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ﬁ com‘outev is like yovuvr
”
™ oramay ®

BurEAU
JS)CQ(@L DRAVERS.

drawers for numbers
with decimal ?o'\nts,
ri@\ﬂese are called

REAL or Mn 6\%

numbers...

and 1t has teeny .t_i"j drawers

'\;\ » 18
\ /

A \
< 00
decimal po’m’l’_s or 'Fva,cL’\ona.\ Po.v-‘cs,

S&n{eﬁers ave vsed fov Goun'lz'mﬂ
ond {:\'\'mﬂs like that.



TS o talk about the contents of a

\mg drawer, give the AN
drawevr a '//”1/26@

\%
=R

it HOGWA, )s{more

enem————
becavse thatisn’t nice and becavse it
than SIX charvacters. You can make vp names
Using any combination of letters or numbers but
Ye 01de Com,outer restricts yov to names with Six
Characters or less, just so wou’ll know its bess,
Ar'he first character in a variable name must
ke o letter, however, Variable names can bem
UP to SU'l'L Youvr 'Fancﬂ (i‘F qov weavr a 'FMC'J).

@ne ﬂn‘mg more: REAL variable names can't
S'ta,v't with
0

’K—;Jg WQ@MS} "“N



make up Nice mnemonic names s’tarting with

ML o
ittle integer drawers, or
WAWMS )

are 0.K. as infeger

vaviable names if your mneémonica has a

tin ear, but MRXVAL OYLASTX

mis\nt have move ASSOCTATIVE valve to
someboolj trying to understand Youvr program,

W knows ?‘fhe Someboolj somedaﬂ cO,,u beyw!
‘ P 1S a 3000{-)mnemon'gc Ywo character
: variable name. ﬂ't55 concize and
descripfive - not 'Flowe\rﬁ,

i

;\- l;‘ " (vaiﬁ\n‘t. Soit is ﬂowerj.>
== Vi
w one-a.,e\essj since P“ doesn"t S'Lﬂ.Yt Wlﬂ’i oneaF

the Special Letters, it wovld be a good 225&/
variable name for o location in which to keep

3 1415926535897 93 ¢ arema—onm e




Whad aya mean?

Ac{uanj, mommae’s drgwevs aren’t bis
enovgh to store an |'N'F ' N S5 = numbey
of siaﬂniﬂcan’c digits. */%E
There’s onlj room for aboul seven significant
olia';{s, 50 you’'d need to be ‘”‘"FFS with
8.141592 Be that as it may, .E@Yis still
a good name for it and it is P\e"tj good
enovgh for Government Work wheve ervors
of plus or minus 5 Billion are acceptable,

BXHTF Pz I1s a \,‘239;/ INTEGERVARiP.‘BLE

NAME, since 1t has

ﬁ:} 1 to characters
gj 3TART& with an I[ s and

g) the other charac{ers are

o.\Fho.bet'nc or numeric
but not recherché exotica
such as dollar signs $ $$ or

ampersanAs & & & . ('S0 that's what
those things ave!




Say, that’s the

strangest computer
T've ever seen!What
Kind is it ?

W\nﬂ that’s a
Bec\\erc\ne/ B xotica

Bn fact, s'mce'there is often some merit in

brevita. yov can vse a S'ms\e Gharac‘l‘.er as

o variakle name, if yov wish,
@hoosing a single character for brevitﬂ

brings to mind Hamlet. H owever, the FORTRAN
compiler would consider HAMLET a six
character real name. x or B ore tﬂr\ca\
one chavacter real variable names and K“
[M are possible one character '\nteger names,

But I diaress_
-0

A\ yovur d'\sress'\ons
ore giv'ms me terrible
m digress'non.




ln certain sitvations IHTY P2 might have
mnemonic valve, but it would have dubious
mevrit in a Kine{oe\asjcos{aticmagnetohgdro—
qvasiviscopolﬁmer]c computer program,
/_/_\/\

\A/ha_{,s \we
ta\K‘ma about ?

These are called VATQA GL.E names

becavse tne Name sticks with the drawer but
the Gontents of the drawey may change.

Lsx HOW @ FILL
& N OUREORAERS

\\.

AFo pu{: a number in a drawer have the Name
of the drawer appear on the Left of an

equa\ sign., :'-Ut'hus,

PI1=3.14159

stores the rveal ov ﬂoa‘c‘ma point constant
volve 3.14159 in the variable location named PI.




Simﬂoxlg,
BIGX = 25.,
)

stores the real constant 25, (it has a
decimal point,so it’s real, didya notice?)
in the location named BIGX.

:\:\:his is called an

L33 Agsignment Statement—z-

Arhe qua.n’t'\{g on the 1_\?\_;_3»_\_*: of the equal
sign Re Fs\aces the contents of the drawer.

The old coﬁénts av'egﬁostj}ncoreyermor.e,
When a variable appears on the Y'\g\nt of an

VL 7 7774 . .
equal sign in an assignment statement, its
Valve is copied from the storage location

with that name butthe conten{s of the location

remain unchan 33& .
N £ /’f};;»\\&’

7 \

Give them a

SimP\e Examp\e ,




| @mho
them a S\mf\e
EX“MF\E!

Al right, Momma,,
.‘k T\\eﬂ’re your Ara.wev's.,

N = (N+3)*MOIT
1S an Integer Assignment Statement . Dont
think of the equal sign as being an equalsign
but think of it as be'ms o gozzinta sign. 0t
means the comlouier shovld fivst 'Figuve out
the valve of what’ on {:hem:f?‘ght,




the stuff onthe right has been boiled down
to a single number. Meve’s wheve tne
aozzinta sign swings into action. @nce the
computer has o single numberon the right,

z ﬂP — that valve Sozz]n)co. the

location onthe left. ln this case, the location
on the left is the drawer named “N” TThe
old valve of N 15 thrown away and the new
valve is stored. Thus, the valve of N changes
dur'ms the gozz'ln'ta. pa.r't ot this opera{ion,
The valve of MOM is vsed but remains
unc)namged.

A his definition of 3022'1\0{& differs
from the rigorous mathematical definition
with which yov are undoubtedly familiay:
that is, four gozzinta seven notguite twice, ’

AS ano‘U'\'er examf:\eD Sumoose aVar]ab\e
named ’THAT contained the number 10.5
ond a variable nomed THIS contained -8.0.
If the COmpu{er then came to ‘U’;e/ass'lgnment
statement Q['HAT = TH],S it is clear
that THIS and THAT would both then
contoin - 8.0, ‘fkus, this THA«T taKes on the
valve ’Fovmer\ﬂ in that ":[’Hﬂs, so T./HJS and
THAT end vp with the same contents but
those contents of that THIS ave undisturbed, i.e.



it is these contents of that THAT that get
Yep\qceo\, since that T,HA—T is what 1s on the
left of the equa.\ sign. his 15, of covrse
clear to anyone whe Knows one hand {:\ror:a{he
other

DO 30U know one
hn.hd Fr‘om ‘l‘,\\e o{'}\ev?

Which is the ‘0"
Other ?

TE oA
%% ® An equa\ 519N in
T oRTRAN
ien’t at all like
on equal S'\gn in

A\ée}oraf

ﬂn FORTRAN 1t means
F~r5t F'\aure ovt the value of W\m‘Ps

/ on the Right Side &y

r]"hen Store that value as thenew
= contents of the location
hamed on the Left.




DF you {:rﬁ to ass'\gn o §\oa{'m3 po'm-t
number to an integer location, there isn’t
enough spoce, so the fractional pa.v"t 3ets
scraped off and lost on the floor.

))

Qﬂ\us) this sequence of statements first
gives PI the valve 3. |4]5, then gives 1
the valve 3 , and F'manﬁ gives P1 the
value 3.000000¢:

N T
Pon’t mix 'm’cegevs and reals on the riaht

hand side of an equal sign or you’ll be
maKing a big mistake.?

*A\oo\oa'\es to A\Ka. Se\tzev*

XThis joke goes back before gow‘t‘:me.Ask _lev‘fo\ks to
explain it, if they remember the early days o§ television,




BESICES BARRY
BoLP WAT ER,WHAT 1S
FEUN® To wHE RIGHT?

The stuffon the Y‘la\m'lz of an equa\ sign is
an Arithﬂlﬁﬂc E)( FTGSS'LOn which boils
down to a Single numMmber that
con be stored in the location indicated on
the left. A tfjf'\ca\ ass'\gnment statement
m'\gh‘t be

SUN=PI-TOTAL*35- 0LDX

. -Y .
Arithmetic  Expression

A variables in an arithmetic
expression @ have been
assigned volves garliey in the program,
Thus, the expression can beevalvated
to 3}e\ol o Sing\e Numbey which is
then stored as the contents of the

location named * SUM”

Dn FORTRAN , valid arithmetic operators
which can be used in ways obvious to even the least
literate percipient of this cogent, efficacious
tome for the preschooler are:



4+ C% Which means ADD

— C@: Which means SUBTRACT

K SZ Which means MULTIPLY

. / c@ Which means DIVIDE

/A short Parenthetical Note is in order: (((Paren-
theses can beused to grovp terms and to make
your intentions (which we hope are honorable)
clearer.) (Be sure every left parenthesis has a
corresponding right parenthesis oryol’ll be
svbjected to unnecessary Eumihatim and
Ridicule,) The FORTRAN COMP'\\e\r is o Stickler
for syntactical precision.))

tnd of nogg

@ P

A\ less obvious arithmetic operator is two asterisks
in succession, which means “raise to the power., ”‘ﬁjhus,

X *%x50

means “raise X to the 50" power,”
¥ % 1s sometimes called the Nathan Hale opem{or
since he had but one asterigk.



Just three pages ago, Dr. K (as heis known in
Was\ning’ton) told you not to mix integers and

reals inan arithmetic expression.That’s called
o. Mixed Mode” expression.@n Some computers
it’s legal, but it can often cavse more trouble
than a "Code in da Node.” So, if you shouvldn’t
mix integers and reals in an expression, what
' ith Xx*x50 ing X%° 7

gives wi meamnﬁ {

= TANT os PAINFUL EXPONENTIATION
z ~ EXPLANATION
2 (19 you hate it- skip it!)
(If your teacher likes it -§lunk!)
)

ExPonen'l:'\a,{’\on isa specia.l case.When
pessible, try to use Inkeger Exponents,
ALPHA *x}
isn°t considered a mixed - mode expression,
% [t simply means multiply ALPHA by itself
I times, That’s a cinch for the Computer,
You can also raise o real toaveal power,
as in ALPHA*xBETA
This is o bit-more hassle to figure out The
Poor computer needs tofind the logof
£ ALPHA, multiply it by BETA, and then

un-logify the whole mess as in @BSTAANATIA



Mlj learned colleague,
the famous mathematician
c\f\e\ogs\\ev fvom St.Yetcrsbwa
(his nameis sometimes spelled
Isdsebg{sc\new or %hebacheff bt
his friends call Wim “Pafnutiy”)
feels the term ‘un\ag'lfﬂ "is

on\9 acceptable pure mathe-
maticians. Aff\'\ccl scientists

shovld use the term “to d'ts\og."

WIERARc AT

n the absence of overriding contro) b\uj ((Parens))
83? Ex'Ponentiation gets done {irsi, then
%MUIﬁPHG&HOH &y DiViSiOﬂ, and finally,
S Addition &y Subtraction,
Last but not \eas’c, {:\n'mas equal|5 h'\g\n on the
pecking order get evaluated from \eft toR; 4
When in doubt, throw in some parentheses .
and be sure. @nly vse good qua\'ﬂ:ﬂ parentheses
with nice round sides.

Ar'hws, ama.zingly enovgh, most things on the computer
work theway you’d expect them to.




[f yov wrote the FORTRAN expression
A+B/C*¥1.5%DELTA+E /(F+6)
it wouvld be evalvated, accord'\ng to the hiemvc\nﬁ,
as A+ B XD}';..TA 4+ _E
G~ F+@Q

@n the other hand , ﬁ had yov written

(A+(B/C)%*(1.5*DELTANE)/(F+C)
it would be 'Figureo\ as
B 1.5 DELTA

A+(a‘) +E
F+aG

In o. demented sort of wag,'\-\ﬂis ol makes sense ,
doesn’t it ? One thing you might not expect,how-
ever, is that INTE"GER DIVISION chops
off and throws away any fractional remainder.
Whus 10/3 comes ovt 3 in FORTRP\N’W\'\]\e
10./ 3. comes ouvt as 3.33333s,.. Siml\ar\5
"3/2 comes Ou{ as "1 W\':'a\e ‘3./2..»4/00\0\
come ovt =1.5 [n the olde days,36/24/36
wovld come out Marilyn Monroe, but now it
comes ovt Ghavvinist. On algebra, Something/ 0
comes out 'm?‘m'\’tﬁ but on the computer it comes

ovt ERROR MESSAGE




AN l'\bra_rﬂ of commonly vsed functions s stored
in the computer so yov don't need to develop
your own programs to find Sines, absolute
va,\ues) Square Yoots, and s'lm'nlareverﬂo\a«j
trivia. For instance, to find the Squa-v'eFoof

of o variable .-X.) You s'lmp\t:j write
SQRT (X)
The sine of q.{. + L m')g\r\'t be written

SIN(P1/4. + ALPHA)

A botamst, writing o. FORTRAN program to s’wolj

daﬁoo\ils might write
SART (DAFDIL)



@ course, Some daffodils don't have Square roots.
If you plant a negative DAFDIL n the SORT

funcjcion, Bou’re apt to find your whole program

Poffed!

SERTODIL ("
s

CQEan,
The qua.n'l','l*.g in the ‘sa.ren'\,\neses of thesge
\ibrarg functions is an arithmetic expvession.
(la this case it's a. very simple expression, consisting
of just the one variable name) T he expression is
first evalvated. cﬁ:\‘)e VALUE of that

expression is the ARGWT of the function

and is sh'&sﬁcd oFfm location in
vER BLA FQRESI where o colony of

)X awsriare
enslaved hobbiisﬁ\ca\cu\a\:e the valve of the
function. AThe Z@.@ of the function comes
back by return mail to replace the whole
Kit and Kaboodle,

Tkus) " you had X = 4-_-. e

- e = o

3
Y =3.t SQRTZI'(X),

yov would end vp with X:‘} Es Y= b.

-



Remind me-
What was he
‘:rg'\ns to Saj?

Thus, an E xpression
consists of a combination of

Arithmetic Operators,

Functions & Parentheses.
\ANNASNS NN/ NN \NAANNAANANANANN

CHO
@d d ly enovgh, NO valves get assigned to
variables by extraterrestirial forces, Ahey get
there becavse S__o_rg_g_lg@lﬂ put them there,
hopefully by intent. To avoid recycling
somebody else’s garbage, be SURE to
assign specific valves to variables @r\e
you try to use these variables in an expression,
Variables can’t appear on the r’:g\n{ side of an
equal sign unless they were assigned valves

earlier in the proSram!




PROGRAM 77
What’s a, dak)
P\rogram ? I

O\OYX’{: Know ang‘l’.\!\ina
about a progvam.’

A masterful piece of understatement,
my naive little polyhistor! At this point
yov covld write an occasional,disjointed
statement in Computereze, but you couldn’t
actvally solve a problem.

Before yov h-s to solve a Pro\a\em vsing
a computer, it’s only fair that T tell yov
a few things about what computers are like,

[ once Knew a fellow who called vp @
Com\ou{er datin service."'\i’heg tried tofix
him vp with an I%M machine. Needless to
say, it didn’t work ovt, He was w'\’c.\:a,\nand-
some, o o\ashins bon vivant raconteur -
terribly debonair. The computer was dumb,
unimaginative, totally lac king in creativity.
He spoke fluent Frango[\s— the machine on\ﬂ
vnderstood FORTRAN. Arhe poor computer
covldn®t follow his exuberant dialogue -
it eovld comprehend O"'ﬂ the s’\mp\es{: of



grammatical constructions,

Of covrse, it didn’t work out. For one
’ch'm.a, the computer was a \ousg cha cha
dancer. For another {\n'mg} there was a
difference of religion.The computer
though{: it was God and he was upset about
how they’d raise the children.

To be '?a.'\r., we shovuld Yecosnize that
compu{ers have many good points as well.
Trve, they are ba.s'\ca.\\5 s-\;up'\d.wowever,
they have great memories.'i’beﬁ ave
incredibly fast, they ave terrific tﬂpis’cs,
ond ":\neﬁ make gooo\ moneﬂ.ﬁaas’c but not least,
Zey vill follow inztruKshuns to zee letter!

Da.\'\) did he
say a, dah,a
bureav can do

all that?




o
How will you
solve my problem,
0 Computer?

l hate to shatter your illusions, but using a
computer to solve your problem doesn’t reljeve you
of the \'e$\oons'\bil'|'\:3 to ’t\n'\nk.é‘;\\v Con{ra.'lre,
mon frere!

Becauvse computers are so s‘\nﬁu\arls literal-
minded, you must be PAINSTAKINGLY PREGISE
in Jcellinnf) them just what 5ouwan'l:~'|:\nem{o do.

The computer will do the f*\g}‘:?é, work,

carrying ovt calcuvlations 2 ) -gedla)
thovsands of times if necessary. @nfortunate\g,
you need to figure out the [5;5@ of
o?erations and you need to tell the computer
bQLV to make its decisions and how to fiaure ouvt
what to do next.



Jvulia @M\al, the French C«heg
would call thak a ngj)o\e for
so\vina the problem, She
would Probablj suggest a
nice Chablis™ to serve
with the answer,

Com FuLex niks call 1t

an ALGORITHM |

Algorithms are a little
like Logarithms inthat neither one comes from
the Babﬁ\on'lam word, “NOSHEP\AI " which
Mesopo{:am'\an scholars have translated to
mean ' Vestal Vira'ms.” l}ﬂowever, that is wheve
their Sim'l\a,r'n'l:_(j ends,

Losa_rﬂ:hms y &S Yovu well Know, are a
Sin ina group ot MIT.

n Algori’chm3 on the other hand

(not that one - the Clean hand!) is o
procedvre for salv'mg a problem, An'\mror‘hn{
feature of any a.\aorii:hm is that it QUITS
after a finite \ena‘t\n of time. Like Uneﬂ Say,
time is money - especially on a computer! $5§

[n other words, an algorlihm is o sequence of

instructions which, _lf followed, sooner or later
comesto an end! SREN e




@ne can graphically picture an algorithm by
drawing a RAZFLOWCHARTREE. A
flowchart is a sort of p'\c{:oria\ ovtline which
summarizes what ha.lo ens w\nen, and where
to go to, should the calcvlations turn out ome
way or the other. M he flowchart shows the

G TN G scneme ot tings.

For a small program you don't necessmﬁla
need to actvally putone down on paper, but
cloing so helps you to organize your thous\sizs
and be sure yov haven’t overlooked some-
thing vital/!

Like most of us. Yyou have Proba_\o\fj
SPent years in a dis orga.n'lzed 'Fas\'s'lon7
p'\ck'\nﬁ lint from Your bellxj button. See
how much more ef—FiclenUS this can be done
when yov SSs{ema{ize the process in a logical
fashion sz draw'ms o flowchart @

=
%




~ (Look in |Pile
e\rgbutton it Up

Toddle off for o |
Glass of Gerito) or —

Other Liquid Refresher

@s‘ma an expanded version of this flow=
chart, in just a few montws 1 was able to
produce o S\na.g Rvug, two Tweed J—ackeisj
three Ties, and a Tea Cosy.

@enera\lﬂ, in flowchart notation, the
symbol () means “ Read cards,” the torn paper
sign [J stands for “Write out on the printer”
the rectangular blocks [ are used for
calculation segments, and the diamonds <



stand for decisions where there are {:ov-kg

in the road.

Pon't clutler vp your flowchort b\\j tYﬂ"“ﬁ
to Fujc every step of FORTRAN in the boxes,
9The boxes are there to give a concise summary
of the \oa'\c necessary to solve the problem,
MSU&“S) the boxes don’t contain FORTRAN at all,
but contain equations or Eng\is\n descriptions
of what'’s hqppen‘u ng. ( ﬂn\(uaos\avia {\seﬂ contain
Serbo-Croatian descry Ptions)bu‘(’, the pY'mc'lp\e 'S

the Sa,me.) Caleulate Z using the
4€S o\ DIMWIT funcltion, then
wWe= N

When youv fNowehart a Prob\em) be sure
You included @ the \oaic however, go\v'mﬂ
th'mgs blj kano\) wov often fake a ot for granted
and make simple decisions unconsc}ous\«j in your
head.ihe computer won't take it vpon itself to
do anything. [If you tell it to perform a calevlation it
will do so, but don’t stand avound waiting for the
answer. [§ you want to know the answer, you had
better tell it youwant the answer!

@nce your flowchart is complete and makes
sense when you go -Umraug\n it by \ncma\> yov can then



'\_n_’lp\emen{: the flowchart \05 means of an

equivalent sequence of FORTRAN statements,
to wit, « PROGRATM!

How does it all set n

the GOMPUTIN’
MACHINE ??

Row 12 {'-qu 5%‘37?:::-:--.. -
i ' PRI ,;::::;*f,
&g‘:f lo K /’/q:/:— ‘

Row |
Row 2
Row2
Row4
Kowyg
gow‘
Row 7
Row 8

Row 9

Ea.c\'\ FORTRAN statement gets punchecl on
an uvnstapled, unfolded, and unmutilated
entity of hopefully uncorruga’ced cardboard.

For yovr convenience, this material is
genevq\\5 provided in o form pretrimmed



to the

FaShionable éj Ac cu§bomed

size and sho.pe.’i?o wit:

|

Figurel v A A p
V\\}\. 4///
Some left-handed deviakes o.J(.?\ HARVARD Use
cards of the form shown in Figure 2

[ ]

Figure?2

Eigures three *.\mrouah six show other Commonlﬂ
seen variants’

A | o =

Fig.3 Figd Figh Fig
I.eﬂ:-hanoleo{ Cav-olas Righi'%amdecl S\wedoleol

~card in seen on cord in Caxd upside
backwards eage backwards down
(-From 'lCOP)

Since the computer an\:j reads the holes and
pays no attention to the corner notch, for 35%
Dr. Kavfman will let you use either Fig.d cards or
Fig.e cards. Just From‘nse to keep them r’\g\nt
side vp and not to tell your mommy oy the
Internal Revenuve Sevvice abovt the {h‘zrtg-%ve cents,




brhereare EIGHTY (80 (Count them!)

columns on a punch card. Bach number, \etter,
or other symbol takes vp one column on the card
ond is r'ep\resenl:eo\ by a coded combination of
holes punched in the column, Hrhevre ave 12
rows that 4o across each cavrd. For reasons
Known on|5 to Thomas 'Wa’won* or GO&D the
TOP row is known as the 12 edge and the bottom
row is Known as the 9 edgqe. Whus, one sometimes
sees instructions, suchas the following alleged
excev-p’c from Thomas Watson’s w'l\\, which
spec}f'\es that when he A'\es, he is to be buried
Y9 edge face down/

N

Statements qet punched i QGolumns 7"‘ 72
of a card. Bach statement goes on a separate card,
and these cards stack vp in sequence, [If a state-
ment is teo \°~"3 for one card, it can be continved
on following cards by punching a nonzero mark
in column SIX on each of the extra cards. /A
letter G punched in column 1 of a card means
“this card contains a @l omment For the benefit of
any humans who might want to read it. “fhe
compu‘\:er lists comments but isnares 'l’.\nem when
it thinks. (Each comment card must have o G in

¥
Not Sherlock Holmes’ friend . ThomasWatson founded TBM.



column 1, Since comments aven't statements, the
other columns can be used any way you IiKe, even

column 61) (G, THEY MAKE YOUR PROGRAM CLEARER

GATCH ON TO USING LOTS OF (,OMMENTS J
Column 1

."\A

The computer also Qﬂ"fjfﬁ columns 73-80, so
you can write anfj‘l‘hinﬂ\/ﬂou want there. @o\umns
1-5 ave vsed for Statement Numbgrs) which

Will soon be cast like peavls before Your vevy
cses.

