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another application - say building comfort and energy performance assessment
at the design stage - problem solution requires more that just a set of prescrip-
tions expressed as facts, rules and relations. Now we need an important new ele-
ment: the prediction of future reality at the design stage in order to quantify the
performance criteria identified in the knowledge base. In other words even an
expert will have need to refer to data - monitored or computed - which charac-
terises building performance. Of course it is conceptually possible to establish
the laws of thermodynamics as a set of facts and relations so that the expert sys-
tem can gain access to numerical fact through a rules-based protocol. This is a
very long term prospect however.

At the ABACUS CAD Unit two approaches to the design of a building energy
ikbs are being pursued: one, a short term and pragmatic approach, is currently
operational, the other, a more fundamental approach, is in the early develop-
ment stage. The paper now continues with a description of both approaches.

A Pragmatic Approach to an Energy IKBS

In essence this approach involves the use of the Unix Bourne shell (Bourne
1982) as a pseudo expert system shell. Shell scripts are designed to coordinate
the operation of a number of objects (proorams) against the rules and relations
of a particular performance assessment methodology Shell script rules,
although hardwired, can be. replaced by, the desxgner at script invocation. Within
the shell script ESP and Unix objects act to perform set operations as a function
of the in-built ryles which relate to each performance appraisal. The computa-
tional path to be. followed at any, stage in the scrlpt will depend on the perfor-
mance data to emerge at run time and on the embodled rules.. Bach shell scripts
can be viewed .as a.design; assxstant the performance assessment and program
operation lcnOWledge s, known to the assistant; the, deswner is’ free to focus
attention on. deswn dec:smn ma,lcmc The scripts are developed to operate on a
Unix workstation oﬂerlng a blt-mapped display. controlled by & wmdow manaaer
(for example a SUN2 or Whitechapel MG- 1).

A thorough appreciation of shell scrlpt proaramrmng can,only be obtalned,
from study of the syntat lm(plved Howeverl. to. demonstrate the poss1b1ht1es and.
the technique, one ESP script is reproduced here Its purpose is to undertake a
comfort analysis, w1th the following mission:
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. To determine -an appropriate simulation boundary condltlon_by ,selectmg &

climatic context collection with,a severity rating; matched ‘torthe: l::mldll’ha S
geographical location and function. sk B e T
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. To initiate andicantrat:thessimulation: processmg overa perlod of time deter-
mined &5 a function of 'severity eriteria. ;' :n- - = P, EEL B -

. To seek out building zones which are uncomfortable according to usér
specified (or default) comfort criteria.

. To recover and present statlstxcs on comfort prevalhno in uncorhfortable'

areas. TEad I o 5 z : / )
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. To determine, the cause of the problem

. To initiate a sensxthty study. focusing on the causal energy flow paths, and
to so rank order the options for design-intervention.

And to provide a comprehensive report on comfort performance, mcludmo
problem causes and potential cures.

With reference to figure 1, which sho.vs the program modules of the ESP sys-
tem, this script is constructed as six¥ interrelating sub-scripts. The first runs the
climate module clm to determine the Cllmatlc context, then runs sim before
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spawning a number of new windows required later for results reportage. The
second recovers the state variables which quantify comfort and groups zones
according to whether or not they violate the function-related comfort criteria.
Summary statistics on the worst offenders are then output. The third script
investigates the cause of any discomfort. And the fourth commissions the sensi-
tivity analysis. The last two scripts are special in that they exist to compliment
the Unix process awk: in essence they control the extraction of information -
such as the cause of discomfort or the location of the worst zone - from the data
sets transferred to awk from the ESP modules. Because of the complexity of the
syntax, these two scripts are not reproduced here. Also, since script four is
effectively the iterative operation of the first three, it is only cursorily explained.
The actual scripts are ‘as follows.

Script 1 .....

