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INTRODUCTION

A practicing planner needs the capability to solve
quantitative problems. No planning curriculum can prepare
its students for every kind of quantitative problem they can
conceivably encounter. In my own field, renewable energy
planning, some of the most important problems have emerged
within the past few years: shadow calculations for solar
access, tax incentive calculations for small hydroelectric
site redevelopment, etc. Planners in this field are turning
to powerful programmable calculator/printer systems as a
means of coping.

Electronics engineers have been using programmable
calculators since these tools appeared in 1977. I fifst
began using the TI-59/PC-100C system in late 1979, while
working on passive solar design problems with architects at
the Northeast Solar Energy Center. Since then I have done
thousands of runs for a wide variety of problems, mostly
energy-related. It has become increasingly apparent that
most of the advantages of the system can be transferred to
other kinds of public planning.

Given an introductory notebook, most students should be
able to acquire competence in calculator programming and
applications more efficiently than I did. And so I decided
to write such a notebook.

Quantitative problem solving with the TI-59/PC-100C
is a blend of many things, from mathematical theory to

keeping your fingerprints off the magnetic program cards.



Writing a notebook that respects the utility of brand-name

and housekeeping information is not accepted academic practice
in graduate schools, nor is the required double-spaced format
appropriate for communicating this kind of information in

the most efficient way. I have entered this project with

some trepidation, despite my complete confidence in the
hardware/software system.

Many of you will probably be unfamiliar with the specific
hardware system discussed in this notebook. The Texas
Instruments TI-59 programmable calculator operates much like
the inexpensive TI-57. You may know someone who has a TI-57,
so I will note here that its instruction manual, MAKING TRACKS
INTO PROGRAMMING, is the best possible introduction to the
TI algebraic operating sy;tem (AOS) and programminé in general.l

This notebook is based on several premises that should
be discussed here. First, most planners will not have access
to computers with the software they need. Furthermore, for
problems with fewer than about 100 input data points, the
TI-59 outperforms computers more often than not, simply because
it is so easy to program, access and operate. I own a $4000
microcomputer with a multi-purpose spreadsheet program, and
the TI-59 is the minimal block time choice for most of the
complex calculations in my work. The microcomputer works
well for word processing and data storage, but it cannot compete
as a calculator.

Second, the calculator's small size is a real advantage.

It fits on the corner of a desktop or in an attache case
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(with printer). Without the printer it operates on battery
power for field applications. There is no substitute for
this kind of close and constant utility.

Third, most planners will have at least a refreshable
knowledge of algebra. Algebra is an important tool, good
for understanding most of the gquantitative problems ynu will
face, and good for programming in an assembly language based
on algebraic notation.

Fourth, consecutive, quick numerical solutions permit
consideration of several values for variables that cannot
be accurately determined or estimated. It is reassuring to
know when improved accuracy of inputs adds little to the
value of a solution, becagse then we can manage problem-
solving resources more efficiently.

Fifth, the above process can be extended to provide
broad understanding of the underlying dynamics of a problem,
understanding that would otherwise be achieved only by more
experienced or more analytical minds. It is difficult to
appreciate this phenomenon without experiencing it once or
twice. Trust me.

Sixth, the knowledge acquired from the process of
quantitative problem solving is a commodity related to power.
It can be used constructively tb note specific options and
consequences, thereby minimizing the latitude for
politicizing decisions. Planners who cannot provide
specific, accurate solutions to gquantitative problems cannot
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Planners Schools

4. Economic base 50% 75%
5. Market area 49 24
6. Descriptive statistics 43 61
7. Cost-benefit 41 37
8. Cost-revenue 37 24
9. Inferential statistics 27 51
10. Gravity model 26 54
11. Input-output 14 46
12. Multiple regression 14 46

The schools were clearly not providing the training that the
profession required, however farsighted they may have been
in selected methods such as input-output. Thé surveys were
inconsistent in several ways. Schools were questioned on the
gravity model, while planners were gquestioned on land use
and transportation models in general. This makes the planners'
minimal interest all the more emphatic. Property
development finance was no£ included, which may account for
‘the practicing planners' response to the housiné need methods.
Isserman accepted al; responses at face value, despite
misgivings. Terms such as "competence” and "introduction"
are subjective. It would have been prohibitively expensive
to monitor course offerings by guestioning or testing students.
It might have been even more disconcerting.
The Isserman survey raises some serious questions about
the sources of "professional judgment” in planning. For
the experienced planner a reputation for wisdom may be
sufficient to secure support for a plan or program, but
younger planners will be increasingly challenged by manage-
ment and systems science techniques from tangential fields.
The Isserman survey also raises questions about the
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classification »>f quantitativ: methods. The survey did not
discriminate between substantive field applications and
mathematical techniques. This was most obvious in the case

of inferential statistics. How much of inferential statistics
are we discussing? Is probability included? What substantive
field applications are we concerned with beyond questionnaire
surveys?

Many planning schools offer statistics as an introductory
techniques course, without attention to the mechanics of
substantive field applications. This 1s particularly true
when the course is taught outside the department. Students
may concurrently be studying the mechanics of substantive
field applications for other mathematical techniques they may
not have learned before entering planning school. This-
double bind situatién could be remedied with diagnostic tests
and short tutorial courses that incorporate calculator
programs. Business schools have done this within and parallel
to their curricula.3

It would be helpful to classify commonly used planning
methods in a two-way table that shows the intersections of
mathematical techniques and substantive field applications.
Each application method could be linked to at least one
published source. For example, the PRACTITIONER'S GUIDE TO
FISCAL IMPACT ANALYSIS is probably the most important
published information source for that method, although sources
for variations of the method could be noted.4 The manual

8









Think for a moment about how problems are solved.

I might begin with a pencil and some graph paper (non-repro
blue, four squares to the inch). I generally try to assemble
the graphic, numerical and verbal components I need: a stylized
drawing, diagrams, some arrows, a few numbers, book citations,
some equations, more arrows, and erasures of things that
seemed germaine but turned out not to be. I understand some
of the dynamics of the problem from related experiences. In
other ways I feel very inadequate. These are the times that
professionals hide. We all try to cheat our limitations and
avoid defeat (the area under a curve equals the number of
squares you count on the graph paper).

