' T
56 BACKGROUND

Experi nental Series

The distribution of runs by series is givenin Table 13 . The series are grouped
according to properties designated by the first word of the name of each series.

Table 13. Distribution of Experiments by Series

Code NarmT = RuMms

01 Char; Backgr ound 12
02 Char: NO oxi d. NO only 7
03 Char: NO oxi d. CO added 11
o4 Char ; O3 decay 9
05 Char ; NO2/ 03. dark 4

06 Char ; Al d. added 8
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07 WMatched propyl ene 39
08 MVat ched m xture 13
09 Mat ched ot her 25
18 Reactivity Conparison 149
23 Substitution. UNCM X 12
24 Substitution. P/B 5
25 Substitution. SIMM X 2
26 Substitution. O her 17
27 Addition, one species 3
28 Addi ti on. CO 14
29 Addition. Ad 5
30 Addi tion, O her

33 Delta HC 60
34  Delta NOx 8
35  Static to dynamc 18

Quality, Rank, Processing Status, Sunlight

The distribution of runs by quality is shown in Table 14. It can be seen that the
majority of the runs are of resonably good qualities.

Table 14. Distribution of Experiments by Quality

Qual ity Runs

80
116
96
34
66
18
12

O P N W M O O N © ©
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Table 15 gives the distribution of runs by rank. The distribution of runs by
rank is pretty close in shape to that by quality. This is because quality of runis a
maj or factor influencing the assignnent of rank to a run

Table 15. Distribution of Experinments by Rank

Cat egory of Rank Runs

Best in HC type 10
Best of Kkind 167
Satisfactory 173
Supporting 42

Sonme Probl ens 22

Not for nodeling 18

The distribution of runs by processing status is given in Table 16. Note the
distinction between "Not to be processed" runs and "Unprocessed” runs. The
former are runs which have been judged to be unsuitable for nodel testing, whereas
the latter are runs which have not been processed but are suitable for nmodel testing

Table 16. Distribution of Experiments by Processing Status

Code Processi ng St atus R ns

S Fully processed; segfile 201
P Partially processed 56
L Partially processed; low priority 45

N Not to be processed 20
U Unprocessed run 110

Table 17 shows the distribution of runs by percent sunlight. Since most of
the runs were conducted during sunmer nonths when sunlight is abundant, the
distribution of runs by sunlight skews towards the higher percentage
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Table 17. Distribution of Experiments by Sunlight

Sunl i ght Runs

0- 10 31
11-20 13
21-30 15
31- 40 19
41-50 28
51-60 30
61-70 44
71-80 54
81-90 90

91- 100 108
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W have discussed the features of the experinmental conditions databases in Chap-
ter 2 and 3. In this chapter and next, we will ook at the Turbo Prolog program
OSCECI S, that handl es the database. This chapter begins with an introduction
to the three basic sections of a typical Turbo Prolog program It then provides an
overview of OSCECIS by presenting some of its special features and the principles
underlying its design. The materials covered in this chapter lay the ground for the
detai | ed discussions of the conponents of OSCECIS in next chapter.

Sanpl e Turbo Prol og Program

To provide some conmon | anguage for our disciissions inthis and latter chapters,
it is desirable to ook at a sinple Turbo Prolog programat this point.

A sanple Turbo Prolog programis shown bel ow. The nunbers preceding the
lines are for reference purposes. They are not part of the program The wordings
encl osed between "'/*'"diud "*/'"are conments.

Lines 2, 7, and 12 in the exanple contain kejrwords which prefaced the three
basi ¢ sections found in a typical Turbo Prolog program

1 /* Sanmple Turbo Prol og Program */
2 DOVAI NS

3 person, author = synbol

4 title = string

5 publication = book(author, title)

6


NEATPAGEINFO:id=5B056973-37FC-402D-8738-F6FCE1B52722


Overview of OSCECIS Sanpl e Turbo Prol og Program

7 PREDI CATES

8 father(person, person)
9 reads(person, publication)

10 grandf at her ( per son, person)
11

12 CLAUSES
13 father(torn, bob).

14 father (bob. george).

15 father(george, bill).

16 reads (torn, book (knuth,"'The Art of Programmng")).

17 reads (bob, book(dicken8, "The Tale of Two Gities")).

18 reads (george. book(tol8toy. "W and Peace")).

19

20 grandfather(X.Z) :- /* The grandfather of Xis Zif */
21 father(X. Y). /* the father of Xis Y and */
22 father(Y.Z). /* the father of Y is Z */

The DOVAINS section is a mrror image of the TYPE section in a Pascal
program In the exanple, line 3 declares two domains, person and author, which
consists of elements fromthe standard domain type synbol. Line 4 declares a
domain, title, which consists of elements fromthe standard domain type string
Qther staindard domain types available are integer, real, a ndchar. Line 5 declares
a compound domain, publication, which consists of elements fromthe structured
domai n type, hook(author, publication), defined by the user.

The PREDI CATES section corresponds to the VAR section in a Pascal program
but with a mjor distinction: It declares the relations known to exist between the
objects in the programthrough the predicates which take the fornms:

pr edname
predname (domainl ,domain2..... domai nN)
where predname stands for predicate name and domainl,...,domainN stand for stan-

dard type or user-defined domains. Lines 8 9, and 10 contain exanples of predicate
decl arati ons.

The CLAUSES section corresponds to the programbody in a Pascal program
The section contains facts and rules describing the relations declared in the PRED-
| CATES section. In the exanple, [ine 13 through line 18 contain 6 assertions which
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are called facts. Line 20 through line 22 contain a different type of assertion called
arule.

Inthis report, we will use the word predicate (and avoid using the word clause)
to refer collectively to both facts and rules in a Turbo Prolog program Wen a
distinction between facts and rules is necessary, we will use the words "facts" and

“rules" directly.

The only rule in the sanple programis an exanple of Horn clauses which take

the form

A if Bl and B2 and ... Bn.

where Ais the head of the rule and Bl and B2 and ... Bnis the tail.

In contrast to a Horn clause, a non-Horn clause takes the form

A or A2 or ... Am i f Bl and B2 ... Bn.

Note that a non-Horn clause contains at |east two heads separated by a |ogical or.
Al'though a non-Horn clause can always be converted to a |ogically equival ent Horn
clause by moving the extra heads to the tail while negating them the conversion is
not unique in the sense that there is nore than one way to choose the it heads to
be moved over. This is the major reason why a | anguage based on non-Horn clauses
isinefficient interms of conputation time, although this type of language i s more
expressive than Prolog. As an exanple, the fol l owing non-Horn clause:

A or A2 if Bl and B2 and ... Bn.

can he converted into either of the following two Horn clauses:

A if not (A2) and Bl and B2 and ... Bn.

or

A2 i f not(Al) and Bl and 82 and ... Bn.

as a result of two possible ways to bring the heads to the tail portion.
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Overall Organi zation of OSCEC S

The main objective of developing OSCECIS is to make the information contained
in the database easily accessible. To achieve this end, the window facility of Turbo
Prol og was used extensively to produce a series of menus. An interactive Session
with OSCECIS is al nost equivalent to choosing appropriate panels froma series of
pop-up menus. \Menever the user makes a mstake, he or she can easily back up
by striking the Esc key as many times as necessary without causing any adverse
side effect or even a failure to the system Qher handy facilities that OSCECI S
provides are: access to the DOS commands, access to an editor, an online tutoria

containing instructions on howto use the system database updating f2Milities, a
dat abase diagnosing tool, and access to the eight types of codes use in the database.
These features, together with the ease with which the users can get information out
of the database, make OSCECIS a user-friendly system

Figure 7 shows the main menu of OSCECIS. The panels in the box contain the
ten options available in the system In this section, we will discuss in detail the
options which are conparatively sinpler than the two particular options, "Query
the database" and "Update the database". The last two options constitute the core
of OSCECIS and are fairly conplicated. They will be discussed separately in the

next two sections.

Tutori al

The online tutorial is stored on a text file. It is invoked by choosing the "Tutorial"
panel in the main menu of OSCECIS. The content of the tutorial can be inspected
(but not altered) using cursor control keys {e.g. arrow keys to nove one position at
a time, Home to move to the first position of aline etc.), screen control keys (e.g.

PgUp to go up one page of screen), or function keys {e.g. F2to gotoaline FSto
search for a chara<:ter string). In addition, the w ndow which displays the tutoria

can be resized by following the instructions shown in the highlighted area bel ow the
window. These nice facilities are provided for free with a sinple call to a built-in
predicate, display, of Turbo Prol og.

Access to DOS Conmands

This option is activated by choosing the "DOS conmands" panel in the main menu.
The OSCECI S will be suspended under this option to allow access to the system
commands. To go back to OSCECIS, sinply type EXIT to the DOS pronpt.
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Mai n Menu

Tut ori al

DOS conmmands

Edi t or

Load t he dat abase

Save the database on file
Vi ew t he dat abase codes

Di agnose the dat abase
Updat e t he dat abase

Query the database
M scel | aneous

Figure 7. Main Menu of OSCEC S

Edi t or

The editor is accessible by choosing the "Editor" panel in the main menu. Besides
text entering, the editor allows uses of cursor control keys to move around the
wi ndow while editing. Many function keys can also be used to Jwhieve certain
functions such as copying, searching, or noving text strings. A second editor can
al so be brought to the currently active editor wndow to achieve view ng or copying
of text fromother files. An online help on the use of the editor is also available
by choosing the FI key fromwthin the editor. A sunmary of the functions of the
editor is given in Appendix A

Loadi ng and Savi ng Dat abase

Before querying can take place, the user should |oad the database to OSCECI S
by choosing the "Load the database" panel in the main nenu. \Wen the option
is taken, OSCECIS will call a built-in Prolog predicate, consult, which will |oad
three files, ec.cod, ec.dbl, and ec.db2, to the system The first file contains mainly
codes and corresponding attribute names used in the database.  The second file
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contains the experimental conditions of each run in the database. The third file
contains mainly concentrations of NOx, and identifications and concentrations of
HC species/mxtures used in the two sides of the chanber for each run in the
database. A review of Figure 6 is helpful at this point. The reasons for breaking up
the run records into two files are primarily due to the considerations of execution
efficiency and of the linmtation inposed by the Turbo Prolog systemon the size of
afileto 64 kilobytes. W will come back to these in next section.

The "Save the database" option should be invoked whenever the user wants the
changes nade to the database to be saved. Wen the option is selected, the updated
copy of the database will be saved to files ee.dbl and ec.dbS, and the ol d database
will be moved to files ecdb.dbl and ecdb. dbS respectively.

The users are allowed to choose the "Load the database" panel only once in the
entire interactive session. The "Save the database on file" option, on the other hand
may be selected as many times as necessary in a session

Vi ew ng the Dat abase Codes

The codes and corresponding attribute names in the file ec.cod mentioned previously
can be viewed by choosing the "View the database codes" panel in the main menu

Wien the panel is selected, a menu containing eight options for viewng the
dat abase codes as shown in Figure 8 will appear. The first two types of codes,
species and series codes, are especially useful in the process of querying the database
Since the first two types of codes can not fit into a screen, two separate text files
ec.spe and ec.ser, were created to contain the respective codes and names. The
speci es codes are arranged in increasing order of species names whereas the series
codes are arrajiged in increasing order of the codes. \Wen either type of codes is
chosen for viewng, OSCECIS will display the contents of the chosen type of codes
inthe same way it does to display the text file containing the tutorial. The users
can inspect the codes and corresponding names the way they inspect the tutoria
file by using either cursor or screen control keys, or other function keys

The remaining six types of codes are all relatively short. Upon request, the
codes and nanes of each type will be extracted fromthe ec.cod file and printed on
the currently active wi ndow. Since the codes can be inspected by just a glance
nei ther cursor control key nor screen control key is needed.
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Speci es codes
Seri es Codes

HC Type Codes
Cl ass Codes

Di | uti on Codes

| nj ection Codes
Proj ect Codes
Processing Status Codes

Figure 8. Menu for View ng the Database Codes

Di agnosi ng the Dat abase

To check the possible errors in the database, the "Diagnose the database" pane
shoul d be chosen. Upon being activated, OSCECIS will collect the eight types of
codes fromthe file ec.cod and put theminto eight different lists. It then picks
up eaich record (recal |l that each record is divided into two parts) and exam nes
the fields against the lists. \Wenever a certain field contains a code which can
not be found in the corresponding |ist, a message will be generated, telling which
field of which record is possibly in error. The word "possibly" was used in the |ast
sentence because the error may be due to the codes in the ec.cod file instead. This
happens when new species or new conditions was used in the new experiments but
their corresponding codes have not been added to the ec.cod file by the time when
the interactive session is taking place. This option can, thus, help maintain the
consi stency among various database files.

M scel | aneous

The m scel | aneous option gives the users a chance to | ook at the distributions of
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species or series types used in the database. Although the distribution of individua
species or series types can be obtained through querying the database, the nunbers
of species (over 200) and series types (40) available in the database meke individua
queries of each type a tedious task. This option provides an easy way to | ook at
the two distributions. The information obtained through this option is especially
useful for the experimenters in planning new chanber runs. The results obtained
through this option can be either sent to screen, line printer, or text file. Table 12
shows the nunber of chanber sides containing species obtained by this option.

Queryi ng the Dat abase

The "Query the database" option constitutes the core of OSCECIS. Figure 9 shows
the four basic query types available.

The first type, query by species, allows a quick way to query the database. The
users are only asked to provide one to three species codes for the species of interest.

The second type, query by series, is simlar to the first type except that the
users are asked to provide a single series code instead

The third type, query by dates, allows the users to search for any nunmber of
records by the keys (run dates). Alternatively, the users can search for runs within
any period of time by supplying two dates, in chronol ogical order, to the system
Records containing experinents in a given nonth of different years can also be
retrieved easily using this option.

The last type of query, detailed query, is quite involved. Under this option, a
series of menus corresponding to relevant fields in the database will be displayed
The users response by choosing appropriate panel fromeach nmenu until they run

through the whole series of menus. Their responses to the menus determ ne what
records will be retrieved fromthe database.

Despite all the differences anong the query types, all queries undergo three
basic steps illustrated in the follow ng sections

Step 1. Query Posing

In this step, the users are expected to response to each pof>-up nenu by choosing
appropriate panel using arrow and return keys, or they will be asked to enter codes
or nunbers dependi ng on what types of query they chose and what choices they
made in earlier menus. The responses fromthe users will be entered to the database
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—Query Type —
Query By Species
Query By Series
Query By Dates
Detail ed Query

Figure 9. Menu for Four Query Types

and remain there for the duration of each query. These responses are organized into
three types of tenplates.

The first type of tenplates, which we will call wtenplates, contain the species
IDs associated with the HC species/mxtures ID's in the second part of the record.
The wtenplates take the form

w( | DTYPE)

where IDTYPE is a compound donai n which consists of elenents fromthe struc-
tured domain type, speclD(STRING | NTEGER).

The second type of tenplates, which we will call x-tenplates, contain responses
associated with the fields in the first part (except run date and rank) of ejich record
in the database (see 6). The x-tenplates take the form

x ( EXPCOND)

where EXPCOND is a conpound domain which consists of elenents fromthe

structured domain type, class(STRING, dilute(STRING, inject(STRING, hc-
type(STRING, proj (STRING, proces(STRING, and series(STRING.
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The third type of tenplates, which we will call y-tenplates, contain responses
associated with the fields in the second part of each database record as well as
responses associated with the last field, rank, fromthe first part of the record. The
y-tenpl ates take the form

y( RELATI ON)

where RELATION is a conpound domai n which consists of elements fromthe struc-
tured domain type, eq(STRING TYPE), |t(STRING TYPE), gt (STRI NG TYPE),
and range( STRING TYPE, TYPE). The TYPE is itself a conpound domain which
consi sts of elements fromthe structured domain type, r(REAL) and i{lNTEGER)

In brief, the wtenplates have to do with the IDfields in the records. The
x-tenplates have to do with the database fields declared as character strings. The
y-templates have to do with the database fields declared as either real or integer
types.

Step 2: Tenplates Collecting and Records Searching

The appearance of the message "Searching... please wait" on the screen marks the
beginning of this step. Different searching strategies are used for different types of
query.

For the first query type, query by species, only the y-tenplates containing the

species codes are col lected and used to match the fields containing the HC ID s of
each record in the database.

The second query type, query by series, activates only the collection of the

single x-tenplate containing the requested series code which is, subsequently, used
to match the series field of each record in the database.

For the third query type, no tenplate collection activity takes place since the
requested dates are passed directly to the searching mechani smwhich matches the
key (run date) of each record against the dates passed to it

The last query type, detailed query, activates, in this step, the searching mech-
anismto carry out a series of actions according to the algorithmoutlined bel ow

a) collect all the tenplates available
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b) if species IDs are specified by the user, go and search the second part of each
dat abase record for the species with the same IDs and their corresponding

concentrations (if the users also place a restriction onit);

¢) if restrictions are also placed on other fields in the second part of the records

(i.e. NOx, nunber of HCinstruments used, quality of run, and sunlight), the
runs found in b above should al so satisfy these restrictions; otherw se reject

the runs;

d) if the users place further restrictions on the first part of the database records
(i.e. class, dilution, injection, HCtype, processing status, series, and rank)
the runs found in ¢ above should al so satisfy these restrictions; otherw se

reject the runs

After the searching step, the successfully matched records will be sent to solution
tenplates, called z-tenplates, for outputting purposes. The time taken to search
for matched records will also be shown on the screen. W will explore the searching
mechanismin greater depth in next chapter

Step 3: Printing Results

The appearance of the "Qutput device" nenu on the screen signals the readiness of
OSCECI S to output the results. The users can choose to send the outputs to either
screen, line printer or file. Wen the output device is chosen, another menu will
appear whi ch shows the eight choices of arranging the outputs for the given query.
In brief, for each query, there are three choices of output device; for each output
device, there are eight ways to arrange the output information. The users are free
to choose any conbination of output device and form Miltiple copies of output to
any device are al so all owed.

The eight output choices available are shown in Figure 10. "Sinple output (date
only)""will display the run dates grouped by years. The total counts of runs for the
given query is also shown. Qther output choices display the contents, according to
a fixed format, of each run grouped by the particular choice. Subtotal of runs is
al so shown for each grouping of runs. Appendix D contains the sanple outputs of
the ethylene runs grouped by series and by HC type.

The solution tenplates, z-tenplates, contain the first portion of each success-

fully matched run record. Ejw h z-tenplate was declared as a conpound structure
whi ch takes the form

2(ec(Date,C ass,Dilute.Inj ect,Htype.Proj.PcSt, Ser, Rank))
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Overvi ew of OSCECI S Step 3: Printing Results

----- Qut put Menu -------
Sinple output (date only)

G ouped by cl ass

G ouped by dilution type

G ouped by injection type

G ouped by HC type

G ouped by project type

G ouped by processing status
G ouped by series

Figure 10. Menu for Eight Qutput Choices

Note that the inner structure is essentially the first portion of a database record
(see Figure 6).

The attributes of the fields in the inner structure of the z-tenplates are used to
group the outputs according to the follow ng steps:

a) The attributes of the given field corresponding to the output choice {e.qg.
the Class field corresponds to the "Gouped by Class" option, the Dilute

field corresponds to the "Gouped by dilution type" option and so on) are
collected in a list.

b) The duplicated elements in the list are trimed so that the new |ist contains
essentially a set of the unique attributes of the given field in the z-tenplates.

¢) The elements in the trimed [ist are then used to group the runs in the
z-tenpl at es.

Figure 11 shows an exanple of the steps taken when the "Gouped by series"
option was chosen. W will examine these steps in greater detail in next chapter.
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Solution  Tenplates

z(ec ( "770603". "0". "N, UL, UMELOCETL s 1)
2 { ec ("790731". "0", "N'. "' tiu CET, 'S, 18" 51 )

—

z(ec ( "790802". "0". "N "I, C"tU CET. 'S 18§ )

Step a. [ "29". "18". "18" ] SEREE Oiginal list
Step b. [ "29", "IB'] Trimed |ist
Step c. Formatted output ordered by series:

Dat e CDl HC Ser Proj QI P Sun Rank

>»» For the Series type of 29 Addition. Al dehyde «<«

03-lun-77 ONI MB 29 ET 70S 95 Best of kind
Red Side 0.351  NOx 1.68 PPROPYLENE
0.50 FORNVAL DEHYDE
Bl ue Side 0.345 N 1. 69 PROPYLENE

Nunmber of runs of this series is 1

»>» For the Series type of 18 Reactivity Conparison <««

31-Jul-79 ON U 18 ET 70S 77  Supporting
Red Side 0.513  NOXx 1-69 FORMAL DEHYDE
Blue Side  0.513 N 5.13 PROPYLENE

02-Aug-79 O\ U 18 ET 70S 51  Best of kind

Red Side 0. 205 NOX 1.49 PROPYLENE
a Blue Side 0. 205 NOX 1.01 FORNMAL DEHYDE

Nunber of runs of this series is 2

Figure 11. Steps of Gouping of Runs in Solution Tenplates by
Series
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Overview of OSCECI S Overal |l Picture

Overall Picture

Figure 12 contains the schematic diagram which sunmarizes the processes of the
four types of query available in OSCECIS. The boxes enclosing "Enter" as the first
word of their statements require the users to key in either codes, real numbers, or
integers. The boxes enclosing "Assert” as the first word of their statements require
the users to choose the panel's of interest by using arrow and return keys.

