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Development of an Expert System for the Fire Protection
Requirements of the National Building Code of Canada
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Abstract

In Canada, the standard for fire safety for new buildings, reconstruction of buildings
including alterations and additions, and buildings involving a change in occupancy, is
established in Part 3, Use and Occupancy, of the National Building Code of Canada.
While the fire protection requirements contained in this section of the Code are very
explicit, inexperienced or infrequent users of the Code often find it confusing and
overwhelming because of the number of requirements which apply or seem to apply to a
given building. An experienced code user or expert understands what information is
relevant and will generally use a systematic process to determine the fire protection
requirements that are applicable.

Because the human approach to fire protection analysis is, in fact, systematic and logically
sequential, and because the knowledge contained in codes and standards is largely in the
form of rules, an expert system can be developed to effectively simulate human competence
in fire protective design.

This paper describes the development of a user-friendly expert system that closely mimics
the human approach used in the fire protection analysis of those buildings regulated by Part
3, Use and Occupancy of the National Building Code of Canada. The principal fire
protection requirements of the Code have been incorporated into the expert system. The
resulting expert system will be useful to the experienced code user as a code assistant, and

to the inexperienced or infrequent code user who requires code information when no expert
is available.

Introduction

Construction is one of the largest industries in Canada [Clark 86]. It employs more than
650,000 Canadians and has produced a capital stock of more than $1,100 billion. The
efficiency, effectiveness and cost of construction is clearly a vital concern to all Canadians.

The standards and codes that regulate building construction strongly influence the industry.
The ability of user groups to understand and correctly apply these regulations to building
design has considerable effect on the success or lack of success of the final product. An
increasingly sophisticated public is less willing to accept the latter.

In Canada, the minimum standard for fire protective design is established in Part 3, Use
and Occupancy, of the National Building Code of Canada(NBC) (NBC 1990). User
groups of this part of the Code include designers, building contractors, regulatory
authorities, and building owners and property managers.

While the fire protection requirements contained in this section of the Code are very
explicit, inexperienced or infrequent users often find the Code confusing and
overwhelming because of the number of requirements that apply or seem to apply. The
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frustration in trying to extract specific provisions from the general document leads many
users to remark that building requirements are too complex and ambiguous. The Code
must, however, take into account a wide variety of buildings and building products. As a
legal document it must be written so that it can be enforced under law [Hewitt 86].

Over the last decade, considerable time, effort and money have been spent in an effort to
make the Code more understandable and easier to use. Some initiatives have focused on
training through formal education programs, seminars, and workshops. Others have
involved the development of Code commentaries, illustrated codes, and definitive technical
information. Despite these efforts, expertise in Part 3 has been slow to develop. Code
knowledge and performance exhibited by the different Code user groups still vary widely
both between groups and within a group.

The knowledge gap that still exists between and within the different user groups contributes
to inappropriate use of the regulations, subjective code interpretations, confusion, litigation
and increased construction costs. It is therefore essential that all building code practitioners
develop comparable expertise in the effective and efficient use of the Code.

More recently, attention has turned to the computer in the belief that it is the single most
important key to improved performance. While initial emphasis has been on retrieval
systems [PTCBS 90], artificial intelligence (AI) research has exposed the potential of
expert systems, the impact of which is only just beginning.

This paper discusses the work that has taken place at the University of Manitoba and the
City of Winnipeg in the development of an expert system for the fire protection
requirements contained within Part 3 of the NBC.

Development of the Part 3 Expert System
Expert Systems

An expert system is a computer program that represents and reasons with knowledge of
some specialist subject with a view to solving problems or giving advice [Jackson 90].

The program may completely fulfil the function of a human expert, or it may play the role
of an assistant to a human decision maker. The decision maker may be an expert in his or
her own right, in which case the program may justify its existence by improving the
productivity of the decision maker. Alternatively, the expert system may provide the
technical assistance necessary to raise the level of performance of a novice decision maker
to the level of an expert. This improvement in performance was discussed by Vadas
(1992), and is illustrated in Fig.(1).

Expert System Shells

Expert systems have two basic components: the knowledge base and the inference engine.
The knowledge base is a collection of facts and decision rules used in the program. The
inference engine is the control mechanism that performs the reasoning necessary to solve a
problem or provide advice. In addition to the knowledge base and inference engine, an
expert system contains a user interface, an explanation facility and a knowledge acquisition

Jacility.
The fact that the inference engine and the reasoning mechanisms incorporated into the

inference engine are separate from the knowledge base permits the development of expert
system shells. An expert system shell contains all the basic components needed to support
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an expert system other than domain-specific knowledge. The shell is an expert system with
an empty knowledge base. The task of the expert system developer is to translate expert
knowledge for the problem domain into rules that conform to the logical and syntactical
requirements of the shell Heikkila 92].