A tgy'\ca\ FORTRAN statement m'nﬂh{ be

| (éf/@:-s.es*xnx-a.s {

 {THETA=(2.4COS(PHI+P1/3.))/4.3 |

(A NON-ZER0Q and NON-BLANK mark in
column SIX means “Continved " from
preceding card.)

Bollow along and see if we agree on what this
statement means.This would be evalvated bj
{aKinﬂ the Valve of the Variab e {@ (Plis
o vcw'\o.b\e-—fodaa you filled 1t with 3.14 but whe
Knows what you miah‘t Fu’h‘m fowxorrowj maybe PlZZA),



dividing that number by the Constant 3, ;
adding the value of PHI to the result, Eak'\nﬁ
the Cosine of that number, doubling it,
div'\olina that \35 4.3, then mulfiplgins the
valve of X bf:, 5.4:3, raising tba\t number
to the ~2.5 power, and (3ASP!) subtracting
thatvesult from the firs part of the answer,
9 his SJDBJE Final Number would then

Re/o/a.ce what evev sc\,\rba. e was cvrren{lzjsjcoved

as the contents of THETA. @iﬂht?*

/—\/->/—7/—\<"_\
%O:\ég?‘ Hang oN A SEGOND \
(/%A\ (you shouvld have said !)

} Upon care$ul scrutin
S

it is obvious to an
'm{:ell'lger\t ObServey—fhat
%Tuvn to lncomeTax Schedvles Q)X ¢Z for other
clarifying examples.

yov have made a mistakel




T\'\ere is a. serious \oug in that S’Ccd:emen‘l‘.
You cantell because there are Two le £t
parentheses but T hree right parentheses!

Just becavse You
say its FORTRAN
doesn't make itso.

Were theve another left paventhesis, after
the minus 5'\5\0, as in

1i=(5.63%X)*%-2.5

then the statement would be evalvated as
described earlier

gup\_oose you had acc'\c\en’ca\\b left off
the r'\aht parenthesis after the X) as well
as the left before the minus sign. he
statement would then reo d -



© {THETA=(2.%C0S (PHI+P1/3.))/4.3
1:-5 63 %X %% - 25

lln this case, the computer wovld have
raised the X to the —2.5 power, then
multiplied that number by B5.63, and
fina\\j subtracted that result from

ZCos'tne(PH +—1;L)
4.3

m Al\gebm,

! idiot!
yov idio

Some mistakes, \iKe two left parentheses and
three right parenl-.heses, the computer will
catch and call to your attention ina helpful, if
somewhat brus que and derogatorﬂ way. @thev
mistaKes might still leave grammatically correct

FORTRAN and really send yov vp the creek!



tlow To Ge1 OFF THE STRAIGBTJ
BN NARROW PATH:

[\k‘]ovma\\ﬂ) statements are execvied sequentially,
one after the other [If Yov want to jumf} $rom wheve
You are in the program to o different Sloat) insert

an QNC\OND}LPIONA%L’ BBANCHM the Program

in the form % } 5 g

GO TO 50
30 STUFF =TURK-EY

R

50 TWAS=BRIL1G + SLITHY

AR

This cavses the computer to sKip over



the STUFF immedia{:elﬂ Fo\low'mﬁ the *GOTO"
ond to pick vp execution with the statement
numbered D0, Amj one to five d':ﬂ'ut integer
punched in the {:‘w‘st ﬂve Co\umnS 0{3 aS’CaJcemenf
can be vsed as a &ﬂ:ﬁc_@@f numbey oy “\o.bel,”
5o \onﬂ as it doesn’ﬁjUPlicafe the numbey
of some olher statement, ﬁurt%er)mﬁ little
ch'\ckacl_ee, Yov can number any executable
statement your little heart ® desires. (You
can’t number comment cards.)




DTATEMENT NUMBERS merely serve to identity
p\aces in the program. Eﬁ:heﬁ need @ RAYZE
be sequential or o-ppear in any pavticular
order, Howevery to avoid floecilation® onthe
part of the reader (the Human Reader = not
the Goxrd Rea&ev) it s he\pfu\ 18 statement
numbers appear in ascending numbers by tens,
Then, afterthoughts can be neatly inserted
without botching the orderly ascending
arrangem ent and there’s less chance for
confusion or duplicate numbers and theve’s less
chance for confusion or duplicate numbers numbers

Only number those statements you plan to refer

To branah, or
Not to braneh?

Thatisthe
Question,

T Bloccilation (flok”sa-1a’shan) The deli riovs
search fov Wmaginary objects,



O ONDITONA L
BRANCEHE S

allow Yov to branch to different
sFoJ(s n the Frogram,def)enalinﬁ
on the ovtcome of certain cal-
cvlations. In osther words, the
program can cle,c:'\ de what to
do next) based on a test of
its own r-esu\Jcs ‘

The @
F

statement allows you to branch
to 1 of 3 locations dependinﬁ
on whethevr an expression is
CONegative , /
>Zero, \

oY
CDPositive .




/
S how VS an

ARITHMETIE
I3

¥ you will /
Hevres the form of o {Upica\ Avithmetic 1§
IF(EXLAX) 20, 10,30

Between the parenthesesisan Expression

This expression will make Yov go someplace
immediately! € the expression is

_N_e_gd:ive) go here
Zero, go here

Tositive, go here

0n Senera\, any sort of arithmetic expression
can go between the parentheses, and any three
statement numbers can go whevre I have 20,
10,30. Just remember: the first statement
number tells where to branch if the expression
\5@3?@9; the second, if it '|s@@; and the
th'l”rg,\l/( 'I{ 1S @’E@ Ofhe same statement
number can be vepeated  if you want.For

example, IF(SUM+TOTAL) 100, 15,100



would cause o branch to 100, unless the SUM
p\vs TOTAL come to zero. Then the progqram
wovld branch to statement 15,

In a real-life situation, yov might see
a confusing program like this sequence of
excerpts:

SRR

60 s%>1 %0 = I;OARD/ WALK + PARK #PLACGE )

Ig-‘- (GRAFT - SART(SPIR0Y) 30,75, 60
S < v

GOTO 50 ExPression
@ C}OL}%CT{;ZOQ* DOLARS
S0 PENSUN =850000.*DOLARS

i
30 JAIL'—‘?LITLGY—NlXON

RS

Df the Expresslon has A‘?,Oc"/\‘-c—w\evq/(/p"the
program jumps to statement # 60

f the Expression has a Zero Valve, the
program passes the GO and reaches #75.

Uf the valve of the Expression is Yo g 0 N6
however, the program jumps to JM]..?T:/__) it
does not pass through the GO vor does it hit
statement #75,



CGovldja giveus
dah..., another
more tekni Kul

Rom Pu“ ?

@erto.m\b, my abdominouvs friend .You
muaht say
IV (P1- SQRT(VARB)) ’50 2\5 25
‘ \
\
50 if tne square rooto{ VAR3 ) }
f is \:naaer than P1.. \w“:o )
25 it -l:—h;_s;u;v; ;oto{' VAR3 ,I

jf lS eqva\ to P1.. butﬂ@ /

See how easy arithmetic if’s are.Arhere’s no
reason not to learn all about them. (YWou just Aid)
But there are even easier ways to plaj thesame

tome, FQEP SIS &

meaning me? to statement...

- — — — =

-



ATh ef/v\

Logicel
{:hing wﬁd be to Skip
a\l this DRIVEL and

turn to the
@To 0N 8!
\/\___‘/.

Awm T glad yov said drivel Afhat reminds
me. One can also write branch statements
which are followed if a L 061CAL
EXPRESSION (s TRUE and '\g\noreol'\{ it s
FALSE. The computer works on the principle:

"o thine own calevlations be TRUE,

And itmust follow, as the n‘nﬁh{'ﬂne o\aﬂ,

T hov canst not then be FALSE o any man,
“Vu\ja{eEolition o% Ham]e{:

Be thatas it may, and it seems a dubiovs
hypothesis at best, ore could say in FORTRAN:

I
. {IF (HW.EQ. TRIVIA.AND.

1{TEXT.EQ.DULL) GO TO 210
210} iDATE= SEXY %% NTH



Gontrary to common belief  this is NWOT
an Uncon&n‘l’,lanc\\ Branch bU{’. IS a

L ogjcal 15

a
It means” U Ba’c\n{/

twe vreol vaviable “HWeqvals
the real vari able TRIVIA

AIND

the rea\ Varlodo\e TEXT” has
Jc\r\e Same Va ve as Jche vo.\malo\e DULL”

THEN sKip o the DATE
OTHERWISE_) P\OW on to the statement
{:o\\ovfmg the Log'\cal 1f.

Ur'he stuff in parventheses in the Logica | IF
IF (~—) ~

is o Log'\ cal B x pression which can either be

or "'Z_Log'\ca.\ExFYeSﬁm’




Dhs'\&e a Loﬂica\ ExFress'\oh) pa’ws o—c
Avithmetic Ex pressions are compaved with
one another \og means of RELATIONAL
OPERATORS. (Remember-arithmetic
expressioﬂs)wher\ eva,\ucﬁ-eol) redvce to o s’mﬂle
numbey, r'hus )Re\od:‘\ona\ Opera’Cors ave
opevators that sooneror \ater endup compaing
two numbers D

Da\n.. . %ha,‘l’,)s a
Nice simple -
minded way to

think of 1t!]
Phese RELATION AL OPERATORS

ore .

EQ. (Equal)

NE., (NotTqual)

.GT. (GreaterThan)

.GE. (GreaterThan Or EqUa\ To)
LT, (LessThan)

LE., (LessThan Or Egual To)

Wﬂare)

Notice that the decimal points aveRavt of



the operators Ythemselves. T hat’s how
the covnpu\:er knows .LT. is an oPera‘\:ov
meanins\ Less Than ' instead of a variable

meaning “L eroy’s Tabvlation N
Of yov say, m

Y.GTX

you ave asKing the musical quest'\on

s —_—

IFhe whole expression " Y.GT.X” has the
Logical Valve of either being True or False,

0e you say,
ALPHA.EQ.382 ¢ ¢ ¢
&oa’tc;r.\ \Expression

and the answer ig “Yu‘o! “ Ynen the whole
. . Dg 'l:h . \\N V4
expvession 1s trve. € answer is ope, then

the expression is false. It’s as simple as that,

@23

What's the
difference between

ALPHA .EQ.38.2
and

ALPHA=38.2




A1l THE DITFERENCE wTie WoRLDS

es \aaman"s terms , the answer to your excellent

technical guestion s “Appraxima{e\ﬂ the same
difference as there is between an Elephant

OLV'\A o PY'UY)E.” gqalhg
ALPHA=38.2

means take the real constant 38.2 and
store it in the location named ALPHA .

bf 50me{:h‘mﬂ is alread(j Jchere) throw it
away and Pch 38.2 in its P\ace.”
gaj‘mﬁ
ALPHA EQ.382

means ook at the number f),‘?,‘ﬁ’,,,s,"f,?ﬁgﬁl'm the
location named ALPHA andCompare it
with the number 38.2, [ they are equal
say “Tvrve " and if “l:heaj A\((er, re‘oor’c back
with “False.” P. S. - Whatever Yov do, DON'T
c\mnﬂe ALPHA - just look at TR

ﬁ/

N



}L@éi(ﬁal . AND
0 . OR.
perators NOT.

and by the two LOGICAL GONSTANTS

Be B, \\lu A aty

LOGICAL AND Says

t
Tf the stuff tothe Left
of the (.P{_ﬁb} is True..f%

1nwpnin

AN DO

the stuff to the Ri
‘ h
th is ALSO Troe, g: o

en that whole piece ot \og'w».\ Expression is JIRUE,

in valve. @’ckerw]se, its valve is ,FALSE. .”




Exam p\e.’
SUM.EQ.TOTAL .AND TOTAL.NE,PI*2,
—_— —_—
This whole thing is Trve onlj if both sides areTrve,

Vou can’t Pa.cltue
yovr cance withovta

LOGICAL OR/

Nwwwwd N

“:ogi cal Or means M [f the term to the Left of
the OR, 1s Truve and the term to the Right
is Also Trve, orelse, if Lither term is
'\nd’\v'\c{ua\lﬁ TV‘U6> then that whole chunk
of \og'mcd expression is . IRUE. in valve.

Othevwise it {s FALSE, .”
Examy\ei

A.GT, 5.2.0R.Y.NE.Z

If this <7is Trve OR thisis True thenthe
whole works is TRUE. in logical valve.




are both B'\ho.vg oPera{ors.‘iﬂheﬁ each take
a L 0gi cal Expression (j,e, something that is

either Tyve or Fa\se> on their 1,eft and
onothev L Oj'\Co.\ Exffessian on theiv g__\_@VJ;I:

Bach ex?ress‘\m indivi dvally 15 eitwey Trve
or Yalse and the Binar opeva’cor then
log'\ccdl combines the two logical valves o

end vp“with a single final answer of True
or False,

.m@iﬁ. ‘)5 not like that,

NOT. is a Una.v‘tj operator which would
rotheyr switch than ﬁ@nt, A NOT, simﬂj

‘P\'\?s the \03'\ ca) valve of a )03'\ cal expression

to 1ts B_}ah\t'. A NOT. has na.ua\'\t on 1ts LeSt,




Svppose you had
X =4.3
Then the expression

X oLTo 300
wovld have the valve of .FALSE, , Since
X isn’t less than 3. Afhe expression

NOL. (X 5.0
would have the valuve of .TRUE. therefore.
(ﬂf the ex pression in the pa.ren{heses had been
Trve, then the overall ex pression weouvld be
FALSE., in \oﬂ'wa\ valve )

Some grammarians (and even an sccas)ona
gvandpar\am) find .NOT.s con*cus'\na. @j
o\\AA\\V\a arvound with the Relational Opem.{:ors
inan expression, you can uvsvally write it in
a cleaney form Without Us'mg .NOT.s. &
whatever will make your program cleavest,
so Yo won’t Screw vp. Pon’t avoid skipping
the vse of NOT.s when Yov find not
kav‘mﬂ their neﬁod:‘\ve asyed:s doub)

wn{vad'\c{:avg to ‘l:\ge"\x unhelpfulness.,
@X\E}se NOT.”s when you need to) S ome
?eo\?\e g’e\{'.’/so “S/creweol U they write ?V‘OQYMS

with square .NOT.s. Just don’t tell De Morgan,
who you shouldn't confuse with Henry Movgan not



that yov wouvld know whe he is, since he
went a?F the air when youv were still in

swaddling clothes.
(ZZZZ
—, &

(’cﬁ\ /}/ /m

/ ea'ﬂ‘y\]h }6 b&&kd—'LLOﬂ\Ca_\

Exyress\ons, one mxaH: Say ,For C’xam]ﬁe
i (X.GTY.0OR.Z.LT. (X+Y).AND, (B-37.)%X
1 EQ.SQRT (Z-%)

L\?\'\ls *:l*.u\oa.n‘t, ’PQV'\P\'\Y'A.S)C\C 'H’)aUﬁh

perspicuovs orotund and \uculent
logOdaeda\a would ve . TRUE. invalveif

ﬁ

.

Z-X

J

( I his has goﬁa\oe trve and Jch“\sjhas
gotta be trve fov the whole thing tobe true.



So. A logical If
is just ansther
Wa_:j‘(:a makea

branch, ¥ ﬂht?

W\rong , Wrover d 1h ogical branches
bqre\cj vse’hrf the power of Logical Ifs/
Wookt what we ave avout to cover next , you will
be ableto emBarK on man diffevrent vavietis
ot LOﬁ'l e\ s, A'\ P, +the )«e‘ﬁ +to 'khe‘%%;\\ji{’tlhe
FYOFQY‘ vse 0( \oﬁ\ca,l €X?V‘85510n5, \_)P\l/;u z

Bfhe general form for these dos gone Lt

Statements is ¢
ITY (L Oﬁ'wat.\E xpress“\orD 5 ome'Hn?n_o)

0§ the valve of the expression is .YRUE. jthe
S omethi ng gets done. N the expression is ,FAALSE,
then the Someth‘mﬁ gets ignoved and the
comeputer chugs on to the next statement in
tne pro gram,

The @\Oﬂ"i@ can be almost any FORTRAN

5fatemen‘t . OU CAn Sa

IF (X.GT.Y-ALPHA) GO T0 400



or  TF(PT.LT.BETA.AND.MNEK) X=Y-PI

(@0\5 i{ this exPY'eSS“M.T?\UE. ; does {hisjstafemenf
get executed.)

I &Loa’\ca\ I the Some{\n‘mﬁ Gan’t be ansther
1f statement, however!

@U’C djou Cou\oL Sa_!j
IF (JJEQ.500) READ(8,10)X.Y, 7

MaybeYLou
- can READXY, Z,
but Noboo\g ever

‘\:auah‘k ME Y
READ orWrITE !

Unconf v‘tab\ﬁ y the veracity of the pubescent
damsel?®s trenchant a\\eﬂa{‘mn necessitates
exFeAien‘l'« rectification of the omission.

@onstants whose valves might vary each
time a prgﬂa.m is used ave genera.\lj Punched

on (PAT N (c ARDS rather than ‘oe‘mj

specified in assignment statements. A his way,
the SAME Ole\ovaﬁeal (ar, f yov prefer,

unlepidopteran) progvam canbe used $vom




vun to wun,w'nﬂ\ oh\g the DAIA GARDS be'mﬂ
a\Jcere()., Bﬂ brcmch‘mﬁ back and rea.o\'mﬂ in new
data, yov can alse have the same program solve
several problems during the same vun. (That’s
how the phone Company sends ovt bills.‘if’keﬁ Aon't
rewrite theiv b’l“'mﬁ program fov each imdividual

cus{:pmer.) Also) when Yov hange numbers u;'mg
Aata cavds instead of by rewriting the actuy))
program, the com puter can save time and $$
becavse it doesn’t need to recheck forevrors in

o program You Say is O.K.Alhe other Wa,\lj)'the progvam
1tsel§ wovld have to be C\fuanﬁed whenever a data

valve changed | so the compoter wovld need +o
recheck bhe whole program for \m/js. Hrhat, mon
f\rérej is POOR for 28 QOOd oand Suﬁ"ic‘lent

Yéeasons,



o obtainthis list of reasons, send a stamped,
self - addressed envelope with $12.8b jn GASH Lo

= ¢ 3
Dr R.E.KavrMap 3
WASHINGTON, D.C.20052 33

Gonstants punched onthe Data Garps are

stuffed inte the appropriate Storaje \ocations bg
o statement of the form

READ(8,20) ALPHA, X, MOM, OIVEY
g ~ —

Input List
Statement Nuvmbeor of
Associated ¢ @4\‘4}

“Nember that Jimmﬂ Ga\nv— tah
assiﬁned to




hhe vaviables whose valves are tobe read in
from cards ave listed @@ 'theg will
Appear on the data cavds. iihe second inte
in the parentheses on the 'READ(M,ZO)MB
the number of a FORMAT STATEMENT
which tells Wﬂ-e\r@ and 0% the numbers will

be punched onthe damn cavds,

Arhe TORMAT stateme nt can go @
in the pregram becewse 1t doesn’t dg an E'mﬁ.
l]‘t:)us-l: says how 'l:h'mﬂs are to bedone. ifhe

format associated with the Read 8 tatement
jus‘t given M’Iﬁh't be .

NOE ‘f\oorma.*,,
yov dummy. T asked
for the TORMAT!




£s Twas saying, the Format m'iﬂht be:

20 FORMAT (2F10.0, 110/F10.0)
g__-——-—\r—————”

7These are Field Specifications

Bach element in the ‘.“;PFUSCL‘\S’E has a

corvesponding FIELD pE (IFICATTON in the
FORMAT.

ALPHA X ™MOM, 0IVEY

£ e

A ‘F\e\dspeaﬂca:bon that s to be uvsed

several times in svccession can be
indicated by preceding the spec by
a RerechCOncha,n’r_ T hos, Jd’ns format

is eqw\m.\ent to

F10.0,710.0,110/ F10.0
“T\ 'BQQFOYMO.{: 'Flé\d 5P€C'|-§'| Ca.'l’..lOY)S are

separated either b commas or by slashes.
On o Read Sta men‘t, Q\i@w are
separated bﬂ com mas ,



G Y‘Ca.'t. .Blft, d"h)
what IS a

Field Specifi cation
P27

LA n field is vsed for

Is loa.’cmg Fonn{Numbers

An @f\e\d 1s vsed for

Fn{eger numbers,
Jsn’t science sim?\j Wonaler&l 7

@UV‘}.\’\evmore> o SFeci'ﬁca:h on sveh as

¥10.4

means

“he next Ten colvmns are Lo

contain this list element with Lovr
/3/4 ces after the a/eama/,oo/ni ¥



@On of F\oa,{!\nﬁ—yo'm‘t NUmbers) the
computer is smavt enovgh to a,c’cua\\ﬁ vea d
the cards in L2 Corrchﬁ C% (as
contrasted with ™ in correctly”) even if they
are punched with a Aiffevent numbey of
Places after the decimal point. Ar'he decimal
point punched on the data card OVERRIDES
the Field SPec'lﬂcad:ion. 0f no decimal point is
punched on the data cavd howevev') then the
Fie\dSPec takes contro) and says,

T\‘\\S It:ea,‘Ur\ev brain was
too \ng or cabbage headed.
to punch a decimal Fo'm't)
or else he didn't have room
for one on Wis data card. L
shouvld throw him 0ut) but
instead 1') kind\v assume
he ntended to have one
fovr columns befove the
end of the field , Since
that's what he said inthespec

Fl0.4

@n\xj :’X“‘oo\s9 Acvo\oa:}:s) and M,1.T,.
Tresh people

Fr%en Oteh\)eronte\g leave out the decimal
?o’mt without c0m?e\\‘m3 Duve Cavse F



There 1S one restrh ction on ?unc\rﬂnﬂ ﬂoaﬁnﬂ
Po'mjc, numbers on data cavds, ET\MLJC '\S> [£4 Your

spec said F20. 4
then yovlve 60)&”‘ 38% He number into those

20 wlumns) even if You o\an\‘t have +o ]ine
vp the decimal point $ix Places before the end.
e/
DSagoﬂ'\c epexeqetic comments of a
pava enetic nature now so \mjfnaﬂoa'\canfj
expressed , we come to

INTEGR R FIELD
SPEGTFIGAT TOWS
A fiela specified bj
110

means V" The next ten columns on the data card
will contain an TN EEER Value)vight-
justified .” For those who tlunked English,
that means " shoved ovev to the riﬁh*}:."




You probably wonder
where the data cavds
90 in yovr ca.rd deck.

Bach Lime You come to a

READ (8, o

yov start a new data card. Pata cards are
stacked seguentially in the ovder they Will be
reaol.q?\nej o Wnto the carA veadev after
the FORTRA program and. after whatever
Contvel cards are needed to start the

Pre gram exewhnﬁ. Bata numbers can be
_Pv(aohed n any or q_.& of te 80 colvmns
of a card, since the computer reads whichever
columns you ask it to vead !