Updati ng the Database

The "Update the database" option allows the users to manipulate the records in the
dat abase. Figure 13 shows the four basic options available in OSCEC S.

Di spl ay Record

The first option, display record, allows the display of the content of a database
record identified by the run date provided by the user. The "content" refers to the
actual attribute of each field in the record as it appezo® in the database. For
exanpl e, the HC species formal dehyde is represented by its code 139 in the data-
base. The "Display record"option will display the code 139 instead of the species
name "FORMALDEHYDE"'. The meanings of the codes can be easily found out
by returning to the main nmenu and choosing the "View the database codes" option.
Wien the record with the date supplied by the user is not found, a warning message
will be given.

Del ete Record

Choosing this option will result in the deletion of the record with the given run
date fromthe database, since this option can be destructive, the users are asked
to confirmthe deletion after they have typed in the run date. The absence of
the to-be-deleted-record in the database will not cause any warning message to be
di splayed because, in this case, the option wll not produce any destructive effect

anyway.

Insert Record

The "Insert record" option will insert into the database a record with the run date
given by the user. If arecord identified by the given run date already existed in the
database, a warning message will be issued and the insertion aborted. C herw se

the user will be asked to enter the attributes of all the fields in the record through
answering a series of questions and through choosing relevant panels in a series of
pop-up nenus. |f the user makes a mstake in this process [e.g. enter an al phabetic
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[—Query Type —+

Query By Species
Query By Series
Query By Dales -|-|
Detailed Query -|

- # Species —
Any

(ne Species/ M x
Two Speci es/ M x
Three Species/ M x

rSeries Code
Any

Specific_ -L

-Query by Dale(s)4

Any

Dat e(s)

Mont h

Fromdl to dg

p # Species 4
Any

One Speci es/ M x
Two Species/ M x

Three Species/Mx

Put all records
into z-lcnplaleg

Enter Species
1D

Put all records
into z-tenpl ates

Enter Series
Code

Put all records
into z-tenplates

Enter date(s)
Enter nonth

Enter 2 dates

[—Red Side NOx-
Any
Ent er Equal s
Less than
Spe. Greater than
10(3) Range

Qutput all

records

Find records Put mat ched

with the spe. records into
z-tenpl ates
Qutput all
records
Find records Put mat ched
with the ser. records into
z-tenpl ates
Qutput all
records

Find records

with date(9)

Find records
with nmonth

Put mat ched
records into
z-tenpl ates

Find records

with 2 dates
p Blue Side NOx-
*. Any
Enter Equal s
Less than
Spe. - Geater than

10(s)

Figure 12. Flows of Four Query Types in OSCElS
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Modi fy Record Overvi ew of OSCECI S

Updat e Dat abase

Display record

Del ete record

| nsert record

Modi fy record

Figure 13. Menu for Updating Database

character to where a numeric value i s expected), the insertion will be aborted. A
the end of question answering and panel choosing, the user will be asked to confirm

whether his or her inputs are correct, ff the answer is positive, the new record will
be inserted into the database.

Modi fy Record

The "Mbdify record" option allows the user to nodify the attributes of any fields of
any chosen dat abase record. The user begins with typing in the run date. The
system responses with checking the database to see whether a record with the given
date already existed. If no such record exists in the database, a warning nessage
wll be issued and no modification will take place. Qtherwise, the user will be
prompted by a series of pop-up menus corresponding to each field of the record of
interest. The first panel,"Not to be modified", in the menus should be chosen if the
user does not want the attribute of the corresponding field to be changed. If the "To
be nodified" panel is chosen, a hox will be displayed and the user will be asked to
enter the new attribute for the corresponding field

For those fields having only a few attributes (i.e. Gziss, Dilution, Injection
HC Type, Project Code, and Processing Status), the relevant attributes wll be
displayed in the panel's of the respective menu and the user can choose the new
attribute for the given field directly fromthe nenu. Again, after the user has run
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Overview of OSCECI S Overal | Picture

through the series of menus, he or she will be asked to confirmwhether the inputs

are correct. A positive response will cause the old record to he deleted fromand
the new record with modified fields to be inserted in the database.

Overall Picture

Figure 14 shows the schematic diagram sunmarizing the flows of the options of
updating the database.
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Overall Picture

(-Updat e Dbase-f

Overvi ew of OSCECI S

Di spl ay record Di splay J
Del ete record Del etion j
Insert record Ent er Ent er Ent er Ent er Ent er Ent er Ent er
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I D Con I D
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Ent er Ent er Ent er Ent er
(next page) Ent er Ent er Ent er
Bl ue Bl ue Bl ue Bl ue
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Con I D Con 1D
r- dass Type —
Ent er Ent er Ent er Ent er °C Error )
| HC Overal | Char ac. EXp
InStru= aality Sun- Char; 2nd day A Assert
ment Rank Regul ar“ne day Chosen
Megul ar.two day Type
2nd day of 2 dy
r HCTyge -T7 In)ectijon --]" p Dlution
( Error X - ( Error >»- . Brror )<<
Al dehyde Assert Al initial Normal dilu
H ser . As t
Assert Aefin HC duri ng ser ~__Large dilu
Chosen Chosen NOx during Chosen
Both during
Type
Type Varyi ng nix yp O her conb 1 Type
r- Cass Type — f- Gass Type —
»( Error ) -»( Error ) Enter .. Insert
Series
Charac. Ex Charac. Exp Record
Char *nd dérljy Assert Char~nd day N Assert r Code
Regul ar. one day Chosen | — Regul ar. one day Chosen
Regul ar. two day Type tegular,t> o day Type

2nd day of 2 dy

2nd day of 2 dy

Figure 14. Flows of Four Updating Database Choices in OSCECI S
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5
Conponent s of OSCECI S

This chapter begins with a brief introduction to the pattern-mtching facilities of
Prolog Ianguage by citing several exanples of matched and unmatched patterns. It
then proceeds to introduce the hierarchy of predicates in OSCECIS as a suppl ement
to the discussions in previous chapter. Finally, a detailed description of selected
conponents of OSCECIS will be presented with a goal to provide sone insight on
how the systemworks. A know edge of Prolog is helpful but not required.

More About Turbo Prol og

To make our |ater discussions easier, we will pick up some termnologies while
| ooking at some representations comonly found in a Turbo Prolog program

As mentioned in Chapter 4, a predicate in Prolog |anguage can take the form
of either a predicate name or a predicate name followed by a pair of parentheses
containing one or more arguments. Throughout this chapter, we will use the word
"paraneter(s)'' to refer to the argument(s) in the parentheses. Each paraneter can
take the explicit formof any domain type (including standard domain types) as
declared in the domain declaration section of the particular programor it can be
a variable. Any terms starting with a capital letter in the CLAUSES section of
a Turbo Prolog programis a variable. A variable matches a structure according
to unification al gorithmdiscussed in many textbooks on formal logic or logic pro-
granm ng.** The discussion of the unification algorithmis out of the scope of this
report. However, to suit our needs, we will present sone exanples of matched and
unmat ched structures involving variabl es.

Tabl e 18 shows six exanples of matched structures.
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Conponent * of OSCECI S More About Turbo Prol og

Tabl e 18. Exanples of Matched Structures
Structure 1 Structure 2 Vari able Type

1. X any structure X is of any type
2. p(X p(a). p(b).... X is of synbol type
3. | a -3 [a b c d e3 Both structures are
lists of synbols
4. List [ega.r(B))| _] Li st was decl ared
as having struc-
ture 2
5. eq(Labl,r(B)) eq("HCconl ".r(0.1)) Labi is of string
type;
Bis of real type
6. ec(cl(A),A ec(cl ("' OFe).e*0" *) Ais of string type

The underscores () in Table 18 represent anonymous variables. The structures
which begin and end with brackets are called lists. The first structure on line 3 of

18is a short-hzuid representation of the second structure on the same line (they are

both lists). The symbol "a" in the first structure on line 3 is called the head of the
[ist and it matches the first el ement of the second structure. The underscore in the

first structure of line 3 is called the taii of the list and it binds to the tail of the

second structure {i.e. " " binds to"(h, ¢, d, e]" ). The list structure is one of the
most poverful features of Prolog Ianguage

Table 19 shows five exanples of unmatched structures.

Tabl e 19. Exanples of Unmatched Structures
Structure 1 Structure 2 Vari able Type

1. p(a) p(b)

2[a I ] [b. ¢ d e

3. [It(L.r(B))]J [eq(L.r(B))|_] B's are of real type
4. [eq("A".i(5))|_3 [eqCC2".i(5))]_]

5. ec(cl(A). A ec(cl("0")."T") Ais of string type

The structures on line 1 do not match because the two synbols, a and b, do
not. On line 2, the head of the first list does not match the head of the second

list. The heads of the two [ists on line 3 do not match because they are of different
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types of predicates. On line 4, the string "C" in the first list does not match the
string "02" in the second list although the two lists are of sanme structure. The

structures on line 5 do not match because the two strings, "O' and "T", of the
second structure are not the same.

Hi erarchy of Predicates

Al'l the predicates defined in OSCECIS can be arranged in a hierarchy according
to what predicates they call and by what predicates they are called. Appendix
B contains the hierarchy constructed according to this criterion. The hierarchy is

presented in four blocks: main block, print block, menu block, and writefornmat
bl ock.

The vertical lines represent the levels in the hierarchy. The predicates having
fewer lines to the left of themare at a | evel higher than those having more |ines.
Accordingly, the predicate "mainmenu" occupies the top level of the hierarchy. Each
pair of brackets encloses the name of the block referred to at that particular |ocation
Each pair of parentheses encloses the paranmeter(s) of the predicate preceding it.

To explain the relationship of calling and called predicates, we define a calling
bl ock of a given predicate in the structure as the block whose height spans from
the predicate of interest down until another predicate at the same or higher level is
reached, and whose width encloses the whole structure to the right of the predicate
of interest. For exanple, the calling block of mainnenu is the entire hierarchica
structure in Appendix B. As another exanple, the calling block of the predicate
menu is the entire menu block. As yet another exanple, the calling block of the
predicate e<i is the predicate itself.

In the hierarchical structure, a predicate calls only those predicate(s) at the
next lower level in the calling block. For exanple, the predicate mew calls only the
predicates repeat, nenu, and view . As another exanple, the predicate viewhc calls
the built-in predicatela»7.

In Appendix B, only defined predicates are entered into the structure; database
and built-in predicates (except the fail predicate) are not shown. In the structure
those predicates which call thenmselves are recursive in nature. Likewse, a predicate
which cal I's another predicate which calls back the first predicate is also recursive
The iterative predicates are those which call the defined predicate repeat or the
built-in predicate fail
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Although the hierarchy of predicates does not cover every aspect of the source
programof OSCEQIS, it holds the key to the understanding of the actual program
The reader is encouraged to at |east take a glance at this construction in Appendix
B before moving on to next section.

Description of Selected Predicates

A quick glance at the hierarchy of OSCECIS reveals that a detailed description of
every predicate defined in the programw |l probably make the size of this report
unbearable. As such, we will concentrate only on two groups of predicates which
performthe tasks of searching and printing in the system

Sear chi ng

Different query types adopt different searching strategies. W will investigate the

searching strategy used in the most conplicated query type, detailed query, by
exam ning the predicates invol ved.

W assunmed that the user has gone through the query posing step and the
relevant w, x- and y-tenplates have been inserted into the database (see section
"Cuery|q? the Database" in Chapter 4). At this point, the predicate detailfind will
be called. In the program the only paraneter of the predicate detailfind takes four
values (Oto 3). The value passed to the paraneter when detailfind is called depends
on how many species 1D's were specified by the user in the earlier step (remenber
that the user can specify 0 to 3 species when the "Detailed Query" optionis chosen).
For sinplicity, we assune that the user has entered three species ID's in the query
posing step and that the systemhas put the ID's in wtenplates accordingly. As a
result, the clause detailfind(S) as shown belowis activated. Note that the numbers
preceding the [ines are for reference purposes. They are not part of the program

1 detail findO: -

2 W specl D("Isf MJ)).

3 W specl D("2nd".1D2)).

4 w(specl DC-3rd-NVD3)) .

B findal KTerm xderm .Lis) .
6 findal KRel . y(Rel) .List) .
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7 rb(Date. RN. Rcl . R . Rc2. R2, Rc3. R3,
BN. Bel . Bl . Bc2. B2. Bc3, B3. 1 S. QA. su) .
8 checkRB(List."HCconl".ID .Rcl.R .Rc2. R2. Rc3. R3.
Bcl . Bl . Bc2. B2. Bc3. B3) .
9 checkRB(Li8t."HCcon2".1D2. Rcl . Rl . Rc2. R2. Rc3. R3.
Bcl . Bl . Bc2. B2. Bc3. B3) .
10 checkRB(List.'*HCcon3",1D3.Rcl. R, Rc2. R2. Rc3. R3.
Bcl . Bl . Bc2. B2. Bc3. B3) .
11 rel _r(Li8t."redNOx**. RN) .
12 rel r(Li8t."blueNOx".BN).

13 rel _i(Li8t."hcin8f'. 1I9).
14 rel _iai8t."qual". @) .
15 rel _iai8t."sun". SU) .

16 ec(Date.d ,Di,In, HC Pj. Pc. Se, RK) .
17 checkECais.C .Di.In.HC Pj.Pc. Se).
18 rel i (Li8t,"rank". RK) ,

19 a88ert(z(ec(Date,Cl,Di.In. HC Pj.Pc.Se.Rk))).fail
20 detail find(_) .

Lines 2 to 4 contain statements whose job is to match the wtenplates containing
the three species I1D's asserted to the databjuse in the earlier step. The ID's of the
first, second, and third species are bound to ID, ID2, and IDS respectively. Line 5
contains a call to the built- in predicate findall which collects the inner structures
of all the x-tenplates and put theminto a list bound to the third parameter Lis.
Simlarly, line 6 contains a call to findall which collects the inner structures of al
the y-tenplates and put theminto a [ist bound to the third parameter List. Up to
this point, all the tenplates have been collected and the systemis ready to match
the elements in the tenplates to the fields in the database records.

The statement on line 7 achieves the effect of fetching in, one in each cycle, the
second part of database records, beginning fromthe first record in the database
The fields in the record being fetched inwll bind to the corresponding variables on
line 7. We will call this newy fetched record the current rb (for red and blue sides)

record.

Lines 8 through 10 contain three calls to the predicate checkRB with different

HCIDs (ID, 1D2, IDS), HCconcentration labels ("HCconl", "HCcon2'', "HC
conS') and other 12 paraneters bound to the HC ID s and HC concentrations of
the current rb record. The checkRB predicate was defined as fol | ows:
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21 checkRB(Li8t.Spe.ID. Rcl.R .Rc2. R2. Re3. R3. Bcl . Bl.Bc2. B2. Bc3.
22 I D=R1, rel _r(Li8t, Spe, Rcl), or
23 I D=B1. rel _r(LiBt.Spe.Bcl). or
24 ID=R2. rel r(Li8t.Spe.Rc2) . or
25 1 D=B2. rel _r(List.Spe.Bc2). or
26 1D=R3, rel _r(List.Spe.Rc3). or

27 1D=B3, rel _r(Li8t.Spe.Bc3).

The first task of checkRBis to find out whether there is a match between the
parameter 1D and any one of the six parameters, R, R2, R3, Bl, B2, B3, which
bind to the six fields containing HC IDs fromthe current rb record, ff such a
match is not found, the predicate checkRB fails and the control is returned to the
calling predicate detailfind. If such a mtch is found, the first statement on one of
the lines nunbered from 22 to 27 will be satisfied and the second statenment on the
same line will be activated. Note the regular patterns anong the paranmeters of the
clause checkRB. The first character of each paraneter designates the chanber side
where the HCis found ("R' for Red side and "B" for Blue side). The last character
of each paranmeter designates the ordering of the HC in each side of the chanber
(up to 3 species are allowed). Each paraneter having "c" as its mddle character
binds to the concentration of the HC having same first and last characters {e.g.Rel
binds to the concentration of the HC bound to R).

The second task of checkRB is to check, by calling the support predicate relLr,
the concentration of the successfully matched HC against the restriction, if any,
placed by the user on this HC. The predicate reLr was defined as fol | ows:

28 rel _r([]._-):-1.

29 rel _r([eq( Label.r(B) )I _]. Label. A) A= B
30 rel _r([lIt( Label.r(B) ) I _]. Label. A k< B.
3l rel _r([gt( Label.r(B) ) I J . Label. A ky B.

32 rel _r([range( Label.r(B). r(C ) I J. Label. A - !
B<= A A<= C

33 rel _r([_| T . Label. A :- rel_r(T. Label. A).

w

The first parameter binds to a list of elenments fromthe domai n RELATI ON

(see section "Query Posing" in Chapter 4). The second paraneter binds to a |abel

identifying the database field of interest. The third paraneter binds to the value of
the database field of interest.

If the user never places restriction on any one of the fields associated with HC
or NOx concentrations, number of HC instrument used, quality of run, sunlight,
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and rank, the y-tenplate will not exist and the first parameter, "List", of checkRB
which is supposed to contain the inner structure of y-tenplates will be enpty. In
this case, line 28 is satisfied and predicate reLr will return a "true" to the calling
predi cate checkRB.

If the user places at |east a restriction on at |eaist one of the fields mentioned
above, the y-tenplate(s) will exist and the first parameter. List, of checkRB will
contain the inner structure(s) of y- tenplate(s). Consider two cases. Case 1. The
restriction pl3wed on a fieldis inthe first position of the list, whichis the first
paraneter of relLr, and the field, identified by the variable "Label", is currently
being examned. In this case, the two labels in the heads of one of the clauses on
line 29 through line 32 will be matched. The success or failure of the clause is then
determned by whether its tail is true or false, ff the field of interest satisfies the
restriction placed onit, the tail will be true. Ctherwise, the tail will be false. The
cut, "!", inthe tail of a given clause prevents the Prolog fromexploring further
on other clauses with the sane predicate name. Case 2. The restriction placed
onafieldis not inthe first position of the list of reLr and the field is currently
being exanmned. In this case, the clause on line 33 will be matched. The tail of the
clause contains a recursive call to the predicate reLr itself with the tail portion of
the original list as its first paraneter. This procedure repeats until the condition
of case 1 ahove becomes true (t.e. until the restriction placed on the field currently
being examned is in the first position of the list). The success or failure of the clause
on line 33 depends on the subsequent recursive call which ultimtely depends on
the success or failure of one of the clauses on line 29 through line 32

If the user places restrictions on sone fields other than the field currently be-
ing examned, clauses on line 29 through line 32 will never have a match and be
executed. The first clause that matches is the one on line 33, which calls back the
predicate reLr with the tail portion of the original list as its first parameter until the
list becomes enpty and the clause on line 28 is successfully matched. In this case,
the call to the predicate reLr will always be successful because, if no restrictionis
plsiced on the field, any value in the field of interest is acceptable

The success or failure of the predicate rel _r determnes the success or failure of

the calling predicate checkRB which, in turn, determnes the flows of the predicate
detailfind on which we will now focus.

[f any of the calls on line 8 through 10 fails, the systemwill backtrack to the
statement on line 7 and pick up the next record in the database. The fields in
the new record will bind to the parameters in the statement and another cycle
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of callings to eheckRB begins. If the three calls to checkRB are successful, two
calls to the predicate reLr and three calls to the predicate reLi will take place on
line 11 through line 15. The relLr exanmines the restrictions placed on the fields
corresponding to red side NOx concentration and blue side NOx concentration

whereas the relJ examines the restrictions placed on the fields related to the nunber
of HC instruments used, quality of run, and sunlight. The predicate reLi is al nost
identical to the predicate relr ( by replacing all the r's on [ine 28 through line 33, we
get the definition of the predicate reLt). The only different between reLr and relL

is that the former examnes the relationship between the fields declared as real type
and the corresponding real values placed by the user, whereas the latter exam nes
the relationship between the fields declared as integer tyi>e and the corresponding
integer values placed by the user. If any of these call fails, the systemw |l backtrack
toline 7. Otherwise, line 16 will be activated.