Shells vary with respect to knowledge base capacity, reasoning-mechanisms used, ability
to link to external files, graphics capabilities, explanation facilities, methods for dealing
with uncertainty, and price. The selection of the shell should be based on the problem to be
solved, the abilities of the developer, and the needs of the user.

Personal Consultant Plus (PCPlus)

The shell used in the development of this expert system was Personal Consultant Plus
(PCPlus) [PCPlus 87]. PCPlus was created by Texas Instruments to facilitate the
development of expert system programs that can be run on personal computers. Some of
the most important features of PCPlus are the scheme for knowledge representation, the
reasoning mechanisms, and the user interface.

PCPlus uses the three most common forms of knowledge representation: parameters,
rules, and frames. A parameter is a structure that identifies or contains a piece of
information that the expert system uses to arrive at a solution to a problem. Rules express
the relationships between parameters and the conclusions about them. A frame is a
structure that provides for the grouping of parametric data and rules.

Frames can be linked to one another to form a decision tree allowing a large problem to be
represented by a series of subproblems. The inheritance facility allows for information to
be used repeatedly in different program frames. Inheritance allows any frame to access
parametric information in frames above it in the decision tree and to access rules in frames
below it in the decision tree.

In the development of this expert system, the global problem of determining what fire
protection requirements apply to a given building design can be broken down into a number
of subproblems. Each subproblem can be represented by one or more subframes. The
objective of each subframe is to solve an individual subproblem. In the case of Part 3 of
the NBC this facilitates the development of the knowledge base on an incremental basis.
This will also be important when it is necessary to update the knowledge base as a result of
changes to the Code. :

Forward chaining and backward chaining are the reasoning mechanisms common to most
rule-based systems. Both of these mechanisms are available in PCPlus. Backward
chaining is goal oriented and is therefore more suited to code analysis where the objective is
to determine the applicability of a particular code requirement to a given building design.
However, forward chaining can be combined with backward chaining to reach decisions
more efficiently. The program developed here makes use of both reasoning techniques.

The user interface of PCPlus accommodates both natural language modules and graphic
presentation modules. The shell comes with a versatile graphics adapter. Drawings can be
imported from almost any other computer graphics program. Drawings generated by
Harvard Graphics [Harvard Graphics 91] and AutoCAD [AutoCAD 88] are used
extensively in this program. The user interface is likely to have the greatest influence on
user acceptance of the expert system. This is discussed in more detail in a later section of
this paper.
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Program Development

The minimum design requirements for fire protection are found in Part 3, Use and
Occupancy of the NBC. These requirements are the principal resource for building the
knowledge base. Part 3 provides a tangible focus for transcribing facts and rules into the
knowledge base [Heikkila 92].

However, human expertise is essential to the successful development of this expert system
for a number of reasons. A code expert is familiar with the intent and organization of the
Code. The expert knows how the Code requirements are to be interpreted and when one
set of requirements may govern over another. In some cases, requirements contained in
another code or standard may be applicable. Without the additional resource of code
experts the development of this expert system would have been difficult, if not impossible.

Experienced building department plan checkers are the most knowledgeable user group.
These Plan Examiners use a structured process when they conduct a Part 3 analysis of a
building design. A Part 3 manual checklist [Winnipeg 90] reflects this process. The
process allows the Plan Examiner to quickly eliminate those Code requirements that are not
applicable and focus on the requirements that are. The primary construction requirements
are determined before dealing with more specific issues. Plan Examiners can be confident
in making some conclusions about Code compliance even at an early stage of the review.
The input of the City of Winnipeg Plan Examiners and the manual checklist used by them
had considerable influence in the development of this expert system.

Part 3 of the NBC s, in itself, very large and complex, containing many sections and
subsections that are somewhat independent of each other. This facilitated an incremental
approach to the development of the knowledge base. The idea behind this approach was to
build up the knowledge base by working with manageable knowledgeable blocks.