If the problem is quantitative, it eventuelly boils
down to data, mathematical operétions and a useful format.
Then is when it would be nice to have an inexpensive
programmable calculator capable of doing things that would
otherwise require computer access. There is something very
satisfying about accomplishing the apparently impossible with
tools you can easily conceal. To the extent that the Texas
Instruments TI-59/PC-100C system can do this, the practicing‘
planner has significant new opportunities.

In a world of complex problems, there are a few natural
laws working for those of us using small tools. First, big
models are not necessarily more useful than small models.
William Alonso's old article on sources of error in models

. . . 1
remains a good source of consolation and advice. He notes
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two kinds of error. Measurement errors are those acquired
from inaccurate measurement. Specification errors come from
deliberate (or mistaken) model simplification. Alonso's
central point is that elaborate specification may in fact
generate cumulative measurement errors beyond what a simpler
mocd2l would have produced. There is, in almost every case,
a point of diminishing return. His summary advice is to avoid
the operations that generate cumulative error fastest, namely
intercorrelated variables, subtraction and exponentiation.
Add where possible, and multiply or divide if you cannot add.
Second, complex problems can often be broken down into
relatively autonomous sub-problems. If we can represent a
problem graphically, it is_often possible to understand how
coﬁponent parts are connected before that connection is
expressed mathematically. Dennis Meadows' wo:rld systems
model appears on the following page; it shows in some detail
which sectors are most directly related to which. If these
linkages were expressed only mathematically, relatively few
people would understand what is going on. And some strange
things would happen as a result of that lack of understanding.
Results generated from mathematical models that have
not been graphically represented may be counterintuitive
(contrary to our intuitive understanding of how things work) .
This might be because we have underestimated the extent to
which certain combinations of variables could affect outcomes
(watch out for exponents between 0.9 and 1.1: they strike
surprisingly gquickly). Once you know how the gamé is played,
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HARDWARE LIST

V_r@ Texas Instruments

TEXAS INSTRUMENTS CALCULATORS AND ACCESSORIES
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PPX PROGRAM ABSTRACTS

198860G INTERMAL RATE OF RETURN COMPUTATION

THIS PROGRAM CALCULATES THE IRR C(INTERMAL RATE OF RETURH)
FOR A WIDE CLASS OF PROSBLEMS AND IS5 SIMILAR TO TNE
SECURITIES AMALYSIS PROGRAM @5 (SA-05). NOWEVER, THE
RESTRICTION THAT EACH CASH FLOW BE IN A SUCCESSIVE
SEQUENCE IS REMOVED. THIS ALLOWS ADDITIOMAL FLEXIBILITY
BUT DOES REQUIRE THE PERIOD OF EACH CASH FLOW TO BE
ENTERED. THE PERIOD VALUE MAY ALSO BE A MOMINTEGER.

THE IRR OF 46 CASH FLOWS CAN BE COMPUTED.

USER BEMEFITS: ALLOMS THME USER TO MAKE BETTER DECISIONS
BY AMALYZING FINANCIAL TRANSACTIONS.

RANDALL E. STAPONSKI. TULSA, OK.
104 STEPS

198061G FINANCIAL STATEMENT ANALYSIS

USES 20 LIME ITEMS FROM COMPARATIVE B/S AND P/L TO
PROVIDE 11 MAIN AND 5 SECONDARY AMALYTICAL DATA ITEMS

AS FOLLOWS: WORKING CAPITAL, CURRENTS RATIO. QUICK
RATID, AVERAGE COLLECTION PERIOD, INVENTORY TURS, DEBT/
EQUITY X. GROSS MARGIN X, NET PROFIT TO SALES >, RETURM
ON ASSETS X, RETURN ON EQUITY X, ALTMAN®S 2-SCORE, 2-
SCORE “X™ TERMS. PROVIDES FOR INOEPENDENT PRINTOUT OF:
INPUT DATA, COMPUTED DATA, Z-SCORE "X* TERMS, AND RECOM-
PUTATION OF Z-5CORE. THIS PROGRAM IS AN EXPANSION AND
REORGANIZATION OF PPX8198004 AND PROVIDES FOR THE USE

OF THE PC-100C PRINTER.

USER BEMEFITS: EASY TO USE.

JIft GAIMSLEY, MINNEAPOLIS, MM,
718 STEPS, PC-100A

198062G PROFITABILITY MEASURES

GIVER NET RECEIPTS OF A PROJECT, CALCULATES SDLOMON'S
AVERAGE RATE OF RETURN, NET PRESENT VALUE., PROFITABILITY
IHDEX, ANO NET FUTURE VALUE; ALL ON A DISCRETE OR
CONTINUDUS BASIS,

USER BENEFITS: READY CALCULATION OF WEALTH b!OHTH RATE
AND OTHER PROFITABILITY MEASURES.

JORGE VALENCIA, LIMA, PERU
429 STEPS

1980636 IRR WITH IMCREASING CASH FLOWS

FINDS RATE OF RETURN OF AN INVESTMENT WMOSE NET RE-
CEIPTS GROW AT A FIXED RATE PER PERIOD.

USER BENEFITS: SIMPIFIES CALCULATION.

JORGE VALENCIA, LIMA, PERU
169 STEPS

198064G PROJECT APPRAISAL UNDER RISK

FOR A PROJECT WITH SEVERAL PROBABLE CASH FLOWS PER
PERIOD, CALCULATES STANDARD DEVIATION OF CASH FLOWS
PER PERIOD, STANDARD DEVIATION AND EXPECTED VALUE
CINCLUOING INVESTMENT) OF PROBABLE NET PRESENT VALUE
OF PROJECT, AND PROBABILITY OF GIVEN NET PRESENT
YALUE OR LESSER AMOUNT.