# Variable ESPdir enables script to be
if test "XSESPdir” = "X* § run from any directory. )
then

echo "Please set up 'ESPdir’ shell variable (and ‘export’ it)*
exit
fl
/usr/ucb/clear § Clear the window and
echa " ESP rules seript 20 - comlort expert.® § display header.
echa "SCRIPT COMMENCES ....." >SESPdir/tmp/s20_trace
comfort_index="res" # Resultant temperature set ag' *
criteria=28 # default comfort index. Other
# options include “air” and
f "set”, .

building=SESPdir/tmp/system_cig
climate=SESPdir/tmp/climate

320 _Jock=8ESPdir/tmp/s20_lock
s2Q0_results=SESPdir/tmp/s20_results

demo_rmade="na" 3

start="17 7" # In demo mode we only need

finish="17 7~ # a one day simulation and

timesteps=1 # a one hour time step. !

information="ne"

# Process command line options.
il test $§-ne G

then
foride -
case “$i" In y
-h information="yes"; shilt;;
-help) infermation="yes"; shilt;;
-i) camfort_index=52:shilt:shilt;;
-a) criteria=$2;shilt;shift;;
-1) 320_results=42; shilt; shilt;;
-c) climate=52; shift; shift;;
-b) building =$2; shilt; shift:;
-p) start="32 $3"; shilt; shilt;
finish="32 $3*; shift; shift; shiit;;
-t) timesteps=52; shilt; shiit:;
-d) dema_mode =82; shift; shift;; woryn b
- shift:;
-*) eche "Unknoewn option: Si. Type camfort -h"
exit 2;;
esac .
done ~
1 et
If test Sinformation = yes # Respond to help request.
then
echs
echa * Command line options: inforrnation (help) -h or -help”
echo " comfort index -{ index”
eche * (res, air ar set)
echa ” comlort criteria -0 criteria”
echo " resuits flle - fllename”
echo climate flle -c filename”

echo ™ building -b ftlename”
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echo ™ pericd -p sd 3m {d fm"
echo " timesteps -t timestep"
echa demo mode -d yes/no"
echo

echa “ Default: comfert -d no =i res -o¢ 28"

exit
fl
# echo files used

echa ” Files used : ${building{”
echo ” t{climate|"
echao frem S{start| to S{finish{"
echo ” Files created: ${s20_results{"

echa

echo Camlort index: ${comicrt_index| at ${criteria{”
echo ’

echo " wait ....."”

echo

rm -f SESPdir/tmp/s2Q_*
rm -{ ${32Q_results{ # Might be user-defined file.

# Determine climatic context
£ as a lunction of gepgraphical

# locatien and building type.
if S{dema_mode{ = no

then
clm >>SESPdir/tmp/s20_trace 2>8ESPdir/tmp/climate <<~
-8
selection_request § Commands tg 'drive’ the
£{building # climate module of ESP.
1
${start|=’cat SESPdir/tmp/3s20_ps' # The analysis period is
${Mnish{="cat SESPdir/tmp/s20_pl # set from the results of
S{timesteps{='cat SESPdir/tmp/s20_pts’ # the clm run.
ft

# Simulate using parameters,

# saving cutput faor analysis.
eche “SIMULATION COMMENCES .....” >>SESPdir/tmp/s20._trace

sim >>SESPdir/tmp/s20_trace <<~ # The simulation module of ESP.
-8
S{climate|

1

S{bujlding{

y

1

a Commands te 'drive’ sim.
${320_results|

S{start|
${finish|
S{timesteps|

it W MR R R TR Ny MR

1t~ lv<eiu

eche * Simulation complete; analysis commencing.”