Line 16 achieves the effect of fetching in the first portion of the database record
whose second portion has been successful |y matched so far (notice that the two
portions are |inked by the variable Date). The fields of the first portion of the
dat abase record bind to the corresponding variables on line 16. V& will call this
portion of the database record the current ec (for experimental conditions) record

Line 17, which contains a call to the predicate checkEC, is activated subse-
quently. The task of checkEC is to match the experinental conditions placed by

the user against that in the current ec record. The checkEC predicate was defined
as foll ows:

34 checkECCC], . ).

35 CheckEC([class(A)IT]. ABCDEFW
checkECCT.A.B.C.D.E. F. W.

36 CheckEC([dilute(B)IT], A B.CDEFW
checkECCT.A.B.C.D.E. F. W.

37 CheckEC([inject(CIT]. ABCDEFW
checkECCT. A B.C.D.E.F. W.

38 checkECO hctypeCD)|T]. A B.CDEFW
CheckECCT. A B.C.D.E.F. W.

39 checkECC proj CE)| T]. ABCDEFW
CheckECCT. A B.C.D.E.F. W.

40 checkECO procesCF)|T]. ABCDEFW
CheckECCT. A B.C.D.E.F. W.

41 checkEC([ seriesCW|T]. ABCDEFW
checkECCT.A.B.C.D.E. F. W.
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The first parameter binds to a list of elements fromthe domain EXPCOND

(see section "Query Posing" in Chapter 4). The remaining seven paraneters hind
toall the fields (except run date) of the current ec record

If the user places no restriction on any experinental condition, the x- tenplate
will not exist and the first parameter, Lis, of checkEC (on line 17) which is supposed

to contain the inner structure of x- tenplate will be enpty. As a result, the clause
online 34 is satisfied and a "true" is returned.

If the user places at least a restriction on at |east one of the experinenta
conditions, the x-template(s) will exist and the first parameter, Lis, of checkEC on
line 17 will contain the inner structure of x-tenplate(s). If a restriction placed on
agivenfieldis satisfied by the attribute of the field of the current ec record, one
of the heads of the clauses on line 35 through line 41 will be successful |y matched
and its tail, which contains a recursive call to checkECwith the tail portion of the
original list as its first parameter, will be activated. The recursive calls to checkEC
continue until either line 34 is mtched or no clause on lines 34 through 41 can he
successful Iy matched. The former case happens when the corresponding fields of
the current ec record satisfy all the restrictions placed by the user. A "true" wll be
returned. The latter case happens when a single field of the current ec record can

not satisfy the restriction placed by the user to the field, A"false" will be returned
inthis case.

Ve will again focus on the predicate detailfind now If the predicate checkEC
returns a "false" to line 17, the systemwill backtrack to the statement on line 7.
Qtherwise, acall torcLr will take place online 18 to check the possible restriction
placed on the last field, rank, of the current ec record. Afailure of the call on line

18 will cause the systemto hacktrack, whereas a success of the call wll cause the
statements on the line 19 to be executed.

Being able to reach line 19 marks the "triunph" of the currently active database
record. There are two statements on this line. The first statement is a call to the
built-in predicate assert which puts the current ec record into the solution tenplate
The second statement is a call to the built-in predicate fail which, as its nane
suggests, always fails and forces backtracking to previous statements. The system
will eventually backtrack to line 7, where another fetching cycle begins

The executions described so far repeat until the end of the database fileis

rezw hed. Line 20 is subsequently activated. The clause on the line will always
succeed and, thus, conpletes the searching step
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Printing Results

As pointed out in Chapter 4, there are three choices of output devices available
for each query and eight choices of output forns available for each output device
VW will investigate the strategies used in printing the results of a given query by
examning the relevant predicates

For sinplicity, we aussune that the solutions for a given query have been put
into the z-tenplates and the user has chosen the desired output device. W will
focus only on the "Ordered by series" option because it is simlar to the remining
options available in the "Qutput menu" (except for the "Sinple output" option
which is nuch sinpler then any other options).

As soon as the "Ordered by series" panel is chosen, the predicate printBySeries
as defined below w |l be activated.

42 printBySeries :-

43 findall (Serie8,z(ec(_, , ,_._,_,_,Series,-)), L),
44 uni ka. L1).

45 headi ng,

46 printSeriesCLl).

Line 43 contains a call to the built-in predicate findall which collects the series
codes in all of the z-tenplates and put theminto L which is a list. Line 44 contains
a call to the predicate unik which throws away all the duplicated elements in |ist
L and returns a trinmred |ist with unique elements to LI. Line 45 is a call to
the predicate heading which prints the heading of the formatted output as shown

in Appendix D. Line 46 is a call to the support predicate printSeries defined as
foll ows:

47 printSeries([]).

48 printSeries([SjSI]) :-

49 check_8er (S. Seri es).

50 write(" »»> For the Series type of ". S. Series.
o ««< \n ee),

51 witeformatC series's ,95)

52 findall (X 2(ec(X___

53 listlenCList. Num,

54 witeC of runs of this series is '',NuBi),nl,

55 printSeries(Sl).

S.J) .List)
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If the [ist passed to the printSeries is enpty, line 47 will be satisfied and the
control will be returned to the calling predicate on line 46. Qtherwise, line 48 will be
mat ched and the statements on [ine 49 through line 55 will be activated in sequence.

Line 49 contains a call to the predicate "check.ser" which checks whether the
series with code bound to Sis in the file ec.cod. If so, the corresponding series name
will be bound to the variable Series. Qtherwise, the string " NEWSERIESI!!" will
be returned as a warning to the possible inconsistency in the database. Line 50
prints the heading of the beginning of the current series which includes series code
and series name from previous statenent.

Line 51 contains a call to the predicate witeformat whose task is to print out
all the runs having the current field attribute, inthis case the series code bound to
S, inthe z-tenplates. The witeformat was defined as

56 writeformat(Label.  Field)
67 ec_field(Label.Field.
Date.Class.Dilute.Inj ect.HC Proj.Status, Ser.Rank),

58 r b(Dat e.

RedNOx. RHCconl . RHCcodel , RHCcon2.

RHCcode2, RHCconS, RHCcodeS,

Bl ueNOx. BHCconl . BHCcodel . BHCcon2,

BHCcode2. BHCconS. BHCcodesS.

HCi nst, Qual , Sun).nl,

59 code_date(Date. Datei).
60 code_rank(Rank. Rankl ).

61 witeCDatel ." " .Class. Dilute. Inject. " ".HC
n n . Ser’ n n . Pr oj , n n . QJal . n II’
HG nst . " ".Status." ".Sun. "
Rankl ). nl .

62 witerb("Red Side" .RedNOx. RHCconl . RHCcodel) .
63 witehc(RHCcon2. RHCcode?2),

64 witehc(RHCcon3. RHCcode3),

65 witerb("Blue Side" .BlueNOx.BHCconl .BHCcodel) .
66 writehc(BHCcon2. BHCcode?2).

67 witehc(BHCcon3. BHCcode3).fail.

68 witeformat(_. ) .

Line 57 contains a call to the predicate ec-field defined as foll ows:
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69 ec fieldCclass". A XABCDEFGR
z(ec(X. AB.C.D.EF.GR).

70 ec_fieldCdilute".B. X AB.CDEFGR
z(ec(X.AB.CDEF.GR).

71 ecjfieldCinjecf'.C. X ABCDEFGR
z(ec(XX.AB.CDEFGR).

72 ec_field("hctype".D. X ABCDEFGR
2(ec(X.AB.CDEFGR).

73 ec_field("proj". E XABCDEFGR
2(ec(X AB.CDEFGR).

74 ec_fieldCstatus".F, X ABCDEFGR
2(ec(X.AB.CDEF.GR)).

75 ec_fieldCseries".G X AB. CDEFGR)
z(ec(X. A B.C.D.E.F.GR).

Wen ecMield is called with its first parameter bound to "series" and its second
parameter bound to the current series code (both passed fromthe paraneters on
line 51), the clause on line 75 will have a match and its tail will pick up the first
available run with the current series code (now bound to variable "G') in the z-
tenplate. All the fields in the run just picked up fromthe z-tenplate are then

passed, via the remaining paranmeters in the head of the clause on line 75, to the
statement on line 57.

On line 58, the second portion of the run, identified by the same run date as the
portion just picked up fromthe z-tenplate, will be fetched in fromthe database.

Lines 59 and 60 convert the run date and rank to nore readable forms. Line
61 through line 67 contain calls to predicates witerb and writehc which, together,
print out the fields of the run according to a fixed format as shown in Appendix D.

The |ast statement on line 67 is a call to the built-in predicate fail which forces
the systemto hacktrack to line 57 where another call to ec’field takes place. Line
75 is again matched and its tail will, at this time, pick up the next available run
with the current series code in the z-tenplate. The cycle repeats until no nore run
with the same current series code can be found in the z-tenplates. At that point

the call to ec*ield online 57 will fail. Line 68 is subsequently reached and the
control returns to line 51.

Line 52 contains a call to findall which collects the dates (hound to X) of all
the runs with the current series code (bound to S) in the z-tenplates and put them
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into List. The predicate listlen on line 53 counts the number of elements in List

and returns the number to Num Line 54 prints out the counts of the runs having
the current series code.

Line 55 is subsequently activated. It contains a recursive call to printSeries
with the tail portion of the list on line 48. The execution cycle repeats until the |ist
becomes empty. Line 47 is subsequently satisfied and the control returns to line 46
where the whol e sequence of printing results comes to an end.
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Fut ure Work

¢ have pointed out in Chapter One that OSCECIS will ultimately be incorporated
into an expert systemcapable of assisting the photochen cal kinetics model devel-
opers in testing their models, as well as carrying out automatic nodel evaluations.
In this chapter, we will discuss the plan for the future work along this Iine

VWhat | s Next?

Judging by the ease with which the users can query the database, the short searching
time, the tolerance of errors made by the user in the interactive session, and other
handy hel ping tools, we are quite confident to say that OSCECI S has achieved its
goal as a database management systemfor the experinental conditions database

However, with the power that the inplenenting |anguage. Turbo Prolog, pos-
sesses, one may, quite naturally, ask: Can the systemdo better? Is it possible to
write a programwhich can automatically choose the best runs for model testing?
How about nodel eval uations? Can a program make inferences froma set of testing
results and tell the strengths and weaknesses of a given nodel? I's it possible to have
a programwhich incorporates all the above features and behaves Iike an expert in
the field of photochem cal reactions modeling?

These are the questions to be addressed as we discuss the long-termgoals of this
project. It turns out that the points raised in the above questions fall well within
the scope of an expert systemwe are planning to devel op. But what is, in the first
place, an expert systenP

Features of Expert Systens

Any attenpt to clarify the meaning of the term"expert systen is bound to elicit
along list of terms to be clarified inturn. To avoid being carried away, we will
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be satisfied with the definition that an expert systemis a software package which
can performthe tasks of a specific doniain at an expert's level. The word "specific"
can never be over enphasized since it holds the key to the success of many expert

syst ens.

Early artificial intelligent programs tended to be too broad in scope and conse-

quently coul d sol ve only "toy" problems given the [intations of computer resources
It is not until the late 1960's that the inportance of domain expert's know edge to

the performance of intelligent programs was appreciated. The recognition of this
key factor finally brought about the first batch of commercial products of artificia
intelligence which totally changed the image of Al approach as being only able to
deal with "toy" problems. A newfield known as expert systemwas bom

The following list was adapted fromForsyth.™ It outlines the distinctive fea-
tures found in many expert systems and is a good starting point to know what an
expert systemis:

1. An expert systemis limted to a specific domain of expertise
It can reason with uncertain data.

It can explain its chain of reasoning in a comprehensive way.
Facts and inference engine are clearly separated.

It is designed to growincrenentally.

It is typically rule-based.

It delivers advice as its output - not tables or figures, nor pretty video screens,
but sound advi ce.

Basi ¢ Conponents of Expert Systens

Figure 15 shows a schematic diagramof four basic conponents of an expert system
Not all existing expert systems possess all the four components; but the mejority

of them do.

The Know edge Base

The knowl edge hase constitutes the core of an expert system The major difference
between a database and a knowl edge base is that the objects of the former are data
Whereas the objects of the latter are entities and the rules describing the relations
between the entities. Another difference between database and know edge hase is
that the database systemis passive in the sense that a piece of informtionis either
present or absent in the database, and very little can be done about the mssing
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Figure 15. Four Basic Conmponents of a Typical Expert System
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information, whereas the know edge hase systemactively tries to fill in the mssing
information anong the entities by applying the relevant rules to them

Al'though the production rules, with their IF-THEN format, have been a favorite
means of devel opi ng knowl edge base for sonne time, other tools such as semantic nets
and predicate calculus have al so been used. Recently, Prolog has becone popul ar
as a powerful know edge representation |anguage

The I nference Engine

The inference engine makes use of the rules in the know edge base and the inform-
tion provided by the user to find the objects which satisfy the constraints. There
are basically three ways by which the inference engines are constructed: forward-
chaini ng, backward-chaining, and rule- value method

Forwar d- chai ni ng invol ves reasoning fromdata to hypothesis, whereas hackwar d-
chaining starts with a hypothesis and attenpts to find data to prove or disprove
the hypothesis. The rule-value method is generally an inproved backward- chaining
method. It requests the information that will remove the most uncertainty fromthe
system """ The rul e-value method is theoretically better than the first two methods,
however, it is more difiicult to inplement.

Justification / Explanation

A distinctive feature of an expert systemis its ability to justify or explain to the user
the actions it takes. It answers questions about why some conclusion was reached
and why some alternative was rejected. Mchie and others™* have warned that the
justification facility should not be regarded as an optional extra. It is now generally
agreed that an expert systemwhich can not explain its chain of reasoning to the
user is unsatisfactory, evenif it performs better than a human expert™,

Knowl edge Acquisition

The procedure of extrax;ting know edge froman expert and transformng it into
conputer readable formis called know edge acquisition. ™ Traditionally, the pro-
cess of know edge acquisition involves intensive interactions between the know edge
engi neer (programer) and the domain expert over a long period of time. The
interactions may talce the forms of interview discussion of domain expert's publica-
tions, or even taking classes fromthe expert. Know edge acquisition has |ong been

described as the hottleneck of expert systembuilding because it is an extrenely
time consuming process.
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To ease the task of know edge acquisition, many attenpts were made to shift
parts of the responsibility fromhuman to conputer by teaching computer to [earn
concepts and rules. This line of research is known as machine |earning. Although
this approach |ooks promising, it is very nuch in the initial stage and many works
remain to be done before it can contribute nuch to the task of know edge acquisition
in expert system building.

An alternative to the ahove approach is to develop intelligent editing program
whi ch understands the structures of the rules in the know edge base and hel ps main-
tain the consistency of the rules in the know edge base. The expert can interact with
the programinstead of know edge engineer. \hen the know edge base grows in size
with time, the intelligent editing programw |l become more and more inportant.

Cutline of Future Wirk

Long- Ter m Goal

My long-termgoal is to develop an expert system capable of:
a) selecting appropriate chamber runs to test photochemcal kinetics models;

b) carrying out automatic nodel evaluations by making inferences fromthe sets
of testing results;

¢) explaining the rules it used in the process of model evaluations at different
level s of details;

d) acquiring new know edge fromthe domain expert through an intelligent ed-

itor.

Syst em Confi guration

Figure 16 shows the configuration of the prospective expert systemwhich is tenta-
tively called ASKME for Atnospheric Sinulation Kinetics Mdel Expert. The | oop
inthe figure represents the cycle of testing of one chanmber run

Sel ecting Runs

Each testing cycle begins with the selection of the appropriate run fromthe experi-
mental conditions database. The criteria used to judge the degree of "appropriate-
ness" are the results of previous testing (including results fromprevious interactive
session, if any), the availability, quality, and rank of the particular type of runs in the
experinental conditions database, and the conditions contained in the know edge
base for run sequence.
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A prototype has been built to test the feasibility of automatic selection of runs
by the conputer. The prototype incorporates the searching mechani smof OSCECI S

and a smal | know edge bcise containing 12 rules of test sequence. It requests the
user to enter a set of test results for the two sides of the chosen chamber run and

suggest the next run to be tested. Although the know edge base is extrenely smal
and the test results are in highly sinplified forms, the performance of the system
inselecting runs for testing is encouraging. An ability to justify run selections will
be added to the systemin the future.

bt aining Test Results

The sinulation of chanber runs will be carried out by the software package PC
PKSS devel oped by Jeffries.** The inputs to the PC-PKSS are the photochem ca
mechanismto be tested, as well as initial and time dependent conditions. The
outputs are concentrations of species as a function of time. Both the outputs of
PC-PKSS and the chanber data of the pcirticular run are then inported to a Lotus
spreadsheet which facilitates the plotting of the data fromthe two sources (mecha-
nismoprediction and chanber data) for comparison purposes.

Inthe first version of our future system the user is expected to run the sinm
ulation on a separate personal computer and then answers the questions posed hy
the expert systemafter examining the profiles of the plots of chanber data versus

mechani smpredictions. In the long run, PG PKSSis likely to be connected to
ASKME and thus allows full automation of nodel evaluations.

Know edge Base

The know edge base of ASKME will be divided into two portions. One portion will
contain the information of the preferred test sequence and explanations of each run
type in the sequence. The preferred test sequence, which founds its basis on the
hierarchy of HC species proposed by Witten, will be constructed in consultation
with the domain expert.

Another portion of the know edge base is devoted to the rules and heuristics
(rules of thunb) used by the domain expert in the process of mechani smeval ua-
tion. Inthe process of automatic mechanismtesting, the inference engine built into
the systemwi |l make use of the rules and the previous test results and formits
"opinions" about the qualities of the mechanism

Anal yzing Test Results
Upon obtaining the results of the particular run, the systemwll carry out a series
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of anal yses based on the know edge stored in the know edge base and the results of
all previous testings. The results of the particular test and analysis will be stored
tenporarily in the menory and become part of the test history. If this new piece
of information makes any previous test result obsolete, the old information will be
modi fied automatically.

JustiCGecation / Explanation

During each testing cycle, the users can ask the systemto justify its chains of
reasoning in the process of test results analysis or to explain why certainrunis
chosen for testing purposes. Different portion of the know edge base will be referred
to when either of the above two types of justification/explanation actions is being
carried out. The justification of test results analysis will be given at different levels
of details. The user can choose to look at one or nore levels of justifications in each
cycle of testing to have a good grip of howthe systemreveals the strengths and
weaknesses of the mechani smbeing tested.

Hstory File

As the system goes through each cycle of testing, it accunulates more and nore
information about the nature of the mechanism(In other words, it learns!) After
each testing cycle, the user can choose to go on to next testing cycle or |eave the
interactive session. If the latter choice is made, the testing information accunul ated
so far will be saved into a history file. The history file is a regular text file which
can be loaded to the systemin next interactive session when the testing continues.

| mpl enent ati on of ASKME

| have examined the configuration of the prospective expert system ASKME. In
this section, | will discuss some inplementation issues.

I npl ementing I nference Engi ne

Bax; kwar d-chai ning inference engine will be inplemented in the systemto carry
out the desired reasoning tasks. One reason for this choice is that it is easier to
i npl enent  backwar d- chai ni ng inference engine in Turbo Prol og.* Another nore
i nportant reason is that the hypothesis-driven method supported by this type of
inference engine seens to work well with our systemdesign in which the know edge
of a particular mechani smaccunul ates as the system goes through nore and nore
testing cycles. However, this argument is subjected to justification;, that is, we will
bui It another prototype to verify this point.
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Know edge Base and Know edge Acquisition

| ampresently at the initial stage of building the know edge base. As mentioned
previously, the know edge base will be divided into two portions: one for selecting
runs and the other for analyzing test results. | have built a small know edge base
for run selections and attached it to a prototype (also mentioned earlier) to test the
feasibility of automatic selection of runs by the conputer. The results of the test
suggested that not only automatic selection of runs is feasible, but it can also be
very efficient if the know edge base is careful |y constructed

Al though the structure of the know edge base for run selections devel oped so
far seems to work well, it lacks the explanatory capabilities. | will modify the
structure of this part of know edge base in the future to acconm odate explanatory
capabilities.

The other portion of the know edge base contains the know edge for anal yzing
the test results. This portion of the know edge base will be constructed initially
with the help of the domain expert. Later, an intelligent editor, which can recognize
the structures of the know edge base and check the consistency of the rules in the
know edge base, will be built to help maintain and nodify the know edge base

The know edge base of ASKME will be kept in a text file in mich the sane way
as the database of OSCECIS. In the design of ASKME, the know edge base and the
inference engine will be clearly separated. This separation is crucial in the sense
that it facilitates the frequent nodifications needed for the know edge base without
having to re-run or re-code the source program

The effective interaction between the expert system programmer and the domain
expert plays an inportant role in the initial stage of know edge base construction
I.e., know edge acquisition. Three factors result in an advantage for me in this task
They are:

1. The expert system programmer happens to be the domain expert's student.
The progranmer actual ly "goes down the field" and |earns the trade of node
testing. This situation makes it especially conducive for the transformation
of the expert's know edge into a form understandable by the machine

2. The domain expert happens to be very articulate. This quality helps the

expert system programer |earn the new concepts and "catch" the expert's
rul es of thunb.