USER BENEFITS: CONSIDERABLE TIME SAVING AND ERROR
PREVENTION.

JORGE VALENCIA. LIMA, PERU
239 STEPS, MOD 2

198065G VARIABLE CASH FLOWS - CONTINUDUS

GIVES PRESENT VALUE AND FUTURE VALUE OF A SERISS OF
CASH FLOWS BEING DISBURSED CONTINUQUSLY., WITH INTEREST
CONVERTED CONTINUOUSLY ALSO. UNLIKE PPX8198006¢ THIS
PROGRAR HANDLES A SERIES OF CASH FLOMWS.

USER BENEFITS: BETTER FOR INVESTMENT MDDELS BECAUSE
OF ITS MATNEMATICAL ANALYSIS APPROACH.

JORGE _VALENCIA, LIMA, PERU
152 STEPS

208038G SIMPLE REGRESSION MODELING

COMPARES AND SELECTS THE BEST AMONG ¢ COMMON SIMPLE
REGRESSION MODELS. ALSO TIES IN WITH REGRESSION
ANALYSIS AND MULTIVARIATE STATISTICAL METHODS PROGRAM-
MING SYSTEM FOR THE COMPARISON OF OTHER USER-DEFINED
HUDELgi ANALYSIS OF RESIDUALS., AND AUTOCORRELATION
ANALYSIS.

USER BENEFITS: ELIMINATES DATA RE-ENTRY.

CHORMAN W. CHING, HAMILTON, CANADA
320 STEPS, PC~100A, MOC 3. REV B
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STRUCTURAL PROGRAMS sice

All programs (except Ft. - In. - Sixteenths) include a reproducible calculation sheet. program description, a design exampie and a
preprogrammed magnetic card. Allow approximately 2-3 weeks for delivery. Ten {10) individual program combinations at 20% off: twenty (20)
individual program combinations at 30% off; thirty (30) or more individual program combinations at 40% off of hist price.

License Fee

YOLUME | - Programs 1 through 15 HP87/HPI7 TI-59 HP-41C
T RetaiMINGWatIS .. ... ... . @ $90.00 @ $115.00 @ $130.00
2. FOOtING-Axi8I LOAG. . . .. ... @S$4000 ____@$ 5000____@$ 6000______
3. Eccentricaily Loaded FootingiCombinedloads. ....... ... .......... ... .. ... .. @ $90.00 @ $115.00 @ $130.00
4.Eccentrically Loaded Footing/IndividuaiLoads . ........... .. ... ... ... ... ....... @ $90.00_____ @ $115.00___ @ $130.00 ___
5. POIG FOUNTALION. . . ... .. @9%45.00__@9$ 5000____@$ 60.00_____
6. Bearing Plate/Base Plates . . . ... ... ... @ $20.00 @$ 2000 @$ 25.00
7. Simpte Span Beam/Uniform Load - Simple Span Beanv Uniformiy VaryinglLoad . ... ... @3$3000__@%3500___ @8 4000_____
8. 0vernanging BeAM . . ... . ... .. @3%30.00_____@53500___ @3 40.00____
9. Beamn - Uniformiy Oistributed Load and Vanable EndMoment ..... . ......... ... .... @$3000____ @8 3500_____@$ 4000______
10. Plastic Oesign Continuous Beams. .. .. ... ... ... .......... ... ..ol @983000__ @3 3500___ @8 40.00____
11. SimpleSpan Concrete Te@BeAM . . . ... ... ... ... .t @$6500_____@$7000___@$ 8000
12.S@CHON PIOPEIIES . . . . ... ottt ittt e e @$3000____ @9 3500__@$ 4000____
O PN TIUSS . @83000__ @85 3500__ @8 4000 —__
14. Wood Column DeSIGN . . ... .. e @$6500__@%$7000____@$ 8000_____
15. Feet - Inches - Sixteenths ... .......... B B @8$15.00___@$%$ 1500___ @ $15.00_____
VOLUME Il - Programs 16 through 30
16. End Plate Moment Spiices for Steelbeams. .. ......... .. e @87500__.__ @38 7500 __@$ 80.00_____
17. Wood studs, Rafters, or TrussMembers .. . . ........... ... ... .... 287500 @$ 7500__ _@$ 8000___
18. Steel Beam - Biaxsal Bending . ... ... ... .. ... o 00_____@$6000____ @8 6500_.___
19. Simpie Span beam with MovingWheetLoads. . .................... ... .......... @ $ 60.00 @ $ 65.00
0. RIQIAFrames. . . ... ... ... L @$%1000_____@$12500_____
21. Simpte Span Beam Equal and Symmetrical Concentrated Loads .. .. ................ 00_____@$ 4000____@$ 4000_____
22. Simple Span Beam: Concentrated Loadsatany Point . .. ..................... ..... @5 5000____@$ 5000____
23. Simple Span Beam: Unitormand Tnanguiar Loads. .. ............ ................. 00_____ @$ 4500____@$ 45.00_____
24. Simple Span Beam: Parmai Umiformioads ....................... .. ............. 00 @5 4000____@$ 4500____
25. Beam - Fixed on Right End Concentrated LoadsatanyPoint . ...................... 00___ @93 4000____@$ 4500_____
26. Beam - Fixed on Right End Partral Uniform Loads at any Location . . __ _@8$ 4000____ @S 4500____ _
27. Beam - Fixed Botn Ends with Concentrated Loads at any Pont . . .. .. — @5 4000___@$ 4500_____
28. Beam - Fixed Both Ends with Partial Uniform Loads at any Location @ 8$4000___@$ 4500_____
29.Cantilever BeAM . . .. .. .. ... .. ___ _@%$ 4000____@$ 4500
30, Payroftabulation . .. ... ... e ——__@% 4000___@$ 4500
VOLUME !t - Programs 31 through 45
31. Steet Column - Combined Axial Load and Siaxial 8ending ... .............. ...... @$7000___ @85 7500_____ @ $ 80.00
32. Column Stitfeners ... . @9$6500____@$6500__@$ 7000
33. Flange Plate Moment Spnces for Steel beams . @$65.00___ 28 6500____@$ 70.00
34. Composite IntertorBeams . ... .. .................. ... @$95.00 ____ @8 9500____@$10000_____
35. Composite Spandre! Beams ... ... . ................. @ 989500 ___@$ 9500___ @ $100.00_____
36.C0ovar Prates . . . . ... e @9%8000 _____ @3 6000__ @8 65.00___
37. Composite interior Beams with Metai Deck . . . ..... . ....... ... ... ............. 239000 _____ @8 900___g$100.00____
J8. Composite Spandrel Beams withMetal Deck . .. ......... ... . .................. @$9000___ @8 90.00___ @ $100.00_____
39. Composite Beams General Design. . .. ... ... ... .. @$90.00 @S5 %000___ @$100.00_____
40. Beams Fixed at Both Ends - Uniformiy VaryinglLoads . .. ....... ... ........... .... @%$4000____ @5 40.00___ @ $ 4000______
41. ONnMed Piers T CaISSONS . . . ... ... e @355.00 @3 5500__ @8 60.00_____
42. Double Overhanging BeaBM . . . ... ... .. ... ... ...ttt @34000__ @98 4000____@$ 4500____
43. Two Span Continuous Beam with Uniform and ConcentratedLoads. . . .............. @$5500___@86000____@8 6500____
44, Three Span Continuous Beam with Uniform Loads .. ............................. @%4000____@% 4000____@$ 4500_____
45. Four Span Continuous Beam withUniformtoads . ............................... @ 84500 @S5 45.00____ @ $ 4500 _____
46/47. Continuous Beam (Rotations and Matrix) with Vanabie Soans Moment of Ineruia.
Concentrated, Uniform and Partial Umform Loads . . . . 7316000 ____ 7w $175.00_____
48. Continuous Beam (Positive Moments, Shears, Defiections) . . a $8000____ 7@ $10000___
61.SuspendedCables . . ....... . . ... ... o . ... @ %$4000____ @ $4000_____ @ $4500___ __
62. Bolt and Pite Loads Circular and Rectangular
Patterns with Biaxial Bending . . ... . ... ... ... ... L. .. @ $40.00____@$40.00____ @ 84500
63. Base Plates with Moment and Axial Loads ....................................... @ $40.00____ @ $40.00 @ $4500_____
VOLUME VH (Programs 71-76) (For Fabricators and Detailers)
71. Rightand Oblique Triangies . .. . . ... ... ... @ $100.00____ @ $10000___ @ $110.00____
72. Staw Sotlutions for ARE'S. . ... L @$ 7000____ @95 7000______@% 80.00_____
73.StaIr SOIUNIONS . . ... e @ $ 60.00 @ $ 60.00 @S 65.00
74. Unsymmetncal Knge Bracing ... ... ... ... .. @ $ 80.00 @ $ 80.00 - @$ 85.00
75, CUIVEA SOCIOTS . . . . . o e @ $ 80.00 @ $ 60.00 - @$ 85.00___
76. Unsymmetricat Cross Bracing for Beamsand Trusses. . ... ................. ... @ $100.00____ @ $100.00__ @ $110.00___
77. Decimal Nymber Sorting Program . . .. ... . ...... ... ........ P R R @ $100.00
78. Feet - lnches - Sixteenths Number Sarting Program . ... ... ... ... ... ... .. o @ $100.00___
79. Unsymmetrical Cro8s Bracing for Towers . ......... ... ... ... FE . L . @ 810000 ____@$110.00____