echo * output directed to separate windows.”
if test Scomfart_index = res
then
comlort_index="d" 5
graphpic="1" ~
n

if test Scamfort_index = air
then

comfort_index="c"
graphpic="a"

fl

iI test Scomfort_index = set
then

camfort_index="e"



graphpic="z
1

# Export required data
# lar use by other scripts.
export 32C_results 320_lock criteria comfort_index

# Run script 2 in a new window,

newwin -t “worst zone” -{ title -x Q -y 8 -w 6§53 -h 600 -ix 944 -iy 656 -iw 56 -ih 56 -u — $ESPdir/scripts/script2

while test ! -f ${s2C_Jock| # Script 1 now sleeps until the
do # script 2 leck file appears.
sleep §
dane

# It appears.

# Check for discomfart;
if test -3 ${s2C_lack| # lock flle identifles zore.
then ’

# Lock flle has warst zone(s)
# in it. Determine cause,

newwin -t "cause” -{ title -x 3 -y 352 -w 550 -h 5C0 -ix 944 -iy 592 -iw §6 -ih 56 -u — SESPdir/scripts/scriptd

F Now get [requency distribution.
='cat ${s20_Jock{ # Irem the output module of ESP.
echo "COMFORT ANALYSIS; CET FREQUENCY DISTRIBUTION FROM out ....." >>SESPdir/tmp/s20_trace
out >>SESPdir/tmp/s2Q_trace 2>$ESPdir/tmp/320_graph <<.
-6
${s20_results|

y
4

y
3{WZ{
[

&
${graphpic|
10

b 4

L JRUL I N

# Draw frequency distributicn plat. : . el
tekem -t "frequency distribution” <SESPdjr/tmp/s2Q.gragh : :

Seript 2 s

# Use out to get comfort statistics.
echo "COMFORT ANALYSIS; CET ZONE COMFORT STATISTICS FROM out ....." >>SESPdir/tmp/s20_trace

out >>SESPdir/tmp/s20_trace 2>$ESPdir/tmp/s2Q_pt <<.
-8
${320_results|

y
b

${comfort_index{
n

!
# Use awk to get overheating "R
# zones, ranked in PZ. File s20_awk_pt
# has awk driver commands.

PZ='(echo OHT Scriteria ; cat SESPdir/tmp/s20_pt) | awk - s20_awk_pt” -

if test "XSPZ" = X"

then 3
echo “Congratulations!” # Whole building is
echo "No overhealing accurs.” # comlortable.
eche
echo "Zone summary table lollows ...." h
echo

cat SESPdir/tmp/s20_pt
> ${s20_Jock|

echa
read xa # Hang around until teld to go away.
exit 0 § Normal exit (0) to indicate no discomfort.

# Tell designer about probiem zones.
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eche "The following zones (rank ordered) overheat, SPZ.”
echo

YZ=

feriin SPZ

do .
echo "Naw checking zone $i for occupants.”
if test "XSWZ" = 'X*

# Lecate worst accupied (or worst) zene. -

then
WZ=81 # Worst Zone
fl .
impb << # The ESP module impb is used to test
Si # a zone for accupants.
if test 87 -eq 1 # Impb error exits il zone occupied.
then 'R YS! last. exit status.

echo "Occv.pxed."
echo "Warst discomlfort occurs in occupied zane Si.”

0ZF=1 # Worst zane is occupied
WZ=$i
break
else
echo “Nat accupied.”
1}
done
if test “XSQZF” = “X*
then

# No impb errer exit.
echo "Warst discomfort accurs in unoccupied zone SWZ.*

fl

echo

echa “Zone summary table follows ...."

cat SESPdir/tmp/s20_pt # Cat is the Unix ‘type flle’ command.
echo SWZ >8320_lock # Put W2 in Jock file for access by script 3.
read xa # Then hang around until told to go away.

Seript 3 ...