3. The domain expert is also a very know edgeabl e conputer scientist. This
aspect will help reduce the information msmatch between the human and
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Q0 osing Remarks Future Vrk

the conputer to a great extent. The task of know edge acquisition can thus
be made a little easier.

C osi ng Remar ks

W have presented the outline of our prospective expert systemand discussed sone
i npl enentation issues. As we know, building an expert systemcan be very tinme
consumng. The justification of building an expert thus rely partially on whether
the time and efl Forts spent in developing it can be paid off.

| have pointed out in Chapter One that the devel opment of a photochenica
model is very painstaking and involves a great deal of conplex reasoning and sub-
jective judgenent. However, some regularities can also be observed in this process,
especially if the hierarchical approach is used. It is these regularities which |ead
us to believe that an automatic nodel evaluation can ultimately be achieved by a
conputer. The conplexity of model devel opment mandates the use of artificial in-
telligent techniques in inplenenting such a computer system Taking into account
the factors involved in the husiness of model development, | strongly believe that if
an expert systemdevoted to automatic nmodel eval uation can be successfully inple-
mented, it wll certainly speed up the process of model devel opment tremendously
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A
User's Quide to OSCECI S

OSCECI S was desi gned to Pﬁowde easy access to the srmg chanber 1 uns conduct ed
in the UNC Qutdodr Smog Chanber for“testings of photochemcal kinetics nodels.

The fol lowing facilities are available in the system

Accepting query through pop-up menus
Di splaying output in various fornms
Updat i ng dat abase

Di agnosi ng dat abase

View ng the database codes

Saving updated database
Access to DOS commands

Access to an editor

System Requi rements

HS o a| SF |veesaﬁn #%Mnr%l § 8 w d”bWe's béle 7%%%? ﬁ{ |\|Mn[eh ra|tnt|e?a|ss a?so

req e Isers choose £o pro copies of the outputs

Fil es Needed
The followng files should be in the default directory in order tonteract with the

system successfully.
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(uerying the Dat abase [ber's G de to OCEQIS

08ceci 8. exe -- execution file

ec.tut -- tutori al
ec. spe -- species codes
ec. ser —seri es codes

ec.cod —codes for database fields

ec.dbl -- database (exper.  conditions)
ec. db2 —dat abase and NOx con.)

The following file shoul d be In the default duectorg [ the User vants to Invoke
the help option“fromwithin the ed|t0r Orovi ded by thé system

prolog.hip  — help infonuation

Getting Started
Type "osceci s (without quotes) to the DOS prompt and hit return.

| nportant Notes

" L o A el
taies approm mtely 12 seconds to Ioag the dat abase on an | BM ¥ and

approximately 50 seconds to load it on an |BMPC

2. When you make a mstake, fit the ESC key as many tines as necessary until
the main menu appears aga|n

3. Choose the "Any" pangl In any given menu whenever the the menu is irrel-

evant to your query.

4 Before choosing the “Ling printer” panel in the "Qutput device" nenu, make
sure the printer is "on".

o Whilein the "Ugdateth e database’ mode, 11 1S 4 good practice to check the
existence of a record before inserfing or deleting it

Querying the Database

10 query the database, choose the "Query the database” panel in the main nenu.
Fou op|onsa.eavm|aMe under this node.
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User's Guide to CSCECHS Sel ecting Qutput Devices and Forms

1. Query by species. This option allows a quick way to query the database.
The Users are only asked to provide the species code(s) for the species of

interest.

2. Query by series. This option is simlar to the above option except that the
users$ provide series code instead.

3. Query by date. By choosing the "' Date(s)"" Panel in the "Query By Date(s)"
Menu, the users can enter a series of run dates of the forn1"¥ynndd" and ask
the systemto display the details of the runs with proper choice of output
forms {see next section). Alternatively, by choosing the "Fromdatel to
date2" ‘panel inthe "Date(s)'" menu, the users can query the database for
al| the runs bounded by the'two dates, in chronological order, provided b¥
the users. The users can also search for runs conducted in a given month o
different years by choosing the "Month" panel in the nenu

4, Detailed query. This option constitutes the core of the query system A series
of nenus corresFonm n% to relevant fields in the database will be displayed,

Jge "Any" panel should be chosen whenever a given nenu is irrelevant to
e query.

Sel ecting Qutput Devices and Forns

After the query has been executed sucessfully, the "Qutput device" menuwll be
displayed automatically. For each query, there are three choices of outPut devi ce
and for each output device there are eight ways to arrange the output information
The users are free to choose any conbination of output devices and output forns.
Miltiple copies of outputs to any device are also allowed.

Bef ore choosing the "Line printer" device, the printer should be set to "on'

Vi ew ng the Database Codes

To viewthe eight types of codes in the database, choose the "Viewthe database
codes" panel in the main menu. The first two ty%es of codes, species codes and
series codes, are especially useful inthe query.” The species codes are arranged in
|ncrea3|n9 order of Species names whereas the Sefjes codes are arranged in |ncrea3|ng
order of The codes. Note that the Iead|n? zeros for those series codes smaller tha

U can o be omtted Searching as Wel| as sreen controlling facilities are also
avallable for Specl €s and series codes.
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Di agnogj ng the Dat abase UBer's Guide to OSCECIS

Updati ng the Database

To update the databsise, choose the "Update the database" panel in the main menu.
Four choices are available under this node.

1. "Display record" will display the content of a record identified by the run
date. Wen the record with the given run date is not found, a warning
nessage will be given.

2. "Delete record" will delete fromthe database a record with the given run
date. The absence of the to-be-deleted-record will not cause any warning
nessage to be displayed.

3. "Insert record" will insert into the database a record with the given run
date. If arecord identified by the run date already existed in the database, a
warni ng message woul d be given. Ctherwise, the user will be asked to enter
the content of the record through answering a series of questions. The record
is then inserted into the database. If the usermakes a mstake in this process

(e.qg. enter an alphabetic character to where a nuneric value is expected),
the insertion will be aborted.

4, "Mdify record" first checks if a record with the given run date is in the
database. If it is not, a warning message will be issued. Otherwise, the user

will be pronpted by a series of pop-up menus corresponding to each field of
the record of interest. Choose "Not to be modified" panel if you do not want
the value of a corresponding field to be chjinged

It i's agood practice to check the existence of a record before inserting or deleting

Savi ng Dat abase on File

To save the updated database on file, choose the "Save database on file" panel in the
main menu. The updated database will be saved on the files tc.dbl (experimenta

condi tions) and ec.dbS (HC and NOx concentrations) and the old copies of the
database will be moved to the files ecdb.dbl and ecdh. dbS respectively

Di agnosi ng t he Dat abase

To find out the possible error in the database, choose the "Diagnose the database"
panel in the main menu. The results of the diagnoses can he either directed to the
screen or the line printer. Those potnential "pathologic" records will be pointed
out together with the suspected field(s) where the error(s) mght have occurred
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User's Quide to OSCECIS M scel | aneous

M scel | aneous

This option allows the users to look at the two distributions of all species or all
series types used in the database. The users can choose to send the outputs to either
screen, line printer, or file. To look at the distribution of series types, choose the
"Nunber of Runs Containing Series" panel in the "Mscellaneous" menu (appearing
after the "Qutput device" menu). To look at the distribution of species types, choose
the "Nunber of Chanber sides Containing Species" panel in the "M scellaneous"

menu.

Access to DOS Conmands

Choosing the "DOS commands" panel in the main menu will allow the users to
suspend OSCECI S tenporarily and gain access to the DOS conniands. To go bax;k
to OSCECIS, type EXIT to the DOS pronpt.

Edi t or

The editor is pretty nmuch WORDSTAR-Iike. It is accessible by choosing the "Ed-
itor" panel in the main menu. Besides text editing, the editor supports external
text viewng and copying. The latter facility can be used to |oad any existing file
into the editor for text processings.

A quick reference to the functions of the editor follows:

Cur sor Mvenent Conmands

Character left LeftArrow or Ctrl -S

Character right R ghtArrow or Crl-D
Wrd left Ctrl -LeftArrow or Ctrl - A
Wrd right Crl-RightArrow or Crl-F
Li ne up UpArrow or Ctrl -E

Li ne down DownArrow or Ctrl -X
Page up PgUp or Ctrl - R

Page down Pgbn or Ctrl -C

Begi nning of line Honme or Crl-Q S

End of Iline End or Crl-QD
Top of file Ctrl-Hone or Crl-QR
End of file Ctrl-End or Crl-QC
Begi nni ng of block Crtl-Q B

End of bl ock Crtl - Q K
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Edi t or

I nsert

node on/ of f
|l eft

I nsert
Del et e chracter

Del et e char under

Del ete
I nsert
Del et e
Del et e

cur sor
ri ght word

l'i ne

l'ine

to end of line

Bl ock Conmmet nds

Mar k bl ock begin
Mar k bl ock end
Copy bl ock

Repeat the |ast copy
Move bl ock

Del et e bl ock
Read bl ock from di sk

Hi de/ di spl ay bl ock

M scel | aneous Conmmends

Call the auxilliary editor
Go to line

Whi ch i ne nunber

End Edit

Aut o i ndent

Fi nd

Repeat l|ast find

Find and repl ace
Repeat last find and rep

87

and Del et e Conmands

Ins or Crl-V
Left Arr ow

Del

Al't- R ght Arrow
Crl-N

Ctrl-Y
carl-QY

Ctrl -K-B
Crl-K-K
F5 or Crl-K-C
Shi ft-F5
F6 or Crl-K-V
F7 or Crl-K-Y
F9 or Ctrl-K-R
Crl-K-H

F8
F2

Shi ft-F2

Esc or FI O
Crl-Q1

F3 or CGrl-QF
Shift-F3 or Crl-L

F4 or Crl-g-A
Shift-F4 or Cirl-L

User's CGuide to OSCECI S
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H erarchy of Predicates

Al the predicates defined in OSCECIS can he arranged in a hierarchy according to
what predicates they called and by what predicates they are called. This appendi x
contains the hierarchy constructed according to this criterion. The hierarchy is

presented in four blocks: main block, print block, menu block, and writefornat
bl ock.

Only defined predicates are entered into the structure; database and built-in
predicates (except the fail predicate) are not shown. In the structure, those pred-
icates which call thenselves are recursive in nature. Likew se, a predicate which
calls another predicate which calls back the first predicate is also recursive. The
iterative predicates are those which call the defined predicate repeat or the built-in
predicate fail.

Al though the hierarchy does not cover every aspect of the source programlisted
in Appendix C it holds the key to the understanding of the program
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MAI N BLOCK

mai nnmenu

r epeat
| repeat
[ MENU BLOCK ]
proces(i nteger)
ed(string)
vi ew
r epeat
| repeat
[ MENU BLOCK ]
vi ew (i nteger)
| viewhc
I | fail
| viewcl ass
I | fail
I viewdl lute
I | fail
| vl ew nject
I | fail
| vi ewpr o]
I | fai
| viewstatus
I | fail
di agnose
r epeat
| repeat
[ MENU BLOCK ]
di agnosel (i nt eger)
| diag
di ag_ec(string,string,string,lists)
I menber(string,lists)
I I menber(string, lists)
diag rb(string,string,string,listi)
I nmenberi (integer,listi)
I I I | menber! (integer,listi)
I | fail
updat edb
r epeat
| repeat
[ MENU BLOCK ]
updat el (i nt eger)
| displays(string)
| inserts(string)
i _conc(string,string)
| drawbox(string)
I renobvebox
i _hclD(string,string)
| drawbox(string)
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| removebox
i _other(string,string)
| drawbox(string)
| renovebox
cl asses(string)
I [ MENU BLOCK ]
| index(lists,integer,string)
| I index(lists,integer, string)
dil utes(string)
I [ MENU BLOCK ]
I I ndex(lists,integer,string)
I | index(lists,integer,string)
injects(string)
I [ MENU BLOCK ]
I index(lists,integer,string)
I I index(lists,integer.string)
hct ype(string)
I [ MENU BLOCK ]
I index(lists,integer,string)
I | index(lists,integer,string)
proj code(string)
I [ MENU BLOCK ]
I index(lists,integer, string)
| index(lists,integer,string)
pcstatus(string)
I [ MENU BLOCK ]
i ndex(lists,integer,string)
I | index(lists,integer,string)
i _series
| drawbox(string)
r enovebox
fy(string)
m _conc(string, string)
I menu(string,integer)
I | [ MENU BLOCK ]
| drawbox(string)
| removebox
I

m_hcl D(string, string)
mrenu(string,integer)
| [ MENU BLOCK ]
drawbox(string)
r enovebox
ther(string, string)

I
I
I
m
| mrenu(string,integer)
I
I
I

| [ MENU BLOCK ]
dr awbox(stri ng)
r enovebox
cl asses(string)
I [ MENU BLOCK ]
| index(lists,integer,string)
I | index(lists,integer,string)
dil utes(string)
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I [ MENU BLOCK ]
I index(lists,integer,string)
| I index(lists,integer,string)
i njects(string)
I [ MENU BLOCK ]
I index(lists,integer,string)
I I index(lists,integer,string)
hctype(string)
I [ MENU BLOCK ]
| index(lists,integer,string)
I | index(lists,integer,string)
proj code(string)
I [ MENU BLOCK ]
I index(lists,integer,string)
I I index(lists,integer,string)
pcstat us(string)
I [ MENU BLOCK ]
I index(lists,integer,string)
I I index(lists,integer,string)
in_series
I i menu(string,integer)
I I [ MENU BLOCK ]
I drawbox(string)
I renmpovebox
clear _facts
query
queryl (i nteger)
grmenu( i nt eger)
I [ MENU BLOCK ]
gSpeci (i nteger)
specl D(string)
quer ySpeci (i nt eger)
I specifind(integer)
I | checkRB(rellist,string,....)
I I I rel _r(rellist,string,real)
I I I I rel _r(rellist,string,real)
I | fail
| [ PRINT BLOCK ]
gbt ai | (i nteger)
specl D(string)
queryDet ai | (i nt eger)
I con(string,string)
| | repeat
| I I repeat
I I rel menu(string,integer)
I I I [ MENU BLOCK ]
| | I drawbox(string)
| | | I relreal (string,integer)
| | I renpbvebox
| others(string,string)
I | repeat
| | I repeat
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rel menu(string,integer)

| [ MENU BLOCK ]

I drawbox(string)

I I relint(string,integer)

I renopvebox
ses(string)
[ MENU BLOCK ]
i ndex(lists,integer, string)

| index(lists,integer,string)
dilutes(s tring)

I [ MENU BLOCK ]

| index(lists,integer,string)
| | index(lists,integer,string)
i njects(string)

I [ MENU BLOCK ]

I index(lists,integer,string)

I I index(lists,integer,string)
hctjrpe (string)

I [ MENU BLOCK ]

I index(lists,integer,string)

I I index(lists,integer,string)
proj code(string)

I [ MENU BLOCK ]

I I'ndex(lists,integer,string)

I I index(lists,integer,string)
pcstatus(string)

I [ MENU BLOCK ]

I index(lists,integer,string)

| I index(lists,integer(String)
seri es

I [ MENU BLOCK ]

| seriesl(integer)

I

|

|
|
|
|
|
cl as
I
.'
|

I drawbox(string)
I renovebox
detail find(integer)
I rel _r(rellist,string,real)
I I rel _r(rellist,string,real)
I rel i(rellist,string,integer)
I I rel _i(rellist,string,integer)
I checkRB(rellist,string,...)
| | rel _r(rellist,string,real)
I I I rel _r(relllst,string,real)
| checkEC(cnplist,string,...)
I | checkEC(cniplist,string, ...)
| fail
[ PRINT BLOCK ]

guerySeries
seri es

[ MENU BLOCK ]
seriesl (i nteger)
I drawbox(string)

r enovebox
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| seriesfind
I | checkEC(cnpllst,string, ... )
I | checkEC(cnplIst,string,

I
I
I I
| [ I fail
I | [ PRINT BLOCK ]
| queryDate
I | [ MENU BLOCK ]
I | gdate(integer)
cl ear _ans
readdat e(string)
| j 1 | readdate(string)
I I | drawbox(string)
I [ | renmovebox
i nont hfind(string)
fail
I [ | datefind(string,string)

| fail
[ PRINT BLOCK ]
m scel | aneous
r epeat
| repeat
[ MENU BLOCK ]
m scel | (i nteger)
] msc
| r epeat
| repeat
[ MENU BLOCK ]
m scl (i nteger)
headser
seri esCount
| ser(string,string)
I | count Ser (i nteger)
I
I
I

I | counts(integer,...)
I I fail
| witeSer(string)
| fail
headspe

speci esCount
| sides(integer,string)
count Si de(ii nt eger)
I count Up(integer,...)
I I I | ckSide(integer
| writeSide(string)
I fail

| fail
savedbl

savedb2

93


NEATPAGEINFO:id=112C5A15-F39B-41BB-B096-5528C7FB7511


PRI NT BLOCK

print
r epeat
| repeat
[ MENU BLOCK ]
printQ(i nteger)
cl ear _ans
I fail
pmenu
r epeat
| repeat
[ MENU BLOCK ]
pauses(i nt eger)
printl (integer)
printsinple
| split(string,string,lists,lists)
I | split(string,string,lists,lists)
| witesol (lists)
I I writesol (lists)
I listlen(lists,integer)
I I listlen(lists,integer)
printByCd ass
I unik(lists,lists)
I | unik(lists,|ists)
| headi ng
| printdass{lists)
I I check_class(string,string)
I I [ WRI TEFORMAT BLOCK ]
I I listlen(lists,integer)
I I I listlen(lists,integer)
I | printCass(lists)
printByDi|ution
I unik(lists,lists)
I | unik(lists,|ists)
| heading
I printDilute(lists)
I | check_dilute(string,string)
I I [ WRI TEFORMAT BLOCK ]
I I listlen(lists,integer)
I I I listlen(lists,integer)
I | printDilute(lists)
printBylnj ection
I unik(lists,lists)
I I unik(lists,lists)
| headi ng
( printlnject(lists)
[ | check_inject(string,string)
I I [ WRI TEFORVAT BLOCK ]
I I listlen(lists,integer)
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I I I Ilstlen(llsts,Integer)
( | printlnject(lists)

pri nt ByHCt ype

I unlk(lists,lists)

I I unlk(lists,lists)

| headi ng

I printHC(lists)

I | check_hc(string,string)

I | [ WRI TEFORMAT BLOCK ]

I I listlen(lists,integer)

I I I listlen(lists,integer)
I | printHC(Iists)

pri nt ByPr oj

pr

unik(lists,lists)
I unik(lists,lists)
headi ng
printProj(lists)
| check_proj(string,string)
| [ WRI TEFORMAT BLOCK ]
I listlen(lists,integer)
I I listlen(lists,integer)
I prlntPrOJ(Iists)
ySta
nik(lists,lists)
I unik(lists,lists)
headi ng
printStatus(lists)
| check_status(string,string)
| [ WRI TEFORVAT BLOCK ]
I listlen(lists,integer)
I I listlen(lists,integer)

I
I
|
I
I
I
I
I
|
In
I
I
I
I
I
I
I
I
I | printStatus(lists)

printBySeries

I unik(lists,lists)

I I unik(lists,lists)

I heading

| printSeries(lists)

I | check_ser(string,string)

I [ VRI TEFORVAT BLOCK ]

I listlen(lists,integer)

I I listlen(lists,integer)
I

I
[
[
| printSeries(lists)
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MENU BLOCK

menu(row, col,string,lists,integer)
max| en(lists,integer,integer)
I maxl en(lists,integer,integer)
listlen(lists,integer)
I listlen(lists,integer)
witelist(integer,integer,lists)
| wiltelist(integer,integer,lists)
menul (row, li sts, row,integer,integer)
I readkey(key)
I | readkeyl (key, char, i nteger)
I I | readkey2(key,integer)
I I nmenu2(row, |ists, row, integer,integer, key)
I I j menul (row, |ists, row, integer,integer)

WVRI TEFORVAT BLOCK

writefonnat(string,string)
ec_field(string..... i nteger)
code_date(string,string)
witerb(string,real,real,integer)

writehc(real,integer)
fail
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Program Li stings