The problem domain was initially narrowed to Section 3.2., Size and Occupancy
Requirements for Fire Safety [Olynick.89]. This section of the NBC provides the
structural fire protection requirements for buildings and is generally regarded as the starting
point in the determination of the fire protection requirements applicable to a given building,
The expert system was then expanded incrementally as other sections and subsections were
added to the knowledge base. The current status of the knowledge base is reflected in the
program main menu and submenu choices, which are illustrated in part in Fig.(2).

Each independent fire protection topic was represented by a separate frame in the
knowledge base. Subproblems within a topic were represented by subframes where the
efficiency of the expert system could be improved.

The information necessary to reach a conclusion and the conclusion reached were
represented by a decision tree for each frame. A typical decision tree is illustrated

in Fig.(3). Each path in the decision tree represents a rule in the knowledge base. After all
possible paths through the decision tree have been transcribed into the knowledge base, the
knowledge base is complete and the expert system can reach a conclusion with absolute
certainty. '

The development of a decision tree is sometimes time-consuming; however, it has several
advantages: this format is easily understood by code experts and an error in logic can be
detected quickly; it is immediately evident if the Code is silent on a particular requirement or
if the Code contradicts itself; modification of the knowledge base is simplified if the Code
changes; programming is relatively simple.
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The order in which information is requested in the decision tree should reflect the order in
which a code expert would request information. Experts generally prefer to ask the
minimum number of questions necessary to reach a conclusion provided the conclusion can
be reached with absolute certainty. It is desirable that the expert system ask questions in
the same order that they would be posed by an expert. This will not necessarily happen if
the expert system is allowed to reason independently to a conclusion. Although the
conclusion will be the same, confidence in the system may be eroded if the sequence of
questions is substantially different from that which is expected. Thus some degree of
procedural programming is necessary; that is, the programmer should sometimes override
the automatic sequences generated by the shell in favour of the sequences used in the
corresponding manual procedure.

Testing of the expert system serves two purposes. The first and most obvious is to
determine whether the expert system is reaching the correct conclusion. This type of
testing takes place continuously throughout the development of a program. It should be
done by the programmer working directly from a decision tree that has been verified by an
expert, or by a code expert working directly with the program. During this phase of testing
the logical sequence of user prompts is also checked.

The suitability and effectiveness of the user interface must also be tested. Needless to say,
effective communication between the expert system and the end user is crucial to the
success of the program. A number of choices are available for the interface method. The
system should be tested by both novices and experts. This testing takes more time and it
may be necessary to strike a balance between the preferences of the two groups. The user
interface is discussed in more detail in the next section of this paper.

User Interface

The ease with which a user can use an expert system program, respond to queries, and
understand the conclusions reached at the end of a consultation session depends on the user
interface. The user interface consists of such items as menu generators, natural language
modules and graphic presentation modules.

A number of options usually exist for the user interface method. The input method may be
a simple query mode where the expert system elicits information by asking the user to
respond to a direct question. Alternatively, the interface may be graphics oriented where
the user is requested to enter information at specific locations on a graphics screen. Other
options include data input by means of a spreadsheet or database file. The developer must
keep in mind that the format for eliciting information and presenting conclusions must be
attractive and easily understood by the expert system user. Since many potential users are
wary and distrustful of computers to begin with, the favour that the expert system achieves
will often depend on the user interface.

In the development of an expert system for a building code, it is necessary to be sensitive to
the code experience of the user. Experienced code users will become annoyed if the system
is overly helpful or if they perceive that too many trivial questions are asked before a
conclusion is reached. They generally prefer a system designed on the assumption that the
user will understand and respond correctly to a system prompt. While this approach is
perhaps desirable for the knowledgeable code practitioner, it may be inappropriate for an
inexperienced code user. The novice must often be asked several questions to ensure that
correct information is provided. A graphics-oriented interface may be more appropriate in
this case. Similar guidelines apply to the output of conclusions.
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In this expert system, input information is generally requested by a simple query mode
rather than by a graphical interface. However, the user is usually provided with a
<HELP> option if assistance in responding to a prompt is required. Most of the help
screens are combinations of text modules and graphic displays. A typical <HELP> screen
is illustrated in Fig.(4). Conclusion screens are either a text module, graphic module or
combination. This is illustrated in Fig.(5).

Conclusions

The expert system is presently undergoing in-house testing by Part 3 Code experts as well
as by a few members of the design community in Winnipeg. Present attention focuses on
improving the user interface. It is expected that the program will be introduced into the
design community in the summer of 1992.