§ Cet waorst zane from lock flle.
WZ='cat $s20Q_lock’
# Create graph for warst zone. ' §2 LR e
echo "COMFORT ANALYSIS; CET CRAPH OF WORST ZONE FROM cut ....." >>SESPdir/tmp/\race

out >>$ESPdir/tmp/s20_trace 2>SESPdir/tmp/s20_wzt <<~

-6

${s20_results|

y

c o .t o
4 &t ’ * ol R v

3

# Worst zane variable is passed . i
# to out.

1™ ' ~onR—~p

# Draw graph {n new windaw.
tekem -t "warst zore profiles” <SESPdir/tmp/s20_wzt

T

Y G e e WLow o

# Cet energy balance for worst zone. :
echo "COMFORT ANALYSIS; GET ENERCY BALANCE FOR WORSTZONE FROM out

out >>$ESPdir/tmp/s2Q_trace 2>$ESPdir/tmp/s20_ch <<~
-8 ~

${s20_results| &

¥
b

p
s(wzj
2

f

-

cat SESPdir/tmp/s20_chb # Display energy balance.

# Get oftending energy flowpaths



# using awk
OHC='awk -{ SESPdir/scripts/s20_awk_eb SESPdir/tmp/s20_eb’
echa
echo "The cause of the zone ${WZ| cverheating is”
echao "SQHC."

for i in SQHC § Insert plot commanrds inta variable GP

do # lor later use ta select graph.
case Siin

~Infllt*) GP=SCP'
*Yent®) GP=SCP'm
“YcondE") GP=¢CP'n
“Weondl") GP=SGP'n
“DeendE”) GB=8CP'c
"Dcondl") GP=S8CP'e
“Sclair*) GP=SCP'p
"CasConv")GP=¢CP'q

“Surfcenv”) CP=SGP'r
“Plant”) GP=$CP'%
esac
done
CPp=scpr § Add draw command.

§ Get graph of causal flawpaths .....
echo "COMFORT ANALYSIS; CET CAUSAL FLOWPATHS FOR WORST ZONE FROM cut ....." >>SESPdir/tmp/s20_trace

out >>$ESPdir/tmprss20_trace 2>$ESPdir/tmp/3s2Q_cause <<.
-8

${32Q_results|

y

c
sGp
f

§ oo and display it.
tekem -t "causal flowpaths” <5E‘.Sder/t.mp/320_cause

export SCHC § Expert cause and initiate
§ sengitivity analysis in new window.
newwin -t sensmvnty" -I title -x 3 -y 300 -w 550 -H 500 -ix 944 -Jy §00 -iw 56 -ih §6 -u — SESPdJr/scr:pts/scnptf

Script 4 .....

# For each of the causal flowpaths jdentifled in script 3..and

# exported ta this script in variable OHC, scripts 1 and 2 are :
# re-run against appropriate changes to the building description -
# selected o establish the sensitivity of the flowpath to design -

§ intervention. The possible changes are passed ta impe

§ in table form. This table contains the percentage changes that

# may be apphed to the rejevant parameters which define the building
# ta ESP .

for i in SOHC
do
case $iin

“Infilt*)  parameter=1;;,

“DeendE") paraneher‘-':ﬁ:;'
“Dcondl”) pararieter=6::
“Selair") parameter=7:;

“CasCanv") parameter=4:;

“Surfcenv') parameter=9:
“Plant”) parameter=10:;
esac

echo "COMFORT ANALYSIS; MODIFY BUILDING DESCRIPTION FOR $parameter ...." >>$ESPdir/tmp/s20_trace
~N A

impe >>SESPdir/tmp/s20_trace <<. # The ESP process impe is
-8 # used to modify the building
SESPdlr/lnp/sensmvxty_table # description far the
SESPdir/tmp/building # sensitivily analysis.