The source program of OSCECIS was saved in four text files. The first file,
ecdef 87. pro, contains the global definitions and database declarations. The second
file, ec87a.pro, contains help predicates, predicates for creating menus, top |evel of
the control portion of the program predicates for view ng the database codes, Jind
m scel | aneous facilities. The third file, ec87h.pro, contains predicates for reading the
queries and for searching mechani sns. The last file, ec27c.pro, contains predicates
for printing solutions and updating dat abase.
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/* OSCECI S ECDEF27. PRO */
/* Version 1 March 8, 87 */

/* Copyright (O Kah- Eng Pua */

[* - T ---*/

FI LE - OUTF
LI STS - STRI NG*
LI STI - | NTEGER*

EXPCOND - class(STRING; dilute(STRING; inject(STRING;
hct ype(STRING ; proj (STRING; proces(STRING;
seri es(STRI NG

TYPE - r(REAL); i (1 NTEGER)

RELATI ON - eq(STRING TYPE); |1t (STRING TYPE); gt (STRI NG TYPE);
r ange( STRI NG, TYPE, TYPE)

I DTYPE - specl D(STRI NG, | NTEGER)
CMPLI ST - CMPTERMF

RELLI ST - RELATI ON*

SOLUTI ON - ec(STRI NG STRI NG, STRI NG, STRI NG, STRI NG, STRI NG, STRI NG, STRI NG
| NTEGER)

DATABASE

code_nont h( STRI NG STRI NG
code_cl ass(STRI NG STRI NG
code_hc(STRI NG STRI NG
code_di | ut e( STRI NG STRI NG
code_inj ect (STRI NG STRI NG
code_proj (STRI NG STRI NG
code_st at us(STRI NG STRI NG
code_seri es(STRI NG, STRI NG
code_spec( | NTEGER, STRI NG

/* ec(Date,C ass,Dilution,Injection, HCtype. Proj.PcStat, Series. Rank) */
ec( STRI NG, STRI NG, STRI NG, STRI NG, STRI NG, STRI NG, STRI NG. STRI NG, | NTEGER)
/* rb(Date, redNOx, HCconl , HCcodel , HCcon2, HCcode2, HCcon3, HCcodeS, */
rb( STRI NG, REAL, REAL, | NTEGER, REAL, | NTEGER. REAL. | NTEGER
/* bl ueNOx, HCconl . HCcodel . HCcon2, HCcode2, HCcon3, HCcode3, */
REAL, REAL, | NTEGER, REAL, | NTEGER, REAL. | NTEGER,

/* HG nstrunent. Quali tyOF Run. SunLi ght) */
| NTEGER, | NTEGER. | NTEGER)

w( | DTYPE)

x ( EXPCOND)

y( RELATI ON)

z( SOLUTI ON)

count er _i (1 NTEGER, | NTEGER)

count er _s( | NTECER, STRI NG
dbl oad
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GLOBAL PREDI CATES
pri nt
query
updat edb
clear facts
cl ear ans
r epeat
yes(CHAR) - (1)
pauses(| NTECER) - (1)
menu( ROW COL, STRI NG, LI STS, | NTEGER) - (i .i.i.i.0)
uni k(LI STS, LI STS)-(i,0) /* Elinmnate duplicates in a string list */
i ndex(LI STS, | NTEGER, STRING - (i.i.0) /* Select an element froma list */
l'istlen(LlSTS, | NTEGER)- (i, 0) /* Find the length of a list */
menber (STRI NG, LI STS)-(1,i) /* Menbership of a list */
cl asses(STRING - (i)
di | ut es(STRING) - (i)
injects(STRING - (i)
hct ype(STRING - (i)
proj code( STRING) - (i)
pcstat us(STRING) - (i)
dr awbox( STRING) - (i)

renovebox
di agnose
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L */
/* OSCECI S EC27A. PRO */
/* Version 1 March 8, 87 */
/* Copyright (C) Kah-Eng Pua */

PRQIECT " ECPRQJ27. PRJ"
I NCLUDE " ECDEF27. PRO'

A e */
/> HELP PREDI CATES */
[ */

PREDI CATES
mex| en( LI STS, | NTEGER, | NTEGER)/* Find the length of the |ongest string */
writelist(INTEGER, | NTEGER, LI STS)/* Used by the nenu predicate */
ed( STRI NG /* Save edited text in file */
savedbl /* Save dat abase on file */
savedb2 /* Save database on file */

CLAUSES
index([X _],1.X):- !.
index([_| L], N, X):- N>, N -N-T,index(L,N,X).

uni k([1.[1)-
uni K([H T],L):- menber(H T),!,uni k(T,L).
uni K([H T],[HL]):-unik(T,L).

max| enC[ H T], MAX, MAX1) : -

str_len(H, LEN),

LEN>MAX, !,

max| en( T, LEN, MAXI ) .
niaxlen([_| T] , MAX, MAX1) : - max| en( T, MAX, MAXI )
max| en([], LEN, LEN) .

listlen([],0).
listlen([_|T],N):-
listlen(T, X),
N- X+1.

witelist(_, ,[]).
witelist(Ll,ANTKOL,[H T]):-field_str(LIl, 0, ANTKO., H),
LIT-LI+l,witelist(LIl,ANTKOL, T).

r epeat, repeat: -repeat.

menber (X, [ X _]).
nienber(X, [_|T]) :- nmenber(XT) .

retract(w_)), fail.
retract(x(_)), fail.
retract(y(_)), fail.

clear facts :
clear facts :

clear facts :
clear facts.
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clear_ans :- retract(z()).fail,
cl ear ans.

dr awbox( Headi ng) : -
shi ft wi ndow( 20) ,
makew ndow( 3, 7, 7. Headi ng, 14, 30, 4, 46) .

renovebox : -
renovew ndow,
shi ftwi ndow 22),
shi ftwi ndow( 2).

yes('y'). yes('Y').

pauses(0) : - ! .
pauses(_) :- readchar(_).

ed("") - I.

ed(L) :-
wite("Save old text? (y/n) "), readchar(Yn),yes(Yn)
write("Nane of file : ").readl n(N).
openwite(outf.N.witedevice(outf).wite(L).closefile(outf).

ed( ).

savedbl : -

ec(DateABCDEFSe Rk)

vvr|te( ec( Date AN, ,B,".".C,".".

D E " " E " Se. R, fail .

savedbl .
savedb2: -

rb(X. G H, 1. J K.LLMNOPQRSTUYVSY.

wite("rb(" ),

V\A'Itef("%S30/420/60/420/8%120/8%3%12"/80/420/80/420/6
9%, °d. 93" GHI.JKLMNOPQRST.UV.SU.
wite(")").fail.

savedb?2.
[t e e \Y
[ * READI NG THE KEYBORD */
/* _______________________________ */
DOVAI NS
KEY —cr ; esc ; break ; tab ; btab ; del ; bdel ; ins ;

end ; home ; ftast(INTECGER) ; up ; down ; left ; right ;
ctrileft; ctrlright; ctrlend; ctrlhome; pgup; pgdn;
chr (CHAR) ; otherspec

PREDI CATES

r eadkey( KEY)
r eadkeyl ( KEY, CHAR, | NTEGER)
readkey2( KEY. | NTEGER)
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CLAUSES
readkey(KEY) : -readchar (T), char _int (T, VAL), readkeyl (KEY, T, VAL) .

readkeyl (KEY, ,0):-!,readchar(T), char_int(T, VAL), readkey2(KEY, VAL)
readkeyl (cr, ,13):-!.

readkeyl (esc, ,27):-!.

readkeyl (chr(T), T, )

readkey2(up, 72): -!.

readkey2(down, 80):-!.

readkey2(ftast (N), VAL): - VAL>58, VAL<70, N- VAL- 58, !.
readkey?2( ot her spec, ).

L */
7 == NE=IJau_Js === 7
/* 1 nmpl enents a popup-nenu */

/* menu(Line, Coll um Li st Of Choi ces, Choi ceNr) */
/* The foll owi ng keys can be used: */

/* arrows up and down: select choice */
/* cr and FIO activate choice */
/ = Es c: abor t >/
L T I */

PREDI CATES
menul (ROW LI STS, ROW | NTECER, | NTEGER)
menu2( ROW LI STS, ROW | NTECGER, | NTEGER, KEY)

CLAUSES
nmenu( LI, KOL. TXT, LI ST, CHO CE) : -
shi ftwi ndow( 21),
max| en( LI ST, 0, ANTKQL) ,
listlen(LI ST, LEN), ANTLI - LEN, LEN>O,
HH - ANTLI +2, HH2- ANTKOL+2,
makewi ndow( 3, 7, 7, TXT, LI, KOL, HH , HH2) ,
HH3- ANTKOL,
wltelist(O0, HH3, LI ST), cursor (0, 0),
menul (0, LI ST, ANTLI , ANTKOL, CH) ,
CHO CE- 1+CH,
r emovew ndow,
shi ftwi ndow 22),
shi ftwi ndow( 2) .

menul (LI, LI ST, MAXLI , ANTKCL, CHO CE) : -
field attr(LI, O, ANTKCL, 112).
cursor (LI, 0),

r eadkey( KEY),
menu2( LI, LI ST, MAXLI , ANTKOL, CHO CE, KEY) .
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menu2(_, , , ,-l.esc):-!.
menu2(LI, , , ,CH ftast(10)):-!, CH=LI.
menu2(Ll, , , ,CHecr):-!, CHLI.
menu2( LI, LI ST, MAXLI . ANTKOL, CHOI CE, up) : -
LI >0, !,
field attr(LIl, 0, ANTKOL, 7),
LIl-Ll-

menul (LII, LI ST, MAXLI , ANTKOL, CHO CE) .

menu2( LI, LI ST, MAXLI . ANTKOL, CHO CE, down) : -
LKMAXLI -1, 1!,
field_attr(LI, 0, ANTKOL, 7),
LIT-LI+1,
menul (LIT, LI ST, MAXLI , ANTKOL, CHO CE)

menu2( LI, LI ST, MAXLI , ANTKOL, CHOI CE, ): -
menul (LI, LI ST, MAXLI , ANTKOL. CHOI CE) .

[ % e */
/ * MAI N VENU */
[ ¥ e e e e *]

PREDI CATES
mai nmenu
proces(| NTEGER)
Vi ew
m scel | aneous

GoAL
makewi ndowm( 2, 7,7."", 0, 0, 24. 80),
cursor (4, 28),
wite("« 0O SCECI S »"),
cursor(6,6) ,

write("Qutdoor Smog Chamber Experinental Conditions Information Systent),

cursor (12, 32).

write("Kah-Eng Pua"),

cursor (15, 28).

write("Copyright (C 1986").

wite(" Departnent of Environmental Sciences and Engineering"),
wite(" School of Public Health").

wite(" University of North Carolina at Chapel HiIl").
makewi ndow( 19, 112, 0."", 24. 0, 1. 80).

vwr i te("™ Press ANy Key™)

readchar (_),

r enovew ndow, r emovew ndow,

makew ndow( 19. 112,0,"". 24,0, 1, 80).

wite(" Crl S Stop output Any key to display nmenu").

makewi ndow 20, 112.0,"", 24.0, 1, 80) ,

wite(" Enter desired number or character(s) after the pronpt.").
makew ndow 21, 112, 0,"", 24.0, 1, 80),
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vvriteé Esc: Quit this menu Use arrow keys to select and "),
wite("hit RETURNto actlvate "),

nakemnndom(ZZ 112,0,"", 24,0, 1, 80),

wite("Esc: Quit F8: Last line Ctrl S: Stop output "),
wite(" End: End of line"),

makewi ndowm(2,7,7," OSCECI1 S ",0,0,24,80),

mai nmenu,

r enovew ndow, renovew ndow.

removewi ndow, renpvew ndow, renmpovew ndow,

CLAUSES

mai nnenu: -
repeat,
cl ear wi ndow,
menu( 7, 49, "Mai n Menu",
[ "Tutorial™
"Dos conmmands",
"Editor",

"Load t he dat abase",
"Save dat abase on file",

"Vi ew t he dat abase codes",

"Di agnose the database",
"Updat e the dat abase",
"Query the database",

|
"M scel | aneous™

], CHO CE),
proces(CHO CE),
CHOI CE-0, !.

roces(0):-wite("Are you sure you want to quit? (y/n) "),

P (0): readc‘war(T) yyes(T) y ] (/)"

proces(1): -file_str("ec.tut", TXT), di spl ay(TXT). cl earwi ndow, !.

proces(l):-wite(' » ec. tut not in defaul't d|rectory Press any key.'
readchar .

proces(2): - makew ndovv(3 7,0,"",0,0, 25, 80),
wite( "Type EXIT to return’ ), systen(""),!, renovew ndow.

proces(2):-wite("» coramand. com not accessible. Press any key"),
readchar (). renovew ndow.

proces(3): - makew ndow(3.7.112,"".5,2.19.75),edit("".L).
removewi ndow. ed(L).

proces(4).

procesES; -dbload.!.wite("The database hase been |oaded!"). beep.

proces(5):-wite(" Loadi ng database... please wait").
consult("ec cod"), consult("ec.dbl ").consult("ec.db2").
assert (dbl oad). beep I,

proces(5):-wite("» Databases M ssi ng or inerror. Press any key.").

readchar ( )
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proces(6):-deleteflie("ecdb.dbl"),renanmefile("ec.dbl","ecdb.dbl"),
deletefile("ec.dbl"),
write("Saving database... please wait"),
openwite(outf,"ec.dbl"),witedevice(outf).savedbl,
cl osefile(outf),
del etefil e("ecdb. db2"), renanefil e("ec. db2", "ecdb. db2"),
del etefil e("ec.db2"),
openwrite(outf,"ec.db2"),witedevice(outf), savedb2,
closefile(outf).

proces(7).
proces(8):-view
proces(9)
proces(10) - diagnose.
proces(l1) - updatedb.
proces(12) - clear_facts, query.
proces(13)
proces(14) - miscellaneous.
/* ____________________ */
/* VI EW NG CODES */
/* ____________________ */

PREDI CATES
vi ewl (| NTEGER)
vi ewhc
vi ewcl ass
vi ewdi | ut e
vi ew nj ect
Vi ewpr oj
vi ewst at us

CLAUSES
vi ew : -
r epeat,
menu( 14, 55, " Vi ewi ng Codes",
[ "Species Codes",
"Seri es Codes",
"HC Type Codes",
"Cl ass Codes",
"Di luti on Codes",
"I njection Codes",
"Proj ect Codes",
"Processing Status Codes
], CHO CB),
cl earw ndow,
vi ewl (CHO CE),
CHO CE=0,!.

view (0).

view (1):-file_str("ec.spe", TXT), di splay(TXT),!.

view (1):-wite("» ec.spe not in default directory, press any key."),
readchar(_).
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view (2) -file_str("ec.esser", TXT).display(TXT),!.
view (2) -wite ("» ec.,ser not in default directory.
readchar ().
view (3) -wite(" Code HC Type"), nl, vi ewhc.
view (4) -wite(" Code C ass Type"), nl, vi ewcl ass.
view (5) -write(" Code Dilution Type"),nl,viewdilute.
view (6): -write(" Code I njection Type"),nl,view nject.
view (7) -wite(" Code Proj ect Type"), nl, vl eworoJ.
view (8); -wite(" Code Processing Status"), nl, vi ewst at us.
vi ewhc: -
code_hc( Cod, Spe),
wite(" ",Cod," ",Spe),nl,fail.
vi ewhc.
vi ewcl ass: -
code_cl ass( Cod, Spe),
wite(" ",Cod," ",Spe).nl.fail.
vi ewcl ass.
vi ewdi | ut e: -
code_di | ut e( Cod, Spe),
wite(" ",Cod," ", Spe),nl.fail.
vi ewdi | ut e.
vi ew nj ect: -
code_i nj ect (Cod, Spe),
wite(" ",Cod," ", Spe),nl,fail.
vi ewi nj ect .
Vi ewproj : -
codepr oj ( Cod, Spe),
wite(" ".Cod," ", Spe).nl.fail.
Vi ewpr oj .
Vi ewst at us: -
code_st at us( Cod, Spe),
wite(" ",Cod," ", Spe).nl.fail.
Vi ewst at us.
B T T */
/* DI AGNOSI NG DATABASE */
[*o . e .-
PREDI CATES
di ag

di agnosel (| NTEGER)
di ag_ec(STRI NG STRI NG STRI

NG, LI STS)

di ag_r b( STRI NG, STRI NG | NTEGER, LI STI )

menberi (1 NTEGER. LI STI)
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CLAUSES

di agnose: -
r epeat,
nmenu( 20, 63, " Qut put devi ce",
[ " Screen",
" Line Printer
], CHO CE),
di agnosel (CHO CE) ,
CHO CE-0,!.
di agnosel (O).
di agnosel (1) :- diag.
di agnosel (2)
di ag: -
write("D agnosi ng database..."),

findall (O a, code_class(da, ), Lclas),

findall (Dil,code_dilute(Dl,_).Ldilu),

findall (Inj,code_inject(Inj, ),Linj),

findall (HCt, code_hc(HC, ), Lhc),
findall (Pro,code_proj(Pro, ), Lproj),

findall (Sta, code_status(Sta,_),Lsta
findall (Ser, code_series(Ser, ), Lser

findal | (Spe, code_spec(Spe, ), Lspe),
ec(Date, A B,C D EF W),
di ag_ec(Date, "
di ag_ec(Date,"
di ag_ec(Date,"

di ag_ec(Dat e,

di ag_ec(Date, "
di ag_ec(Date, "
di ag_ec(Date,"
rb(Date, , I,
diag_rb(Date,"
di ag_rb(Date,"
di ag_rb(Date,"

di ag_rb(Dat e,
di ag_r b(Dat e,
di ag_r b(Dat e,

2nd field < ass
3rd field Dilute
4th field I nj ect
5th field HCt ype
6th field Pr oj ect
7th field St at us
8th field Series
LK_M_, ,P_,R_,T,
4th", 1, Lspe),

6t h", K, Lspe),
8th". M Lspe),

diag:-wite("Done.").

di ag_ec(_, _, Code, List) :-
menmber (Code, List),!.

di ag_ec(Dat e, Fi el d, Code, ):
wite("Run

" Date,"

* ec

diag_rb(_, _, Code, List): -
menber! (Code, List),!.

di ag_rb(Date, Fi el d, Code, ):

wite("Run

menberi (X [ X _])
menberi (X, [ _| T])

", Date,"

*rb

"11th", P, Lspe),
"13th", R, Lspe),
"15th", T. Lspe).fail,

)
),

", A Lclas),
"B, Ldilu),
", CLinj),
".D, Lhc).
",E Lproj),
" F, Lsta),
", WlLser),

pu— p— | _)'

".Field, Code),nl.

".Field,"

menberi (X, T).
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L% \Y
/* M SCELLANEQOUS */
[ e e \%

PREDI CATES
m scel | (1 NTEGER)
m sc

m scl (| NTEGER)

headspe

speci esCount

s ides(| NTEGER, STRI NG

count si de( | NTEGER)

count Up( | NTEGER, | NTEGER, | NTEGER, | NTEGER)
ckSi de( | NTEGER, | NTECER, | NTEGER, | NTEGER)
writeSer (STRI NG

headser

seri esCount

ser ( STRI NG, STRI NG
count Ser ( STRI NG

count s

writeSide(STRI NG

CLAUSES
m scel | aneous: -
r epeat,
menu( 19, 63, "Qut put devi ce",
[ " Screen",
Line Printer ",

File"
], CHO CB)
m scel | (CHO CE),
CHOI CE-0. ! .
m scel | (O.
m scel | (1) - misc.
mscell (2) - witedevice(printer),msc,witedevice(screen).
m scel | (3) - wite("Nane of your file: "), readl n(Nane),

openwrite(outf.Nane).witedevice(outf). nmisc.closefile(outf)

m sc: -

r epeat,

menu( 20, 36." M scel | aneous ",
[ "Number of Runs Containing Series",

“Nurmber of Chanber Sides Containing Species”

], CHO CE),
shi ftwi ndow 19),
shi ft wi ndow( 2),
cl ear wi ndow.
m scl (CHO CE),
pauses(CHO CE) ,
CHA CE-0, !
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m scl (O .
m scl (1) :- headser. seri esCount.
m scl (2):- headspe. speci esCount .

headser: -
write("Nunber of Runs Containing Series"),
write (" Runs Code Series --- - -

seri esCount : -

code_seri es(Code, Ser),
ser ( Code, Ser), fail.
seri esCount .

ser("00", _):-1I.

ser ( Code, Spe);
assert(counter_s(o,dee)) ,
count Ser ( Code) ,

writeSer(Spe),!

count Ser ( Code) : -
ec( H H i) 1 il il Q)del _) 7

counts, fai I
count Ser(_).

count s: -
retract (count er_s(Count, Code)),
Count | —€ount +1,
assert (counter_s(Countl, Code)), !

counts.

witeSer(_ ):-
retract (counter_s(0,_)),!
witeSer(S):-
retract(counter _s(Count, dee))
writef (" 93 % . Count, Code),
wite(S), nl.

headspe: -

write("Nunber of Chanber Sides Containing Species"),

wite (" Sides Code Species .....

speci esCount : -
code_spec( Code, Spe),
si des(Code, Spe) . fail.
speci esCount .
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sides(0, ):-!.

si des( Code, Spe): -
assert(counter_i (0, Code)),
count si de( Code),

writeSide(Spe),!

count si de( Code)
rbo(_, _ M
count Up(Code | KM,
count Up(Code, P, R, T),fail.
countsi de(_).