Independently-produced, "protected" mag card programs.
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HAND CALCULATOR PROGRAMS FOR PASSIVE SOLAR DESIGN

Princston Energy Group

You are probably aware of the special architectural quality, and large energy savings, possibie using Passive Soiar tachniguaes in buildings.
In this contaxt PEGFIX/PEGFLOAT, the first hand calculator sotar design aids published by Princeton Energy Group, shouid be of
special interest to you, and 10 all solar designers, builders, and educators. PEGFIX and PEGFLOAT modei both the hourty and dayiong

performance of direct gain or ‘sunspacs’ solar configurations, using any ot the four major card-programmabie hand-heid calcuiators.

PEGFIX predicts auxiliary neat d d and heat availabl

in a space with usar-defined maximum and Minimum tamperarure
limits. The program is directly usaful in sizing ana specifying the
system components, inciuding the backup heating and ventilating
equipment if needed. The resuits stored by PEGFIX are: total
auxiliary hegting load, axcess heat available, maximum fan race
needed to vent @xcess heat, and maximum hourty auxiliary (cad.

PEGFLOAT predicts hourly temperatures of air and storage mass

in 3 space without auxiliary hest input or removai of excess hsat.

Its purpass is 10 evaluyate temperature excursions in 3 100% solar
operating maode. This program can examine non-south glazing
orientations with usar-specified hourly input vaiues for insolation.
PEGFLQAT automaticaily stores maximum and minimum storage
and air temperatures of the system being modelled.

PEGFIX/PEGFLQAT are the first hand calculator programs which allow truly fast, low cost and accurate hour-by-hour analysis of direct
gain sysmems, by dasigners with littie or no experience in buiiding thermal anatysis. Both programs require oniy a few user-defined inputs
regarding the buiiding design and local weather: heat loss coefficients; effective thermai capacity and storage surface area; soiar energy
avarlable, fraction to storage and fraction to air; average outdoor temperature and daily rangs. The programs automaticatly differentiate
day and nigit heat loss vaiues if desired, enabling you to evaiuate night-depioyed moveabie insuiation. |f oniy a dayiong insolation vaiue
is available, PEGF1X and PEGFLOAT will automaticaily proportion this input among the daviit hours. All inputs are expressed in familiar
terms, and are clesrty expisined in the accompanying PEGFIX PEGFLOAT HANDBOOK. The programs can be run through a 24-hour
day, without usar interaction, in only five to nine minutes. You may aisa choose hourly dispiay of air and storage temperatures, and of
auxiliary or excess heat, without interrupting program exscution. Optional hourly dispisy does not affect the stored data.