The objectives in the development of this expert system have been to improve the
productivity of a code expert by providing a useful assistant and to provide the expert
assistance necessary to improve the performance of the novice. Whether these objectives
will be accomplished and what impact this program will have on the construction industry
remain to be seen; however, initial response has been encouraging.

References

[AutoCAD 88] AutoCAD, Reference Manual for AutoCAD Autodesk Inc. Oakland,
California, 1988

[Clark 86] Clark, Ferrers R. S., "Trends and Issues in Construction." The
Construction Industry and the Issues Facing It, An Overview. Institute
for Research in Construction, National Research Council of Canada,
pp-1-9., 1986

[Harvard Graphics 91] Harvard Graphics User's Manual. SPC Software Publishing.
Mountain View, California., 1991

[Heikkila 92] Heikkila, Eric J.; and Edwin J. Blewett., "Using Expert Systems to
Check Compliance with Municipal Building Codes". Journal of the
American Planning Association 58, 1, pp. 72 - 80., 1992

[Hewitt 86] Hewitt, Robert A., Building Regulation and the National Codes. The
Construction Industry and the Issues Facing It, An Overview. Institute
for Research in Construction, National Research Council of Canada,
pp. 35 - 46., 1986

[Jackson 90] Jackson, Peter., Introduction to Expert Systems. Saint Louis,
Missouri, Addison -Wesley, 1990
[NBC 90] NBC. National Building Code of Canada, 1990. Associate Cornmittee

on the National Building Code. National Research Council of Canada.
Ottawa, Canada., 1990

[Olynick 89] Olynick, D. M., Pinkney, R. B., and Frye, M. J., 'A Prototype Expert
System for the Fire Protection Requirements of the National Building

220



[PCPlus 87]

[PTCBS 90]

[Vadas 92]

[Winnipeg 90]

Code of Canada.' Proceedings of the International Conference on
Municipal Code Administration Building Safety and the Computer,
Manitoba Building Officials Association. pp. 299 - 319., 1989

PCPlus. Reference Manual for PCPlus by Texas Instruments. Austin,
Texas., 1987

PTCBS., Provincial/Territorial Committee on Building Standards,
Subcommittee on Computerized Code Products. Meeting Agenda.,
1990

Vadas, Oliver., Artificial Intelligence Industrial Applications Workshop.
Confederation College, Thunder Bay, Ontario., 1992

City of Winnipeg. Part 3 Checklist. Plan Examination Branch, Building

Inspections Division, Department of Environmental Planning.
Winnipeg, Canada, 1990

221




WwoalsAg 149dX3 YA JuswaAnoldw| sduewlodied (1)b14

(z661) ‘sOpPA wouy pajdopy

sousliadx] pup
Buiuipa] padinbay

P
T~
921AON
weysAg jadx3 ‘
UHM { 9N|DA
juswieroaduw F soupwJiojioad
ooUDWIOME] s Ewﬂwwxm

j4edx] N




SUOI109]9S Nuawqng pue ule|N walsAg juadx3y ¢ Jied (2)614

-enuyauos 03 HILNI ad -z
+108an> ey3 uoYTiTsod ©3 We3] O 19338T IBATI I0 Ay molaw esn 1

sjuamaaynbay uotjvaedes watd
sjusueITnbay sserd peaIM
sjuswaiTnbay YsSTUTd JOtavjur
sjusuaaynbay uoY3V8I0Ad UOTIRINSUL
sjuewaxrnbay SUTPpPRID I0Ta93X3

83 d uoy3on
buimoTIo} o:u JO uoc 3oetes luuCAm

iuoTIoeTes Hﬂilﬂ=ﬂ

*enuy3uUoD 03 YIINI ssead "z
-108ano syj uojajsod 03 We3l Jo 18338 3I8ITI 20 Aey Aolie asn Y

837x3 Jo sedAy

831Xx3 jJo asquny

831x3 jJo UOTIWDOT
$37X3 uIemiaq souelsyq
a33xa 3o Ajyowded

BUTAMOTTOJ 8Y3 JO BUC JOBIeS WSVITJ

[U°132°19s nusmqns

(20GN) 0661 VAVNYD 3O ZA0D ONIATINE TVNOILVN

“SNUTIUCD 03 UIINI ssead -2
*1081nD Wyl uoj3ysod 03 WEIT JO ARIIST 3ISATI Io KAey moiiw ssn 1