K

count Up(Code, A B, Q) : -
ckSi de( Code, A B, O,
retract (counter | (Count, Code)),
Count | —€ount +1,
assert (counter_i(Countl, Code)), !
countUp(_, , , ).

ckSi de( Code, A, B, O) : -
Code- A or Code-B or Code-C

witeSide():-
retract(counter_i(0,_)),!.
witeSide(S):
retract(counter _i (Count, Code))
witef(" %3 %3 . Count , Code),
wite(S),nl.
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/* OSCECI S EC27B. PRO */

/* Version 1 March 8, 87 */

/* Copyright (O Kah- Eng Pua */

[* o S */

PRQIECT " ECPRQJ27. PRJ"
I NCLUDE " ECDEF27. PRO'

R */
/* READI NG QUERI ES */
I*o .. S il */

PREDI CATES
rel menu( STRI NG, | NTEGER)
gneTi u( | NTEGER)

CLAUSES

relmenu(Title, CHO CE) : -

menu(8,35, Titl e,
[ " Any

Equal s",
Less t han",
Greater than",
Range"
], CHO CE) .

gnmenu(CHO CE) : -
nmenu( 9, 45, "# Speci es",
[ "Any",
"One Species / M xture",
"Two Species / M xtures",
"Three Species / M xtures'
], CHO CE) .

PREDI CATES
queryl (1 NTEGER)
r eaddat e( STRI NG
gSpeci (| NTEGER)
qDt ai K | NTEGER)
guer ySpeci (| NTEGER)
querySeri es
queryDat e
quer yDet ai | (| NTEGER)
gdat e( | NTEGER)
specl D( STRI NG
con( STRI NG, STRI NG
ot her s( STRI NG, STRI NG

seri es

seri esl (| NTEGER)

relreal (STRI NG | NTEGER)
reli nt (STRI NG | NTEGER)
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speci f 1 nd( | NTEGER)
det ai | fi nd(1 NTEGER)

seri esfi nd

dat ef i nd( STRI NG STRI NG
mont hf i nd( STRI NG

CLAUSES

query : -

menu( 9, 50, "Query Type",

[ "Query By Species",

"Query By Series",
"Query By Dates",
"Detail ed Query"

].CHO CE),
queryl (CHO CE) .
queryl (0.
queryl (1) grmenu( CHO CE) . gSpeci ( CHO CE)
queryl (2) querySeri es.
queryl (3) quer yDat e.
queryl (4) gnmenu( CHO CE) . qDt ai | (CHO CE)
gSpeci (O .
gSpeci (1) - querySpeci (O.
gSpeci (2) - speclD("lIst"), querySpeci(l)
gSpeci (3) - speclD("lst"),specl D("2nd"), querySpeci (2).
gqSpeci (4) - speclD("Ist"),specl D("2nd"), specl D("3rd"), querySpeci (3)
gbtail (O
gbtail (1) :- queryDetail (O.
gbtail (2)

specl D( "1st"),con("lI st Spec / Mx Concentration","HCconl"),
queryDetail (I).

gbtail (3)
specl D( "Ist"),con("lIst Spec / Mx Concentration","HCconl"),
specl D( "2nd"), con("2nd Spec / M x Concentration", "HCcon2"),
queryDetail (2).

gbtail (4)
specl D( "Ist"),con("Ist Spec / Mx Concentration","HCconl"),
specl D( "2nd"), con("2nd Spec / M x Concentration","HCcon2"),
specl D( "3rd"),con("3rd Spec / Mx Concentration","HCcon3"),

queryDetail (3).

qguerySpeci (Nunm) : -
wite("Searching..."),
time(0, 0,0, 0),
specif ind(Niin) ,

time(_, ,SH),
wite("Time : ",S," Sec and ", H, " hundredths"),
print.
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querySeries : -
seri es,
wite("Searching. . . ") ,
tine(0,0,0,0),
seri esfind,
time(_, ,SH),
wite("Time : ",S," Sec and ", H " hundredths"),
print.

quer yDat e: -
nmenu( 10, 50, " Query by Date(s) ",
[ " Any",
Date(s)",
Mont h*,
From datel to date2 "
], CHO CE),
gdat e(CHO CE) ,
print.

gdate(O:-wite("Cearing nmenory...please wait"), cl ear_ans.
gdate(l):- ec(Date,A B, C D E, F, WRK),
assert(z(ec(Date, A/B,C, D E F, WRK))),fail.
gdate(1).
gdate(2): -
wite("Enter as nany date(s) as applicable. "),
write("Keep each date[yymmdd] on separate line."),
wite("StrLke <retunk twice to execute."),
readl n(Dat e) , r eaddat e( Dat e) .
gdate(3): -
dr anwbox(""),
wite("™ Month [2 chars] : "),readl n(M,
r enovebox,
nmont hfi nd( M
gdate(4): -
drawbox(" Date(s) "),
wite("Range from[jrymdd] : ") ,readln(D) ,
wite(" to [yynmdd] : "), readl n(D2),
r enovebox,
datefind(D , D2).

readdate(""):-! .
readdat e(Date): -
ec(Date, AB,C, D E F, WRK),!,
assert(z(ec(Date, AAB,C, D E F,WRk))),readln(Dl), readdate(D)
readdat e(Date): -
wite("Run with date ".Date," not in database. Retry."),
readl n(Dl ), readdate(Dl).

113


NEATPAGEINFO:id=D132DFF1-8C7F-4801-837F-3B5DF86F7431


queryDetail (Num : -
con("Red Side NOx","redNOx"),
con("Blue Side NOx","bl ueNox"),
others("# of HC instrunents used","hcinst"),
ot hers("CQverall Quality","qual"),
ot her s(" Rank", "rank"),
ot hers("Sun Light %, "sun"),
cl asses(" Any"),
di lutes(" Any"),
injects(" Any"),
hctype(" Any"),
proj code(" Any"),
pcstatus(" Any"),
seri es,
write("Searching...please wait"),
time(0,0,0,0),
detail fi nd(Num,

time(_, ,SH),
wite("Time : ".S," Sec and ", H " hundredths"),
print.
specl (S) :-
repeat,
dr anwbox(""),

wite(S" Species /| Mxture ID Nunber : "),
readint(X),!,assert(wW specl S, X))),

r enovebox.

cl asses(S) :-

findal | (C ass, code _class(_,dass), L),
nenu(8, 30, "d ass Types",[S| L].CHO CE),
findall (Code, code_cl ass(Oode, ), L1),

CH CHO CE- 1,

i ndex (LI, CH. Codel),

assert (x(class(Codel))),!.
classes(_).

dilutes(S) :-
findal | (Dilute,code dilute( ,Dilute),L),
menu( 8, 40, "Di | uti on “Types", [S| L], CHOI CE)
findall (Oode code_di | ute(Code, ), L1),
CH CHOl CE- 1,
i ndex(LI, CH, Codel),
assert (x(dilute(Codel))),!

dilutes( ).

injects(s) -
findall(Inject,code_inject(_,Inject),L),
menu( 8, 36, "I njection Types",[S|L], cHO Ce),

findall (Oode code_i nj ect(Code, ), L1),
CH- CHOl CE- 1,
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i ndex(LI, CH, Codel),
assert(x(inject(Codel))) . ! .
injects(_).

hctype(S) |-
findal | (HC codedic(_.HO,L).
menu( 8. 38, "HC Types", [ S| L]. CHO CE).
findal | (Code, code_hc(Code, ), L1),
CH CHO CE-1
i ndex(LI, CH, Codel),
assert(x(hctype(Codel))),!

hctype(_).

proj code( S) |-
findall (Proj,code_proj(_,Proj),
menu( 8, 36, "Proj ect Types",[SIL].CHO CE),
findal | (Code, code_proj (Code. ),
CH CHOl CE- 1.
i ndex(LI, CH, Codel ),
assert (x(proj(Codel))),!.
proj code(_).

pcstatus(S) :-
findal | (PS, code status(_,PS).L).
menu( 8, 36, "Processing Status",[S|L].CHO CE).
findal | (Code. code_status(Code, ), L1),
CH- CHO CE- 1,
i ndex(LI, CH. Codel ),
assert (x(proces(Codel))),!.
pcstatus(_).

series :-
nenu( 8, 45, "Seri es Code",
[ " Any",
' Specifcic
1. CHO CE),
seriesl (CHO CE).

seriesl (0.
seriesl(I).
seriesl(2) :-
drawbox(""),
wite("Series Code [2 chars] : "),

readl n( X), assert (x(series(X))) .
r enovebox.

CLAUSES
con(Sl,S2) :-
rel menu(Sl, CHO CE),

repeat,
dr awbox( Sl),
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relreal (S2,CHO CE), ! ,

renovebox.

ot hers(Sl, S2) : -
rel menu(Sl, CHO CE),
r epeat,
dr awbox(Sl),
relint(S2,CHOCE) , ! ,
r emovebox.

relreal (_,0).

), readreal (X),
assert(y(eq(Strlng r(X))
relreal (String,3) :- vn:ite("Less than [pprrj
assert(y(lt(Strlng r(xy))).
relreal (String,4) :- wite("Geater than [ppn] : "), readreal (X),
assert(y(gt(Strlng r(x))).
relreal (String,5) :- wite("Range from|[p S)rr] . "), readreal (X),

wite(" to [ppm : ,readreal (Y),
assert(y(range(String,r(X),r(Y)))).

re
) -
")

(_

;gllrrgglliStrmg 2) - wite("Equals [ppn] : "
( ,readreaI(X),
(
(

relint
relint
t

0
. |
relin r

(_,0).

(1)

String,2) :- wite("Eqtials [integer] : "),readint(X),

( ¢ azssert(y(eq((Stqring,i([X))))g. ] ) Y

relint(String,3) :- vvrlteé Less than [integer] : "), readint(X),
assert(y(It Strlng i(X))).

relint(String,4) :- wite("Geater than [integer] : "), readint(X),

assert(y(gt(Strlng i(X)))).
relint(String,5) :- write("Range from[lnteger] "), readint(X),

write(" to [integer] : readlnt(Y)
assert(y(range(String,i (X)), |(Y))))

T T */

/* FI NDI NG ANSVERS */

[ e */

PREDI CATES
checkEC{ CMPLI ST, STRI NG, STRI NG, STRI NG, STRI NG, STRI NG, STRI NG, STRI NG)
rel _r(RELLI ST, STRI NG, REAL)
rel _i (RELLI ST, STRI NG, | NTEGER)
checkRB( RELLI ST, STRI NG, | NTEGER,
REAL, | NTEGER, REAL, | NTEGER, REAL. | NTEGER,
REAL, | NTEGER, REAL, | NTEGER, REAL, | NTEGER)

CLAUSES
speci find(O :-
ec(X, A B, CD,E F, WRK),
assert(z(ec(X, ABCDEFWRK))),fail.
speci find(O.
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speC|f|nd(I) D
W(specID( Ist",1D),

specifind(l).

speci fi nd(2) -
w(specl D("Ist", 1D
w( specl D("2nd", | D2

rb( X HLLKLMJORQRSI_,),
checkRB([]."HCconl 71D, H1,3, K, LTMO;P, QR S, T),
checkRB([] , *'HCcon2" ,ID2,H,I,J,K,L QRS T,

ec(X,A B,CDE F WRk),
assert(z(ec(X, A B CDEFWRK))),fail.
speci find(2).
speci fi nd(3) -

v

w(specl D("Ist",1D)),

w(specl D("2nd", 1 D2)),

w(specID( 3rd", 1D3)),

rb X |1 ,K,L,M_,O P!Q'R'S'T!_a !_)1
cm&qurmmleﬁmLKLMQRQRsn
checkRB([],"HCcon2",I1D2,H1,J, K L,M0,P,QR S T),
checkRB([] ,*' HCcon3",ID3,H1,J,KL,M0O,P,QRST) ,
ec( X A B, C, D, E, F, W RK) ,

assert(z(ec(X, AAB,CDEFWRK))),fail

(
speci find(3).

detail find(O :-
findall (Tenn, x(Term, Lis),
findall (Rel,y(Rel).List),
rb(X,G_,_,_,__,_,N, P U VAR (U

rel r(List,"redNox", @,
rel r(List,"’ ‘bl ueNOX" 'N),
reI_i(List,"hcinst U),
rel_i(List,"quaI", V),
rel i(List,"sun"
ec(X, A B,CD,EF,W Rk)
checkEC( Li s, ABCDEFW,
rel _i(List,"rank", Rk),
assert(z(ec(X,A, B,C, D,E,F,WRk))) fail.
detailfind(O.
detailfind(l) :-
W specl D("Ist",1D),
findal | (Tenn, x(Tern) Lis),
findal | (Rel,y(Rel).List) ,
rb(X,GH.I,J,KL,MN,O,P
checkRB(Li st."HCconl ". 1D.
rel _r(List,"redNOx", G).
rel _r(List,"blueNOx", N).
rel _i(List."hcinst". U).
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rel i(List,"qual", V),
reli(List,"sun", sU),

ec(X, A B, CDE,F WRK),
checkEC(Lis, A B,CDEFW,
rel i(List,"rank", Rk),
assert(z(ec(X,AB,CDEF,WRK))), fail.
detail find(l).
deta|lf|nd(2) D -
w(specl D( "I st" IDl))
w( specl D("2nd", 1 D2)),
fmdall(Termx(Ter i) ,Li
findall (Rel,y(Rel). |st),
rb(X,GH I, J K,LLMNO,P,QR S

s) .

checkRB( Li st . Hceonl ", 1D ,H
checkRB( Li st, "HCcon2", 1 D2, H
rel _r(List,"redNOx", G
rel _r(List,"blueNXx",N),

rel _i(List,"hcinst", U,

rel i(List,"qual", V),

rel i(List,"sun", SU),

ec(X,A B, CDE F,WRK),

checkEC(Lis, A B,C D EF, W,

rel i(List,"rank", Rk),
assert(z(ec(X,AB,CDEFWRK))),fail.

detail find(2).
detail find(3) :-

w(specl D("1st", |
w( specl D("2nd", |
w( specl D("3rd", |
findall (Tenii,x(Te
findall (Rel,y(Rel )
rb(X.GHIJKLM OP.
checkRB( Li st,"HCconI " 1D
checkRB( Li st , "HCcon2", | D!
checkRB( Li st "HCcon3". | D3.
rel _r(List."redNXx". G.

rel _r(List."blueNXx".N).

rel i(List,"hcinst", U,
reI_i(List,"quaI". V),

rel _i(List."sun", SU).

ec(X. A B,C.D.E F, WRkK),

checkEC(Lis. A B,C.D.E F, W,

rel i(List,"rank", Rk).

assert(z (ec(X A B GDEF WRK))).fail.

detai | find(3).

dat efi nd(Di . D2): -

ec(Date, A.B.C D, E. F. WRK),
Dat e>- Dl . Dat e<- D2,
assert(2(ec(Date. A/ B,C D E F,WRK))).fail.

datefind(_. ).
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mont hf I nd(M : -
ec(Date, A B, C D E, F, WRk),
frontstr(2, Date, , MVDD),
frontstr(2, MMDD, MM ),

M-MM
assert(z(ec(Date,A,B,C D E F,WRK))), fail,

mont hf i nd(_).

seriesfind : -
ec(X, A B CDE,F WRK),
findall (Se, x(Se), Li s)
checkEC(Lis,A B,C D E F, W,
assert(2(ec(X A B, C D

serl esfl nd.

checkRB(Li st, Spe, I D, Rel , R, Rcz, R2, Rc3, R3, Bel ,

IDR,rel r(List,Spe,Rcl),! or
ID-Bl,rel _r(List, Spe, Bcl), | or
ID-R2 relr(List, Spe, Rc2),! or
I D-B2, rel r(List, Spe, Bc2),! or
ID-R3,rel r(LIst,Spe, Re3).! or
| D-B3,rel _r(List, Spe, Bc3).

EF,WRK))),fail.

rel (] !

rel rél eq( Label , r(B))| _].Label,A - !'.AB

rel r(flt(Label,r(B))|_],Label,A - ' A<B

rel r(I gt(Label,r(B))|_],Label, A - ! AB

rel’ range(LabeI,r(B, (O)]_], Label , A ', B<-A A<-C.
rel_r([_|T],Label,A) :- rel _r(T,Label,A).

rel i(r !

rel i( [eq(Label, |(B))|_] Label ,A) :- ! AB

rel i([It(Label,i(B))|_],Label,A) :- !, A<B.

rel i([gt(Label,i(B))|_],Label,A) :- !, A>B.

rel rang (Label,l(B), ( ))I_] Label ,A) :- !, B<-A A<-C
rel""i([ | T], Label ,A) :- rel i(T, Label A .

checkEC([], ., ., ., ., ., _, )¢

checkEC([class(ATT], A B, CDEF W - checkECQ(T AB,C,
checkEC([dilute(B)|T],A B, C D EF,W - checkEQ(T, A B, C
checkEC([inject(CQ|T],A B CDEFW - checkE((T,AB,C
checkEC([ hctype(D)| T], A/ B,C,D,E,F,W - checkE((T, A B, C,
checkEC([proj(E)|T], A B CDEFW - checkE(X(T, AB,C
checkEC([ proces(F)|T],A B,C D, E F,W - checkE((T A B, C
checkEC([series(W|T],A B,C,D,E F,W - checkE((T A B, C
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/* OSCECI S EC27C. PRO */
/* Version 1 March 8, 87 */
/: Copyright (C Kah-Eng Pua i;

PRQIECT " ECPRQJ27. PRJ"
I NCLUDE " ECDEF27. PRO'

DX */
/* PRI NTI NG SOLUTI ONS */
[*. . ... T *|

PREDI CATES
split(STRING STRI NG LI STS. LI STS)

pmenu

printo(| NTEGER)
printl (I NTECER)
printsinple

print Byd ass
printd ass(LI STS)
printByDi | ution
printDilute(Ll STS)
printBylnj ection
printlnject(LISTS)
print ByHCt ype
print HC( LI STS)

pri nt ByPr oj

print Proj (LI STS)
printBy Status
print Status(LI STS)
printBySeries
print Series(LISTS)

headi ng

writeformat (STRI NG STRI NG

wri t ehc( REAL, | NTEGER)

6c. 11 el 6 STR NG STR NG STR NG STRLNG, STRI NG STRI NG STR
cctie ( STRI ,\NIG,G, STRI NN%, STRI % I NTEgEGh) NG NG NG

code_dat e( STRI NG, STRI NG
code_rank( | NTEGER, STRI NG
writesol (LI STS)

write sol (LI STS, | NTEGER)

check class(STRING STRING  /* Checking database consistency */
check_di | ute( STRING STRI NG;

check i nj ect(STRING STRI NG

check_hc( STRI NG STRI NG

check_proj (STRI NG, STRI NG

check st at us( STRI NG STRI NG

check_ser ( STRI NG STRI NG
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[AY]) :- L<-A A< H!,split(L HXY)

print :-
r epeat,
menu( 19, 63, "Qut put devi ce",
[ " Screen",
" Line Printer " ,
‘" File"
], CHO CE),
print Q CHO CE),
CHO CE-0,!.

printdO - wite("Cearing menory... please wait"),clear_ans.

printQ(l) - pmenu.

print0(2) - witedevice(printer),pnenu,witedevice(screen).

printQ(3) - wite("Nane of your output file : "), readl n(Nane),
openwr ite(outf.Name),witedevice(outf), pnenu,closefile(outf).

pnmenu : -
r epeat,
nmenu( 14, 50, "Qut put nenu",
[ "Sinple output (date only)",
"G ouped by class".
"G ouped by dilution type",
"G ouped by injection type",
"G ouped by HC type".
"G ouped by project type",
"G ouped by processing status",
"G ouped by series"
], CHO CE),
shi ftwi ndow 19),
shi ftwi ndow 2),
cl ear wi ndow,
printl (CHO CE),
pauses(CHO CE),