A BL4,55 in oo FORMAT means either
Hell’s Angels cavrved vp your deck,or else
" Skiptothe next data cavd.” AThus, if you

wanted to sKip Yas't two data cards, Ljoucauu

have 7//
wm youvr Favma.t.ﬁac slash bv‘mjs Yov to the



start of a new card

15% Yov want to 5\('\? ovey oy ‘\ﬂno\re Hhre
next few colomms on a data card, youv can
vse an X fielA specification, like

P
5X T
which means “skip past the next Fifteen

columns on this cavd.”

L_l}]hus) to make a \ona s-l';o\(ﬂ \onaer)
~ READ(2,20) ALPHA X, MOM, 0IVEY

20 i FORMAT (2F10.0,110/F10.0)

means:
8 When the computer comes to the Read
S'\:a:\:emen'l:) it starts a new data cavd.

P8 The first list variable to be vead in is ALTHA,
% A\?\na’s valve was punched as a.ﬂoa:l:?nﬁ
point constart inthe Hirst Ten Golumns.,

3% X is the next list variable. X’s valve will

be found in the Ten Golumns following ALRRA,
3‘1\'? MOM isan Intejer whose valve will be found
R“\a\st" Jus'tiﬁed inthe next Ten Co )umns,
?',Z\? The Slash means “'Forgef about the vest of
this card and move tothe next data caxd.”
8 OIVEY’ s valve is punched inthe {ﬁt

Ten w\umns on 'l:h‘:s new ccwdl .



dah.. Why Always
Ten? Why never
Tvee, ov Tog’teeﬂ?

On INPUT. T like to standardize on
fields that take vp a multiple of Ten columns.
This isa good habit to acquive, as the nun
said, becavse it facilitates @_ﬁ%j
and C“ﬁ(:-‘i'\"ﬂ data cavds. [A glance at the
cards shows if the numbers are in the ‘rig\h{ fields.

ﬂ«egpunc\n'ang 16 done ina na'mj smoke filled
room inclose proximity to a lot of rude systems
programmers who nevey heard of Arrid Extva
Dry.ithus, 1¥s qood tobeable todsit qUiCk\j.
Use short shallow breaths (‘l:rﬂ not to inha\e)
and ask one of the systems people to show you
how to use aa DRUM CARD.

Ahis drum card fits into the keljﬁunch. 0t’s
like Se’cﬁnﬂ the tavvlator on a ’ttjpewri’cev*)but
even move vevsatile. Itecan maKe the ketj pwwch
cwtomxbca\lg duplicate or skip cevtain columng,
or even shift from alphabetic to numeric mode.

A TORTRAN drum cavd can save you hours
in Func\ninﬂ Programs. ithe one 1 use asT Feck
away at the Keypunech avtomatically swWifts to numeric



@e sure ’{’,o downs\ni#t 'For G)S in CD\umA '1.‘fav- Commen'l:
cards,ﬁor continvations )skip to7 and backspace 1.
0f Yov follow my advice (learned the havd wa.g)

and always vse fields of Ten for data , yov can make
a dvum card Sor DATA asfollows :

Soll 4’bg : Fa\lm:tbg .'

o\owe B ¢ Bueton

q Aompemnls . AAmeriaals . ent'w)e card
v —

movre information on PRVM GARDS,
see seque\t Lo this booK, which T plan never to
write, due to tremendous populay démand.
() owever, 1 am negq ojcix\:inﬂ a contracl for the
T.V. ond mowviée Y'\a\’\{é) wi th SOnnﬁ &G\-\er
P\alﬂ’mﬁ the pcw't of the Unconditional Branch

ona ,:Sames Gawne\r as Co‘umn Six.)

¥
Bongos Onares, Kettles, and Keypunches.



/4 (r
6 @ 9,
o @ 1l
""’" , B'oper Use
@ ' Perforated Forms
[{av o Perf'orm

Input / Output

with DELICACY
and g W"l e

Note: Originally,the'above figure was tohave been

":ha.{ a‘fa. we“ known ex - Po\l‘hcmn sea.’ceal ina
wood.en PY'VU This was censored, so as not

to offend any members of the Bivch John Sacietg.
~

@u{?ut is almost like input but its not
input, it’s output. Ao correlate the output
with the input omol to verify that the input was
put in correctly, it’s a gooo\ idea to output the
input alongwith the out put.



@,vea\\lj?
@J Yes, veally!!

Pfﬂaw’ma clavified that point, obserye that
one could now output the input and the ovtput
b[.j saying....

WRITE (5,30) ALPHA X, MOM, OIVEY ANSWR
\__’-____ —r

v
(A Ou{paf.ll'.sz‘
Format that tells how to make it

look pretly on the page.

The LOGCICAL UNI7TNUMBER

a,s.s/jnea’ to ovr 1, ine Frinder éy an
lnebriated Sgszfems ﬂoyrqm,ﬂert
Phe associated Format might be:

30: i FORMAT ('1",5X,"ALPHA b=}’ Flo.4/
1: "X b=b",F10.4, "o ANDbMOMMYb=b",
i¢:15///7 "0 0IVEY b ANDb ANSWERBARED
37 1X,2(F10.4,5X))

Anagogic thovgh it might seem, one quickly

¥Unless yovr sﬁstems‘yraﬂmmmer was at 'Dufﬁ:),s Tavern
with ouv programmer; you’d better ask him the vnit
numbevrs fov youy Pv'm‘\ev and cavd veadev!




realizes thatthe FORMAT STATEMENT
\‘\GLS Real and 1n{eﬂewr E’e/c/,gpeciﬁmzf/’ans
bear'mﬁ a O]NE ﬂ;@ @NE COrresPonAence with
the elements in the @1’;}{ list) @ne also quicklﬂ
learns thak Yov can't k?gfunch e Format the
way 1 wrgt‘? it because (haha!l) there isn't
ony small b on the \(83 \ounc%! Devious 'Bfuwah
1 am, 1 didnwt do that Susjc for the fuon of
in{:\ic{“\nﬁ misevry. aPhal’s Simp\ﬂ an added benefit,
e reason 1 did it is becavse small “b” is
(,ompu‘}:ev ja.v-ﬂon For “)eave Jc\o'ts Space Ha.nk.”
Everﬂ\nod,ﬁ in the know knows b 5WJS'FWHMK.
[Formats are one of the fow p\aces wheve blanks make
adifference ,s0 when ey are important (and st
obviovs) indicate them with a™b” (Phis s mainly
important if someone else s 4oing to kejpunc)—»
from Your hand written sevaw) ) &nyw%) back
%o the ‘Fovrnact .

- @n ou{?ut) the F ORMAT speci fes
BRAECTLY how the numbers will appear. [A\
sFec’\ﬁcw\:’\oﬂ 0‘? F10.4 W'n\\ Ca_usea{:]oai'mﬂ
point number to be Lopped OfF to precitely
four ﬁﬁures after the decima) point, Ar'he
Ye5u\'\:'m9 numbey would then be printed
r‘\ahi-jus’ciﬂei in the ten columns.



\ Lnside the computer, the entire
number is still there even
though you onlﬁ chose to print
four decimal places.

B SVash (///) on OUTRUT, has the
effect of ski PPing to a new;_]'})/rl'e/, (Bemembev)
on input it skipped to a new caxad.)

Indubi '\:ab\j y You have noted bj now the
presence of a new Kind oF beastie in the
Format #30. Dt is, ts w:’t) AT ITTERAL
DATA FIELD SPEC, TRA LA/ (The
“tra 1a" is Opﬂona.\b Anj Alphanumeric

(Numbers a.n_d Letters to yov, marplot
Characters enclosed in oo pair of SingleApos{roPhes

are printed out justastheyare written inthe
'FOTY“&:U (:\?ha’t oes for blanks 'too_!,)
AN OTE This apostrophe is not a @D

"TH156106 ALPRANUMERIGLDATA
(T he apostrophes themselves don't get written ot)



Thin g5 90
better with
Koala

As Youy 8uca'\fj F{us-ea_hnﬂ a.r\ooYea.\
marsvpial elder covld tell Yoy, that means

F10.4,5X, F10.4,5%

A ny field spech fication can be Preceoled
by a repeat by avereat a vepeat constant asin

3F 10.4

which simply means
F10.4. F10.4, F10.4
For instancey, 13] ("%") wovld give you a

whole line of asterisks,
OR covrse, the 5X means skip over 55?0,165.



Wov can also throw pa«en\;\neses around o
grovp of field sPeC'\{:'\ca{'\onS and Put o
repeat constant in front of the whole works,
0 yov rea\\:j have a H\'mﬁ for asterisks,

o format liKe

CO(1X,131 ("%")/)
WOV\&ﬂive yov a whole page foll,

CARRIAGE
CONTRO

o
e

L

0 . -
'~. . - oRS

The ﬁif%@ G Oﬁy;ﬁh@ on the line Fr'm{er

JlI1102 200007 €48 44478808877

is Non P\r’m’tina and is vsed for CARRIAGE
CONTROL, A LWAY S start

eoch \\ne O'F ?V'm’(,'ma with a,\olan)/s ora Aelﬂoem{e
RN

.............. el

comr'\aae control sym\oo\ oY you can yun throvah a

amovnt of paper damn fast.

4



ﬂ‘f yovu J”Ej to pv'm{: a 1 ok the start of a

new line, the 1 will be 25pbtdsddds and the
. , , RSN
printer will skip tothe top of a new page.
Df you want to starta new paq€, thal’s how
to 38{: there, But if, by acci denJc) Your
program is in an infinite leoop, Pr'mjcina a
]1,4&. the stavt o5 a \’me each time “c\wouah
the \oop) and nevevr qu'zH:fna, SMOkeﬁ the

Bear will perSamL”j teach youv how it feels
to be recycled, ;
1 ¢
2

b1

"

N\

v ' \%¢

J
7t
L
&Mg\g N
VANIANY A ETRIZANIN

A\ blank as the carri agqe contro\ cavses
the f\"\r\’cer to advance norma\lﬁ , one line,
hus, you generally try to axrange things
so that the first charactey Youv print oneach
\\ne is a non c%arac:‘b?\g that ')5) Zileh y A blank.

@tr'\c{\lj 5Feakin6> I lied to You before
when 1 said a 5/45}7 in a format cavsed You
to go t anew line. Thal’s usua\lﬂ the end

ERE LIES A

BEGINNING FR%KAMMEK
wHO STARTED Ehch
LINE WITH A

T \"’(\\_/’[‘.&_\

\\\’1 NN \\l/ \\H/,,, \\)/)‘\\h,



vesvit, but on\‘j becavse the first character
printed after the slash in the format is
usua\\lj a blank space. Ut’s the blank that
cavses you to advance to a new line, not the
slash.

So what does the slash \:_gﬁ\_\_\_oj do? Ot
cavses the Fr’mfev to 36'{: recwtﬂ back in
CO\umn | and wait for a new line of chavacters,
Un 0“')’)8\( womls, e??ec{:ive\j it just moves you
back to the left margin of the payer.
thhever Yyov frin{ next determines whethev JC'DC
paper will move vp one line or one page or
not at all/

A zero as tne carriage control character
will advance the apev two lines before
printing. Not a. Japanese Zevo,yov
Y)UY'&) A zevo Zevo | This 3'\ves the same effect
as yov wou ld 56'\': from an extra ?air of slashes
With a blank carviage control, APhat 1S,

/T s equivalent to /107

Is theve no end




[Sivsa\\fj) 'FOY the Co\l\ec'{;ors o arcane fidb'lts

of trivia, & plus sign.... + | whenusedinthe
cT

1tcolumn on the line printer, serves to

SUFERESS the
PAE E=R ADVANCE,
therebﬁ makinﬂ it Poss\\)\e to @\WE@?@ \\\&1\?‘."

t\?h'\s ‘Lr'\ cK can be Usefu\ in certain oboscuye

P\r'm‘\:e\r P\o’\.ﬂng Prog\ro.\fnS, ovr for Makinﬁ
DARK HEADINGS

.
.
Y
.
.
L %

{ C % O§ .

/'\/ > '\\, h @
A S .

(At W N o STk

7!
o\ Y -\ :T'-
\1‘% \f 13
N \\ \\
NG 0 N S

{7

(\mj ovey Pr'\ntin% the same information 3 or 4 times),
or if yovare a ?‘{EAN AND SPITE FUL SOB,
50(} can vVse OVeer'\nhnﬁ ‘l:o saw %\nroua\n 'b\e Fa.Fer’
the vivbon, and to Comp\e’ce\ﬂ irritate and sevew,
vp the Gompu’cev S‘La‘ﬁc. @e careful %ou/zjou vse
+ Go.vr'\a,ﬁe Con{ro\) 0r You Can earn an
vnintentional repu{a.*;ion oS be'\ﬂg mean

spiteful, or just plain STUPI D. )




Whenever you start a new Write Statement,
yov are aU'tOma,'t'\cantj at the left edge of the

paper.Where you g0 from theve is up to you.
Whous,the e‘gect of

WRITE (5,30) ALPRA X, MOM, OIVEY ANSWR
f 13

30: i FORMAT("1",5X,'ALPHAL=Y",Fl10.4 /
"X =b",F10.4, "o ANDbMOMM Yb=b",
2152/ "6 OIVEY bANDL ANSWERBLARED
311X, 2 (Fl10.4,5X))

IR
would be to print a page in
the \agout;

Unc'\a\en{,anﬂ) most line printevs have 32
columns (13) print positions plus Ihe \S""Caxriaae
contyo) tolumn.) Dome have on)ﬂ \20 (,o\ummr\sJ
\‘wwever) and still otwer theapies have ovﬂj
B0 columns. Arhen of covrse, there’s m
0dding machine but its printer is beside the point,
since it doesnw't speak FORTRAN,



Prithee, sl:ag this
torture! Veri |_lj)
this vankest folio

of now()ous puns
is dvead ful

Wrve, bard of Avon Galling. Wl any things
in camrut’mg are repetitiovs. o help You bear
that Psgc\no\oﬂ'\ca\ burden, Qod created the

el Siaiment

D e >
gn@f@ P rograms often have

a1, O’°/°/5

ve OO forone
3 0
90X
Yeason or ama'ther,
ma.'\n\g a.no'the\r.




What do you mean

“A L ooping Sirvetore”
°?°e

A
Frequen{lj, programs will need to i@

Tepea:k oo cevr tain group of calcvlations
over and ovey for some gqiwven number
/z}// ¥,

of times. [A\ typical looping
Pt ece o"‘l Ya{en‘\:m\ ?raavo.m
M\ﬁh‘t 30\ Ke this :

(ﬂzm)
1) = ( P\-ONITIAL vaLvE)

10 2 Beock oF mzcaqr/aus N
TO BE REPEATEP O
TWENTY - F/Ve' rIMES g

T=T1+ MA/CA'EME// D

"IF(I.LE.25)GOTO10

S(aff to do next
@

This examP\e showsa block o5
program which isto be re?ead:ed.
with

I::\ , I: 2’1 .—.JJI- 4, Tesgesprne .-z-u,uu‘I-:zz,I:z;}b2;)‘1:25

W

S0 a Coun’c.'|n3Loop hasbeen
set vp.



On this particvlar case:

%% The (Covnted) 15 not FORMICA

g but is the INTEGER VARIABLE(Y)
I=\ & ‘t?he Increment) each hme ‘anoc@h
\0 —~——— the \oop is In this exam ?\e.
- % The first time throvgh the loop,
— the f1nitialValve) is a‘so@,

ASomgnes 5{7? Just before the end of the \oop,

T=T+1 the covnter is @E/Z\r@,

. JF(1.1R.2) 95 A @@ is made attwne end

of the loop.

t%g A @“\ Valjg} is checked . 0¥
the incremented counter Adoes

not exceed the 'F\na\VaJue,gaU
P\ow back ‘t\mrm)3h the \oop.

@F Course, there axe many othev ways you coul]
set vp a loop in a progvam INo mattey WOW you set
L up,thoughy Yov would still need each of those

things with (m arg A them: a. Comtcr'Vaﬁah\e’
anTegdherl) anlTtialiolos), o Fine Vashard n ).
The particolar form of loop showin the preceéding

example is especially important thovgh, becavse it shows
how oo DO L 0OP works yinessence.

Dn its most geneva) form ) & \aop‘mj program Jooks likeHs:
ENTER

InmiaLize Lo /. y/
OF, NCREMENT (L EST
CouNTER - 22~ M\ @ - W




P o avoid Wri’cing
all this ’t’\me—{a\«‘m3
tell - bale technical

tedium | the

DO ctalement

was invented.

Ot combines all the afore mentioned

elements into statement. A wit:

V) N\,
RO RCN
W & Q
,4/%/‘/‘9,\/\, /l/\
Do 15 1I=1| |
Q
Q
5
W
3
S\is

whis has the effect that everyt\'\‘ma

“:\nrougb Er inc\uding S‘ta_-tgmen":'#\s
Sets dene j_uit as before. 4T he anae Limit
is Sim?\g the number of the last statement




Inthe \oop. hfhe \oop MUST end on an
execub.b\e statement - onelike anAssiﬁnmen{'
statement or a Read JWrite.You GAN'T end on
o Forma.{, Go To, I‘F, or another Do !

S
- ] ov 00 Ao (

To he\p avoid Eno\'103 on a bommey GONTINVE is o

uMMy| execvtable statement thatcan
— 1 ve vsed as an end to aVOLoop
or whenever else you want a

numbered spot in a program as a place to
b)’a.noh ‘ko oy "?OY some O‘H/\er Ae\/‘)aus Yéason.

KeeP youvr 636 on .\t
ond et merun that
past You once again

DO 30 K=MSTRT, ND, ING

INTEGER VARIABLES
OR CONSTANTS-No EXPRESsIeNS ]



simp\g means .,

/ﬁ@ Set the covnter @ to the integer
valve MSTRT 7

%@DO ez/ery'[‘hinﬂ From bere down Zl/7r00j/)
( & /'nc/u//‘nj statement #30.

@jncm’menf Kéfj L%C’ amaun{@.

g@; Check to see iF K exceeds @
]f_ﬁ_/'gl;jo back If 80, [eavethe
up Lo the lop o foop and 90 on tothe
the /oo,oay W7y statement aftert3).

Pa e Ya d

[Y\\‘]O't'\ce thal the statement at the Ranﬂe
Limit is inside the \oo?! (Statement # 30 inthis
mse)@tw’cemen‘t 30 can be any execvtable
statement , such as

/ 30 ALTHA = SQRT (BETA)
ov 30 Y= X+4.
ov 30 LAMDA=K +MOM

'il—"he La,w gié 5a_35 sta{emen‘\. 30 ca.n"l: be
ony sovt of a_branch statement,a DO, or a
FORMAT. UWhese are considered nonexecvtable -
t\neg] don’t cause any actval number evunching.



€ the F\a.ce Yov want to end
3ouv \00? 1s smack da.b on ‘Eo?
of a nonexecvtable statement,
then you can 38{ €><ac'}:lj the
Same e@ec‘c \Dj ‘quowfnﬂ in &
CONTINUVE .

5

25 FORMAT ( ~—
IF ( ~—
30 GONTINUE

%u Can"t eni hwbm bu'): 300 can sbphere,
Othe on\ﬂ e¥ect of the CONTINUE is to 3’\Vggou

Q. \eﬂa,\. place to end Yovr YO \oar) so that the IF
statement will be inside the 1oo]> and. nototside
Nt ‘(eog\\g is just & DUMMj Ao"ha’dﬁnﬂ statement
on Which yov can %@nﬂ o statement number, @ven
ihavﬁh it does no’ckinﬂ) the computer considers it
on execvtable S'b:hement) so it doesn't Kiek yov
out on your

You can a\waﬂs end a loop on a GONTINUE.

(Continved onnext Page)



Cﬂﬂws) in a pregram, yov might see
something like this:

g L
Ehe Sch \eFtet D _&

In a FORTRAN program, onthe othev hand,
Yyou m'nﬁh'l: see |

§ %3
MILTY = 2

DO 50 K=5,9, MILTY
TOP=BANANA **xK
( SILY =BERLE
50 BOTOM = $QRT ( BERLE)
JOI?E '—%M%ZDYU—MBAD
At tve S‘Ea-\r"t) Kis set +6 5 .You g0 down ’Chvo(ﬂ’n

L\l yov reach statement 50.97hat’s the bottom
o-(:-l:\ne Bevle. K is then ineremented bfj 2 which

brings it to 7. Since 7 does not exceel. 9, you g0
back vp to the statement *TOP=" and meandew
down Jd\r‘ol)ﬁ\'\ Us'\nj K=7, @nce mgain 90\) reach



the "BOTOM”. (1 don't dave make a puv. this time
or yov mig\r\’c Berle me in oi\.) A-ﬂ:er statement
50 is execvfed) K is incremented once aqain
0o 9. gince 9 does not exceed the vpper lieit
(which Is 9), you go back vp to the tor.
Once yov fini sh with statement 50) K is
incremented, once a a'm)bﬁnﬁ’m 1t over the
vpper limit, (Wou can relax~ there was no corny

joke this time.) Since the vpper it 1 exceedep{)
Bou@ from the \oop and. go on to “JOKE ="
and the rest of the preqram. .

%U are Frobab\\uj waM\er‘mj about the JOKe="
We\\, the "JOKE’ 15 that when yov’ve been

"Urwovﬁh the loop with K 9 ,You're atthe dogjore

end |
You have 1o handit to Dv. K.
He has nerve!

T\netj”l Fvoba\o\ﬂ neveyr
let him back in the
'F&LCUH:ﬂ club!

Ihear-{hej Fa‘m’cepl
ovt his name on his
ofice doov when this

book was Fub\ished.



Aah,. .W\'\a‘t .l{
the, vh, mcvement
is 17

FUnn Yov Shoula\ ask.'
That’s a special aase.
Df the incrementina DO Looy isgﬂij,
it can be omitted from the DO

statement and 4 1 will be
vndevstood.

(M’f Tdon't understand 7

mo) but ‘\:he cwnfwter does. FOV instance®
DO 10 MUSH=30,1QUIT

means N d.o everjt\qina 'FY'OM hevre downﬂnrovgh
and including statement #10, Start with
MUSH =30~ Wee? \aorinﬁ t\rw'ouﬁ\-\ those
statements, 'mcremen‘\:’-nj MUSH by 1 each
Fome Dorouyh. BEog) Whin nou've Loen
\'Mrovgh Hne 'ooy with MUSH eqwﬂ 'EOIQV]T.
Then, merr'\\j proceed onwaxds o the part of
the program followihj statement #|o,




@On)t :iFihker with trﬁinﬂ to chan e‘t\r\e

valve of the DO COUNTER, the INITIAL
VALVE, the FINAL VALUE, or the -

INCREMENT while yov ave IN DOLoar.'

.,

You can Tvsed these valves on the
side of an a,ssignmen’c statement,

or in any avithmetic expression bok
C\ma.nae them! You can y'lcule with them befove
or after the loo?) but not Aur'mﬁ.'

E—& Novma\ Ex'l't (Or earef,s) ‘F\fom aDO
IS one in which the 55stem bdf)\*’s Yov ovtfor
Ye&ch"ha 'the ‘F’\na.\ {;est VQ‘UG, nr\ {h‘is case, once.

Yov are _gui: of the \oop) the PO GOUNTE )’S

valve is UNDEFINED.) so don’t tﬁfjlt_o vse it |
Bon’t expect it to have its last valve, ov that
valve r\us B inerement. 0 .' +

S -
/d X 3 ,A

valve luyKs within, &




W)
27/
%u cana.\so G'f o DO \oo? bemu.se

of o branch st atement within the oo P 0t
may be bhat Yov perform a test of Youy own
inside the loop and decide not to wait for
‘f\r\e \oop to vonto Comfletion. l’ﬁ)ﬂs 1% Pev{ecﬂj
0.K. even ’t\nou‘c)l« its called an Abnorma) BExit.

s | Exit
‘W NO"MO.’ A A
4 :::) and his

V" brother Abnormal

After an ABNORMAL EXIT, the valve of

'Une PO Counter will @ Keef its \j_ﬁi: Va\ue)
50 Yov can vefer to that valve ovtside the
\oop.