Qur attitude in design is refiected in the clarity and utility of these programs, which support rapid development of design judgement on a
sound tachnical basa. lt it Qur experienca that using programmabie hand calcuiators in passive design analysis is inherently seif-instructive.
PEGFIX/PEGFLOAT empioy the best availabie procsdures suited to prograrmmabie hand calcuiators, refined in several years’ use by PEG
statt in all stages of our own design work. PEGFIX/PEGFLOAT combine fast and simpie execution with sophisticated numerical mathods
incluging a new ‘waiking’ solution of simuitaneous equations. We introduced PEGFIX/PEGFLOAT at the Third Nationai Passive Soiar
Conference in San Josa, whera they wers warmiy received by leading speciaiist in parformanca simuiation and testing from throughout
North Amaerica. The programs are now used with confidencs by other experiencsd designers, reducing the tme and expense devoted to
similar anaiysas on larger equipment. Lass experiencad designers gain a fine (earning tool, as well as access to hourly simulation capability
without castly camputer time and Programmer expertisa which their present work can 1l afford. Students and educatars espactaily appre-
ciate the speed with which resuits are obtained using PEGFIX/PEGFLOAT, allowing quick assessment of design options with very little
preparation. (We've been told that from a teacher’s standpoint. program resuits which aren’t available untii next week’s clasg, mignt as
weli be unavailable until next term; not quite true, but we got the point!) The same advantage is iMPOrTant to any designer whose uma is
vaiuaple.

PEGFIX/PEGFLOAT are available in Hewlatt-Packard RPN and Texas Insruments AQS versions. An HP-67, HP-97, HP-41C, or T1-59
card-programmanie calcuiator is required. A printer is conwerent but, because of the hourly display 0pTion, not needed. Either Engtish or
Metnic programs are avaiable; they must be ordered separstely. Sach program package incluges prerecorded cardis), printed ‘Worksheets,
and 70+ page instruction HANOBOOK. A Library Package, with cards for both English and Metnc calcuiations on ali four macnines, is
offered at a special prics. The PEGFIX PEGFLOAT HANDBOOK and warkshesets are thorough, clesr, and wall illustrated. Program use
is presented in a way wihich allows any designer, whether or not previously skilled in passive solar techni to atfectively apply—and w0
iearn in e process of using—PEGFIX/PEGFLOAT. Extensive references provide ampole documentation, and exceilent resources for fur-
trer study. -

Aithough Passive Solar buiiding principies are rapidly gaining acceptanca due to proven performance at low cost. strong expertse is stil
limited to retatively few practicing architects and enginesrs. Among these, (nexpensive and fast hourly simutation techniques have been in
great demand. We at Princaton Energy Group betieve our programs are the most significant step to date toward soiving these probiems.

Pleass take a close look at PEGFIX/PEGFLOAT, and see how vaiuapie these programs can be in your work.
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PROGRAMMING

PERSONAL PROGRAMMING provides a good introduction to
everything Texas Instruments has chosen to document. The
collected issues of LRN cover additional capabilities that
are far too complex for general use. In this section we
will conceﬁtrate on programming formats that planners will
find useful.

Most people develop preferences for particular
programming techniques. Some bhecome adept at conditional
looping; others prefer to set flags to achieve similar ends.
My general suggestion is to work as simply and directly as
possible using the techniques you prefer. There are
benefits to be gained from optimization, but the TI-59 usually
has moré than enough capacity to get the job done with some
inefficiencies. Direct logic runs fast enough. Once the
program goes on the magnetic card, no one can tell how
sophisticated you are.

Learn the techniques as you need them. Learn to trans-
late from program steps back to algorithms and equations.
Whatever the problem, it is usually possible to find a program
nearly matched to your needs. Load it, record it, and then
work on modifications to it. - Always keep duplicates of cards,
because oily fingerprints, accidental bending, etc. can
destroy cards unexpectedly.

The easiest way to understand someone else's program

is to isolate the alphanumeric labels first, equations second,
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and data shifting routincs last. When in doubt about

a step seqguence, run the program from the nearest preceeding
label with the printer on TRACE. This causes the calculator
to explain what it is doing, step by step. Program labels
can be listed by step location by entering RST OP 08 from

the keyboard when the program is not running. Given these
capabilities, most programs can be listed without

annotation or flowcharting of the kind that would be required
for a microcomputer written in BASIC.

The, important issues for planners are input and output
formatting. All of a programmer's work should follow the
same format whenever possible. The user-defined keys A,B,C,D,
E and their primes are like paragraph headings. The first
number in the first data category should be entered through
the A key, with each subsequent number in the same category
entered through the R/S key (one key controls "run" and
"stop"). The next category begins with B, and so on. The E
key should always be reserved for starting the program run.
The prime letters should be used reluctantly (for ergonomic
reasoné). The data sequences should feel right to users
familiar with the problem being processed.

Alphanumeric labelling consumes significant amounts of
program step capacity and should be minimized. Alphanumerics
also slow program execution and consume printer paper. Three-
letter margin labels and asterisks will generally suffice.
Planners often need output that can be copied and distributed.
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program. Suppose the numbers to be stored are 53.46 and

51.97. They can be stored as 5346.5197 and retrieved as an
integer value (INT) divided by 100 and a decimal value (INV INT)
multiplied by 100. Data packing methods were not included in
PERSONAL PROGRAMMING, although simple splitting is widely used,
often Jjust for the sake of making data entry more efficient.
Programs exist for more complex forms of splitting and racking.

Another widely-used approach to data management 1is
curve fitting. In many instances several hundred data
points conform to a pattern that we can describe with a
curve equation (eg, a fifth degree polynomial). If we
find several equation variables with one program, we can
then supply the main applications program with several
variables instead of severai hundred data points. There
are programs for fitting data to 5-8 kinds of curves.
The user simply instructs the calculator to list the solution

that fits best.
NOTES
lNew England Energy Congress, FINAL REPORT (Boston: NEEC,

1979) .