echo "COMFORT ANALYSIS; RE-SIMULATE FOR Sparameter ....." >>SESPdir/tmp/320_trace

sim >>SESPdir/tmp/s20_trace <<~ # And re-simulations are

-6 § initiated.
${climate|
1



£{building|{
¥

J
${s20_results|

echo "COMFORT ANALYSIS; GET ENERGY BALANCE FOR PREVIOQUSLY WORST ZONE FROM out

# Finally new output is taken.
out >>SESPdir/tmp/s2Q_trace 2>>SESPdir/tmp/3s2C_sensitivity <<~
-6
${s20_results|

y
b

p
s{wz|

[N

done

# Now display results of sensitivity analysis.
cat SESPdir/tmp/320_sensitivity

When invoked, this script, after a computational effort which depends on the
complexity of the building and the length of the required simulation, will produce
the screen image of figure 2. Only the more salient features of the scripts are
discussed here since much effort would be required to fully explain the subtlities
of script syntax. 'The interested reader should consult the appropriate Unix
manual entry (man sh) in order to fully grasp the data redirections used
throughout (the '>*, '>>’, '<’, ‘<<’ and ‘|’ symbals).

The environment variable ESPdir is used everywhere. This:is set (in .profile
or .login) to define the location of the main shell s¢ript dicectory. 'This allows ESP
files to exist in, and the shell scripts to run from, any directory rtAny variables
used must then be exported so that other scripts can {Use them:. The

(s20_trace) to provide a complete record of the performance assessment.

The script is executed by typing the command comfort, perhaps followed by
one or more of the command line options -h, -i, -0, -f, -¢c, -b, -p, -t or -d to modify
the script's action. At the start of script 1, variables are assigned their 'défatilt
values. The command line is then scanned to determine if the designer wishes. to

Le'cho pro:
cess is used throughout to inform the user of progréess or to write 'to a.trace fite.

..... " >>SESPdir/tmp/s2C._trace

invoke one or more of the options. For example, the command comfort <i'set -0~ '~

25 executes the script with standard effective temperature defined as the com-

fort index and the cut-off temperature for overheating set at 25 °C. 0bv10Us1y
there are many premutations. Clm is now run to determine a climatic cellection
of an appropriate severity (in terms of the building type). Sim is then run‘td
determine the building's behaviour against this climatic boundary condition.

Selection of the -c option allows the designer to force the use of a specified cli-
mate collection.

At a certain point in its operation, script 1 hangs until a special file is
created by script 2 to indicate that the latter has finished. Script 2 will-have
filled this file with data which identifies those zones which are uncomfortable in
terms of the selected criteria. If the file is empty, all zones are within the com-
fort zone. Otherwise script 3 is run to continue the appraisal. The pewwin pro-
cess opens a new window/icon according to the specified arguments. The tekem
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process is a graph display device which is used to display any ESP graphics in a
window of any size, positioned anywhere on the bit-mapped display.

In script 2 the back quotes (') cause whatever is between them to be run,
with the output replacing the quoted string. To generate the input for awk, the
two commands echo and cat are placed in brackets. This tells the shell to exe-
cute them sequentially, but to treat them as one command as far as the rest of
the line is concerned. First the echo output is piped to awk, then the cat output
is sent down the same pipe. This means that the variable PZ will contain the
results of the awk process: an ordered list of the problem zones in this case. The
variable WZ is then set to the worst zone - that is the first one in the PZ list., This
zone is then tested for cccupants. Impb is the ESP process which does this. It
returns 0 if a zone is unoccupied; it does no output. The worst zone is then writ-
ten to the lock file in order to restart script 1 and feed script 3.

Script 3 again uses the awk process to determine the cause of any thermal
discomfort. OHC contains the rank ordered causal list - for example, mfil{ Solair
Surfconu for infiltration, window solar absorption convected inward to the air,
and internal surface convection respectively.

Script 4 is then run. For each causal flowpath, impe will modify the building
description as a function of a relational table linking flowpaths to possible design
changes. Sim and out are then rerun to establish the effect of each deswn
change before the final performance data is output. Finally a non ESP scrlpt is

run (in a new window) to produce a perspective view of the building under
analysis for zone identification purposes. '

The following table lists the range of scripts now available to drwe ABACUS
programs.

Heating plant sizing.

Cooling plant sizing.

Climatic severity assessment.