P@nlg Enter 2 DO \oop at the very beginming , by
exc;cu‘l:inj the DO statement. Once yov are inside
tne \aor) Yov can jump avovnd withiy, the \009'{'0 your
heart's content. But don't yume fvom ovtside a DO
loop 1o inside Bre loop Unless Yovr insurance pramiums
are paid vp. 1 is&swwnm! W

Wkl ch \)Y’mgs vs ‘to .

THE NESTED Do:




Arhe < Nes’[eol DO0p (domesticus dacw'as) s a
beavtiful ‘B’llnﬁ te behold. Mtis of the form:

DO§I§OO§ NEXT= 1,1000
DO 50 ™M=ITER,J3

;3
( DOZZS? 1.00P=M,J

A AANANAS

20
DO 50 INT=25,50,2

i
(5 1L

( DO§8§(? MUD =1, K1CK
80

f5¢
]

100




Arhis isa Leaa.\ Spec'\es PYo)cec{eo{ 55 the
National FORTRAN, Fish, and Wildlife Agencﬂ.
0t is \eﬁa.\ from SEF'tem\)eY 1 ’C\‘\wvjh "Che\as{:&\a/j
o?Avﬁusjc.‘fke reasen it is leqal 1s becavse each
\00)0 is @@ contained within the next

\cw-ﬂer loop. An illega) species would have
loops that cut acvoss each other, as in

-
-

\ SR
tﬁ’\n’\s is I_“_€9&\ s be c«.use&ln_eig\; two oops jump
from a point Quiside a loop Yo a pointinthe

of o DO without geoing in via the DO

statement af the top 0?"(\16\00?.
2

Dt is O0.K. toend several DO \OOPS
) onthe same statement as in

> DO 50...D0 50... onthe pveceding
page.Those loops ave considered to be nested !



Dwe\\ on the
‘Fo“ow‘mg Points !

¥ SPhe LWCREMENT, STARTING VALK
Ex FINAL VALLUE of o DO statement
must all be Positive Integer Variables or
Gonstants.
You have (]2/1, Teh !

DO 50 I=*10,10
or DO 30 J= O,ZO)Z

Zeroisn't qg’l’kg
positive enaUﬁh.

or D065 K=M+2,100

Expressions are

]\‘leao\.l here!
or DO ID X = 'PI,PI

X and FI areRea/s, not infejas
and =FP1J is negative

or DO 15,I=110

] jus‘f wondered / gau Wwére fq,]}v
Qﬁen'éi&n.”o comma. bc?/ongs /’6”'8



% Whe ST7TOFFING VALUE can
be LESS than the START/NE 14702

You @ have  This can'tbe negat;ve

DO 5 LL= q,3,-1
k,7'/)/5 must be
at feast 7/

or KK=2

D0 90 ITER=5,KK
KA can’t be Jess than
the 52[4/5/'/73 valve whidh

is 50

Arhe s{‘oﬂ:mﬁ valve can eq val the
S'tav‘l:lnﬁ valve, "lehls brmjs vp the
nex{: Pomt

% Whene\/ev Yov execvte aa DO stalcemenf yov
ALWAYS $Fall tavovgh the \oop at \ea\s{:
once .Z?eﬂq,r//ess ot Q‘e'cma,\ valve.

A'is is becavse the Test associated
with the DO takes P\ace at the
devriére, or (if yoo'll pardon the

tevm) the Enal o? the loop. Of

you want to ex execute the loop



2ero times under some situations.
You need to proqram in your own
test to skip past the loop.
(Magbe I s214 that wrong ¢ [
should have said “I{ Yov Aon't
want to execvte 'Hne\oop Zero
times...” or is it V1§ you want
to vnexecute the ]aop...”mc..)
@ngwwﬂ) on to the next pint .

W You can't jomp §rom outside a D0 loop to inside a
DO without going in Viathe DO statement.

%u@ have
0 I=1,l0
These logps

let acress
one ansther

3
i

DO 40 T=5,153
f57

3
O T

40 —r—

@uﬂ)ose 500 LMLA.
B

GO{I‘? 5{0
D080 LL=1,M

$ §
80
o hat’s ol v‘\ﬁ\nt> r'\ﬂht ?




WHONEE

Statement 80 is inside the range
of the DO, sothe GOTO B0 is
an 1“634! Jumfb m‘}.o 'H‘)e D@J

Even 1% it isn't always x\\eja\ it is

cevtainly immova] anA vo\:mb)j

-Fa—btenlnﬂ @0)’1 -t da \-l: /
& 0t s STRIGTLY FORBIDDEN bo alter

the imtial va\ue)f\na\ va.\ue)ov nevement
of & DO while yov are in the loop.

You(can't) have

DO ‘M I—- |, M, ISKIP

T= 'I+ These are all
% ‘g g I//efﬁa./ ./
M= MLAST

ISKIP Z*ISKIP

99
LE")O.Se 'Hwee S‘h&'\:ements ayve fM&i}j
\eﬂa.l au‘\‘.S'\de the \mp) howevey!



To Vavtj'mﬁ c\eavees, this
treatise 6tfends my delicate
sensibilities for a hundred

reasons, but it's too |ate
to get my moneée backK.

4
WHATCANIDO?

Airhe answer to the malden’s prayer is she'

can S‘tu‘?‘F her \’\st 0‘? Yéea sens ‘m{:o an @RDERED
ARRAY. [Arra,ﬂs provide a nice, systematic way
o handle whole lists OF numbers. Ouvr friend has

one hundred reasons for \najc'mﬂ this magnym opus:

R 4 N b H wBado

of‘a'sszbsl::ipe{i Keasen : Sga,\e f‘romnlf‘l'O?
T (1=Mi\d)y Offensive
e o Rotrid)

| Vulﬂar 9

2 Sick 6

3 ToManyEquations: |

4 Unbef; 3&3"3 aDisti ngu’ls“ed:} 8

Co“eaave a‘ Nobe\LMeA},&s

_5 gﬂhawi vistic Toward Giraf.fes 2

*Note: The term" She’ is vsed as a non-sexist persona)
PTOY\DUV). I‘F 50(/ PY‘e{:eY) Y'ea,d_ ‘\HG”'FOV“S}\QA aﬂdv .lnseYt
o picture of a boy giraffe.




78 Totanﬂvns*,ruch)red 187

: Pragmmyn 'mq (Ove\rﬂow E’Yrar>
19 TnsultsMy Intell iﬂe”‘eé 4
100 ‘Didw't Gome With .

: Grayons

Bt wovldbe a real Pain & Nuisance toneed to
think vp separate vaviable names for each veason
on the list. A\So) it wovld be hard to man\yu\d’,e
svch a list when Yov wanted to Perform the
same operation on all the elements of the list.
Yov wovldn't want to need Yo dex\ with each
item individvally. For instance | you mishtwani-
to dump the entive list onto a magnetic disk,
0 Yov covld frisbee 1t into a waste hasket/
Since the sadists who invented FORTRAN
felt you would su§fer enou3h anﬂwa_ﬁ when Yov
came to ma,n'lpu\aiinj arvays of num\)er5) thefj
Kind\ﬁ made syec‘\a.\ provisions for hand lin arrays.

You can give a &13\}3 ARRAY NAME {, o
whole list of numbers and then vefer +o e whole
ball 0§ wax by that one name | You can also do lots
move, Melchiov, but \et’s start simple |

At the Very Begining of a Pwﬂm—”";,bﬁ;{‘?‘fg

—

the $irst executable FORTRAN sia’cement) you must



tell the com puter Yo set aside enovgh s‘\:omﬁe

locations $or anq arvays yov F\an to uvse.

This is done bj means of a DIMENSION
statement, Since our friend with the %Wen{‘:Lchw{

Iawjnx hafced ﬂﬁs \iterava ma.s%erpiece or |00
reasons, she could tell the computer to set
asiole Space For‘ a,\l 't\')ose yeasons \)5 Saﬁinﬂ

DIMENSION TTSBAD (100)

riﬂ\n’c at the start of her program. Now,
she doesn’t need to make UP A separate
variable name ?or ceach sefumfhe veason., She
con vefer to ALY the reasons bﬂ the single
Armﬂ ﬂz_x_yp_e 5 to wit ) "ITSBAD.” A Favhcu)ar
“raison disenchantement,” or @ of the

array, covld then be spec'nﬁed. bﬁ means of
its SUBSCRIPT.

@ne covld say '/-Sabscripi

ITSBAD (1) = 97 Vale
ITSBAD(2) = ¢
ITSBAD (3) = |

c f

1T SBAD(100) = 7

T'nen) § You wanted 1o calevlate \)US‘}: hg_gg
bad this boosk 15, on the avevage, yov covld
5'\m§>\ﬂ say .



KRUMMY=0
DO 10 1=1,100
10 KRUMMY = KRUMMY +1TSRAD(I)
ROTTEN =KRUMMY
HOWBAD = ROTTEN.” 100.
WRITE (5,20) HOWBAD
20 FORMAT ("IWE ALLKNEW IT WS
}:bBAD BUT THIS 15 RIDIGVLOUS',
22 F10.4)

Rules for na.m'mﬁ arrays ave the same as
those for naming an sthey variables, Onthe
9)(6&\01?\8) we had a Une“pimensiana\ In‘keﬂev
Awa_ﬂ) since the arvay name started wi b,
an LI, B L, M, or N and since only one
subscript was needed in order +o 5Fechcﬁ any
Pazf‘ticular avraly element. (woﬁce that we
c\rmnﬁeA the Tota) Terribleness From m@

valve to a.wdue before ﬁswinﬁ ot the
Avera ge Awfulness )

Svﬂoose T wanted to
g'we more Frecise valves
Yo how much 1 dislike

{:\n'ls '\:ame ?
N —




[For more subtle, finer 9ra,a\a.{ions) one
cou\o\ vuse « Rea\ A,Wo\j O\C VA\UGS bg 3’1v'\nj a
Real name to the array. Arthen Ypu couv\A
di‘ﬁeren{:ia{e with n'lcetg be‘kWEEr) Otfﬁrees g-?

a 3Y&LVA‘IZ'|0n ]ike 6.3758 and 6376025,

hat m’nj\n’C not seem important to yov, but it
covld mean all the diffevence in the wovld tothe
Sm‘hwdmj Review of Litevatove.

A\So) one mij\q{: want ‘Eo \ncwe dcd:o\_ on how
mueh each page was Asliked. You covlA set vp @
table ke He -Fa“owinﬂj

PAGE NUMBER

| 2 34 5.........95 4¢

| 92 24 4.1 83725 99 - .- .. 875 9.9

REASON 2 les 2044 3.0 S25 134---- .- 89
NUMBER 3otz 94 20 - 0n
4 1759 6] 899 - - -~ -0 o oe il
EB.Q---—-------»-.:’

99 |- o o e
10071 t.5 83 35. ... . .... 98és

SDince there are alread.j 9¢ pages and
00 veasons, one weld need to set aside
100 X 96 stovage locations for e elements
of tis TWO DIMEN SIONAL ARRAY
Nt onlj Ao yw need to save those 1600 locations
but each one needs tobe by 19 enovgh for aReal valve.



[‘nﬂoweVev) since yov can't o\acmﬂe the S'Eomﬂe
a\ocation for arrays while the program is runding
Yyov need te set aside ot the stavt™ as wmudh
storage space as Yov think ljou’re. g_\@_vﬂo‘mj
Yo need for the arvay. Since the s\neakchr. K
has a\reawlﬂ slipped another ha\f paqe in on vs
and since there s no sign of the end in s’xﬂkt)
Pev“v)a?s we shov\d allow ‘FOV‘ \OOX 200 Sfova.je

\ocxl:“n ons,

Dot set aside too

much extra space,

ov theve may nst
be enonh Yoom

left in the comFuher

to solve Your fvols\eml.

@nce owJa’m) space 1% (csevveol \:j means a?a
Aimension statement at the very start of the
prbﬁva,m. One covld say

DIMENS1ON AWFULL (100,200)
AWFULL (,1)= 4.2
AWFULL (1,2) = 1.4
AWFULL(1,3)= ?.l

¢
A\}FIELL (1,96)= 8.9
AWFULL (1) =¢.3
AWFULL (2 =2.6



AWFVULL(2,3)= 6.9

A
AWFULL (2,90)= 5.7
I
AWFVLL (i00,1)= 7|
R SR S
AWFULL (1o0,94)= 4.8625

Fur‘t\ﬁf\r e\akava,{:'a nj on this AWE ULL,(
examp\e) one covld refer to the element in the
‘ZHAROW and 'bne ISth Co\umn AﬁA‘WFULL(]?)@
and one covld veferto the element in the mth

row and the 2n =1 ™ colomu as
AWFULL (M, 2% N-1)

Rules for Subscrifts vary from comyutev’m

com?u'!:er: but on many 5g5{em5 Subscﬁp_t_s can

m be either on
S INTEGER CONSTANT

| é INTEGER VARIABLE

INTEGER GONSTANT # INTEGER VARIABLE

or

ONE of THESE TWO £ INTEGER GONSTANT
Svbseripts @:\@ must be pesitive “m%ejevs. You

also can’t have a zere svbserigt.
A What an awfol way teo spell awful as a varizble
"Find out whats legal on your system,



Tell me, yowmg man.Govld
T use a subscript like

65-MOM °

Why bless your little heart | it depends on
the ComPu‘LeY.' n small 555-}ems )thc r_'a_esi:

en form For a svbscript is vsvally an
INTEGER ) , (INTEGERY) +(‘INTEGER
(ONSTANT) ™ (VARLABLE) ™ \CONSTAN

R subseriet like 65 -MOM wovld 3&{ You
thrown out on your corset,since it isn't an
‘n*&ser variable ¥ an ’M'Eeaev- eonstant but is an
nteger constant = a variable. When 'l:hag Say Hhath
the most 3enem.\ -Form)tlngﬁ mean it! @n many
other systems howevev, a valid svbscriptean be
almest any sovt f an wite ger expression, Just so
R s posi’cive when Yoo Lnish evalvating it.0n
big 535{20\5 where the FORTRAN has lots of

é ’s and % ’s 65-MOM wovld be finel

While yov’re around , Momma., show vs how
Yov store avYays in Your Arawers!




A\rmgs are stored
by Golumns. The

first column is
stored first,then
the second column
and then the third.
Afterthat comes
'H\e ‘Faur'uw Co]vmn
a.nol So ‘Far":)').

b

B’?&Ta?hras'mﬁ her %
elumda.‘l:\on) avrays are }_\o [
stored in ascendin
stora ge locations with A é -

the valve of the first

Subscrlp"t mcrea.s'\nﬁ ?;’i%@
most rapidlyand that J* /L 0 %
T SN s N R

of the second subscript

c\oanginﬂ |ess rapidly.
@vﬂ)ose you had an arvay with 3 rows

oand. C columns.fifhe six array elements would

be referred to \o-j the Qa\\lowinj svbscrif‘ts

CO\Umn
2

I [ 1,2
Row 2 |3l 2



Perhaps this aveaq is vsed in a program to test
Fiedelbauvm’s famous 'Un.eorg in nuclear f\nﬁsTcs.

( Eiid_’e\la__o_.u_m principle on Yhe Onset of Nuclear
Dejﬁruc{jon n S..vq,‘gomiorg Experi men'l:s) Eﬂ\en )
us“mﬁ h’ng\nlj technical mnemonics relevant to
the problem at hand and Mean’mﬁ{:u\ to other
physicists when yov publish govv resuH:s)gou
wouvld hand le this arvay as follows on the computer:

- DIMENSION FONDLE (352)04
he comeuvter would store the elements of the
avvay @Z\T\ Y, in the following order: AN

§ \"'JJ)Q_)(Q)% |
4ot {FONDLE(\,D o BT 17

FONDLE(2,) |2 2,
FONDLE(3,) |5 &
ord (FONDLE(1,2) &5
FONDLE (2,2 *3 b
FONDLE (3,2) <2 5

Column

Column

Notice the compu{:er stored the two-dimensional
array inthe form of a one-dimensiona) s’cr’mj of valves.
Dt does that for Yov avtomati ‘“nﬂ-YﬁQ can a\wa,gs
think of the array as bein 9 two-dimensional with the
\Sjt’su\oscvipjc tel n the yow and the anSUbSCY] p‘t
’c‘ne Co\uwm OF an A.\rrag e]emen“:.@u{ keep in mind
how things are ac{ua.“j stored! Nlow
that FONDLE is stored,you can massa,je{hea\ai‘a‘_

?A$cendin3 location Numbers, that is!




Mister...
teach us to
Read and Write

b0 vead ov write
@t\ne elements f
an array in the order
in which it is
stored, jost put
the name of the
array in an
Tnput /Ovteut hist,

emember, it’s the
Job of the associated
FORMAT to
de{erm‘me how
these valves will
a.d:ua\\tj looK on the page, svuch exotica as
how many to a line, what text goes
between values where page skips will
occuy, or whether the total effect will be
o Sta.rk\ﬂ cubist block o6Ff numbers or a
vyococo and delicake swiv\ of Figwes in

a style reminiscent of the great mastevs of the
1gth century,



7.
3. 7. 3 2 Il-z '/7.' '5.1 2.
M"f. H?'q' IZL q"‘ /LPor’Lion & matrix
8.0 : .
75, af‘s.er z'ff.:’ ' printed in the 5{,3\5
- 4.
o ¢ 7-21? ' 8.7 52 of the great
g "Z.zq . 44.57:/7' Gi vseppe G a“'\-B'lb'\ena)
79 3.8 1835 G’\ l l
. aar 74.62 rea
l22.4 2840 35.19 ; J&n
. nas 4415 .
S s ] ﬂourfes_q Metrop
Mysevm oF Art

thhat ﬁﬂk of CDMFUteY' prin‘l:ouJC reached its
peak n 1752 with the renowned Flemish
programmer, Liederkrantz and the printout of
the Frenchman Froma.ﬁe When Johannes
Guten berﬁ invented the line printer with
Co\umna.v‘t pe howeveyr '}:\'m,l: S{j\e begah *:o
o\echne) ‘bwugh it is still Prac’r,‘\ceal fodmj \oﬂ
man beﬁ‘mninﬂ programmers.

aﬂence ang, 'Forsoo{h) one wovld like to know
JUS"’. what a FORMAT will de when 6iven a
s’\:finﬂ of numbers to write ovt . [Knowledﬂe
Is power and a well-written FORMAT can br}nﬁ
a 1200 \ine/m’mu‘\:e Pr‘m’cev o its Knees !

F'l‘rs‘t> Wwois Com?or‘t“mﬁ to know that if there
axe more valves to be pr‘mted in an I/O list
than the Format allows for, the extra numbers
will not be brutally squashed against
the c]os'mg riahf Parev\{\ﬂesis,’



guwose you had
DIMENSION PIMPLE (20)

RN

WRITE (5 10) PIMPLE
10 FORMAT (1X, 5F10.4)

IR A

Hlere 3 the format alows for Five vea.\ Nnumbers
to a\'me) with a s{:ari:‘ma blank to get past
the Cavr'\aje control, 8o the ﬁrS'\: Vine of
OU‘t?U'}Z wovld have ’dne of

Bimple () Timple2) Timple(3) Rimple 4) Emylels)

But wait! BPhe write statement is'l:rging to
send Pimple (6) to the Fovma.‘l:, but we’re
smack up aqainst the c\osinj right parenthesis.
hat would never do, becauvse yov shouvld
hever squeeze a pimple, so the computer
avtomati ca,\ltj inserts a slash and goes back
and reuses the Hormat aqain! Whenever
There are more valves to be vead or wrilten
Yhan a Format allows {:ok) the compu{:ew
inserts a slash and stavts over. El?hus) that
TORMAT #]0 be haves as if 1t had been written
10} {FORMAT (1X,5F104/1X,5F10.4/1X,
i)gSF\O.‘}/\X,SF\O.‘f)



Wou Just need to be sure that 1f the I/0 st
1s {wj'\nj to stuff out an 'Sﬁ_\g_g_gg) the format
Isn’t Wa.i'\:'mﬁ for & Real at tnat point, oy,
0s 'Hne\cj say Were in Washi nj{:on) at that point
n time.

Aa_\f\ coes W\na&,) a.‘ln) W\na.{
if theve ave Pa.\renﬂaescs

mg’f_é_e the format?

T'm 5\&0[ You asked.
That’s an excellent quechTon

for a PhD candidate ,I

I€ there are parentheses @o?&
FORMAT> the computer doesn’t go 2\l the way
back Yo Phe start of the Tormat. ﬂns)ceao\)
it goes back bo the start of the most recent

nside set of ?a.ren{:heses. Eor 'msx‘:amce) H:gou

A
"ed 26 FORMAT (IX, 215 /(1X,3(FI04.50)
and you ran ovt of Yormat

and still had more inthe Zastbz?#_
1/0 list to print Wt,t\ne Farenthesis

computer wovld insevt a slash

ond. start again from this Po’m‘l’., since itis the
‘ef{ Fmren‘hnesis Corres’wnalinﬁ to the laﬁ‘t r"lghf
parenthesis inside the format.



134 tﬁou said

DPIMENSION VELHOR (9)
WRITE (5,20) LAMBDA, XNEW, VELHOR
20: ‘FORMAT (1X,15,5X,F104 /
101X, 3(Fg2,2X))

ond the cuvrrent valves were

TAMBDA .... 163 VELROR(5)...72.59
YNEW. .......25.381659 VELHOR().-17.32
VELUOR())...172.36912  VELAORG)...\000
VELHOR(?).....14.19958 VELHOR(3)..-I5.19
VELUOR (3)...7¢85.5002  YELHOR(9)...18.9
VELWNOR (4).-.-..17.0

then the compoter would spew out

M —— ~—— T~

bbbl 63bbbbbbbb25.3816

bbb172 .3 ¢bbbbbl4.19bbb-285.50
b,bbbl7 .00bbbbb72.59,bbbb-17.32
bbb 100 .00,bbbb=-15. 19,bbbbbl8.90

A

N —  ~—  —  —

where the small "a” marks have been uvsed to
show the breaks between numbers. @fwwse)
the'b’’s would be blank spaces on the actual
printout | but -l:kgcj have been pot in here to

show how the valves |ine vp-




Niotice how the nine elements of the VELROT

array have been written out on three lines as
Velhor, Velhor, Velhor,
Velhory — Velhor. Velhor,
Velhor, Vé//mrg Vé/ﬁorq
Bach element gets printed in the next availble
field.

" dah.... Supfase 1
didn't want the
whole avvay bot
just the 4% element?

D-F ﬂou wan+t ".‘0 Yead ov fr'm“: jusf o
Pax‘\:‘\ cvlar Q\Emen'l: 0‘? an arra_ﬂ) simylﬂ )cht
hat element into Yovv ln?u‘};/Ou{:FmI; \151‘:)
30536 like any cthev variable. ga_fj

READ(8,40) X,LL(2),7%(3,1)
WRITE (5, (5) VELHOR (4),XNEW

When an Arvay name appears in an 1/0 list a“
arvay FY y &AL

the elements of the arvay are vead in ov

written ovt jnthe order they appear in stovage!

When an array element §s in an 1/0 list,just
tat one element 98’:5 transmitted.

oY




Mov'\nﬁ on brisklj to ancther example for

your edifi ca.'hon) consider !