2Robert Marks, THE NEW MATHEMATICS DICTIONARY (New York:
Bantam Books, 1964).

47



8ot

691

Units of Volume

Cubic |

Units .Cubic Cubic Cubic Cubic Cubic
- inches feet yards i centimeters decimeters mcters
1 cubic inch = 1 0.000 578 704 | 0.000 021 433 16.387 064 0016387 | 0.000016 387
1 cubic foot = 1728 1| 0.037 037 04 28 316.846 592 23 316 847 | 0.028 316 847
1 cubic yard = 46 656 27 1| 764 554.857 984 | 764.554 858 | 0.76:4 5754 858
1 cubic cm. = 0.061 023 74 0.000 035 315 | 0.000 001 3038 1 0.001 0.000 001
1 cubic dm. = 61.023 74 0.035 314 67 0.001 307 951 1000 1] 0.001
1 cubic meter =| 61 023.74 35.314 87 1.307 951 1 000 000 1000 1
Units of Capacity (Liquid Measure)
Units Minims Fluid drams Fluid ounces Gills Liquid pints
1 minim = 1 0.016 666 7 0.002 083 33 0.000 520 833 0.000 130 208
I fluid dram = 60 1 0.125 0.031 25 0.007 8125
1 fluid ounce = 480 8 1 0.25 0.062 5
1 gill = 1920 32 4 - 1 0.25
1 liquid pint = 7680 128 16 4 1
1 liquid quart = 15 360 256 32 8 2
1 gailon = 61 440 1024 128 32 8
1 milliliter = 16.231 0.270 519 8 0.033 814 97 0.008 453 742 0.002 113 436
1 liter = 16 231.19 270519 8 33.814 97 8.433 742 2113 436
1 cubic inch = 265.974 4.432 900 0.55+ 1126 0.138 528 1 0.034 632 03
1 cubic foot = 459 603.1 7660.032 ) 957.506 5 239.376 6 59.844 16

Units of Capacity (Liquid Measure) Continued. Bold face typc indicates exact values

Units f{:&:ﬁ Gallons Milliliters Liters Cubic Cubic
! minim = 0.000 065 104 | 0.000 016 276 0.061 610 | 0.000 061 610 0.003 760 | 0.000 002 176
I fluid dram = 0.003 906 25 0.000 976 562 3.696 583 | 0.003 696 538 0.225 386 | 0.000 130 547
1 fluid ounce = 0.031 25 0.007 812 5 29.572 70 0.029 572 7 1.804 687 | 0.001 044 379
1 gill = 0.125 0.031 25 118.200 8 011329038 7.218 75 0004 177 517
1 liquid pint = 0.5 0.125 +73.163 2 0.473 163 2 28.875 0uts 710 07
1 liquid quart = 1| 0.25 946326 4 0.046 326 4 57.75 0.033 420 14
1 gailon = 4 1, 3785.306 3.783 306 231 0133 480 6
1 muililiter = | -0.001 056 718 | 0.000 264 179 1| 0.001 G061 025 | 0.000 033 316
1 liter = 1.066 7138 0.264 179 4 1000 1] 81025 45 0.0015 315 66
1 cubic inch = 0.017 316 o2 0.004 329 QU4 16.336 61 0.016 386 61 1 0.000 578 704
I cubic font = | 20.922 08 7.430 519 28 316.05 28 316 05 1728 1
Units af Capacity (Dry Measure)

Units Drcy pints Dry quarts Pecks Bushels Liters Dekaliters Cubic inches
| dry pint = 1] 05 0.062 5 0.015623 0550 305 | 0053 060 33.600 312 5
L dry quart = 2 1 0.125 0.031 25 1.101 199 Dillvlly 67.200 625
1 peck = 16 8 1 0.25 B804 521 0.330 952 537.605
1 bushei = 64 32 4 1 35.238 08 1,523 808 2150.42
1 liter = 1.816 217 0.908 108 0113514 0.028 378 1 0.1 61 025 45
1 dekaliter = 1816217 9.081 N84 1.135 136 .28 TR4 10 1 Gl0.254 5
1 cubic inch = 0.029 762 0.014 881 0.0U1 860 0,000 465 0018 386 0.001 639 1
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Units of Mass not Greater than Pounds and Kilograms