CHO CE-0,!.
printl (O.
printl(l) - printSinple.
printl(2) - printByd ass.
printl(3) - printByDilution.
printl(4) - printBylnjection.
printl(5) - printByHCtjrp e.
printl (6) - printByProj.
printl (7) - printByStatus.
printl(8) - printBySeries.
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printSinple :-
findall (Date, z(ec(Date, |, L)), L),
wite (">»» Date of Run Sl )_
split("000000","780000", L, LI)
split("780000" " 790000", L, L2)
split("790000" "800000".L,L3)
split("800000" "810000",L, L4)
split("810000" "820000",L,L5),
split("820000" "830000",L,L6)
split("830000" "840000",L,L7)
split("840000" "850000",L,L8)
split("850000" "860000",L,L9)
split("860000" "999999",L,L10),
writesol (LI)
writesol (L2)
writesol (L3)
writesol (L4)
writesol (L5)
writesol (L6)
writesol (L7)
writesol (L8)
writesol (L9)
writesol (LI O,
listlen(L, Leng),
write("Total number of runs ", Leng),nl.

printByd ass : -

findall (Qass,z(ec(_,dass, _,_,_,_,_ __)) L),
uni k(L, LI),

headi ng,
printdass(Ll).

printCass([]).

printCass([Cd]) :
check_cl ass(CCIass)
write{"»>» For the Oass tjrpe of ", C Oass," <««"),
witeformat("class", Q),
findalI(X,z(ec(X,C,_,_._,_,_,_,_)).List),
listlen(List,Nuni) ,
write("N onber of runs of this class is ".Num.nl.
printClass(d).

printByDilution :- _
findal I (Dilute.z(ec(_. .Dlute. _._._,_._,)).,L),
uni k(L, LI'),

headi ng,
printDilute(Ll).
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printDilute([]).

printDilute([DD]) :-
check _dilute(D, Dilute),
wite("»»> For the Dilution type of ",D,Dilute," <««"),
witeformat ("dilute".D)

findall (X z(ec(X _,D., , , ._, )),List),
l'istlen(List,Nuni) ,
wite("Nunmber of runs of this dilution type is ",Num,nl,

printDilute(D).

printBylnjection :-
findall(Inject,z(ec(_, , ,Inject, , , , ,)),L),
uni k(L, LI'),
headi ng,
printlnject(Ll).

printlnject([]) .
printlnject([I]I1])
check_inj ect(l,Inj ect),

wite (">»» For the Injection type of ", I, Inj ect," <««"),
witeformat("inject",I),
findall (X z(ec(X _, ,1, , , , ,_)),List),

listlen(List,Num),
write("Number of runs of this injection type is ",Num,nl,
printlnject(ll).

printByHCtype -
findal KHC z(ec(_, , . ,HC, _, ,_,)) ,L) ,
uni k(L, LI'),
headi ng,
printHC(LI).

printHO([1).

printHQ([HCIHA]) -
check_hc(HC, HCt ype),
wite(">»» For the HC type of " ,HC HCype, " <««"),
writeformat("hctype", HO),
findall (X z(ec(X _, , ,HC _, , , )).List),
listlen(List,Nuin) ,
wite("Nunber of runs of this HC type is ",Num,nl,

print HC(Hd ).

printByProj :-
findall(Proj,z(ec(_, ,_,_, ,Proj,_,_,)), L),
uni k(L, LI,
headi ng,
printProj(LI).
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printProj([]).

printProj([PIPI]) :-
check_proj (P, Proj),
wite("»»> For the Project type of ",P, Proj," <««"),
witeformat("proj", P),
findal I (X z(ec(X, _, , , ,P,_,_,_)),List),
listlen(List,Nuiii) ,
wite ("Nunber of runs of this project type is ", Nuni),nl,
printProj(Pl).

printByStatus : -

uni k(L, LI'),
headi ng,
printStatus(LIl).

printStatus([]).

printStatus([S|SI]) :-
check_status(S, Status),
wite("»» For the Processing status of ",S, Status," ««"),
witeformt("status",S),

listlen(List,Num,
write("Number of runs of this processing status is ", Nim,nl,
printStatus(Sl).

printBySeries :-
uni k(L, LI, T T T T 7
headi ng,
printSeries(LI).

printSeries([]) .

printSeries([S|SI]) :-
check_ser (S, Series),
wite("»»> For the Series type of ", S, Series," <««"),
witeformat("series",S) ,
listlen(List,Mim . ~— ~—
wite("Nunber of runs of this series is ".Num,nl.
printSeries(Sl).

headi ng: -
Wite("-mmmmm e S "),
wite(" Date GDI HC Ser Proj QI P Sun Rank"),
wite("---........ e ")e

writ ef onnat (Label , Fi el d)

ec_fiel d(LabEI) ,Field, Dat'é, Class,Dilute, Inj ect.HC Proj, Status. Ser,
Rank) ,
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rb( Dat e, RedNOx, RHCconl , RHCcodel , RHCcon2, RHCcode2, RHCcon3, RHCcode3,
Bl ueNOx, BHCconl , BHCcodel , BHCcon2, BHCcode2, BHCconS, BHCcodeS,
HCi nst, Qual , Sun), nl,

code _dat e(Date, Datel),

code_r ank( Rank, Rankl ),

wite(Datel," " .Cass,Dilute, Inject,” ",HC " ", Ser,"
PI’O],' ", Qual," "  HGinst," “ Status,” ", Sun,"
Rankl),nl,

witerb("Red Side". RedNOx, RHCconl , RHCcodel ),

wri t ehc( RHCcon2, RHCcode?2),

wri t ehc( RHCcon3. RHCcode3),

writerb("Blue Side". Bl ueNOx, BHCconl , BHCcodel ),

wr it ehc(BHCcon2. BHCcode?2) .

wri t ehc(BHCconS, BHCcode3), nl, fail.
witeformat(_, ).

Wi tehcs ,0)

writehc Con Code) - nl,
code_spec(Code. Codel ), ! ,
writef("9%0.2f ", Con),
write(Codel).

wri t ehc(Con. Code) : -
witef("%0.2f ", Con),

wite(" NEWSPEC ES ".Code," !!'!").
witerb(_, ._,0) :- !
writerb(Side. NOX, Con Code) c-onl.

code_spec( Code. Codel ). !
wite(" ".Si de).
writef ("98.3f NOx %6.2f ", NOx, Con),
write(Codel).
writerb(Side. NOx, Con. Code): -

wite(" ".Side).

witef("9B.3f NOx %b. 2f " NOx, Con) ,

wite(" NEWSPEC ES ", Code,™ !!I").
ec_field("class" ,A X ABCDEFGR z(ec(X, A B,C D EF GR))
ec_field("dilute",B, X,A B CDEFGR z(ec(X,AB,CDEFGR)
ec_fieldﬁ'lnject",C. X, A. B.C,D,E,F,GR; z(ec(X.A.B,C D EF GR))
ec_field("hctype",D, X, ABCDEFGR z(ec(X,A'B,C D EF GR))
ec_ field("proj® ,E X ABCDEFGR z(ec(X A B, CDEF GR))
ec_field("status",F, X ABCDEFGR z(ec(X. A B CDEFGR)
ec_field("series",G X ABCDEFGR z(ec(X, AB,CDEFGR)

code_dat e( Dat e, NewDate) : -
frontstr(2, Date, YY, MVDD),
frontstr (2, MVDD, W\ DD),
code_nont h( MM NewM .

concat (DD, "-",d),
concat (O, NewM C2),
concat (C2."-".C3).

concat ( C3. YY, NewDat e) .
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code_rank(l,"Best in HC type")

code rank(l,"Best of kind") K, KT, b
code_rank(1,"Sastisfactory") 10<I, 1 <51, .
code_rank( 1, "Supporting") 50<l, 1 <101, !
code_rank(l,"Sone Problens") 100<I, K501, !

code_rank(_,"Not for nodeling")

/ * Checki ng dat abase consi stency */

check_cl ass(C, 0 ass): -
code class(C,dass),! .
check class(_," NEWCLASS !!I1").

check dilute(D Dilute):-
code dilute(D,Dilute),!.
check dilute( ." NEWDI LUTION TYPE!'!!").

check_inject(l,Inject):-
code_i nject(l.Inject),!
check_inject(_," NEWII\L]ECTIO\I TYPE!!!T").

check_hc(HC, HCt ype) : -
code_hc(HC HCtype),!.
check_hc(_," NEWHC TYPE'!!").

check_proj (P, Proj):-
code_proj (P.Proj),!.
check_proj (_," NEWPRQIECT!!!").

check_s tatus(S, S tatus):-
code _status(S, Status),!.
check_status(_," NEWSTATUS I!!1").

check_ser (S, Series):-
code_series(S, Series),!.
check_ser(_," NEWSERIESI'!!I").

wr|tesol([])
writesol ( nI wite sol (L,0).

WHE ggiw’-_lw - Lowite(H" "), nl,wit e

wite sol coowrite(H ) NLARL, wr
A T TN *)
/*  UPDATI NG DATABASE *)
R T */

PREDI CATES
updat eK | NTECER)
di spl ays( STRI NG
i nserts(STRI NG
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i nsert Rec( STRI NG
nmodi fy( STRI NG
nodi f yRec( STRI NG

| _hcl D( STRI NG, STRI NG)

i _conc(STRI NG STRI NG

i _other (STRI NG STRI NG
I_series

in_hclD ( STRING STRING
in_conc ( STRING STRING
in_other ( STRING STRING
in_series

i menu( STRI NG, | NTEGER)
yr (STRI NG, REAL, REAL)

yi (STRI NG, | NTEGER, | NTEGER)
mA( STRI NG, | NTEGER, | NTEGER)
mk( STRI NG, STRI NG, STRI NG

CLAUSES

updat edb : -
r epeat,
menu(l, 59, "Updat e Dat abase",
[ " Display record
" Del ete record",
" Insert record",
" Modify record"
1, CHO CE),
updat el (CHO CE),
pauses(CHO CE),
CHO CE-0,!.

updatel (O .
updat el ( ) D
wite ("Displaying. ............
wite("Enter Date of Run [yyded] "), readl n(Date),
di spl ays(Date).
updatel(2) |-
wite("Deleting. ........ "),
wite("Enter Date of Run [ernmjd] ") ,readln(Date) ,
wite("Are you sure you want to delete this record? (yln) ")
readchar (YN), yes(YN),
wite("Run with date ".Date," has been deleted."),
retract(ec(Date, , , , ., , ,_,)),
retraCt(rb(Datea_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_))'
updatel (3) :-
cl earfacts,
wite("lInserting. ........ "),
wite("Enter Date of Run [yymrdd] "), readl n(Date),
i nserts(Date).
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updatel (4) :-
clear facts,

vvrjte( Modifying. ........... m% ,
write("Enter te of Run [ yyni nud] ") ,readl n(Date) ,
modi fy(Date) .

q

spl ays(Date) -

ec(Date, A B,C D EF W,W) , ! |

rb(Date, GH1,J,K,L,MNO,P,QRSTVUV,SU, o
witef("Date -%6 Class -%6 Dilution -%6 Injection-%2",

Date, A B, O,

writef("HC Type-%6 Project-%6 Proce Status-%6 Series -%2",
DEFW),

witef("HC Inst-%S)QJality-%G Rank of Run -%6 Sun Light-% 2",
UV, W, S

vvrltef( Red NOx-%8.3f Red Con 1 -%8.2f Red HC 1 - %2",GH ),

teE Red Con 2 - % 8. 2f Red HC2-%2',J,K.
t ef Red Con 3 - 9%8.2f Red HC 3 - % 2".L
tef( Bl ue NOx-% 8. 3f Blue Con |-%8.2f Blue HC |-% 2", N,
wrltefE" Blue Con 2 - %8.2f Blue HC 2 - %Z,Q,Rg,
witef(" Blue Con 3 - %8.2f Blue HC 3 - % 2",S, T).
displays(_) :- wite("Wrning: Record not in database.").

inserts(D) :-
echU, ., .. _._._,_,
wite("Vlarning : Record with sane date already in database."),
inserts(Date) -
| conc( Red Side NOx Concentratlon"," RO,
i _hclD("Red Side 1st HC I D nxomber" , "RI") ,
I _conc("Red Side 1st HCOoncentraHon "RI").
i _hcID("Red Side 2nd HC | D number", "R2"),
| conc("Red Side 2nd HC Concentration",” R2"),
hcl O "Red Side 3rd HC | D nunber","R3"),
| conc("Red Side 3rd HC Concentration”,"R3"),
| conc( "Bl ue Side NOx Concentration","BQ'),
hcl D( "Bl ue Side 1st HC ID nunber","Bl "),
| conc("Blue Side 1st HC Concentration","Bl"),
hcl D( "Bl ue Side 2nd HC I D number", "B2"),
| conc("Blue Side 2nd HC Concentration", "B2"),
hcl D( "Bl ue Side 3rd HC I D number", "B3"),
! conc("Blue Side 3rd HC Concentration", "B3")
i _other("Ninmber of HCinstruments" , "hcinst") ,
i _other("Cverall quality","qual"),
i _other("Rank"."rank"),
i _other("Sun Light %, "sun"),

classes(""),

dilutes(""),
inj ects(""),
hctype(""),

proj code(""),
pcstatus(""),
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i _series,

wite("Are your inputs correct? (y/n) "),

readchar (Yn), yes(Yn),

i nsert Rec(Date),

wite("Run with date ".Date," has been inserted.").

i nsert Rec(Date) : -
y(eq("RO', r(RO)), Wspecl ("R ", 11)),
w(specl D("R2", 12)), w(specl D("R3", 13)),
y(eq("R".T(R))),y(eq("R", r(R2))),
y(eq("R3".r(R3))),
y(eq("B0", r(B0))), W specl ("Bl ", 14)),
w(specl D("B2'',15)), w(specl D("B3",16)),
y(eq("Bl ", r(Bl))),y(ea("B2",r(B2))).
y(eQ("B3"-r(B3)%).

[

y(eq("hcinst”,i(HQ)),
y(eq("qual".i(Q))).
y(eq("rank".i(RK))).
y(eq("sun",i(SU))),

assert(rb(Date, ROR ,I11,R2,12,R3, 13, BO, Bl , 14, B2, 15, B3, 16, HC, Q_, SU) ),
x(class(CT)), x(dilute(DT)),

x(inject(IT)) ,x(hct3rpe(HT)) ,

x(proj (PT)), x(proces(PS)),

x(series(ST)),

assert (ec(Date, CT, DT, | T, HT, PT, PS, ST, RK) ) .

nodi fy(Date) :-
ec(Date, , , , , ., _,_,),!
m conc("Red Side N()( Concentrat| on","RO"),
m hcl D("Red Side 1st HC I D nunber"”, "R "),
m conc("Red Side 1st HC Concentrat|on" "R"),
m hcl D("Red Side 2nd HC I D nunmber”, " R2")
m conc("Red Side 2nd HC Concentr at i on","R2"),
m hcl D("Red Side 3rd HC I D nunber”,"R3"),
m conc("Red Side 3rd HC Concentration","R3"),
m conc(" Bl ue Side NOx Concentration","BO"),
m hcl D("Blue Side 1st HC I D nunber","Bl "),
m conc(" Bl ue Side 1st HC Concentration","Bl"),
m _hcl D(" Bl ue Side 2nd HC I D nunber”, "B2"),
m conc("Blue Side 2nd HC Concentration","B2"),
m hcl D("Bl ue Side 3rd HC I D nunber”, "B3"),
m conc(" Bl ue Side 3rd HC Concentration","B3"),
m ot her (" Nunber of HC instrunents", "heinst"),
m ot her("Overal | quality","qual"),
m ot her (" Rank", "rank"),
m ot her (" Sun Light %, "sun"),
cl asses(" Not to be nodified"),
dilutes(" Not to be nodified"),
injects(" Not to be nodified"),
hct 3rpe(" Not to be nodified"),
proj code(" Not to be nodified"),
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pcstatus(" Not to be modified"),

m seri es,

vvrite("Are your inputs correct? (y/n) "),

readchar (Yn), yes(yn),

nodi f yRec(Dat e), o

wite("Record with date ", Date," has been nodified."),
modify( ) :- wite("Warning: Record not in database.").

modi fyRec%Dat e) :-

retract ec(Date,CI Di,In H, j St Se Rk)),
n|x( ‘¢l ass", ,CII%, m<E d| D , m("inject" ,Indnl)
("hctype" H, HEL), mx prol" Pj,Pj|) mk("status", St, Stl),

nx("series", Se, S

yi ("rank", RK RKn)
assert& gDateCl Dl
retrac ROR I
yr("
yr ("
yr
yr

nI,HEI,PJl St

"B3", B3 B3n),
yi ("hci nst , HC, HCn)

yi ("qual " QL Qn),

yi ("sun", SU Sun),

assert(rb(Date ROn, R n, 1 n, R2n, | 2n, R3n, | 3n,

BOn, Bl n, | 4n, B2n, | 5n, B3n, | 6n, HCn, Q.n, SUn)),!.

CLAUSES

imenu(Title, CHO CE) : -
manu(lz 35, Title,

[" Not to be nodified
" To be nodi fied”
], CHO CE) .
i _hcID(SI,N) :-
drawbox(""),

wite(Sl," [integer] : "), readint(X),
assert (w(specl D(N, X)),

r enovebox.

i _conc(Sl,S2) :-
dra\/\box("‘)
wite(SI," [ppnC] : "), readreal (X),
assert(y(eq(SZ ).
renowvebo>x. - - .

130

R2,12,R3,13, BO BI I4)B>2 15,B3,16,HC, QL, SU)),


NEATPAGEINFO:id=49C95B65-79D7-4D9C-8C49-B3D4C2E9F884


i _other(Sl,S2) :-

drawbox(""),

wite(Sl," [integer] : "), readint(X)),
assert(y(eq(S2.i(X)))),

r enovebox

i _series:-
dr awbox(""),
wite("Series Code [2 chars] : "), readl n(X).
assert(x(series(X))),
r emovebox.

mhcID(SI,N :-
i menu(Sl,CHO CE),CHO CE > 1,!,
drawbox(""),
wite(Sl," [integer] : "), readint(X),
assert(wspecl (N, X)),

r enovebox.

mhelD(_, ) .

m conc(Sl, S2) : -
i menu(Sl, CHO CE),CHO CE > 1,!,
dr awbox(""),
wite(Sl," [ppnC] : "),readreal (X,
assert (y(eq(S2,r(X)))),

r enovebox,
m conc(_, ).

m ot her(Sl, S2) : -
i menu(SI,CHOCE),CHO CE > 1,!,
dr awbox(""),
wite(Sl," [integer] : "), readint(X),
assert(y(eq(S2,i(X)))).
r enovebox.

mother(_, ).

m series: -

“imenu("Series Code".CHOCE).CHO CE > 1,!,
drawbox("").
wite("Series Code [2 chars] : ").readln(X),
assert(x(series(X)),
r enovebox.

m seri es.

yr(S, _, New :- y(eq(S,r(New)).!.
(_,01d. 01d).

yi (S._, New) :- y(eq(S,i(New))),!.
(_,01d, 01d).

S, _,New) :- w(speclD(S. New)),!.
_,01d, 01d).