DIMENSION KVETCH(2,3),M(7)
READ(8,10)M (4) KVETCH XY, Z
|0: iFORMAT (15/3(110,10X,110/)
1:3F710.4)

@u?fwse the data cards In the card reader at the

'hvne this vead s)ccd:emen’c was encounjcered weve ,

> >
g )

>

S @%0 \p“”o

( 23.658:: 19,2192 -s.se;:b;-
(B

(e T W]

(15 R

2357 1 N |
AL -copomn i
RS s L3 ,

D:ﬂow do you think the data valves would be
matched up with the variable names ?

THIMK!



T’ tell You,
Mg gets 236

from columns

-5 of the fivst
data card.

v
236!
7 ¢
c4 DU‘:QColumnS‘
5

hihis \nap ens §irst becavse M (4) is the first
list 8lemeni.qfhe first field speci fication in
the Format is 15, which means that the fivt
5 columnsg on the Aata caxd will contain the
valve ot M*) r‘\ﬂh"\, jusii'ﬁed with the last
0\333{ o the valve (6 Inthis mse) 'Fa\\‘mj in
colvmn 5.

[l?kev\) the whole KVETGH arvay 55{3
stored | but the way yov might guess at
?’\rS’)L.) ﬁﬂere)s how it gets stored:

KVETCH, .5 KVETOH,,...18 KVETCH,,...45

7his was the_Z__"d) This 9th Vﬁlue came.j This was the _é“’../‘
data valve off the 32 card /
KT 10 RVETCH,,..¢ KVETCH,, 12

Here's ﬁve’}j-/‘ and the 5”’ —/ and this was Z‘f-’h ‘/./‘



Notice that the KVETCH elemenbs .33% read
in in Golumn order) just as '\'hcj appear interndl
in the computer’s storaqe.Ahws KVETCH (2,))
comes vight after KVETGH (L)1), But the

formajc 5?ec’x-f:‘)ca.{:’| ons 'Fov {:\ne KVETCH owm,ﬂ

e /3(110,10X,110./)

which means the lﬁKVETCH valve comes
from columns 110 of the 2" data card
(becavse of the / before the 3,yov goto the
Z"nd Caf‘d); the Z”dKVETGH valve isin co\umﬂs
21-30 on that same cmrd; the slash 5445 goon
to the 34 Cm'&l) and now, becavse of the R in
'FYOY\‘E of Jdne paren%heses In 'H\e Fo\rmajc) 5&0
Ao the same Jc)ﬁnf) again ana. aga’mf (Phe 3
is a repeat constant.y Wotice as Yo go down
a colvmn in the actval matvix, Yov ave YEadinj
ALY 0SS O da:\wL erd', [;’aows and columns 38{2
transposed or interchanged on input and otpt
becavse valves SeJc sent to ov fromthe format
in the order in whi ch ’\Z\'\ej ave S'liored lf)j’;g'lﬁz}v’j
n Yhe wm?ute\r’s memovy.

Einall 5 X)Y> and Z sjcrajﬁhnﬁ alonﬁ at
the end the 1/0 list 56*: Yead n as

X...23.68 Y..l4.2192 Z..-3.8.

9\;«:2 ths wasInpu’o){:\ne Adecimal points on the
cards didw't need to line up with the FORMAT!



But Suppose 1 don't v_/g_.n_n; >
my array transposed? £ Y S{

Yo ung man . You’d belter
stick to Political Garicatores) oo 'S
{ Don’t you know The Womens &
Movement Has No U,
Sense of Humor ?

No.Hum afew bars aﬁ{.. o

To read ov write arvay
elements in an order
other than that in

which they are stored
'\ntern&\\(:j) or Yo vead
or write jus\: part of
an aryay...

You can vse an
IMPLIED Do
LOOP!




Note:

Pr. K’s wife feels some people won't
appreciate the satire on the preceding
page. If you find that page offensive,
please disreqard it and vse the
following page I\ instead .}

tHote: 0f you find the possessive term' Dr.K’s
wife “offensive, disreqard preceding note.



You\nﬁ man,
Do you Know

ThisBook Has

_I\_Ig Redeemin
Social Virtves ?

No. Hum a few bars of it.

[F‘:requent\:j, sitvations arise where Yov
don’t want your array vaansyosed) oy wheve
yov want 'l:o write ovt an a.rra.j in an ovder

other than that in which jt is Stored.

To read or write amay
Plements n an ovrdev

other than thatin
which ‘the«j are stored
'\n‘l:erna"ﬂ) or to vead
or write 305'\: fa.r't of an
array...

Yov can vse an




An IMPLIED DO is sort of like a
yeavlar DO that was levelled \03 a. steanvdler.
ffhe whole \oop has been laid ovt 5'\0\ewo.35
inside of a Single FORTRAN read or write

Sta—'te ment.

I’ve been laid ouvt
sideways for years and
nobody made afuss!

Ahe form of an IMPLIED DO is-
(Z/sf, Int = Ms L‘rz‘, Mend, Incr)

C- Initial C( Increment
I/y/w'l /Ontput Valve @/ Valve
List Do Govnter o~ /I-nte er Yariabl
(In{eaerVax”\o.\z\e) OYGosnS‘ta.a;:tcSL s
_J

\ Y
-T/Jis whole works /s a lis¢ item in an
/'nﬁu-zf /oufof /ist.’

[;%5 Yov have ino\-vb’\b\blﬂ 61)955(_’&) the
parentheses in the Implied Do mark the
range of the DO. Arhe wa.q this all works is
very simple, [It’s almost exactly like a reqular DO,




excep'l: that the entire {hinﬂ) range and a")
s contained in one statewment. Heve are some

exa-mf|es of imf\‘:ed DO Yoops in 1/0 statewents:
READ(8,10) (SGORE(K), K=1,100)
: ' READ ()8,40) ((KVETCH (1,3),3=1,3),
1: I=1,2)
: { WRITE (5,50) X, ALPHA, M, (SCORE (
1: ICNT), ICNT=1,11,3) , XLAST

What happens is the DO counter is first
set Yo the valve & Mstrt. AChen the list
items in the range of the DO ave shi
A Yo the associated format. Alhe covnter
is then jncremented bj Jncr) tested 5 and,
again the list is shipped off, but Usinﬂt‘ﬁc
new valve for the PO covnter as a svbseript,
Etcctera )e":ce‘l‘.era.)e{:c.)e‘tc-

(C Where will it all ea,M;s Jones?

(Asthe doctor asked the nurse in
the maternity ward )

Dt all ends when the incremented counter
ov\d exceed Mend!

Ver}\ﬂ, Yov may ask Y Who Gares?’




0 WANT YOU

TO CARE

@5 be'mj se\-(.-con’ca'med within a S\nﬁle I/O
statement, {:helmp\'\eo\ DO allows Yo to contro
the order in which subscripted array elements
are shipped M to a format for Fr’mhns,or
\wl\ed in from cards on input. @emember)
whenever yov encounter a Read or Write
statement, you start at the '.Egai_n_m_n_g oF
its associated FTormat.hiPhis is trve if
you have never met the vead/write before,
Say when bum?‘mﬂ into it for the $ivst
time at the start of a program. Ot is true
if yov meet in some seclvded rendezvous,
say at the end of a seldom vsed branch.



&ﬂowever) it s just as trve even if You have
been me_e’cxnﬁ vegv\aur\ )y Say in some
o\e.\ig\n{wcu\ little \oop.:’Vou can have veen
oing around together for some time
%\flone -{:\ﬂ&\ess) @ time you vun into the
read ov write statement, You start
over cL'l: the beﬁinninﬁ of its assochated
Formak,

\'So w\f\o\:\:)” Yov may be {:emFtea\. to
osX. Aw) qo ahead, ask |

Arhis means you lcanflf. vse a rejula..r

DO looP to didd\e awo:;;\‘d with arva /
svbseripts for stoff to appear on AL

line of ouvtput,
(kD) (pwask)

Becavse whenever the DO c\mnﬂed the
subscripts of the valves to be printed | it
wavld be (putside) the write statement,
Phoo & Ban Bach time 't\n\fm)ﬁk the
loop , when yov hit the write statement
hoping to print the next value on the
\'me) fjw)dL find 5DW5€\‘F Pavrown back to
the stavt of the Format again!
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@u??ose you had

DO 20 I=1,3
K=4-I
WRITE (510 K
10} FORMAT(\X 12, "6 MOCKINGDY
IBlRDS /\X, 12 'bF‘RENGHbHENS'
2/ bANDbL', IZ 'bPARTRXDGE D)
20 GONTINUE

@n?or‘tuna)cdj) Paat would write
3 MOCKING BIRDS)

2 MOCKING BIRDS
| MOCKING BIRDS

maXing a mockery of youv efforts
Bqually Sutile wovld be
D§] MgE N?Sl O%\] KVEET CH (2,3)

DO 50 1=1.2

DO 50 J=1,3
50 WRITE (5.70) KVETCH (1,
70 FORMAT (1X,3F10.4)

TPhese are plain, arAmmr gcwo‘-en \/a.vuzjctj
nested do loops. ‘ﬁ:’ﬁ sequence KVETGH by rows
instead of co\umns bu*: the elements unfovtunately
38‘{: prm"ced a5 one \ong strmﬂ of numbers!



50 9ive 'h/\em a

‘For instance !
of what an
Implied Do cando!

Fov instance, suppose you had

DIMENSION BANANA(320)
READ(8,10) (BANANA (K) K=13204)
|0 FORMAT (8FI10.4)

A T

‘?\nis one vead stakement WoulA vead in
80 data valves for BANANA (1), BANANA(5),
BAVANA ( ‘DD .. and soforth. BANANA s woold

be bunched eigh'[: to a Co.rd) so the one vead
statement wovld vead in |0 cards) 5e\ec’cive\j

storing svecessive numbers in every fovvth

\ocation in the BANANA arvay, Ave tothe

increment,
U the increment in an IMPLIED DO s

to be a 1, then youv can leave 1t off, just
as in the case of a veqular DO. Abo) yov
can write ovt the valve of o VO covntey jusf:

lixe that of any othey variable. Wake a look
at the 'Fo\\oufmg example ¢



WRITE(S, 10) (M X (M), M=1,20)
10 FORMAT (2("bbX {',12,%)=",F|04))

would write out the first ’cwen’cg elements of the
array named "X in the {-o\\owing fashion:

X(D= 12— X(2)= 1 o—
X(3)= L= X (9)= 10—
)((5):: —\—

[}-ﬂere , each element was labeled bg wr‘n’c’mj
ovt its SUbscv'\F{: a,\onﬂ with some “l:ext)
just before writing the element itself. Arhis
goes A_\onﬂ way +owards ma.KIVQ Yhe VY'mEoUJC
understandable at a.glance> without needinj
to vefev constantly back to the program.
[BAn TMPLIED DO can also have
other Imoplied POs nested within its T/0 list.
[For exmmp\e, remember ouv old friend the
KVETCH array You have been ‘\:Yﬁinj so hard.
toforget? AThere are seveval ways you can use
implied DO’s to write 1t ovt without \na.ving it
transposed. @ne way is by Using an implied
DO to move you across each line and o
reqular DO to move yov trom vow to vow. If
You are a 3\ujc’con for Pun'\s\nmen’c) Yyou can do it

o\l in one WR]TE) Usin 9 Nested. Im?\'\ecl. DO Loops :



*WRITE (5,20) A,B,0,(1,(1
|KVETGH(I 1),3=, I= Z)XY'Z

20 ¢ :FORMAT (1X,3F10.4/2 (5X,"ROW(’
\ S, I, ", 3X, 'KVETCH(' 1 ' I\
2:%)=" 110, 3X,"KVET CH (" 1\ 211,
3:1=".Tl0, 3X 'KVETCH (", l,',',Il
4')" 110/) 'bX-' F104 5X,"Y=",
5F‘Io‘l 5X,"bZ=" FIO4//>

Gooo\ Grief /
-

El?\f\ns Lescenine and Formidable format

freak’s farcltate Foammﬁ would produce
fecond and Feracious p\nomcs on the

line printew.

W\naJCPS he ‘Eo»\\(ing a.\oout?



% A g But Too say T, luaidly
weitten FORMAT wovld prodvce the
'Fo\\ow'\nﬁ Fr'lnteo\ prqe, J(:aﬁjce{:u”ﬁ anncbated’

3)

:4_"_:_\ C"-B ~ a"is

ROV KVETGH (1,)= 21 KVETCH(1R)=~ RVETCRI s
ROW( KVETCR (2,)= o~ KVETCH 2= RETCH (3=

= A IY:-‘m- I z=|~v‘,

where | of covrse, the sqvi 351"’5 e wovld have
whatever numbevs were stoved in those vaviables at

the time oF yrin'hna.
That’s the wo \ookinj printout

T've ever seen!

1t was done with
& chain printer.

I heavr the 4vy wi th the
chain broke both the
printer’s wrists |




Momma.) yov've done o

L£O99ELY

job arran 3in3 Youy drawers.

Yau don't mind 1f Isusaest
You Put some variables
beainnins with ll,J,B@...
in Qg drawers :)vst to make
your charming hovse a

bitless dull...

Un{eﬁevé fit in small drawers and
'F\oa,"c'mﬁ Poin'\: numbers on\tj it in \)13 dvawers,
q._\jUr'mﬁ 3. @cta\, Ythe famous comFu’cev
science theoretician, said it best 1n his
oft-quoted “Principle oF Gonservation of
Drawer Svace ” in which he said

“Entrepiano al numero integerto coda alla
vaccinara minestrone Ai fagioli itsa nota
) : .

gonna fit alla teenetzia drvawer.




w hich rauoj\mlfj translates as “Nov can’t eram
a b;ﬂ number into the same drawey with the
socks,” mowevev, i’c@ possible to give a bx’g
drawer a name that would norma\lj be
&SSOCiA{ed with a Sman drawer)
500 'Eeﬂ 'H')e com Pu'l;er H’m:{: 50(; axYe
de\’\beva{e)ﬁ 5wi1‘;c%'m3 conventions for that
particu\av variable Onlﬂ.

as \0nﬁ as

dah??
N S
Un other wovds) Momma set Up as a
puvehj aw\oitrowg convention that vaviable
names stwrtinﬁ with HJ,K)]L,M, or IN
would be undevstood to be integer names.
Fo“owinﬁ that ITMPLIED PE convention
Where the variable Type is implied bj the
first letter inits name, helps momma Kee
her drawers neat. She’s less \ike\j to make
o mistake like trfj'mﬁ to Ptft o vea\ number
in a small drawer or a girdle in with
hevr dentures,
[H]oweve\f) sometimes Sor mnemonic réasens,
oY even ?\a.%on’\c Yeasons, Yov mifjht want +o
overvide the implied type and vse a vaviable



name Vike COUNT as an Integer o LAMDA
as o Real,

Yov can do ‘U'\'lsjso \onﬂ as yov tell the

compu{:ev' ex \’)c'njc\ that that 15 what yov
plan to do. ‘L‘r'r; the imelied
convenjcion) ov Si:g.’\f_'_b ovr prograwm, with
o EXPLICIT TYPE STATEMENT
in which Yov list those variables which don't
follow the implied convention.

For 'ms{?omce) Yov covlA Sanj

REAL LAMDA ,K1DOG,MAX ,LASTX

: {INTEGER COUN'T,DIME (10), DOLAR(100),

';lEPENY) ZETAy'ZlG)AND> ZAG
Ofhen , throvahout the program the computer
Would,knowﬁﬂmi‘ é’egffig {:\né vsva\ Foee
conventions) DIME was an Integer arvaqy
name with ten elements, 0f an arvay name
oppears in an Explicit ije S{xl:emen-{;>b\en
all the elements of the arra 38": that ?Pe.
Yov can either aive the Qimcns'\ons the
array right then and there inthe type
SLa‘\:eYﬂen{) or else yov can g’\ve the
dimensions in a fo\\OWinﬁ D MENSION

statement. @
N—



Dnd\den‘\:a\lﬂ) 305'\: becavse Dv. X vses
droll vaviable names like KAaD0@G doesn't
mean Yov shovld. Dr. K can't stand it in
o*BngY People’s Proﬁra.ms. &ﬂe)\l\ Semp\a. noJce
heome to yovr mother! It’s a terrible
d'\sﬁ us‘t’nf\a habit o ﬁe}; into. Youv program
will 38{: filled with fizas while You -l;rg to
vemembey what K9DOG stands for, Stik
to nice dvll mea.ninﬁ{:ul Names like PI and
KXMIN. Your 3\r\‘€v‘|enal ov bag?rienal)s name
mq_j be mea,n'mjful)b\f\: \eave ‘1‘\: 01/‘?; 0? Yovyr
Pro 3Y6Lm ":oo) esyec’m“ '\4 Yov ave mavyied .
When DYK writes actval COmru{:er proqrans
{he«j ave avller ‘thm‘bi& Vla.d’\\ms’cok
tele F\')one Aivrecto Yy, but they wovrk!
@Orv\ru’cer {lme costs SO v\c.j'lzo maKe
\\jour Froﬂr@ms as C\ea.r and. Iejib\e as fjo()
can so You won't blew a lot of rons be thrown
ovt o—? Sc\nao\) 36“C 'F'Wed ‘grom 300\/ Jo‘o) 68‘&
b'l‘H'.en ES 90!}\(‘ Aog, \')ave 500\1- cay reyossesseo\)
Yovv mor%aa@e cancel ea\.) Your wife leave You for
a t\mvel ina Ca“iape 54\!6"\41)) anc\)‘m afit o
o\esya'\r) t\mraw 5ovr$€H: under 't\ﬂe PY'm{: ha,\/nmers
on a page printevy and be Pumme\eal to death .

That’s whak happens to people who
write cute variable nameg!!
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Thal sounds
sort of LogiCa”

Sfea\(inj of Loﬁ'\m\, there ave other Kinds
of variables besides those that stand fov
'm)teaers and veals. In particvlar, you can have
%gﬂ\C@\Var‘m.\o\es which wouvld be drawers

1000070 1000007077777

that wovld either contain ‘\:\ﬂe constant valve
.TRUE. or else the constant .FALSE. .

ﬁ?o JCe“ the com Pufer 'Haxl’: certain
variables ave loaical and will only be set 4o
.TRUE. or.FALSE., use an explicit tyre

statement like

LOGICAL BOOL, DEBVG

then) n your program , you can assiﬂn
\ogica\ valves te these variables bﬂ
statements svch as

DEBUG =.TRVUE.
or BOOL :X-G\ToY
Un ’c\nese a.ssignmenJc S‘taiemen’ts ’c\me exFress')on

on the ?;L@ﬁt of the equal sign is a
Logical Expression. é'\’chev X is bigger than



Y orelse it isn’t. Uil is inen BOOL s
set to .,TRUE, Otherwise, BOOL is .FALSE, .

B’\ﬁ Deal

Hardly a \o'lg dea\)\ou‘\: sort
of a middle-sized deal, Later
en inthe pro ram, yov covld test the
contents &(BgOL v DEBUG and vse them
to help decide what to do next, For instance,
You covld say:

IF (DEBUG) WRITE (50X.Y,Z
and if DEBUG was .TRUE.) then X, Y,and Z

wovld get written ovt according to formattlo,
@therwise, that particulay WRITE wovld be
.sk'\ffed.Wh'l\e Yyouv weve developing your
program, yov covld have a lot these
write statements Yﬁﬂt ovt intermediate
results, @nce the program werked , by
c\na.nﬂ'm one Card. and seH.inﬂ DEBUG
FALSE., yov covld suppress all te extra
printovt. If you ever wanted 1t again though, Yov
covld gel: Wt back. Pon't letthe G.1.A pt DEBUG

in Yyovv pragmm.'




This sounds
awfv] GOMPLEX !

Dt veallyisn’t, it’s g

5_114?_\;) but speakin of

(Gomplex | youv can also tell the computer to
vse comyfex ar ’ckmejc‘\c n '\Jcs Ca\CU\la{Tows
if Yov want to. Uf)a\onﬁ with the sther {gfe
state men‘ts o:\: ’{’)‘\e S‘tA.Y’C O'F l:jow‘ Froym,m)

you throw in one that says 50m€‘Hﬂnﬂ like

GOMPLEX VEG,Z2,DELTA WVE(

then that tells the computer that VEC and
Z2 oare not plain old variables from Plains,
GA> bt are Com?\éx. 0f DELTA is Lo be
a. comglex QVﬂY\‘H‘l:Lj)JO’\sn put that vaxiable
name into the GOMPLEX ‘tfjfe state MEH'E.I‘IF})gy\)
the carnftf\:er s reaclﬂ when yev are. ow,
1 v never heard of a Comf\ex numbeyr
bea?re) tjou’a\ better 5\’\‘\? riﬁ\r\-\: ?Afk the
next few pages,’cavse it's apt +o be

con ‘Fus‘mﬂ {\nol@h amus‘\nﬂ at a casuval Fefusinﬂ.




Becavse complex numbers have two parts,
they make a dandy way to mani pulate cevtain
Kinds of problems in which yov have two
humbersto keep track of. Bor '\nS’Lau\ce)'l'Ps
havd Lo stoff & voad map into a cam?u‘ter)
since the machine seldom drives into an

E)Q(Oh SJCa‘Uon.

Fill her vp, and
check the card
bin!

[Nlone- twe-\ess ; 1Ys
easy for gou%o handle 9eome\:\r¢j
on a Cmnfu{:er 1 F Wov Use Com P\ex avithmetic.
@ne part of Yovv complex number can vepresent
Your X coorXinate and the cothey pa.r{’,> Youvr
Y coovdinate. Woila | What covld be casier!

lnstead of needingto keep track of your
Jatitvde and \am“'\ vle separate\y, yov can
YePraseYH; Yovv ?osi'l:i on Yo ong wmplex Valve,
Mhere are \ots of obther 300& '\Z\r\'mjs You can
do with mele& numbers, se if Yov don't
Know much abovt Hﬂem) I commend them {*0301)
Cov furtnev SLYU'Eij,

Since a Com?\ex numbey consists o5 an
om\erea\ ?a'\\'- 0-? real num\aers\ t\'\e Come‘l:e\r



sets aside 't_v_\ﬁ? stovaqge ,oca:l:ions for each
wm?\ex number, NOW) as evevyone knows) a
Com?\ex number c:ans'xsfs 0{: A Yea:\ Pax’\: and an
imaa'\navg Part wheve Jt\ne ')ma_ﬂ'ma.wj pax’c 1s
as rea) as the veal part if you can imagine
that, What may seem unreal is that the

real mean‘mﬂg of the wovd “real” doesn't

mean real.” nstead | it means *real.” lhet me try

thak once aﬁa'm. T ma{hematic’\an, the word

“real” 1svsed to talk about all the ratisnal

and irrakional numbers. Now we all Know that

FORTRAN is ivrational R and Bolzano’s

bambine would have wet his A'm.per 1§ he

knew that computerniks

would Somealouj vse the

word “real” to mean

“numbers with decimal

POints,” Le., ﬂoa’ciﬂﬁ ,

Po'm)c Y\um\oe\rs.;ﬁ"hus) the wovad Yeal” isa rea,l

bummer becavse it has so many meanings it

can male Yov reel. Usvally, what is meant

is V- perfectly clear from “the context however
A COMPLEX CONSTANT is wrilten

n FORTRAN as

(3.625,-25.4)



hat 15, itis written as a paiv of veal 2fn
('ﬂom\‘mﬂ Po‘m)t> constants sefmmi:epl bﬂ o
comma and survounded by a set of
parentheses, That exam fpe shows the complex
nvmber 3.625 - 1254 ov, if Yov prencer) it
shows the complex number 3.625-1254, [ts
’Hle same numbev'- Wl’l’lc]f\ Y\oJca_‘l:i on Yov vse
Just indicates whether you are a mechanial
eng‘meer, electrical enﬂ'meer) ma,\t\nemod:'\ c'\an) or
an itinerant peanvt farmer. lIn any case,the

L ov ) 5\m):>\«j represents W.T\ws)'\n FORTRAN
(19.1%, 4.85)

means \\Jche 60m?\ex numbe\r whose Yea\ a.r“t
15 14.16 and whose imaginary part is 4.25/
0§ wov wrote an azs’xﬂnmen{: statement
Using complex variables and wns’t:anJcs) 1t
wovld look }W@'Hitﬂ much liKe any othev

assignm ent statement :

VEG=((0.,1.)%Z2)/WVEC+DELTA
Arhis means % multiply the complex constant
(O.)\.> b'j the COW\V\EX variable Z 2 and then
divide that by the complex variable WVEQ,

Finall ,add on the complex variable
DELT% ond then store the resolt in the
complex vaviable VEC, Use complex

avithmetic fov all the Ca,lcula:f:ians) since



the numbers are complex.”
lﬁ—"o read ov write com F\ex vaf'\a\o\es)
simf\&j auow two real 'F'\e\AS for each Comflex

variable in the 1/0 list. [Sor ’mst‘ance)
WRITE (510) VECG

10: :FORMA T ("b THE REAL PART OF,
1 VEG 15%",F10.4,"wAND THE IMAG
:2. INARY PART I5V',F10.4)

@enevm\lﬂ) you shovldn’t mix complex
numbers with reals or integers unless you
Know it is 0.K. on Yovr compoter. 1§ yov are
still \rea.o\'mﬂ at this ?oiwt) Yov must ge
in"caresjosol in com?t)tinﬂ ) so it 15 woyth %ouy
while to go ot and buy a FORTRAN
\a.nc:)va.ﬁe manva Pub\isheA bfj the Fine Fo\ks
who deﬂﬁned Your particolav computer.Afhejr
manval will tell \305'}; how thinas ave suppesed
tobe done on theiv system. Who knows. It
m’\g\n‘\: even work like thgj sa._tj.'