Plant control strategy appraisal.
Condensation expert.

Summer overheating analysis expert.
Building zone dimensions take-off.
Comfort expert.

Annual energy requirements and causal breakdown.
Solar utilisation expert.

Air flow expert.

Perspective view generation.

Walk around movie.

Cost-in-use

Regulations compliance

A number of new scripts are now under development to aid in the building
description process. Here the intention is to match scripts to different building
types and levels of knowledge. For example, one script might accept a simple
description of a passive solar building and generate the full data set as required
by ESP. Another script might accept a detailed description of an air handling

unit, adding its own typical office description to allow an meaningful plant
appraisal.
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A MORE SOPHISTICATED APPROACH

Although the shell script technique offers an intelligent interface to energy
simulation, it suffers from three fundamental limitations. Firstly, it is con-
strained to the performance appraisal aspect of the problem; it does not, for
example, address the problematic issues surrounding data preparation in the
face of uncertainty. Secondly, each script is considered as an independent design
assistant. This implies that the user must be able to coordinate script selecticn
and to act as the averall integrator. ‘And thirdly scripts do not allow ‘Why do you

ask’' type responses. They have no real understanding of the system they address;
they are merely clever prescriptions.

It would obviously be attractive to design an ikbs which could act as an
expert consultant, recognising the user’'s plan, commissioning simulations and
reporting back on overall performance. This is the goal of the next version of the
ESP system. What is envisaged is the system architecture shown in figure 3.

A central communications center exists to manage information traffic.:
Each module of the system can examine this center for relevant informa- -
tion, posting results where appropriate.

s The knowledge base, implemented in Prolog, holds both application

knowledge (concerning energy in buildings) and modelling knowledge
(defining simulation strategies).

The dialogue handler is the user communication mechanism. This controls
the consultation session, allowing a user to volunteer information, to
redirect the systems line of inquiry, or to make 'Why do you want to know'
type responses to the systems prompts. '

. The ikbs will possess more than one user model. For each user type - archi-

tect, engineer, energy modeller, student, etc. - at least two categories, naive
and proficient, are envisaged.

. The plan recognition module exists to interpret the user's objectives and to
generate a list of ' performance assessments which will meet these.

The simulation planner provides the complementary function: namely the

generation of a list of simulation requests which match the required perfor-
mance assessments.

The model builder assembles- the.data structure required by- {he ESP pro-
gram modules. These data can come directly from a user, if available, or

from the knowledge base in the forfn ‘of dynamic defaults which may depend
on. the user dialogue.

And, lastly, there is ESP itself. This is a multi-process system which, aoamst 4
some design hypothesis, can undertake a dynamic energy simulation. Simu- "
lations can be tailored to allow a range of performdnce assessments: includ-
ing comfort checks, control systern appralsal condensation predxctmn. pas-
sive solar analysis and whole building energy reports

The development of such a system is obvmusly a. ma]or uridertaking, and one
which 1s made difficult by the fact that many of the foregomg elements are not
yet well advanced. A research project has been, formulated (MacRandal et al,
1986) which should create a prototype within two years. :

Conclusions

In addition to its native interactive graphics mode, the ESP system can now
be operated as a pseudo expert system. A number of Unix Shell Scripts have
been developed to control ESP's program modules against rules which relate to
particular performance assessment. methodologies. Each :Script is then
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equivalent to a design assistant, endowed with knowledge of ESP and the applica-
tion domain.

The shortcoming of this approach is that the internal representation of
knowledge is primitive and inflexible. For example, it is not possible for the
designer to interact with a script once invoked. To remedy this a more ambitious
ikbs system is needed. Such a system is now under development.
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Figure 2 Output from a shell script

«  This multi-window display was produced on the screen of a Whi-
techapel MG-1. It is the result of the ABACUS script for building
comfort appraisal. - e
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Figure 3 The architecture of an advanced energy ikbs.