<mU

< 473H 14 >

u-o.—u:an_._uuoE.B:xo:uuou:ohann«u.uuAu_ngunouuc—cm
pearnbax 81 pewol juednoog 00t v Atuo 3T ( § ) uoiado 3deres
peatnbaz s} prol juednoop HUTPTING Teaol 31 ( v ) uojide 3oetes

*prol Juudnooo ey3z buyuiwaelep ujg
*8n 03 YsiAa nok jeyy moreq suciido HUTMOTTOF SUJ JO BUD 3IDSINS

(20UN) 066T VQVNVD JO AAQD ODNIGTIING TYROILVN

‘enujjued 03 YIIN3 sssad -
*308ano ey3y uof3lfsod 03 WAy 3¢ 183387 3IMITI o Aay molaw ssn °y

buypTYNg ybYH
nun-uum

A

peor 3
UOT3EDSFITBSeTD >u:nn=uuo
vaxe buypryng

3uybrey butpIIng

‘op TIia

uotado uUOTIOBTIS Yows vYm Jo uojjwuyeidxa’
Jetaq © ®8ath TTTA Aex uol3joun) J4IAH Td WYL < J13H 14 >
sburpling w
3o sTsdteue 8pod £ 32ed ¥ Op 03 peatnbaa senqfaizjw Llemyad
BUTMOTTO] Y3l JO PUC JDS[@E O3 IVEN 9Y3 SBAOTIP 9OTOUD STUL

(UOTIDATIE nuIugNs \

(50EN) 066T YAYNYD JO 3Q0D HRIATIING TYNOILYN

(008N) 0661 VYAYNYD Jo 300D UZHS&B TYNOLIVN

*enut3lUoD 03 HYILNI ssaxd -Z
-3osano ey3 uoyatscod of me3y jJo as3zer 3s8xTJ 10 K@y mozae esn ‘'t

s103wA8t® jo suojjeiade Asuabisug
swaysks Jamod Aousbiamy

sweisis zaruytads

suaysks ®sof pue adidpuess
sjusmaxynbea iere eayg

*ajubyaseauy o3 juem nok eyl sweysis
A3e3e8 971 BuUTmMOTITOJ syl JO SUO ID91BE BSWEId

sua3sis Ajejes 8J71 pejoares saey nojx

\n uoj3oa[es nuswans

\ (0DEN) 0661 YAVNYD Jo ungubn TYNOILVN

uT3lueD 03 HIAINI ssaad 2

Josano ayj3 uofarysed o3 wa3y jJo a3 T 3sa73 3o KAey moaae esp °T

uot3zoajzoad aaf3 Teanioniys
uoyjeaedes yerjeds

mu:wswuqs a1 y3TesH
sjuaswaxfnbaa buylTxay
sjusuodwod uUoT3IDONIAISUOD
saanjeal buiprIng
sejnqyaile buiprIng

< d13H 14 >

‘ut po3saIajuyl aae
nok aeyz 22aN @yl Jo 3xed suo ayz 309195 oseald

{1UOTJO8IIS nuUsW UTel

(0DEN) 066T VAVYNYD 3O TA0D ONICIINE TYNOILVN




aweljgqng bunybi4 a4 10}

peujnbs. jou &) £58220 jo0y
$8850y 00y '¥¢TC
£5§5300v ssjawoiog |pog
689310y

ON

‘popjacid aq 1ipys sE8330 jooy
6030y jooy ‘y¢°T'C
£55300v J9jpwoind 1009
06931y

sA010|S #PDID sAOQY Of SEEIVY | G Z°S
O €id 2n3 uonoasn|j udosy

S3A

¢ ¥ Ui ubyj sse|
J004 oY) jo edojs sy 5|

1dN0Yd
304078 ‘s9pewpsod

_.l S3A

190248 b 8950} @

of peanbes om jo w ¢}
ya0e 4o} |supd s58300 S0
MOPUIM PRIINIEGOUN QLD O
suDsw AQ 8q |JOYS 5850y
sio0pino sy} woiy Sujybyy
ST jo0alp 1

SuoIsinOId ‘@au] uolsioaq (g)bid

‘{e04is By) #30)

o} pesjnbes jom eyp u| jeund
SS8300 JO MOPU|M pejonJEqoun
#UO Jo SUDBW AqQ g ||OYS S5OV
"sa00pino syj woij Buyyby

01|} 10} SE933D {O0I|P Yjim

yljm pepiacad »q ysnw
opDIB PADQD WS CZ UDY| S5
|9as} 400} S| Bujaoy

Asaops spoJd ea0qD Aiea3

155300V Js9pwoiny {pog
28931NY

poJinbes jou | $58550 o0y
s5030y jooy ‘p'§°T°¢
£55300V J9jpwoing DOY
689311y

& tubjey Buipiing uy sdsaoys ¢
uoy} esows Bujpjng ey} s}
13N0¥d

3108y ‘s8jowosnd

ON _

‘peplrcid
oG ljoys Sjuswespq O} £y
sjuswiesogy o) ss8IdY .N.ﬂ.NAn

WO'viid 2114 uononsny dydosy
255300y J4sjawoing jpoy
£8931NY

L.