Wish§ul thinking !
We have a KLUDG

7000




Wo help you use complex arithmetic in
o- program)a\onﬂ with conventional owit\«mehc)
theve are some SFec'la‘l \'ﬁorwr -?unc’cions
that ave nice to know abvoutT You can laok
vp all the available functions in the manuval|
Yov jvs’c boug)ﬂ: d-l)V‘ihﬂ the \a,s*}; Pcwa.ﬁm.rh,

but here are spme of the mos+t vsefuvlones:
GMPLX (X.Y)

s a \rm.na\.j o\a.na\lj little function that

takes two ‘Hoa‘bihﬂ Fa‘mjc vaviables and
makes them inte the vreal and ima Pnary
Fav‘\:s aF a Com]?'lex nvm laeV‘. You coz)\ Saj

VEC=DELTA + GMPLY (PLBETA)

O find ovt the “Mreal” part of a complex vaviavle
yov covld say

REAL (VEQ)

AThis shovld not be confused with the REAL
explicit %ﬁﬁ)e statement at the stavt Your
programl Phe REAL (VE() is atotally
diffevent ‘U/\inﬂ.:fms isa -ﬂapdcinﬁ point
'Funcﬁon ‘\:\na:t ta\<€5 a Com?\ex ay ument
and gives bacK the Yreal? puvt as thevalve of
the function.,

AIMAG(VEC)

15 S')m'\]ar) but gives back the “'\mo\ginaxg}} PM’t ]



Nojc blj A \ana S\no“:!

There’s Vots of
impor tant FORTRAN
yet Yo come!

15 You repent «jou’ve {jourse\'c to b\ame)
Yov shovld never have let me beqi nl

Bt syeo\k\nﬂ o5 the end )Jchcd: is enough
abovt wmrlex nombers. Now Youv know they
exist in FORTRAN, U You want to know more 3
You can read abovt them in your compoter

manval .
H:Jé't me ‘L’e\\ «jou :)US‘E b_@é’ Y)ea.v’bﬂf end is.
Hrhe vevry \ast cavd in an FORTRAN preqram

most be END

S{ranﬁe\cj ena:)ﬂ\r\) Prat’s called anEND
statement | Bnd of discussion.



Te“ vs ab ou-l;
SUBPROGRAMS!

A\l my werKas a
Gleep requires the

@R1SELDA (Z1Z7ZER PHO)

‘ﬁ)nc‘hon.

U‘F) ‘\\\n ljour PY’D‘G@SS\&Y‘IA\ cavreey a5 a G)E@F
Yov necd o \ess prosaic Sonction than the sines
ongd. square roots vsed by the viFf - m@G) then
\’c 1S eobs'j '{?0 write Yovvr own 57&26?&\ Foncﬂon-
ﬁﬂlﬁe {function will be a complete program by
H:selﬂ vsed a\anﬂ with Youv main program.
Since it is not a standarad program a\vm&j in
'Bﬂ@. Cpmpu*;e.\(‘) tjau)“ neeo\ 'to Md '\E *:0 Br\e end.
ot Yovr Main program but ahead of Yovvr
doka cards. You probably need some special
control cards in your deck as well, but they
\V2/%% -?row’l (,omfv'l:e\r 'l:o comru’te\/ So I cé\n‘t
{:e\\ lgou a\ooU'\: them.



Hlere's how U\OV)O\- write the Griselda function:

WEIRD FUNCTION GRISLD(ZIZR,PH)
DUMB= SQRT(Z1ZR)/(2.%PX)
§TUPID=PH-Z1ZR
IF (DUMB.LT.ABS(STUPID)HGOTO 10
GRISLD = §TUPID
RETURN

10 WRITE (5,20) DUMB

20 FORMAT ("b DUMBbL=b',F10.4/)
GRISLD=DUMB

RETURN
END

N oti ce that this fonction 15 A Comf\e'l:e

program by tseld T X Ttsa complete

It ends withthe progvam by itself!
tradiXional FORTRAN ) —

stakement )\LEND s s required . You
wa'uldl onltj be Wa.s‘hnﬂ {;]me '}:rg‘mﬂ to end with

A RIVER DIRTY

oy
AU RESERVOIR

rhe computer only accepts “EN D"
WNotice also that yov can tell from Bhe first
card 'Urwu’c Jdﬂs '\‘SH"\: an ov'divwwj Froaram)bvt

is o weird fonction. When the computer sess




that cox it knows ')us’(: what it s Aca\inﬁ
with, right oA the bat.

40 vse this function, you would add
it Yo your cavd deck just aftev the END
card Yovr main line FroﬂrAM.Antj Aata
cards wovld come later, along with any
con’cro\ cards Yov might Tequ‘\re for Lﬁauv
?ax’c"\ cvlav comru{:er. Fhen,'\n yovr main |ine
?Yogva,m, Yov would vse ‘l:\'\'lﬁ jus’c like any
ot\n&w ¥Un(/f'\0{\. izouv‘ maiy preqram miﬂ}){: Sa_ji

SILLY= SQR%T ( GRISgLD (X,2.%Fo0L))

PQLYAR=GRISLD (SILLY, DILLY)

5 g

Notice that in this S*Ea'temgn)c) SILLY
and DILLY would need o be REAL nwmbers
with valves that weve defined eavliev in
tre program. These @m&% Avquments
o5 the GRIILD function. In bhe phund:?on
ikself ; Z17R and TH are mevelg Dumpm
Axguments or place holders.AThe Valve of
SILLY ijsvsed whenever Z1Z7R Appears in
the Sunction and the valve of DILLY is
vsed whevever PR appears. arthe variable



names ave matched vp between the actval-

var a\o\es n t\f\ﬁ proﬂrmm Jd’\ajc s US]nﬁ 5(:\/16
function and the dvmmy mﬁuments n the
svb program.

POLYAR=GRISLD( SILLY,DILLY)

(526 Progran) ¢ \
WEIRD FUNCTION GRISLD(ZIZR,PH)

Using the values of SILIY and DILLY in
place a? Z1ZR wxo\?’ﬁ)tlnc’ szps of the sub -

program ave Bren cavried out and. c valve is

asS“\aneA to the fuonetion )einaer bj the

S\ZA’Cement
GRISLD=STUPID
ov by the statement

GRISLD = DUMB
At this peint ) the svbprogram i \oj'laa\lj
(ov 10 twivs case, Wogically) ovev, so conbrol is

returned to the mdin preqram which askead
Cov the Sonction to be invoked.Athis 15 deone

by the RETURN
Stoc{:ement ’




dah... whereks
the answer ¢

What was the guestion”
Oh yes, the ANSWER comes back as the
valoe assigned to the Name of the $onction.
It works Just like the other functions yov've
seen =~ ones hkc SIN é’ SQRT. LEJhe whole.

works)

GRISLD(SILLY, DILLY)
ge‘}:s veplaced with a 5mﬂ1) numbey which
s the ‘Q"_\Ke ofF thefvnctian.

No‘tibe that this fonction \mpfened to
d’&(er ‘Gram one \l\(c S&RT) in that it had
tuj_? 78’ uwnen‘bs. [Fvnc{:i ons lan \rm.ve a5 many
arﬁumen?cs as yov like, but they can onlg vetum
a single findl result.
What's all the vacket

in the com‘:u'l:er voom ¢

Tt just two fonctions
\)aw‘mj an avgvment!




&\50 notice 'f\oa:t when a main Pmﬁram

a '?()nc{‘:\ﬁh 6ub?mﬁmm> 'Ijﬂ@’ ITS'E of
awﬁumen‘ts 0'5; —H«e -F«)nct’nom 13 vsed asawatj

toget valves from the main proqrum into
the 'F(/ncjc’mm. Cl?)ne names of the av‘ﬁumeﬁ'{'—s—'
in the main progvam can be entirely Arfferent
from the names of the Zowespom\'ms Aumm«j
a_rﬂuments in the 6UbfY?ﬁV&moJ1—ﬂ\€ {Wﬁ II‘S{:S
of ‘axquments covld vsethe same names= it
makes ho difference v the computer. A the
Comru{:er wres 15 'B/zdj ’\:Mc a(,{:ua,l’avﬁumerﬁ'ﬁ
agree with the duzmrnj mﬂumewks In

% lype
X Dimension

Un other words ) 1§ the dum My avg vments consist
of two veals) an in{:e@ar AVVaY with ten ele:ments)
anA another veal ) then the actual ﬁwﬂumernl:s
must correspond .

@QC&USE 'k\r\e main Yvagram 15 a.COMP\etﬁl‘j
5eimwd:e ?mﬁ\rm —?vmm )C\\e 5010Pr03ram ) 60«) can
have du?\'\cat’\on 0§ statement numbers between
the two Progvams and not need tv wory that



the (,om?cher wi\l 6@'{ inte trouvble, Bov
'\nsta-nce,) the main codld have a FORMAT
iﬁlO) bot when the 50\99,05\/% i “Go 1o |0
1t wouldnt JCYS to Jump into the main.
g'}?od:emenf numbers on)j need ‘l:o be un}qug
within the F&YJC'\CU1A-V‘ Pwaawa.m n W]n’lolfl‘ﬂwzg
oCcCuy, ‘

gince) in thiscase) the fonction name
GRISID is a REAT; name the valve of bhe
function would normally be veturned as a
REAL valve. @u\ej ?or na.m'mﬂ functions arve
the same as ‘bnofxf “For* naming an Va.\ria_Hg,
‘H&a.o\_ we wanted GRISLD JCo \oe a.njln-teﬁer
fund;'xon) its name, we covld have
Tfj?‘%l- it exF\icﬁ’,\j bg scuj]nﬁ

INTEGER, FUNCTION GRISLD(ZI7R, PH)

"~ Iype
“(: )c\'\e {unc‘l‘;ion TYPE is '\m9\feol \)«jt\:\c name
then it can be omitted . Functions can be RHAL)
INTEGER , GOMPLEX , o LOGIGAT. . WETRD
IS an &fFYOFY'\a'\:E)Hﬂﬁuﬁh i“ega\ {396
sfc:c'\ G cation. A?a—\f‘t Lrom that )‘U\ovjh)‘{:\r\TS

pro gram wovld. vun ) a\{hanh it does some
W@iY‘ﬂL {\fl'\hgs,




Mtj worK as a

Pore Mathematician
oNnA an

_A?P\'\eék Bamb‘\n 0
1s hlg)ﬂt:) technicall

vt

Trneed Severa\ answevs

bG-CK ":Y'om my svbp‘mﬂmmsl,

We\\ nou/) we Ca.n’—t \e't Bo\zamo)s
Bambinp burst his \oo\nnet) can we < Dn

that case, write & SUBROVTINE
5""?"’3'“’"‘ 'mS’L‘ea,A. oA a i:vnc)c‘\ on. @SVbP&Utine
returns valves to its ca.\\'ms program
Yoo Neo! b'j 5'[:0Y'\n3 new valves
vamtﬂ‘-‘i"e! into some”of the names
— in 1ts a\rﬁumen‘t list.
Whe name of the svbrouvtine is

J 4R ynyY

Vsed as a way ot 38‘12‘\‘21‘»03 back the amswers.’



Subrovtines are of the form :

: :SUBROVUTINE NUTS(WALNUT,
1:GASHEW)
DIMENSION WALNUT(5)
DO 10 NUTY=\,5
10 {*WALNUT(NUTY)=CASHEW ¥%
1 WALNUT(NUTY)
RETURN
END

Fkls subrovtine va_?TOﬂrn.W‘\ Yﬂ'\ﬁ\r\‘t be vsed
btj a mainline proqram of the $ollown ng ilK:

DIMENSION PEGAN (5), HAZEL (3)
READ(8,10) PEGAN, HAZEL
\0  FORMAT(5FI04 /3F104)
WRITE(5,20) PECAN, HAZEL
20 ; :FORMAT ("LPEGANS AREL,5F104/
H: "bHAZELS AREY, 3T10.4)
- GALL NUTS(PECAN,HAZEL(?)
WRITE(5,30) PECAN,HAZEL
30: iFORMAT ("o NEW PECANS AREV,
1:5F10.4/ " HAZELS STILL AREY
21, 3F10.4 )
CALL EXIT
END



D) /

Note that the are
2

invoKed b Y GALL Statements.Theve are two
su\:rou{}ma 5ubrr0ﬂ\mms 5c‘mj vsed bj 'Uf;s
pa_r{:icu\mr mainline proqvam. \?irs‘ﬁ) let’s talk
abovl the Second .Grhe second we're '\')\Y‘ouﬁk)
we'll discvss the fivst.

EXIT .‘S o P"Dﬁv‘m W\'\’IC\f\ '\:»\C Comf(fbe}"
jockeys who did the system programming for
Yovr Compu‘ter prabwbj weve 3ooy\ enouﬂh-ko
provi ae, IH: <1ts n Yoor @mPuJCeY)S fefrmnent baﬁ
of ﬁpﬂﬁ“es) alpnﬂ with SART and SIN. Whenever
o progrom Yov write is all Jc\af‘ouj\n d&'\v\ﬁ 'xlts
t\r\'\nﬁ and re&w\,\j to call it 40?‘3:6)&{0\/)‘?: mllqu}'l’.‘.)
GALL EXIT . “BXIT bthen escorts your program
off the com futev) calls the c\ﬁa.n'xnﬁ \a&\_3 ‘o t?i‘j
vp Mommas AVAW%) ond vshers the next
prbgvam in. @On some s:js{:ems Yov say

STOY
insteadd of GALYL EXIT, What's the Ai%emm
between GALL EXIT and ENDﬁou inc,uire?
I'N tel you, END 15 ol ways the Verulastland
n evewj Pmﬁ\mm.ma¥ 't "does 15 tell the
com?uter “this s the VBVHL&LS'}: Cavd in this
?mﬂv-a.m.”GALL EX1T y ON the other hand  can

A\




o anuwherve in the orogram thot vov Want
SOUE.SYOU can have jeve?m\ GALL aE'X"lTS,
one at the end of eadh branch of novre
flowchart that comes Lo a dead end.
Whenevey youv preqram decides itisall
{\nrm)ﬂ]n) it tells the com potev- ej thev bnj
saging USTOP or else "CALL EXITY,

mow)\e{)s 68{: back tothe sample main
program and the GALL NUTS (PECAN, HAZEL[)).
Ey__ﬁh'\s call statement invokes pur homemade
Sub?voﬂram )wl«'ml/\ we will add to ovv deck
ﬂ,\,ﬁﬂ wi 'H/l a,n:j 0{:\\5\( -fvnchons oY suvb rovtines

ight w . ,
we might want We Aon’cwa.n‘\:anj!

N——

Ar'he mﬁumen{:s in a Svbrovtine subpregram
wor K liXe a” two- Wdlj 5tree’c‘i.|_"kcj Aare vsed
both) to 6e£ valves E\_@ the svbrovtine and
also to et valves back out ! ihis is
Aitfevent Js:\rom a Qunc‘\:ion ~TMC)'U‘C a,rjumcr)ﬁs
OV\\«j \ea.al 3:13- 300@ 3e%: ‘l:h’mjs ovt ‘throuah



The a\rﬁUmenJc list of oLfUr\ch{on.

@bserve , s'i) vous plait ) that theve is a
one-to-one covres Fonﬁence between the array
o5 PEGANS usel oy the mainline program
ond the array of "TWALNUTS vsed by the
svb rout'me ‘ A\So) whatever ’c\ne subvoutine
does with the GASHEW s !‘_e_g_,]lﬁ be.'mﬂ Aone
with the HAZEL (@) i ‘Uxﬁain.’{?hus) He
MS in the svbrovtineg are DUMV“'I]N\:@_C?
which \rea\lj stand for the swme 5fo\mﬂe
\ocations vsed \m:l the covrespending variables
back n the main line pregram.

. - In other wovrds 3 ‘t\'\C@D
bureav Arawer Yoes \ozj both
names, by one name inthe
main and bﬂ the othev in
the svbrovtine 5ubpr03‘ranﬁ.

NO‘UC& that the 0n\3 ‘tmnﬁ the two ?ro&jmms
\rm'.\)e in common s W a&fu&\ bum’cw p\m.wers
that ‘U’letj shavre ‘H\\rovﬂ\—\ ‘the A.Y‘f)umcin‘{’, list.
Bitwer P yogram an rv'l: Hﬁnjs inke or tuke
’c\nem ot ok the common 5'1:0\%1{]8 \OCA'hoV\) but
neithey pregvam knows or cares what name
the other program vses {ov s vaviables. Nt
0n1j ave vaviable names totally indegendent
between the pregvams but 4\59)50 ave statement




numbers. i he subrovtine has ne 1dea that the
mo&n\jne has a statement # 10y and vice vevsa.
Dt was ?we\j coincidental that The state meit
nwmbers were the same,

ﬁ?hus) in this CA.‘)Z) it would seem we
\nwla_ Y’A.vwl.omlﬂ mixea ba:\:c\'\ o'F nuts.
Ihat's almest  but not quH:e +trve. 1€ the

Main ?roarm hA.A. AN w hkc
INTEGER PEANUT(5)

]

CA%L NI{TS (PEANU'T, KOXNUT)
s

then the KOKNUT wovld ﬁe{: cyacked when
it rolled avovnd in place of the vea| GASHEV.
[?ur‘t\'\ev-) Yov wovld end vp with Ymnu't butter
back 1nthe main program, becavse the
subvrovtine wouvld cram in valves 't‘h‘mkinﬁ
it was S’tov“mj reals!

[‘L_.\'l\'\us y even t\f\oz)«j\r\ Yov can oho\nﬂe an
in’ce@er to a real Cov vice ve\rSa,) ACvoss
an equal signyas in

Y=1
Yov @ change {:(3?65 In going ‘B’lraua\n aAn

arg vment list,



W\na.{ ;\000'\'.7‘6';
Name of the Svbrovtine®

YOU can use \eaa\ Vow'\a\o\e Name.

as o svbroutine name ) becavse the answers
ovre Fasseal back and forth ‘E\r\rouﬂ\n'bae
argument \isJC, not {:\rwoua\'\ he prodq ram

name. qhvs , the fact that NUTE was an

integer name was "l:oJcod\zj \rrelevant ) since

ne valve was evey 5‘£‘ore&l n ’th‘d—' Yla,me.]

Psst |
Wanna Know
a Secret 7

s Y,

m)o‘ch cam?u‘\:evs don’t bothey to cheak
avvray Aimensions '(:o\— 'U/ﬁnﬁs
a,v‘aument list  Hrhe program that
Su‘b?YDﬂYﬂ.W\ has a\veadj set aside
s-\:orotﬂg \ocations Sov any axrays
the way momma A\wa.js Axran ges
When a wmain progvam vses a $ubf>r03mm) it
Y'ecdlg tells the 5vbprogram where to Lnd




the Arawevs ~con’cm‘m‘m3 the valves iniks
O\.rﬁumer\)c \“\6'11,

L em,
When an Arra.j Name appears in an

owﬂumen{: \]5'{‘, 0‘;- 73 SU)D])Y& am Ye‘(:erence
the main preqram 15 actuva Y %e\l'mﬁ the
5ub§>\ro gram where to find the 5_):5_7_" 2lement
of the Arra,y,/ Since the subf\roﬂmw\ Knows
how momma a\\wugs arranges hev o\.m.u/ers)
a\\ it needs to Know +o '(:ihA A pay Yicolaxr
avvau element is

W Where the first element of the
array 15 stored
and
thiok element it is \ookinj for,

0t then finds that element by wvntinﬂ
Arawers , s%a.\rjc.’mj with the one the Ca.Uin3
program said was the fivst,

Hence and forsostn, my Aear Watson,
Cowr?'mﬂ this imyeccab\e \oa‘\a to b5 inevituble
condlvsion, we start to see the possibilities for
incredible 5kuloLU3gerg, devious intvique,
conniving, underhanded trickery, and, if 1

)




may be so bold, BRRORET Your objective,
shovld You choose o accept thts mission, isto
leavn to avoid the

E?§QR

While \beno\'\n3 the computer to Yovr supevior
will \mj em?\ocjinﬂ ‘&H Yovr wi\esano\w&x?ons.

PART 1
Avo'\dinq the I_:_‘_rr_g\f_ﬁ

“? arvays are Aimensionz the same way n
the main pregvam as in the su\o?roﬂ\mm) You
avre 5“—‘?85{. Anjone who \ne\PS @ou Aeszj Your
program and throws Youv caxd deck at Youv
head @m, is Svustvaked over some other
Sturid tmﬂ tjou’ve a\one. BJ; CorreSFonAinﬂ
avrays are” dimensioned the same wa in
both programs, at least the computer will
follow the same vules for Finding a particvlar

arvau element in both places.
Fov Instance ?L



[For instance, suppose yov have an axray
dimens'\anep\

DIMENSION P2NIA(5,7)
o€ Yov asked the Cm/npu-l:ev fov
P2NIA (3,2)

{I\ue com \:vtev wovld find 1t Seven \ocations
away from PZNIA (\,D :

dah s Where did ya
jef this éeven from
all of a svdden?

@e,ven, m\j—FrienA 15 one \ess than e'\ﬁkt.
Now e“\ﬂht) \’x’\sjcov'xm\\zj) is twice four and
\s the cvbe voot of 512 which is known not
to be a prime number. [[]owever, move
pertinent to the case at hand is the fact that
the TZ2NI1A avray has five vows to it. Since
AYYAYS ave 6{'0\&20\ Etj w\umns) we need +o
9o down five elements to 68‘}: FaS‘t Phe fivst
w\vmn) and then ancther three to 58{; to
the thivd element in the second Columvs.ﬁ
Lobachevsky’s third theorem oniwational

Spaces, this is s_elz_gn away from the fivst
element. Q.E.D.