e : Apothecaries’ . Avoirdupois Apothecarics’ Avoirdupois
Units Grains l:nscru;,alcs Pennyweights dramg podrams ouncg)
1 grain = 1 0.05 0.041 666 87 0.036 571 43 0.016 666 67 0.002 285 71
1 scruple = 20 1 0.833 3333 0.731 423 6 0.333 3333 0.045 714 29
| pennyweight = 24 1.2 1 0.877 7143 0.4 0.054 357 14
1 drmmavdp. = 27.343 75 1.367 187 5 1.139 323 1 0.455 720 2 0.062 »
1 dram ap. = 60 3 25 2.194 236 1 0.137 1429
1 oz. avdp. = 437.5 21.875 18.229 17 16 7.201 667 1
loz. ap.ort. = 480 24 20| 17.53429 8 1.097 143
11b. ap.ort. = 5760 288 240 | 210.651 4 9 | 13.165 71
11b. avdp. = 7000 . 3501 191.668 7 256 | 116.866 7 16
1 milligram = 0.015 432 0.000 771 618 0.000 543 015 0.000 564 383 0.000 257 206 0.000 035 274
1 gram = 15.432 36 0.771 8179 0.643 0149 0.564 383 4 0.257 206 0 0.035 273 96
1 kilogram = | 15432.36 771.617 9 643.014 9 564.383 ¢ 257.206 0 35.273 98
Apothecaries’ | Apothecaries’ . .
Units or pe or Avoxrd\:,zou Milligrams Grams Kilograms
troy ounces troy pounds poun
1 grain - 0.002 083 33 0.000 173-611 | 0.000 142 857 64.798 91 0.064 798 91 0.000 064 799
1 scruple = 0.041 668 67 0.003 472 222 | 0.002 857 143 1295.978 2 1.295978 2 0.0ul 295 978
1 pennyweight = 0.05 0.004 168 667 | 0.003 428 571 1555.173 84 1.555 173 84 0.001 555 174
1 dram avdp. = 0.056 968 15 0.004 747 179 | 0.003 906 25 1771.845 195 1.771 845195 { 0.001 77! 845
1 dram ap. = 9.125 0.010 416 67 0.008 571 429 3887.934 6 3.887 934 6 0.003 887 9335
1 oz. avdp. - 0.911 4583 0.075 Y54 88 0.062 5 28 349.523 125 28.349 523 125 | 0.028 349 52
loz.ap.ort. = 11 0.083 333333 | 0.068 571 43 31103.476 8 31.103 476 8 0.031 103 47
11b.ap.ort. = 12 1| 08228571 373 241.721 6 373.241721 6 0.372 24] 722
1 1b. avdp. = | 14.583 33 1.215 278 1 | 453 592.37 453.592 37 0.453 59237
1 milligram = 0.000 032 151 | 0.000 002 6879 | 0.000 002 205 1 0.001 0.000 001
1 gram = 0.032 150 75 0.002 679 229 | 0.002 204 623 1000 1 | 0.001
1 kilogram = | 32.150 75 2.679 229 2.204 823 1 000 000 1000 1
Units of Mass not Less than Avoirdupois Ounces
Avoir- Avoir- Short
Units dupois dnpois hundred- Short tons Long tons Kilograms Metric tons
ounces pounds weights
1 vz avdp. = 1 0.0625 | 0.000 625 0.000 031 25 | v.o00 L2T Yu2 0.028 349 523 | 0.000 QI8 350
L 1b avdp. = 6 1 .01 0.0005 | D0 L4 429 0.453 592 37 ! o000 433 S0
1 shart ewt., = 1600 100 11005 0.044 642 86 45.359 237 0.045 359 237
1 short ton = 32 000 2000 20 1 ’ 0892 8537 1 907.184 74 0.907 184 74
[ long ton = 35 840 2240 | 22.4 1.12 1| 1016.046 YU8 8 1.016 046 909
I kilogram = | 35273 96 DU04E20 [ 002204623 [ 0001 102311 D000 00207 1] 0.001
I metnie ton = 3027006 SO 623 : 22,046 23 | o2t i 0UNE 2065 1000 1
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that use SI units of measurement. Practicing architects

and land use planners in this country generally use English
units of measurement, even in such recent technologies-of-
interest as sblar design and siting. The program documented
on the following pages helped me translate between research
and practice.

There are times when the user needs more conversion
capacity. What if we borrowed the algorithm used in the
Master Library program and kept rolling new numbers into
storage registers 91-95? We would, of course, need to keep
track of what sets of numbers we rolled in, but the technique
would permit us to keep 85 conversions in one program.

Each row stores five ¢cnversions. When we want to
change a row number, we reset the program (RST), choose the
new row number (eg, 9), hit R/S, and we are ready to use
a "new" unit conversion program. Any number from 0-17
constitutes a legitimate row call number, but keep a chart
of what you have in each row (and cell).

We can modify the program by inserting SUM 00 R/S
before what is now step 049, and SUM 01 R/S before what is
now step 125. If we hit R/S after a conversion has been
completed, the converted output sums into a register that
we can then retrieve or zero out at will. Note that this
adds more to the fiscal impact analysis capability, among
other things.

The worked example demonstrates a recorded conversion
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ROWS AND COLUMNS

The administration of related grants requires creative
budgeting. Suppose the agency budget is adequate, but
program X has more than enough money and program Y has too
little. The accounting for overhead and shared costs can
be modified according to the relationships between the two
programs. This means that we may have to run several trial
budgets to allocate money effectively.

The following ten-row-by-nine-column program has many
practical applications, but I have appreciated it most in the
program budgeting process. It assigns entries to storage
registers (equivalent to grid cells) for later column and
row summations. The ability to keep printing out complete
revisions makes it useful.

Surprisingly, no one had written such a program, probably
because there are more efficient ways to sum rows and
columns without assigning cells for inputs. I bought the
PPX program nearest to what I needed. It could not relist
modified columns, because operations were performed upon
entry and only the results were assigned to (summation) cells.
PPX 908109 handles any combination of rows and columns that
total 79 (eg, 40x39, 50x29, etc.), far more rows and columns
than I needed.

The 10x9 program can function in tandem for 20x9 or 10x18
problems. With two layer processing it might be used to

assemble the totals of 12-90 of the 10x9 macro cells. In the

60















Lid o

W T 00 01 0
[0 BUCS B S B B B I

[ 1
[N NN

FE

4 et

Ll

wo Ll ;
—

R _H_A.._,...
[ 10Ty

1ot ) O

v

e

el

65






POPULATION PROJECTIONS

Population projection methods ranked first with both
practicing planners and planning schools in the Isserman
survey. The location, number and age distribution of a
community's population are datz2 of critical importance to
land use planning. Census publications make decennial
population data inexpensive to the planner, but useful
development of that data can be time-consuming and expensive.

In Rhode Island the Statewide Planning program provides
projections of state population by sex, age and race, along
with aggregated totals for cities and towns. Local government
planners generally do not have access to cohort survival
projections for their own census tracts.

Cohort survival pdpulation projection is relatively simple
to understand when the operations are diagrammed. The
calculations are tediously repetitive: multiplication after
multiplication followed by additions. The calculations might
even be worth suffering through if all the answers to our
qguestions could be answered with one round of processing.

What do we really need to know? The planner might be
interested in determining the different migration patterns of
each cohort in a census tract. This can be an important
indicator of relative stability in neighborhoods.

Assume that the town of Jefferson had a 1970 population
of 18475, and a 1980 population of 19921. Given cohort

survival rates and fertility rates, what kind of average net
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migration brings 18475 to 19921 in a decade? Once we know
that, specific cohorts can be identified as having greater
or lesser net migration rates. Within overall population
growth there may be signs of serious problems.