¢ juswesDq D PADY

6uipitnq sy} seog
ldWoyd
MO138 sejowoind

Buyybiy o414 104 suoisiaoug ‘Gz

s123.8 saayy (2)

pepirosd oq ysnw eposb saoqo
W GZ UDY} $58) [8As] JOO; Sif
Bujaoy epoIb eaoqo Awiojs Aier]
shsio)

#PDID #AOQY O} €S8V “|°G°'S
149°T44d 214 vononsall ddosn
155300V s9ppwoung 1009
98931y

sieans omy (9) |—||||| 12ans sug (o)

s)9as aasyy (9)

s129ns omy (Q)

1298 sup (p)

& "T°T'E uoyoesqng

10 UO|DI|}ISSO|D

}o sesodind sy} 405

#0D} o} psynbes Bujp|ing
S|4§ $) sjees Auow moy
1dWOHd

189°144d 214 dion 2ydosg
1S# +9gowos0d

Lo

£§5300V 'ZSS300v |

SHILINVHVY TV09 INVONNQ3Y
‘paaspjuids s joy} Assojs

Aup uo pesinbes jou sip

$]0A9| 400); epDIB mojeq

PuD 8r0QD 0} EJOOP|NO

oy} WoJy S350 |oeng

$8)noY $S800Y '¢'¢°2E

1S§300y J49j9uiting 009
§8931Y

SIA

¢ Poaepjuiads Bulpying eyy s|

1dHO¥d

N¥NdSQ18 ‘4049woind

‘posinbed 4004 O} ES8IOY
£55320v

‘pesnbes juswesoq o) s8Iy
2553030V

‘pesinbes Bupling of sjeund sseday
158320V

POAIOS 9q 0} SJ9jewound joog

Buyybiy aa14 1oy suoisiaoig ‘G'Z'S

224



olydeuy) usaiog dieH () bi4

‘Sjuswadinbal WJD|D Buly ‘'Sjuswedinbas wup|D 8414
butuiwieyep jo esodind ayy Joy buiuiwislap o asodind
buip|ing suo so pelepisuod oYy 4o} buip|ing e1pindas

9Q 1snw g pup y sdoys D sSD peaJaplsuod doys yoo3

g dOHS YV dOHS

Ao103}s pJd¢ uo buluado ss800D ‘uonpipdas ybnouyy sbuiuado
Uym uonoindas adly y | SS900D Ou ‘sAaJ03ls |0 ybnouyy
buipuaixa uonpipdes adij y |

NOILVIVddS HDNOYHL SSHJDV HLIM
ONIA'TING AHAIAIA ATIVOILYHA ONIATING dHAIAIA ATIVOLLIHA
d0d SLNAWHYINDIAY WAVIV dd1d d04d SININIIINOIAY WUVIV HYId

225




olydelr) uealog uoisnjouo) (g)bi4

1
EEEE 3ignoyL WAvIV zom
4O1vOIgNI NOWAOD NOWWOD ¥3MOd |

naany
NOWRNOD = o

dWNd ANVLS MddS
B 344 A ||

S3INOZ
AJOSINGIANS WAEVTV 314

gIVIS LSIM
v € z | ¥ INOZ

B B caynvoz @ @
ONILYILINI WHYTV 314

¢ INOZ

NOISIAYIANS
dNNd 3313 7 s
SIHOLIMS . |
YIdNVL LI ¢ ANOZ
3daNIS kgl
SIHOLIMS . — 14 NIVW
NERTAYI m_ — L INOZ

SIONVIdgy  ¥IDNRES Bl Pl
TYNOIS 3718IANY  SINOZ AYOSIAYIANS WavTv 3di4  SIOIAIA ONILYILING WY 314

WNHLSAS WHVIV ddId ANOZ-IL'INN