M ovre 3ene\m\l:j) if You have a two -
d\mens]ona\ owva.zj Adimensionel Nrows b‘j

some m/mbev 0'(: Coluwms ond lj&u wan{'ed to

find the (1,7)" element of “the arvay,it
wevld be Sound in the

I+ (3-V) % Nrow

*th s%oraﬁe \ocation ) counting ‘Frovn wheye the
arvay beﬂins. [For 'msjcance)PZNIA(\:D

isin location
I+ (1<) %5
(L.€.> location l) and ?ZNIACA[)S) S in

location
4+ (5-D*5
(L.@.) lom{:ipn 24) 23 away {vpm ?ZNIAOJD.

How about
P2NTA(9,7)
¢

Let’s see, Afhat would be the
4+ (7-1)% 5

Yh e\emen{:, 1—]}’},“{;)5 #34. Hlold '\H
We're past the PONIA s and inks e
briar Fa,tch.'



PART 2

Ben&fmﬂ the Computer Lo Your Wil

On the Ginest
domestic computers,
one veserves ample
storage space for
arcays in advance,
i\r‘tov ":0 Hreir M{:wt\ Use, No Bos‘l:'anian would
have it ctherwise. In sthev words, when the
waitve 47 com Peu'l:eur asks at the start of
the program * and how many arvay elements
shall we ex[’ec& will be cominj?” Youvy main
proqram shovld Say

DIMENSION P2NIA (5.7)

where the 5 and 7 ave integev constants
that reserve all the stomﬂe that the




P2NIA avvay conceivab\b m‘\a\n’c need. In othey
worals, the first subseript of P2NIA is never
expected to exceed 5 and the second subscript
is never expected to get bigger than 7

g'mce S"wm.ge spa.ce for thwese 35 PZNIA,S
has now been set aside, a subprogram that
wanted to vse that array would not( i{sel{)
need to allocate storage for the array.
[Rather, 1t would just need to know wheve to
go to find the first PZNIA | and how many
to p\ucK, LT.l-“hus) the subproT-am could use
variables n its Adimension statements,wheve
the actuval valves of these dimensions were
possed down to the svbproa\rc\.m 't\r\roug‘n the
a.vﬁumenjc \‘\s\: from ‘\:\ne ca.\\'mﬁ ?roaram.%u
covld have o subroutine like this:

SUBROUTINE FLOWR(BUD,M,N,ROSE)
DIMENSION BUD(M,N)

ROSE = 0.
DO 10 I=IM
DO 10 JT=| N

10 ROSE =ROSE +BUD(1,3)
RETURN
END

his vouline m‘xgh’c be mvoked ba
CALL FLOWR(P2NIA,5,7 THORN)



Un this subprogram, BUD is a Va.v"m\)\g
Dimensioned Avra_ﬂ. Fhe, svbrovtine Knows
the exact size of the arvay becavse the
calling program passes the FLOWR program
the dimensions of T@NIA just as Jc%cj are

given in the wmain program.
MAIN SUBROVTINE

CALL FLOWR (P2W1A, 5,7, THORY)
&L
=)

SUBROVTINE FLOWR (BUD,M,N,ROSE)

r___./ 7
DIMENSION BUD (X,¥)

On the subww\:’me) BUD is a dumm:_«] array
name, vsed to stand for the batch of drawers
in which momma has stored the P2NIA array.

The main saus

So ‘\:\\c main says “PZNlA) Adimensioned. S X7 ’
and the svbprogram Says, “Hi )?ZNIA,M'MJ. 61
call yov BUD?” and the main says

O.K., but none of that
mixed- mod e stuff, you heay ?




Some of you probab\j would like to ge{ even
move deeply immersed in the subject of arrays.
APhere are \ots of neat Yricks bhat computer
jockeys can play by fidd ling around with
subproara.m Aimension S'\:a*\:emen‘l:s. gome'\:'lmes
they can Pu\\ Yhe wool over momma’s eyes by
c\ever\ﬂ sw'r\,ch'mﬁ arvay Aimensions from
pregqram to yrogram. Wnow‘ms how momma.
arvanges heyr drawers, You can sometimes do
use_-Fu? things b breaking the "Rules’ and (oohnj
t\ne camwter. owever, Yyov can Aso se‘\: nto
B‘GTROVBLE Yhal way , i Yyov don't know
exactly what yov are doing. qri\\ you are
an expert , you shovld stick to the
rvles and not try faking ovi
the computer. Like they say on
the hair tonic bottles in the
barbershops, thal stoff is—7




We\\, 1 may not e

o genivs but I’mno

foo\ €itner. 1’1\ stick
to the s\;ra‘\ght-forwawl
stuff for now!

Say- speaking of simple stuff is there an
easy way to write s'\mp\e functions?

Rs o matter of fact there is, Murﬁa{rogd.
ﬁ STATEMENT FUNGT]ON is a diminuvtive
little function defined by o SES\EFOKYKAN
Dlatement ol the beg‘mn’ma of tne program that
needs the function. Wow what covld Yoe easier
than ‘\:ha,)t,, 1 ask Y\ne'\:or]ca\\ﬁ °

@o‘t‘\’,c\.m'\n'\i ? Y show You 3 or 4 of
Ythese Statement Functions in their en’ciretg,
complete with exFosiJLorlj comment cavds thvown
n.

C FUNGTION TO AVERAGE FOUR NUMBERS

AVRAGH (X1 X2, X3 X4)=(X1+X2+ X3+ X4)/4

G FUNGTION To FIND AREA OF GIRGLE

G GIVEN THE RADIVS

AREA (RAD)=3.14159 xRAD *RAD




C SQUARING THE CIRCLE-FUNCTION TO
C TIND SIDE OF SQUARE HAVING SAME AREA
C AS GIRCLE OF RADIVS RMO
SQUARE (RR0) = SART (AREA (RHO))
C POLYNOMIAL AX#x3+BRX**2+CX+D
IPOLY (X) = A # (X *x3)+Bx (X#X)
N CxX +D

Arhese Statement Function Definitions
need to q0 \riﬂ\o)c ok the beﬁ‘mvﬁnﬁ of the
program that will vse the functions. "Lf’\ne:j
g0 3@ any %E’%‘L&\o\e FORTRANd
statements but (afted any tuve or dimension
statements. You yz_e))’chesje s%zc'mc{ little
power hovses almost the same way you vse

conventional function subprograms, For

instance, you might say

' tAV8 = (AVRAGA (P, Q,R,S) +AVRAG4

°" CIRCLE = ARTA (DIAM /2))

%owever) s\ncé ea.c\n statement func{:}on
is defined é comp\e{c\:j contained m
the program that uses it, there are some
‘mnPor’Lom{: diffevences Yetween statement
functions and function Subproqums.



FEr8t . o statement function can ONLY be
vsed within the program that contains
the function. @ther programs don't have
the fogqiest 1dea the function exists!

S@@@ﬁdt '\f o stakemen{t {Uncf\on vses a
statement function itself (like the
SQUARE function which used the AREA
statement {unc’cion>, then the statement
function that is USED needs to have been

defined n the program,

Thﬂfd the olumm:j a.rﬂumeh’cs vsed n a
statement function definition must be
non-svbscevipted variables.

FOUI‘BHJ 1§ the TYPE (‘rea.\,'\n’ceﬂer, ete.)
is not implied by the first character in the
name of the statement Funcfiom then it
must be specified by a Tj,oe Statement
above it in the program.

Lafsmﬂbutnotladstly: the definition
of a stakement function @' contain
Va.v"la.b\es which are p_oi a,\rgumen"cs_r\?hese
ore called Yarameters of the funclion,

Fov ins’tan:e—’: back '\:‘t\ne examp\e,POLY(X)




was o Stalement function 1 made vp that
had X as o -DUmm:j .A.\raumen t, but which
vsed A,B,G, ¢ D as Tarameters.iThese
pa.ra.me‘\:ers are actval variable names
vsed else where In the Fraﬂram.Whene\lcr
the statement function is used, these
Paurame'ters will have whatever valves those
variables were given as of that time in the
Exam F\e .
C STATEMENT YONCTION WHIFF
| 'WHIFF (AROMA) = AROM s (LTLY + NOX109)
i+ 180. * AROMA

tof
LILY = 5
NOX108 = 12
GAS = 83.2
N

- 30 ODOR=WHIFT(GAS)

Since the Pmrame)(ers LILY ﬁ NOXIOS were
olveady assigned valves, the WHIFF function
knows their values even before statement 30
is reached. AROMA is diffevent however. It
isn’t a vaviable name vsed else where n the program.
It 15 a dummxj mrjumen{ ov place holder. When
statement 30 is execvted ) the actval arqument s
Pc»sseA to the statement Sunction.




Ug\n! Give example of
?5 ‘l‘hagorean Theorem
Statement Function!

ORI 3qua.w In \o'lcjwre si’c’c‘ma on
hippopot amus skin, gave birth to twin
papooses, ( Papeese?) gquaw who sits on
a\\’\ga’cor hide had one papoose, @quaw
who sits on bearskin had one papoose.
TMheovem sa.js,“ N0he Squaw of the
hippopotamus is equal to the sum of the
squaws of the other two hides.”

@rummﬂ :\oke should not be d‘\an'r{iea \og
i\\usira.’cinﬁ it \35 means of Statement
Function. ~ Beltter to qu'\’c ond. 40 on to
SUbjec’c of GOMMON STATEMENT S.

One more joke
l'ke that and
DPr. Kavfman

divested of scalp!




Joke wasn't so bad.
Al least he didn't
tell the one about
Indian who wentinto
bank and asked to see
the Loan Arranger!

q.l—‘]\\'\s \<‘mA of evergdmj chit-chat is noJL

what 1s meant b
COMMON STATEMENTS

In FORTRAN COMMOXN vefers to anarea
of s{oraﬁe Paot Momma has set aside for
COMMON T use \05 any programs that want
Yo COMMON ge’c'\’c, Norma“j) each progvam,
from the dinkiest little function to the b'\ﬁﬂest
ma]n\'me) vuns 1ts own set of s’comﬁe locations
Bach program has iks own PY'\Va.i:e ZWitle batch
O'g \ocx\:‘\ons n which ‘\)L keeps its own consfan{sj
er'mb\es) arvays, and. so forih. Wo other
program can barﬂe in and pul something into
anothey program’s drawers, vnless the other
program has gweﬂ ‘\)L acecess.



You wanna Xnow how one program gets
access to the localions controlled by
another proqram r’lg\n{:? ana ? [t doesn't
matter- I’m going to tell Yyou anﬁwag.'

Drawers
Conéro Ned

Sub?mﬁr‘am

Drawevs
Controlled

/ I@!@\ | by
i/ 54 Main Irogram

I
K

Arhe a.rﬁumen{ lists of subfsroarams
are like Aoorwa_ﬁs '\;\wouah which values ﬂef

passed from program to program, When a main
program vses a su\nproa\mm) say bj a

statement like

GALL SHNAPZ (VODKA)

w rea\lﬂ is tellinﬁ the subFrosra.m where 1o
find the dvawer in which it keeps the VODKA.



IThe subrovtine pro\oa_\o\ﬁ stavrts with a
statement liKe

SUBROUTINE SHNATZ (GLAGS)

where GLASS is a Dummy Avgument.ﬁrhe
svbprogram doesn’t need to set aside one of
ks own drawers for the SHIWAPZ GLASS
becavse it simply uvses the same VODKA
Arawer vsed bﬂ the other pregram.

57 e, thash clear!

When Yo have a very ""ﬂ \ist of argumen
or when Yyov have a qrovp of pregrams tat
vse the same argvmen“:s over and. over agai
it can be a realTAIN & AGGRAVATION
\(egyvnchinﬂ vp e wrjvmen{: list each ‘l:'\me,
eswcia\\j i most of the Arjumeni:s don't
change feom one time 1o the next. Rlso, the
compu'\’.er Wa.s":es some a§ 'l'l:s Va.\ua.\)\e {'\me an
drawer space s\'\uf'ﬂ'mﬂ a\\l the argumen‘l:s bac)
& forth from program Yo program.



S0 7 Get to the point.
T’'m s’car’c'ms to doze off!

8o each variable n COMMON (doesn’t)
need to be included n an o.rﬁumeni Yisk.
Everg program that vses the "COMMON
s’corotﬁe \ocai'\ons knows wheve \:o ';ind a”
the GOMMON variables, once and for all

Each program that wants Yo use the
COMMON avea has o non-executable
statement in it called = would you believe~
o GOMMON statement! Bhis COMMON
statement goes vp at the top of the program,
jus‘t g_._f_icgv any Tgpc statements theve m'\jk’c
be (REAL, INTEGER, ets.) and after the
DIMENSION statements, but before any
Statement Functions or plain old executable
FORTRAN,

'?he Commanes{: 'lePe O'F COMMON
statement consists of the wovd “COMMON"
followe d b:j a list of all the variable or
arvay nhames which that pregram uvses and
which are to be Ke?‘k in the COMMON avea.
A {59'”:4\ COMMON statement m'lﬁh-t be:



: :COMMON SENSE, BOND,DEER, PIN, ALONG,
:11STOCK , TATOR, WEALTH, COLD, GETIT,
2:PLACE  THRU, DANT, SURATE, TALYVU,
3 NOUN, MAN, NOLIDG ,LAW, NAIL

5\:oraﬂe \ocations in COMMON ave

assigned. consecu{:'\ve\cj, in the same ovder
that vaviable or array names appear in
the COMMON statement. Ahus, in this
cxamp\e) ne variable PIN is in the
fourth real s\:ora.ae \ocation in COMMON
and NOUN is stored as an integer, right
after the veal TALYVU.

S'mce A\f{eren'\: pYOTr'aLms may vse a\ﬁ'feven{
names for the same variables, it is important
that their COMMON blocks line vp with
one ancther, Suppose o second program
On\lj needed the contents of the COMMON PIN
location and the COMMON NOLIDG. s inswre
thal its COMMON locations lined vp with the
other praﬂvam)s COMMON, it wovld need to
start off with three vea)l variables, just
as 'Ehmwa.wa.j space fillers. Arthen 1§ 1t
vsed the variable name *TACK’ for the
qua.n{;’r\:ﬂ which the first program called “PIN:
this second program maht Say
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 'DIMENSION GARBAJ(3), DUMY (1),
1:JUNK (2)

| (COMMON GARBAJ, TACK, DUMY, JUNK,
1 INFO

7his lines vp with "PIN"

This linesvp, No one cares what happens from
with "NoLIDG INFO on, at least jn this [)rojmm{

Pue to the space fillers ;\ TACK in Yhis
program would be stored in the fourth
GOMMON location - the same Y\aae the other
program vefers to \)j the name “PIN.” @\so)
"TNFO in ’Hﬂs Program COYYesFonds ‘ko
NOLIDG" in the other, Arhe Aiffevent
N Arawey ” \enﬂ’chs \requ'\reol £or 'm'tejers and
reals have all been care{unﬂ compensated
fory so that numbers don't hanﬁ ouvt like
dirty socks.

Lﬁ:go he\P the wm?utev in keep'ma ’c\q'mﬁs
'a.\'\ﬁned , 1t s 300& to oraanize COMMON
Variables so that COMPLEX variables come
first in COMMON then come REALS, then
INTEGERS, and finally, LOGICALSY, &f
covrse 1§ Yyour program doesn't have any
COMPLEX variables | yov shovldn't a0 'm\/enfmﬁ
them \')US‘L for the sake of ada\'mﬂ var) ejl',ﬁ to
your COMMON statement !

leb



She wrote pa.r‘t of a

program and 1 wrote

the other part....

Yand she uvsed different variable names
than 1 Aid for the same things. She
called 3.14 21_ in her pavrt a«g’che program
and 1 called it PYE in my Par‘t. Now we

wa.nsc ‘\:0 Combine ovy egorts ‘m)ca oné

b’\ﬂ program., How can we tell the wmfwbsr
that hev and my ?Yg./ shovld both

refer Yo the same storage location in
'Hne camFU'l:er ,?”

MOFHENG LPuLD BE EHIERT
g'\mp\!ﬁ vse an EGIHVALENCE statement
ond say

EQUIVALENCE (PI,PYE, PIE)

and the computer will know that thoese
Yhree variable names shovld all stand
for the same ’t\n'mg 'n s{ovage.‘]{: you
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want ch\v tell ‘\:\r)e computer that hev arvay
named. GLURP; dimensioned (10 X3>) and Your
axvay named “BLUBER" are rea\\qﬁ*‘;\ne same

and are to be put in the same 3 oraqe
\06&{'\0»’15) You SimF\ﬂ need toEQUIVALENGE

ouw_} oné. element Of BLUBER %0 H\e Same

element 0§ GLURY, Becavse o the way arrays
avre stored n adjacent sjroraﬁe locations
once you have lined v one element of

GLURP & BLUBER , all the other elements
will au{:omxbca\\j fall into F\ace 5 a. BLUBER
for every GLURE ~ A'us You covld say

. 'EQUIVALENCE (T1,PYE PIE), (N,LL3),
:|:(GLURT (1,1, BLUBER(1,1)), (VALUE, XX)
2:, (LIST(D,IX), (LIST(2), 1Y), (L1ST()
3, 17

)

Bach pair of Fmren—k\neSes encloses a
\’\s'k 0? Vcw‘)p,\o\es oyr o.wa.lj e\emen*s which ave
to occvpy the Storaﬂe \ocation. Wo
unsubseripted arvay names Can appear in
an equivalence statement. ﬂns’cem, you

J




specrfy what is to share storage with o
sYec'nac element of an array and. the vest of
the avvay owvtomat ccdlj arops into place
\oecause oq 'UMZ W&Lﬂ momma a.\Wa,ljS axranges
her drawers,

Enouqh on TAUIVALENCE!
You’re mak‘mﬂ O
mountain ot of a-mo‘é}ﬂn.l

With EQUIVALENCE that's easytsdo!
You can also make tin into 50\@1) sow’s ears
into silK purses, work inte p\a.g)an'ts into
e\eF\nanjcs) mthc into da.ﬂ) and other

wondrous COnvers‘mns.@Us'E $a5

PEQUIVALENCE (MNTAIN, MOLHIL),

1 (TTN, GOLD), ($0W, SILK), (EAR TURSE),
2:(WORK, PLEY), (ANT S ELEFNT), (FARRA
S BELLAY, (FAVICET, ABZUG), (ANTTAB, TAYGS

The Campu\—,er mus\:
need. to know which
variables arve equi valenced
beSore it comes to

them in a program,

doesn't 11 °?




You quessed it ! TYPE, DIMENSION, COMMON,
and K QUIVALENCE statements all need to
40 vp at the top oF yovr program. Bhe reason
s that these are SPECIFICATION statements
that tell momma how +o avrange hev Arawers,
Al she \(nows what drawers she’s 3oinﬂ‘b
need , she can’t start work'mﬁ on the vest of
the program,

T doh... it’s ﬁc‘&mﬂ

etty crowded vp
Z‘Z ’chg {:oF)

Arhe (order) of stalementsin a
program should be

FUNCTION ov SUBROUTINE s):ascemenk) i§ any
TYPE stakements (REAL INTEGER LOGICAL et..)
BXTERNAL statements (We haven't seen them ﬂeﬂ)
DIMENSION statements

COMMON stalements

EGUIVAL ENCE s£¢3tgmen}:s

U)ATA statements (We Yaven't veached them e’r):her!)
S’taiemen'}: Funchons

Rt this point don't fovaet to prt in

T\'ue?roavam —H’,Se F

fellowed ‘o:j on END card!
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Swnce yov mentioned it )
just what is an

EXTERNAL

S‘\:a:\:ement ?

Subprograms often will themselves use cther
subprograms . ifhat’s a perfectly norma| Covrse
of events and it dogsn’t require any T XTERAL
statement 99 and 44 /100 ts 7, 5% the time.
@nce n a blue moon (\Wwe the one on the door
a)oove§ gau)“ find that yov want to write a
svbpro gram which uses one suvbprogram tne fivst
Lime it7ls called and uses a Aiffevent subprogram
the next time it is called. Waﬂ\:e al the time
yov are wr\\‘.’mﬂ twis su\aPVOSVAVA, Yyou miﬂH; not
even know what svbprogram Yo are 40ing to
want it to vse ! @onfus'\nﬂ yeh wot ¢

ﬂc{w\,\lﬂ it s very sirnf\e. 901’?05: for
instance Yyov want to write a svbvoutine to find
the voots of a function. I possible, yov
would \\Ke your subrovtine to'e versatile and
general purpose.When yov can save it as part
of Your own persona.\ program \i\ora.rtj. @re
'l'tme yov m’\ﬂ\'\{ want Youvr rool 'Fmd\na ?roﬂvam
to Eind the roots of a po\ﬂnom'm,\) anothey



"‘_'\me yov m’sﬂh"i use it '\'.0 SO\Ve a
{riﬁonome‘w'\c equa:‘c‘\on) and so forth. Dy
othev words) Yov want to write the voot
findinﬂ Frojva,m in such a wmj 'tha‘t th@
main fwoiwmm can tell the $u\oyr03vavn jvst

what particvlar fonction to vse while te
!

)or03m,m 1S running .
How can it do that?

@5 pass’mj -l:\«e No\.'me o{ Jd\e Poxt’\cu\cw
svb program +2 be vsed down ‘B\muT\ the

arqum errf; list -’

dan... covld ya give us

an exawm F\e ?

N —

Svypose Your root findin 5ubpv‘aﬂram Is
named ROOT” and it Ynows hﬂow to finp{
voots of some function ramed "FUNK” The

Yoot ‘g'mder m‘:ﬂht be Somc‘b’xinﬂ hke
SUBROUTINE ROOT (FUNK, A B ANS)

Devious s 3 ¢
Intrique IF;( ATES(FUNK(X)).LT.TOL}ANS'—'X
$
RETURN

END



We will assume that this vovtine 1s filled
vith somg DEVIOUS INTRIGUE by means f
which 1t firds the voot o8 FUNK. 14

veluvns the voot Jc\mrm)ﬁ\f\ the A.ummrj mrﬁumenf
*ANG!

‘:L_F]\-se ROOT Sub?\mﬂv&m Xnows thal FUNK
is & function name . ﬂﬂow does '\Jc \’\now/) Yov
ask? [t Knows becavse it vealizes that
FUNK covldn’t be an arvay name becavse
Wt isn’t Aimensioned anjw)nere.@ur‘\:her)since
the name "FUNK” appears in the d.YﬁUmerrl; list
ot the subrovtine, the svloproﬁv—am knows that
YUNK is a dumm:j fonetion name and that e
M{Uc{l Subj?raﬁwnm name Wln )36 pa.ssea{ %}Wm/frk
the a.wﬁumen% list when 'Ehc subroptine is
ac{:ua\\ﬁ C&\‘le&{

The man Fr‘aﬁv*a_m that vses Hhis ROO'T
SUBTraﬂvam m'\fj\n;: 5&5 5ome‘thinﬁ Yike

CALL ROOT (GUEIC, STARTHOIDEESLT)

when ')‘“L wanted ROOT to vse the program
named CUBIC in place o the ah/MMj name
"FUNK” and it miﬂh{: say

$

§
CALL ROOT (TRIG,ALPAA BETA VALVE)
when it wanted "ROOK o vse the “TRIG!