This kind of analysis requires iterative runs with
increasing or decreasing migration rates that eventually come
close to generating the 19921 figure. For the town of
Jefferson this may require thousands of arithmetic operations.
With a TI-59 program the runs require 2-3 minutes of unattended
operation once the data has been loaded and stored on a magnetic
card. The printouts can be formatted and labelled for
publication.

Our example begins with 1970 population data. Using
statewide fertility and sur&ival rates, we can project two
sequential five-year periods, to 1980, usiné a migration factor
of 1.0 (not enough to bring us to 19921). Maybe the women of
Jefferson had higher fertility rates than we expected. That
would show up in descrepancies in the 00-04 cohort in 1975
and 1980, as well as the 05-09 cohort in 1980. Maybe most
cohorts had better survival rates than we expected. That can
be isolated through death records. The point remains that we
have control over the sometimes opaque set of relationships
over time. This 1s not straight matrix multiplication. If it
had been, the program would have been about 300 steps shorter.

This problem is a good example of the possibilities for
merging graphic and numerical approaches to problems. I found
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DIAGRAM FOR COHORT SURVIVAL POPULATION PROJECTION

Note that the numbers used are the same as those on
the formatted printout on the following page (1975, 1980).
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Defender Challenger

Note that this program runs the way we would solve
the problem on paper (non-recurring cost entered last).
We could modify this program to print alot more and give
us a presentation format similar to that designed for

hydroelectric site analysis.
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HYDROELECTRIC SITES

Many New England cities and towns have hydroelectric
sites within their jurisdictions. The generating équipment
at such sites has typically been shut down within the past
fifty years. In some casesithe existing turbine/generator
sets can be rehabilitated; in most cases at least some major
components need to be replaced.

Even when private parties own the physical site and/or
water rights, the municipality retains development priority
under existing federal law, énd hence the ultimate
responsibility for making certain the energy resource is
prudently developed. If the cost of electricity produced
at the site is equal to, or less than, the cost of electricity
otherwise acquired, the site can almost certainly be leveraged
er economic development. |

Before thousands of dollars are committed to engineering
design, environmental assessment and financial studies, we
need to know whether the project is worth further study.

Even if the municipality chooses to postpone development, it

is important to know how changing energy and other factor
costs would affect the economics of development. If the
municipality permits investment by private parties, the
economic information developed in a hydroelectric site

review can be useful in any negotiation related to the project.

In 1980 the U.S. Department of Energy released a site
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screening software package for the Apple II microcomputer.l
The documentation for this package provides the standard
calculation reference in this field.

The screening package provides a conservative
interpretation of the cash flow for a site (as opposed to
investor cash flow or combined investor/site flow). DOE
needed a standard method for comparing projects and deter-
mining that its loan funds for feasibility studies would not
be misallocated. At the time DOE was forgiving 90% of the
loan amount for hydro projects with negative feasibility
study results.

We can look at the hydro screening problem as a set of
problems. Each can be solyed, but at different confidence
levels. For example, the available energy at a site over the
course of an average flow year can be calculated with
reasonable precision, but the flow curves for the years of a
project life can only be discussed in terms of probabilities
based on the historical record. Recently negotiated power
purchase contract rates are known, but we are less certain
about the earnings impacts of contract escalator clauses.

Engineering firms face considerable difficulties in
estimating the physical rehabilitation costs for a site,
particularly when dam repairs may be required. At the
screening level cost estimates are based on Army Corps of
Engineers cost tables for 1978 and extrapolations of those
tables. A general cost escalator can be derived for any later

date. The programmable can recalculate bottom line results
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guickly enough to permit efficient searching for the economic
limits of capital investment. Successive numerical solutions
begin to compensate for our analytical limitations.

A worked example will demonstrate the calculator version
of the DOE screening program. Suppose that the town of
Jefferson owns an existing hydro site. The dam provides 20
feet of usable head, and the nearest U.S. Geological Survey
office informs us that the average flow rate near that site is
800 cubic feet per second. Given some knowledge of the flow
duration curve for the river, we can assume a plant factor of
about .7 (more on the derivation of this later). The program
can then tell us the kilowatt capacity of the site at average
flow, as well as the output in kilowatt hours per year. If
we enter the value of a kiiowatt hour the program tells us
the yearly energy revenue, although not right away.

For costs the COE has provided graphs and tables,
reproduced on the following two pages. With a ruler and some

linear interpolation we can derive the appropriate numbers for

entry. (The listed program actually includes interpolation
and formula routines at A',B' and C', but we will not discuss
them here.) After the costs have been entered we press control

keys and let the economic calculations run.

The program includes built-in assumptions about project
life, discount rate, etc. To change those assumptions, enter
the new assumptions directly into the appropriate storage

registers. For example, to change the interest rate from 15% to
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to 18%, simply key ".18 STO 25" (because the interest rate

is stored in register 25). The instructions for running the
program and the list of data register contents provide all
the information required for running a series of calculations
with changing variables. The instructions and list appear on
the following two pages.

One of the more obvious guestions one would ask is, "What
happens if the value of electricity decreases?" If the
purchasing utility offers $.042 per KWH rather than $.050,
note the change in the number of years of negative cash flow.
Some investors might be able to absorb that kind of negative
flow, or compensate for it with the use of available tax
incentives. For other investors that kind of change in the
buyback rate would make the project infeasible.

The date of construction makes a difference in project
feasibility. What would happen if the project is delayed
until October 19832 We can determine that impact by changing
the date (and hence the excalation factor for all costs). We
might need to run the program 20-30 times with different
values for selected variables before feeling confident about
the dynamics of the project. But we could never feel
confident about any one bottom line result, given the nature
of the inputs.

No program is a final product, and this one has serious
weaknesses that undermine its utility. We use it because it
has assumed a life of its own as a DOE standard. It is not

unusual for government-endorsed formulas to distort reality,
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