22
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mx("class", _, New) x(cl ass(New)), !

mx("dilute", , New) x(dilute(New),
mx("inject", , New) x(inject(New)),
mx("hctype", _, New) x(hctype( New)),
nix("proj", _, New) x(proj (New)),!.
mx("status", _, New) x(proces(New)), !
ni x("series" ,_, New x(series(New),!

mk(_, 01d, 01d)"

132


NEATPAGEINFO:id=5272A6D2-9EE7-49C3-8B6B-6C508D0C0546


Sanpl e Qutputs

This appendi x contains sample outputs of ethylene runs in the experimental condi-
tions database. One way to query ethylene runs is to choose the "Query By Species'

panel in the "Query Type" menu of OSCECIS, followed by entering the species code
(2) of ethylene to the system

The first part of the outputs was obtained by the "Simple output (date only)"
option in the "Qutput Menu', whereas the latter two parts were obtained by choos-

ing "Gouped by series" and "Gouped by HC type" options respectively.
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>»» Date of Run «<«

771018 771112 771119 771120

780110 780616 780701 780730 780806 780815 780821 780823 780914 780915 780918
780919 780921 781003 781012 781018 781025 781107

790804 790805 790816 790907

800708 800801 800814 800826

810708 810930

830916 831015

841005 841011 841012

860704 860709 860712 860713 860716

Tot al nunber of runs 42
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Dat e

Gl HC Ser Proj QI P Sun

>»» For the Series type of 09 Matched

23-Aug-78 ONI 10 09

Nunber of

=>>»>» For

07- Sep-79

a - Aug- 80

14- Aug- 80

Nunmber of

»>=>> For

15- Sep-78

ET80S 97
Red Side 0.507 NOx  2.93
Blue Side 0.521 NOx  2.97

runs of this series is 1

the Series type of 08 Matched

ONI VB 08 ET 50 s 33
Red Side 0.547 NOx 0. 09
1.25
Bl ue Side 0.549 NOx 0. 06
1.25
ONI MB 08 ET 9 0 s 73
Red Side 0.533 NOx 0. 48
0. 23
Bl ue Side 0.551 NOx 0. 46
0. 23
ONI MB 08 ET 6 O s 74
Red Side 0.470 NOx 0.91
0. 29
Bl ue Side 0.466 NOx 0. 95
0. 32

runs of this series is 3

the Series type of 34 Delta NOx

ONl U 34 ET 30 s 53
Red Side 0.526 NOx 2.98
Bl ue Side 0.268 NOx 2. 00
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Rank

ot her <««

Best of kind

ETHYLENE
ETHYLENE

m Xture <««

Best of ki nd
ETHYT. ENE
FORNMAL DEHYDE
ETHYLENE
FORNMAL DEHYDE

Best of kind

ETHYLENE

TRANS- 2- BUTENE

ETHYT. ENE

TRANS- 2- BUTENE

Sastisfactory

ETHYLENE
TRANS- 2- BUTENE
ETHYLENE
TRANS- 2- BUTENE

<< << <<

Supporting

ETHYLENE
FORNVAL DEHYDE
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04-Jul -86 ONI 10 34

Red Si de o
Bl ue Si de o

ET SOoP (o]

. 150 NOx 1.77

. 310 NOx 1.88

Nunmber of runs of this series is 2

Best of kind

ETHYLENE
ETHYLENE

=»>» For the Series type of 33 Delta HC <««

18-Cct-77 ONI 10 33

Red Si de (0]
Bl ue Si de (0]

08-Jul -80 ONI 10 33

Red Si de 0.
Bl ue Si de 0.

26- Aug-80 ONI 10 33

Red Si de
Bl ue Si de

(ole}

05-Cct-84 ONI 10 33

Red Si de 0.
Bl ue Si de 0.

09-Jul -86 ONI 10 33

Red Si de 0.

Bl ue Si de (0]

ET 6 O S 092

. 494 NOx 3.84
. 484 NOx 1. 88

ET 50 S 32

754 NOx 2.10
754 NOx 3. 23

ET sOCs 100

.472 NOx 1. 99
.464 NOx 1. 00

ET 9 5 U 70

365 NOx 3. 13
370 NOx 1. 80

ET 5 O P O

350 NOx 1. 00
. 350 NOx 2. 00

Nurmber of runs of this series is 5

»>» For the Series type of 18 Reactivi

12-NOV-77 ONI |U 18

Red Si de 0o
Bl ue Si de 0)

19-NOvV-77 ONI U 18

Red Si de ]
Bl ue Si de ]

ET6 0S 83
503  NOX 2. 00
471 NOX 1.72

ET 7 OS 99

451 NOx 3.78
832 NOx 3.82
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Best of kind

ETHYLENE
ETHYLENE

Best of kind

ETHYLENE
ETHYLENE

Best of kind

ETHYLENE
ETHYLENE

Best of ki nd

ETHYLENE
ETHYLENE

Sastisfactory

ETHYLENE
ETHYLENE

ty Conparison «<«

Sastisfactory

ETHYLENE
ACETALDEHYDE

Sasti sfactory

ETHYLENE
ACETALDEHYDE
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20- NOvV- 77

| O-Jan-78

16-Jun-78

a-Jul -78

30-Jul -78

06- Aug- 78 ONI

15- Aug- 78 ONI

21- Aug- 78

14- Sep- 78

18- Sep-

ONl | U 18

Red Si de
Bl ue Si de

ONl 10 18

Red Si de
Bl ue Si de
ONI 10 18

Red Si de
Bl ue Si de

ONI 10 18

Red Si de
Bl ue Si de
ONl 10 18

Red Si de
Bl ue Si de

Red Si de
Bl ue Si de

10 18

Red Si de
Bl ue Si de

ONl 10 18
Red Si de
Bl ue Si de
ONl 1 W18
Red Si de
Bl ue Si de
ONI | W18
Red Si de
Bl ue Si de

10 18

ET 8 0S 100
0. 446 NOx 4. 37
0. 881 NOx 3.92
ET 8 0S 100
0.462 NOx 3.25
0.482 NOx 4.35
ET 70S 91
0.634 NOx 3.95
0. 640 NOx 2.00
ET 7 0 S 83
0.887 NOx 1.45
0.935 NOx 1.51
ET 6 0 S 82
0.474 NOx 1.32
0.483 NOx 1.25
ET40S °7
0. 561 NOx 1.69
0. 569 NOx 2.59
ET 7 0O S 87
0.543 NOx 1. 45
0.563 NOx 1.58
ET 9 0S 100
0. 978 NOx 1.39
0. 981 NOx 1.28
ET50S 71
0 292 NOx 2.24
0 294 NOx 0.97
ET 50s 91
0 503 NOx 2.98
0 496 NOx 4.21
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Sastisfactory

ETHYLENE
ACETALDEHYDE

Sasti sfactory

PROPYLENE
ETHYLENE

Sastisfactory

ETHYLENE
PROPYLENE

Best of ki nd

ETHYLENE
PROPYLENE

Sasti sfactory

ETHYLENE
PROPYLENE

Sone Pr obl ens

PROPYLENE
ETHYLENE

Best of ki nd

PROPYLENE
ETHYLENE

Sastisfactory

ETHYLENE
PROPYLENE

Sasti sfactory

TOLUENE
ETHYLENE

Supporting

ETHYLENE
TOLUENE
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19 -Sep -78

21 . Sep-- 78

03 -Cct- 78

12-Cct- 78

18 -Get- 78

25 - Get 278

07 - Nov- 78

04- Aug- 79 ON

GNI U 18

Red Si de
Bl ue Si de
ONIl U 18

Red Si de
Bl ue Si de

ONI MB 18
Red Si de
Bl ue Si de

ONI VB 18
Red Si de
Bl ue Si de
GNI 10 18

Red Si de
Bl ue Si de

GNI MB 18
Red Si de
Bl ue Si de
ONI 10 18

Red Si de
Bl ue Si de

lUu 18

Red Si de
Bl ue Si de
ONl U 18

Red Si de
Bl ue Si de

(=]

. 688
. 690

. 258
. 257

ET

. 497
. 492

. 479

. 479

. 456
. 456

. 444

. 442

ET

. 441
. 441

ET

227
230

ET

638
539

68 o § 8 o

5

5

6 0

NOx

91

1.88
2. 00

90

1.93
1.97

49
0. 98
0. 14
1. 36

92
0. 20
1.26
1.33

83

3.12
1.52

100
0. 20
1.16
1.22

64

1.37
2. 67

59

0. 88
0. 56

14

4. 11
1.20
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Supporting

ETHYLENE
FORNVAL DEHYDE

Supporting

ETHYLENE
FORNVAL DEHYDE

Sastisfactory

ETHYT. ENE
N- BUTANE
PROPYLENE

Sasti sfactory

ETHYT, ENE
ACETALDEHYDE
PRGPYT, ENE

Sasti sfactory

ETHYLENE
PROPYLENE

Sasti sfactory

ETHYLENE
ACETALDEHYDE
PROPYLENE

Sasti sfactory

PROPYLENE
ETHYLENE

Sastisfactory

ETHYLENE
FORMAL DEHYDE
Best of ki nd

ETHYLENE
FORVAL DEHYDE


NEATPAGEINFO:id=F05A32AB-AE9F-4C2C-8F55-6359224D6254


16 _Aug -79

08 -Jul - 81

303-Sep_ 81

16- . Sep_ 83

15-+Cct -

83

11--Cct- 84

12-0ct-84 ONI

ONl MB 18

Red Si de

Bl ue Si de

ONI 10 18

Red Side
Bl ue Si de

ONIl MC 18
Red Si de
Bl ue Si de
ONI

MB 18

Red Si de

Bl ue Si de

ONI

18

Red Si de

Bl ue Si de

ONI 10 18
Red Si de

Bl ue Si de

Red Si de
Bl ue Si de

10 18

ET 9 0 s 97
0.443 NOx 1.42
0.436  NOx 0.17

1.30

ET 7 4 L 76
0.500 NOx 2.00
0.500 NOx 2.00

RE 8 5 L 94
0.300 NOx 1.40

0. 60
0.300 NOx 0.17
0.13
0. 10
RE 57 P 72
0.228 NOx 0. 43
1.57
1.00
0.208 NOx 0. 84
1.02
1.04
RE 85 P 76
0.481 NOx 1.13
0. 44
1.60
0.497 NOx 1.00
0.88
1.10

ET 95U 80
0.351 NOx 2.86
0.354 NOx 2.25

ET 95U 80

0. 710 NOx 2.68
0. 682 NOx 1.96
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Best of ki nd
PROPYLENE
ETHYLENE

ACETALDEHYDE

Sasti sfactory

| SOPRENE
ETHYT. ENE
Best of ki nd
UNCM X
SI MARO
BUTANE/ PROPYLENE
ETHYLENE
TRANS- 2- BUTENE

Best of ki nd

ETHYT. ENE
1- BUTENE
PROPYT. ENE
ETHYLENE
1- BUTENE
PROPYLENE
Best of ki nd
PROPYLENE
ETHYLENE
1- BUTENE
PROPYLENE
ETHYLENE
1- BUTENE

Sasti sfactory

ETHYLENE
PROPYLENE

Sastisfactory

ETHYLENE
PROPYLENE


NEATPAGEINFO:id=8AB9F893-1685-4273-9764-8E9912D0C2C5


12-Jul -86 ONI 10 18
Red Side 0.350 NOx 2.
Bl ue Side 0.350 NOx 1.
13-Jul -86 ONI 10 18 ET 5 0 P
Red Si de 0. 350 NOx
Bl ue Si de 0. 350 NOx
16-Jul -86 ONI | U 18 ET 50U
Red Si de 0. 350 NOx
Bl ue Si de 0. 350 NOx
Nvunber of runs of this series is 31

ET 50 U 0 Sastisfactory

00 ETHYLENE

00 PROPYLENE

0 Best of kind
0. 50 PROPYLENE
1.00 ETHYLENE

0 Sastisfactory
2.00 ETHYLENE

1. 00 FORNVAL DEHYDE
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Date CDI HC Ser Proj QI P

=>»» For the HC type of IWSingle,

14-Sep-78 ONI 1 W 18
Red Si de 0. 292 NOx
Bl ue Side 0. 294 NOx
18-Sep-78 ONI | W18 ET SOCS 9
Red Si de 0. 503 NOx

Bl ue Si de 0. 496 NOx

Sun Rank

ole vs aro <««

ET 50 S 71 Sastisfactory

2. 24 TOLUENE
0. 97 ETHYLENE
1 Supporting
2.98 ETHYLENE
4. 21 TOLUENE

Nunmber of runs of this HC type is 2
>»>» For the HC type of MC M xture, conplex <««
30-Sep-81 ONI MC 18 RE 8 5 L 94 Best of kind
Red Side 0.300 NOx 1.40 UNCM X
0. 60 SI MARO
Bl ue Side 0.300 NOx 0.17 BUTANE/ PROPYLENE
0.13 ETHYLENE
0. 10 TRANS- 2- BUTENE
Ni omber of runs of this HC type is 1
=>>»>» For the HC type of MB M xture s Si rrpl e <««
03-Cct-78 ONI MB 18 ET 6 0 S 49 Sastisfactory
Red Si de 0. 497 NOx 0. 98 ETHYLENE
Bl ue Si de 0. 492 NOx 0.14 N- BUTANE
1. 36 PROPYLENE
12-Cct-78 ONIL MB 18 ET 9 0 s 92 Sasti sf act ory
Red Si de 0. 479 NOx 0. 20 ETHYT. ENE
1.26 ACETAL DEHYDE
Bl ue Si de 0.479 NOx 1.33 PROPYLENE
25-Cct-78 ONI VB 18 ET 9 0 s 100 Sasti sf act ory
Red Si de 0.444 NOx 0. 20 ETHYT. ENE
1.16 ACETALDEHYDE
Bl ue Side 0. 442 NOx 1.22 PROPYLENE
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16- Aug-79 ONI MB 18 ET 90S
Red Si de 0. 443 NOx
Bl ue Side 0.436 NOx

MB 08 ET 5 0 S

Red Si de 0. 547 NOx

07-Sep-79 ON

Bl ue Si de 0. 549 NOx

MB 08 ET 9 0 S

Red Si de 0. 533 NOx

ad - Aug- 80 ONI

Bl ue Si de 0.551 NOx

MB 08 ET 6 0 S

Red Side 0.470 NOx

14- Aug- 80 ONI

Bl ue Si de 0.466 NOx

16-Sep-83 ONI MB 18 RE S5 7 P

Red Si de 0. 228 NOx

Bl ue Si de 0. 208 NOx

15-Cct-83 ONI MB 18 RE 8 5 P

Red Si de 0. 481 NOx

Bl ue Si de 0.497 NOx

Nurmber of runs of this HCt)rpe is 9

97 Best of kind
1.42 PROPYLENE
0.17 ETHYLENE
1. 30 ACETALDEHYDE

33 Best of kind
0 09 ETHYLENE
1 25 FORNMAL DEHYDE
0 06 ETHYLENE
1 25 FORNMAL DEHYDE

73 Best of ki nd
0. 48 ETHYLENE
0. 23 TRANS- 2- BUTENE
0. 46 ETHYLENE
0. 23 TRANS- 2- BUTENE

74 Sastisfactory

0.91 ETHYLENE

0. 29 TRANS- 2- BUTENE

0. 95 ETHYLENE

0. 32 TRANS- 2- BUTENE
72 Best of kind

0. 43 ETHYLENE

1.57 1- BUTENE

1. 00 PROPYLENE

0. 84 ETHYLENE

1.02 1- BUTENE

1.04 PROPYLENE
76 Best of kind

1 13 PROPYLENE

0 44 ETHYLENE

1 60 1- BUTENE

1 00 PROPYLENE

O 88 ETHYLENE

1 10 1- BUTENE
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18-0ct-77 ONI

10-Jan-78

16-Jun-78

a-Jul-78

30-Jul -78

06- Aug- 78 ONI

15- Aug- 78 ONI

21- Aug- 78 ONI

23-Aug-78 ONI

18-Cct-78 ONI

10 33 ET
Red Si de 0. 494
Bl ue Si de 0. 484

ONI 10 18 ET
Red Si de 0. 462
Bl ue Si de 0. 482

ONI 10 18

ET

Red Si de 0. 634
Bl ue Si de 0. 640
ONI 10 18 ET
Red Si de 0. 887
Bl ue Si de 0.935

ONI 10 18

ET

Red Side 0.474
Bl ue Si de 0. 483

10 18 ET

Red Si de 0. 561
Bl ue Si de 0. 569

10 18 ET

Red Si de 0. 543
Bl ue Si de 0.563

10 18

Red Si de 0.978
Bl ue Si de 0.981
10 09 ET

Red Si de 0. 507
Bl ue Side 0.521

10 18

ET

Red Si de 0. 456
Bl ue Si de 0. 456

»>» For the HC type of 10 Single,

ol efi Nns «<«

6 0 S 92 Best of kind
NOX 3.84 ETHYLENE
NOX 1.88 ETHYLENE
Sos 100 Sasti sfactory

NOX 3.25 PROPYLENE
NOX 4. 35 ETHYLENE
70S 91 Sastisfactory
NOx 3. 95 ETHYLENE
NOX 2. 00 PROPYLENE
7 0SS 83 Best of kind
NOX 1.45 ETHYLENE
NOX 1.51 PROPYLENE
6 0 S 82 Sastisfactory
NOx 1. 32 ETHYLENE
NOX 1. 25 PROPYLENE
4 0S 57 Sone Problens
NOx 1. 69 PROPYLENE
NOX 2.59 ETHYLENE

7 0SS 87 Best of kind
NOX 1. 45 PROPYLENE
NOx 1.58 ETHYLENE

ET 9 0S 100 Sastisfactory

NOX 1. 39 ETHYLENE
NOX 1. 28 PROPYLENE
8 0S 97 Best of kind
NOx 2.93 ETHYLENE
NOX 2. 97 ETHYLENE
9 0S 83 Sastisfactory
NOx 3.12 ETHYLENE
NOx 1.52 PROPYLENE
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07- NOv- 78

08-Jul - 80

26- Aug- 80

08-Jul -81

05-Cct - 84

Il-Cct-84

12-Cct -84

04-Jul - 86

09-Jul -86

12-Jul - 86

ONI 10 18

Red Si de
Bl ue Si de

ONl 10 33

Red Si de
Bl ue Si de

ONI 10 33

Red Si de
Bl ue Si de

ONl 10 18

Red Si de
Bl ue Si de

ONI 10 33

Red Si de
Bl ue Si de

ONl 10 18

Red Si de
Bl ue Si de

ONI 10 18

Red Si de
Bl ue Si de

ONI 10 34

Red Si de
Bl ue Si de

ONI 10 33

Red Si de
Bl ue Si de

ONI 10 18

Red Si de
Bl ue Si de

ET 50 S
.441  NOX
. 441 NOX
ET SOCs
. 754 NOx
. 754 NOx
ET 8 0OS
.472 NOX
. 464  NOx
ET 7 4 L
. 500 NOx
. 500 NOx
ET 9 5 U
.365 NOx
. 370 NOx
ET 9 5 U
.351 NOx
. 354  NOx
ET 9 5 U
. 710  NOx
. 682  NOx
ET 5 0 P
150 NOx
310 NOx
ET 50FP
350 NOx
350 NOx
ET 50U
.350 NOx
. 350 NOx

64 Sastisfactory

1.37 PROPYLENE
2.67 ETHYLENE

32 Best of kind

2.10 ETHYLENE
3.23 ETHYLENE

100 Best of kind

1.99 ETHYLENE
1. 00 ETHYLENE

76 Sastisfactory

2.00 I SOPRENE
2.00 ETHYLENE

70 Best of kind

3.13 ETHYLENE
1.80 ETHYLENE

80 Sastisfactory

2. 86 ETHYLENE
2.25 PROPYLENE

80 Sastisfactory

2.68 ETHYLENE
1. 96 PROPYLENE

Best of ki nd

1.77 ETHYLENE
1.88 ETHYLENE

0 Sasti sfacto
1. 00 ETHYLENE
2. 00 ETHYLENE

0 Sastisfactory

2. 00 ETHYLENE
1. 00 PROPYLENE
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13-Jul --86

Nunber of

=>>>

]j'or

12 -Nov.-77

19- Nov--77

20- Nov--77

15- Sep278

19- Sep®78

21- Sep<78

04- Aug- 79

05- Aug- 79

ONI 10 18

Red Si de
Bl ue Si de

(0]
(0]

ET

350
350

50FP

NOx
NOx

(0]

0. 50
1. 00

runs of this HC type is: 21

the HC type ©f U Single,

ONl | U 18

Red Si de
Bl ue Si de

ONl 1 U 18
Red Si de
Bl ue Si de
ONI | U 18
Red Si de
Bl ue Si de
ONl U 34
Red Si de
Bl ue Si de
ONI | U 18
Red Si de
Bl ue Si de
ONI | U 18
Red Si de
Bl ue Si de
ONl U 18
Red Si de
Bl ue Si de
ONl U 18
Red Si de
Bl ue Si de

o O

ET

. 503
. 471

ET

. 451
. 832

. 446
. 881

. 526
. 268

. 688
. 690

. 258
. 257

. 227
. 230

ET

. 638
. 539

6 0 S

NOx
NOX

ol e

83

2.00
1.72

99

3.78
3. 82

100

4. 37
3.92

53

2.98
2. 00

91

1.88
2. 00

90

1.93
1.97

59

0. 88
0. 56

14

4. 11
1.20
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Best of

ki nd

PROPYLENE
ETHYLENE

vs aid <««

Sastisfactory

ETHYT. KNE
ACETALDEHYDE

Sasti sfactory

ETHYLENE
ACETALDEHYDE

Sasti sfactory

ETHYLENE
ACETALDEHYDE

Supporting

ETHYLENE
FORNVAL DEHYDE

Supporting

ETHYLENE
FORNVAL DEHYDE

Supporting

ETHYLENE
FORNMAL DEHYDE

Sastisfactory

ETHYLENE
FORMAL DEHYDE
Best of kind

ETHYLENE
FORNMAL DEHYDE
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B pp«Br<r- 119" p7. "L

16-Jul -86 ONI U 18 ET 50U O Sastisfactory

Red Si de 0. 350 NOx 2. 00 ETHYLENE
Bl ue Si de 0. 350 NOx 1. 00 FORNVAL DEHYDE

Nunber of runs of this HC type is 9
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