Pr&ﬂm}m M F\Ace of FUNK., Un O‘Unev'
words )‘FUNK" was psed as a dumrnﬁ svbymﬁmm
name which sevves as a Place holder inside
ROOT. @ne time ROOT uses the CURIC
'FUnH:*mn and ‘Hue next Jc'\mg it vES J(hc TRI6
Func{‘\an.

Unfortunate) y the main progvam has
no way of knowinﬁ that “CUBIC” and “TRIG"
are subprogram names and not just plain JA
variable na_mes.‘ﬁ:\ne main Vroﬁvam m'lﬁh‘l’,
tempted to lead you astracu ™ but wait!
Bere's the EXTERNAL stakement to
c\ea_\r vp a.\\ ‘\:\16 con‘Fus'mn b E’XP\Ia’m‘m fa
’dne main 'H‘M.)C “CUBIG ”&Lnd“ G” ave 5ub}7rojram

ames and nol vaviable names!
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Un order that our mild -manneved TATERVAL

stakement not arrive too late to save the
sitvation, it has to be vight vp at the top,
just aftev the ‘Ljpe state ments. Heve's how

it's done
REAL MONEY
EXTERNAL TRIG, CUBIC, ALEVIL

CALL ROOT(C;UBIC,START,ENND)RESLT)

v

CALL é‘ROO%f (Tﬁma,muh BETA, VALUE)

CALL ;ROO'{ (A%EVIL ,X1,%2, MONEY)
Arhe EXTERNAL statement tells the
prograwm that contains i1 that CVBIC)TRIG,&

Alﬁf‘VIL are %ngﬁm names and not
variable names.iThe only time you need an
EXTERNAL statement Tis when Yov are in a
program that is ‘\:Yg’mﬁ to pass a subfroﬁm.m
name to anoﬂver Subpraﬁra.m. ?hg external
statement dees afler the type statements
and. be{:prg ‘Bwe -DlMENSIO sfaiemeni‘s in
{:\ne Progrmn 'bm-jc 15 Ao'mg the )mssinj.‘if’hus ,in
the éXamP)e) ALEVIL s a €unction name )De’inﬂ
passed. +» ROOT and MONEY is theR0OOT of ALEVIL,



Like the farmev in the
corn field sard,

1 \nope this book
is aoout over. Data
\$ com'mg ovt of
mﬂ €CLY'S.‘

l\\\‘,/\l AN/

@on'{ ae)(, Corn'Fvsed, Corne\]us! here
are other ways to store your data!l OF you

are Cons\za.n‘\,\lj storing constant constants,
5c»u’0L do better to vse a DATA statement.
Let me eXf\a‘m.

go ga.r we have Sjcud‘\ed two ways 'to PU’C

constant valves nte s’com_ﬂe. @ne way is b:j
o READ statement liKe

READ(8,10)X, M, (DEL(T), 1=1, 30)

Boach time the read statement is execu{:eal)
new valveg 38{ vead. in for X,M) and the
30 e\emerﬁ:s 0( {he DEL array. q}_"o C\m.nje



these va\ves) o\ Yo v have *o do s c\nanje
the constanks onthe data coxds. You don't
need to c\nanje the program itself.

Phe obthev way we studied for fuﬁjmﬂ
constanks ‘mio s’cova.ﬁe \oca.\:’\ans was \95 means

o¥ Ass'\jﬂmen)c Statements hike
P1=3.14159

rhat’s a pev{ec{\j Soop\ way Yo put the value
3.14159 nto the \ocation named T1, but it
\sn’t necessowi\-j Ehe best way. gupfwse you
had that stalement inside of a svb)omamm
thal vsed the vaviable named TI.Bach
time the computer comes to that assignment
statement | it takes the constant valve
3.14159 and stores it in the drawer named
PI. Of You use the 5!)\)):>Y03Ymm 50000
times in a row, i1 does that 50000 times.
l—f’)re\:’uj d.Um\o)\nu‘n? “‘L may no‘\: stake \0n5
ko doy, but it does take some time and
Little bits of wasted time can add UP,
esPeciau«j inside of a \aoP. W\\g waste time
o\o'mﬂ Some-}}{mﬂ \‘\ke '\Z\r\’ls ove rand over aaan?
After all , Some constants arve more constant

than others.GraKe the valve of




for exam p\e. Bver since C\rwisjcop\n ev Golumbus
droPPed the apple on 1ssac Newton’s head
proving the earth was the center of the
universe , most scientists and the MA\‘)oHch
of \eﬂ‘\s\a‘tavs have been w'\\\'nnﬂ to keep
P1=3714159, Bven Bert Liance Uses F1=
3.141519 A\i:houah once or twice he was cauiik):
us‘ma Pl= 4‘

So 500 ask tjourse\g, N Self. “ﬂaw Ca.nIf?Ut
data valves nto s‘tar43e before the program
staris to run by a non-executable statement
that won't 58‘\: executed over and over while
the program 1s running ?” BAnd the answer
Yov give 5owse\{: is,"Darned i1 Know.’

Since yov don’t know
the answer, }_’\_\ answer
the question!

L P4 irhe answer is Yyov Us€ a

DATA STATEMENT.



ctovage (bekove) the program starts executin
mﬂﬁéﬂ Coqmi;u/f\ci FromP)c\\%n on | the data J
statement is iﬁnored) so it doesn’t take
ony more Lime. Were ’s what a data
statement mignt look like:
DATA?I,LAST,ELOG/3.\4\5‘1,5(»,2.7l828/

s s‘\m]o\u} means witialize TT to 3.14154,
LAST to 56, and ELOG to 2.7]828.N0‘Uce>
theve 15 a NWist of variables to be imtialized,
fo\lowed. by o \isk of imtial valves for these
variodles.The Nst of values is survounded by
o pair 0§ slashes Yo set it S from the
\'\5‘\, of vaviables. E’hs Yovu would cxpect) the
first valve 3@%5 a.ss‘njneal to the fimst varable
oand so forth.

ﬁ\rm:\j elements or array names can also
be imtialized . Valves get tucked away in
omravﬂs ' the same ordevr that the array
element s appeay n s’comﬂc) that 15, in column
OVAer. WHEn seVem.\ consecu’c‘\ve elemen{S In
o data statement ave 1, be imtialized
’\:}\e Ssame conS‘\:an'\, Va.\ue) “Hne cond:anf can

be P;;ZEA-QOL \O'j o Y‘ePea;E constant as in
30% 5.6,~18,10% 0.

BPWis means theve are 30 consecutive valves



of 5.6) then the '\n’tegev constant-18, and
ﬁna\\lj ten real constant valves of 0.0.

e Senem,\ Sform of o. DATA statement is

i iDATA Vist V/ valve list 1/, list 2 /valve
1 list 2/,\‘151: 3/ valve \i53c3/, etcetera

Bﬂere) the \isk \) list 2) and so forth aye

s]mp\cj lists o5 variable nomes , arrvay e)emenfs)
or array names. Ahese are the names of the
variables You want to initialize. (Unc'\den'l:a\l5>
o data statement na SUbProﬁm,m can’t be
vsed to mitialize AUmm:j &r_ﬁumgn_ts of the
SubPrOﬁra.m Since stora.je for '@has.e arauvments
is uader the Rightful “durisdiction of some
other program.) Bach \ist of names is follbued
by a. s\ash.ifhen comes the list of valves in
One to One Covyespondence to the elements in
the name \‘us’c.ﬁ‘mal\ﬁ comes a closing s\lash. 1§
there is Yo be another Jist & names , separnfe
it from the pvecepl‘mj slash bj means oF a
comma ., B\\so vse a > libera) amovnt 0§ commas
to sepam:\:e hist elements. (Don't be too libera),
One comma bekween each paiv of elements is
just the Hﬂ\n{: number!)

Last bt nt least, stick the DATA statemoit
?rouo\\ﬂ vp at the top o5 the program jafter



the Equ‘\va\er\ce S\:a%emerﬁcs (w\r\‘\c\n means
after 'Bne Cammon S{a‘\:e\men'l:s (w\n‘\c\n means
after the Dimension Statements (which means
after the B xtevnal Statements (Wwhich means
after the T':S pe Statements (Which means
A‘\:{‘EY‘ 'bne FUnC'tTon oy Sv\ofw‘aﬂ\m.m S'l:a,‘\:emer)'l:s
), any. Brhat way Momma will tuck
a.Waﬂ 'Hn@ Initial Valves when she is
se-bt'm 3 \ner al;(a,weys ona. be%r@ 5})8
actvalyy starts 1o execute Yovr program.
r'?\ws) a program might start with:

DIMENSION MARKY (2,3), ARAY (25)
. :DATA P1RAD,DEG/3.14159,0.0174533,
1157.29578/, ARAY /25%0./,
2:33,X,Y/50,14.2,-3.85/,
:3:MARAY/3,2,-1,7,6,5/

irfhis means intialize T1 1o 3.\4\5‘?)-RA'D‘1:0
0.0174533, and DEG to 57.29578. While
500)\’8 a:}: 'l't) sfore 25 zevos as s’ca.r\:“m
valves fovr the array named ARAY. @onwéqu'/f)
but 5’\ve JJ a s’cwr‘l;'mﬁ valve og 5-0) gwe
X o starti ng valve o5 14.2, and give Ya
starting valuve o5 —=3.85. One '}:hinﬁ more -
'\n’t’C’lA.hZé MARAY so ‘\?Ha:l:

MARAY (1,1) =3 MARAY()2) =~/ MARAY (43)=¢

MARAY (2,1) =2 MARAY(2,2)=7 MARAY(2,3)=5



There must be
aZ\ion 'b\'mgs
to remember

about FORTRAN!

s not read\_tj that bad Most of it will
come na\,ura\\s Lo you once you get the hang
of it.

But f You want to use numbers like a
zillion, you really shovld ¥now about B
format and the exPonen{:'\a\ form for veal
constants. | didn't tell you about it before
becavse yov had plenty of osther things to fret
obout,

£\s you ino\.ub'\’ta.\o\tj know, very \arﬁe and.
very small numbers are easiev to manage when
Yyou vse scientifie notation. Unstead of
w\('\‘\’_'mﬁ |

3875/90000000000000000ooooao.
it’s easier to write o
387519 X 10
ond Instead of
O.OOO00000000000000000000 0o0000b42
it’s easiev Yo write



.92 x10°%

fPhat’s how You do 1t in a\ﬁe\ova..“{&ouldojou
do it on the COMPU{er?

On the computer you can either write a
real constant the way Yo leayned back at
the start of this learned & scho\mr\tj wovK
or else youv can write 1t in exPo\nen’c'm\ {orm.

In & form,the conskants you Just saw would be
3.87519E27 and G.92E-29

©f covvse, You covld also write them as

387.519L%25 and O0.L92F%-28

Un this notation, yov have a real consktant
followed b'j the letter & and a one or two
0\‘\3'& integer exponen’c.qfhe expovent can hawe
o p\vs or minus Sign in front . Airhe exponent tells
what power of ten is mu\%‘\y\g\nﬂ the real

constant .
ﬂ‘{]ere are some move valid rea\ Cons"can’cs’,

0,
W s, 6&3‘%6 Tes,
&-an \ o XQ,' 0 N <
T {é’ 1 .7»?"* /yé?
QX P \5 238
\%6 (o] AL

183



I fact | since the power of ten exponent
allows youv to effectively “float” the decimal
po‘mf back and forth nside the number)
FORTRAN also allows yov to write @
'ﬂoa,*:'mg Fo‘ch constants In '\’,\ne (orm of an
]ix_’g_gﬁg_\g constant followed by an E and a
one or two diait exporent . Arhus, the veal
constant  3.2159 covld be written in

FORTRAN as
3.14159 or 314159E-5 or 0314I59E |

or 31459E0 or 3].4159%-0l or 3141598-05
or 314154.E-05 or any of a zillion sther ways,

rhese are all consideved valid Ec'z'c’z;} Constants
even when written without a decimal point as
in 314159 -5 "0 he veason 15 that the E
EXPonen'E ]mp\ies Jdne presence a@ the decimal
point even Jchouf)h it doesn't appear exyhc‘\Hﬂ,

OLOJH %ow d,o

Yo write ovt
numbers n...dan ...

E format ?




Briliant, my oy, briliant ! Afhat’s just
how yov write them ovt. You vse & formak
and Yyou spec'\{:xj X by means of an
E field s?ec'\{:'\ca.\:’\on coje, as n

80:FORMAT ("SDISTANCE TO TWINKLING
It STAR 18", £.10.3,"bLIGHT YEARS,”)

ﬁﬂere) th e“ 10 means ™ the next |0 coumns
oxe goin@ to contain ‘Un'\s numbev.” Fhe *3"
means “write ovt 3 5’\6n'1§'\ca.n{ a\iﬂi{s." 0f
the number \oe'mﬁ written out was
184395200000

1t wouvld come ot on the Prin\:er as

DISTANCE T0 TWINKLING STAR 1Sb b0.184E bl2bL16..

Irhe numbey =983759X \0-: written 1n £20.5
form would come ovt

bbbbbbbb-0, ‘@E“ Ob
I)CS 5 Co\umnst_;,u

—"C

W T More Co\wm&'

20 ‘EO\UMY)S TD*&\
Notice yov need to alow ﬁt..\gﬁt@eﬂ’x@
columns in addition Lo the numbver of siﬁn‘rﬁca.nt
digits yov want to print.AThese are needed for the

sign, exponent, decimal point jand leading zeve.




And n conclusion,
T4 like Yo say...

theve's lots more FORTRAN we covld
ol'\scu55> but now Yyou Xnow p\en)clj Lfor 56‘&'mﬂ
staried . As Yyov go a,\onﬂ You can easi\j
pick vp the rest.

BV 1 can do is tel you some of the
rvles & pr\nc‘\P\es of FORTRAN. When Yyou

first see them all in & \neap seem
m'moL~ VOU ": , t‘o

@c{ua\lﬁ , it’s not all that bad.Bont
j_c_\f_g to \earn FORTRAN b’j S‘\Hflnﬁ Aown
ond. memorizing this book. Someone will
\‘\ave yov comm) ttei.mu)\\ be \oab\o\iaﬂ
'\nco\neren{\ﬂ within the hour, @maz‘mﬁlﬂ
enough the same ":.\'\‘\nj is trve 1§ You take



that a,pproac\w with a fOYma\ fORTRAN

m a.m/a.\ !

So if we aven’t supposed. to
F\ow ’\:\hY‘OUf)\n Ihis book what
axre we svmoosed to Ao with

ﬁ:’?}t)s Yoo lake Yo gejc ovr
money back.

Arthe ‘r'\g\/\'\: way Yo vead o FORTRAN
booX is \oﬂ a sevies of skimming passes.
Bach time qumuﬂ\n you pick vp a bit move of
the n'\{:'\:j 3riﬁ:j detail. When You P’\ck up an
IBM wmanval | for instance, first §lip through
it \oo\«‘ma for the jokes.qthere aren’t any,
50 9o back and '(:\’\? ‘\:\nrouj\\ aﬂa'm) ﬂeﬂ’.‘"ﬁ
familiar with Yhe overall idea. ~Arhen ‘F\‘\P
"c\mrou\ol\\ fyom Yack to {Yon‘\,)s’\o\e to side,
and. Yop to bottom. 1§ there’s a center Fo\ol)

ow're n the wrong pub\‘wcz)c'non! Bach time
Throvgh | yoo' | be looking for specific details
in reﬁaxo\ tr what 500 axre Ao'mﬂ ak the
time “on the computer. A\fter a while, the whole
works will have seeped through your skin b:j
Osmosis,

Didn't {\\e:j take Osmosis
off the market?



':E'\Wo ’t\r\’mﬁs will motivate 'jou te \earn
a\l the details of FORTRAN,

2 One. B sincere desire to

pass this covrse,

= Two. irthe fact that ongmmmirﬁ
a computer can be a hell of

o Vot of §un.

YOU \earn \now )Co Proﬁra.m no’(_ bﬂ
\rea.ci'\wﬁ about it or \'\s’cen‘mﬂ Yo \ectures on
pr?gw’ra,mvnmﬂ.vou \earn to program b.,n
wv\tmﬁ programs, You Yearn how (Rt
to make wmistakes by making mistakes.
E&c\r\ Yime Yov make a S*ra.mma.:t'\ca,\ boner in
FORTRAN> the ccm?u"f,er w\“,w“\ﬂn infinite
pa.\:'\ence, po‘m{: it ovt to Yov. it w'\\\ even
40 so far as to tell yov the PBreed of the
Blunder, e'm3 o§ sound mind and body but
Ymv'ms a Fimte Fondness for Fulile ?rugcrai'\on
gou maKe a wmental note not to Gommit that

‘n a,gki“% since \'\{ was ta‘ca\l5 \ack’mﬁ in
Ccompensatory pleasvres.

Pﬂn the process ot correc{\nﬁ youvr mistakes
your fingers will do 50 much walkjn’ Jc\wough
the FORTRAN manvals that the pages will
turn 59\\0\11. Before you know it)t)ﬁau5\n>5ou'n




ﬂ;{i yov’ve Drbconsciovsly a\asarbe% all ’c\\ge
iddling puny petty paltry particvlars o
PFORT%PE)N i))@‘:ue ntq\ofnins 5550’\\ wake vp and
‘Find. 500)‘/8 ﬁone g:\rom Isnoramus {30
Ln\:e\\'\e‘en\;5'\a~ and. are enjaﬂ'ma it to boot!
@nce yov reach that staﬁe) 1t will all be
second natuvre ‘o you. 05 almost like rid’mﬂ
a YoiKe. @Once yov've mastered i’r_) You can
come back to it years \ater and it will
sti\l be etched in Yovy memorﬁ.%u may
think Youv've gorgo)c’cen it buvt aftera
brie§f review it will all come rushing back
Lo yov, assuming yov veally learned itin
the first place’

L-U_'l"\e wors‘t mistake oU ctan wmake n
\ga,\rn'mﬁ FORTRAN is to be afvaidk to ‘hrﬁ
some’r,\/{mﬂ or the computer fov feax of
ma.\('mﬂ o0 mistake. @um, Yov shovld \Zrﬂ to
maXe Youv programs as accurake as poss’lble)
but don’t be ?a.ranoiﬁl oot it Mistares
are o noc\:ura,\ Fax'\: 0@ \eo.m'mﬁ aum\.’\?gou
WO’(Yﬂ too much adoaut ma\i‘mﬁ mis":akes 501)
won't ever stretch your nevrons by ’Erg‘mﬁ
antj%h‘xnﬁ new.

0’m 3o‘m3 Yo qv'\{ now, since my violin

s’Lr‘ma jvs’c broke.
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Wome -CGanned Pickles, Preserves,
And SQUARE ROOTS

A Problem You’ll Religh!
5v‘=pose, Just Lo live life the hard way, you

wanted to write your own com]ou-l:er program
to calevlate square voots You might start by

observins that 1f
B:W’ then 5?‘:7( or y= "%’
: \ \\l),
Arhis \ast equcd:ion 3‘1\/65 you a.'?)\\);‘i)\ig.r(tii idea,
ifo find the square oot of x, you si\rﬁp\\ﬁ need.
to divide x by its square root. ihe vesult
is NX V ij{:u\\:ﬂ you Pic’wre this in Your

mind :

X — ¥ - Y

(-

Al yov need is a machine that will divide
o. numbeyr X b3 o number y the number
that comes ovt will be the square root & x!

Wail a minvte! Where will
You 33% the number tj,?

Out of the machine ! We’ll call that !57

EXAMPLE 1-1



@udAen\«j you are chicken . You need to
divide X oy y in order Yo ge)(, the answer,
But Y is the answey, 5o Yov need the answev
13t Yo divide into %, bul you are egged on
b w\mj Yy comes ovk before it went in??
@h'j) oh w\mj) 0, tﬁ?

Bolzano’s bambinoe tells you

Yov are vsin W
in 1ts own Ae?m'\‘\:'\m.
Mathematicians
call it an

“ImP\'\c'\'L FUnc{:'\on"

it You covld vrelate to, but implicit
doesn’t help yov at a\\. But Yyou etan idea)@i
gvppose 1'33522 o volve of y an feed it into
my box.

R
1
Yevess
Whak will come out ? (S\weobieo\. wheat?
N—

No! 1§ the guess 15 )g_sg than W)Jc\nen
what comes ovt willvbe move ! Bnd § the
guess 15 too \)‘\3) what comes out wil\ be top small.

EXAMPLE |-2



90?) §o it's all sewn u\:.' Whatever 1
guess, L know the truve VX lies
between my guess ond whatevev comes
ovt! Grhese two numbers are Upper. and
lower bounds on the trve VX.
So f 1 average those two numbers,
LI\ have an even better 3vess.“ can ‘br_zj

again and a-4ain YWl ’m as close as 1 want

to get!

Wait a min U‘\:e!
1t wovld take you

forever to find
the exact root

And the computer anlc_-,
Keeps abovt six ‘ﬁﬁwes
of accuracy in its

Ca.\cu\a.\:'lons, so even if
You \let it rum forever,
it still might not find

f\e exa.c{ oanswery .'

So who needs to be that Fredse? o'\
s’LoI: when I’'m within a reasonable tolevance
of the truve answer, Heve’s what 1’1\ Ao

EXAMPLE I-3



@ao\ Numbev\
LR e

ss hot
th

v 3]

A <

3 o

€ £

TR

‘ EX e

msn'*\;” S

Q

(Read x & bol |- 2¥8 8

i =35

rai? gy

S v .S

YRS

g L. 9 Q

Initialize _.3;5 §-6

vess for ¥ v SIS 4
9 c

M=o 3

1 < e '

Divide guess
Inte X

—Avemge to
get new quess
t

Calevlate
erroyxy

EXAMPLE -4



And here’s my actval proara.m:

//oJ0OB  DR. K\ Z%ese control cards will be
// bTOR difterent on your compoter!
C SQUARL ROOT SAMYLE PROGRAM
C READ NUMBER OF CARDS WITH R0OOTS TO FIND
READ(810ON
|0 TFORMAT (15)
C ECHO PRINT THE INPUT DATA
WRITE (5,20) N
20 FORMAT("ITHE NUMBER OF ROOTS I3', 15//1)
C READ NUMBER WHOSER0OT 18 DESIRED
C AND TOLERANCE REQUIRED
30 READ(8,40) X, TOL
40 FORYSAT( 2F10, 4)
C ECHO PRINT TO BE SAYE
WRITE (5,50) X, TOL
50 ‘FORMAT ("bX= \o' ,FI10.4,5X,
1" TOLERANCE IS\o' YIO 4)
C INYUE\LI'ZE Y GUESS
YG =X
60 TEMY=X/YG
CALCULATE NEW GUESS FOR ROOT
YG=0.5%(YG+TEMP)
CALCULATE THY. ERROR-CHECK AGAINSTXIN
CASE OUR THEORY TITSELF HAS A BUG
ERROR=ABS (X -YG*YG)

(138 EXAMPLE 1-5



C LET'S WATCH THE ALGORITHM CONVERGE
WRITE (5,70) ERROR
70 FORMAT( I5X,"ERROR 18b7, E12.5)
C LoOP BACK IF NOT WITHIN TOLERANCE
IF(ERROR.GT. TOL) GO TO 60
C PRINT FINAL ANSWER
WRITE(5,80)X,YG
80 | iFORMAT(/ ' THE SQUARE ROOT OF b',
1i¥10.4, "bISL', F15.6//)
C ARE]:II'HERE MORE, ROOTS TO FIND ?
N-I
IF(N.GT.0) GO TO 30
WRITE (5,40)
q0 FORMAT( /// "o THTHTHAT'S ALL,b

IF'OLKS')
CALL EXIT
END
/Z/bXEQ
bbbb4 :
2. - 0,001
17.62 0.0005
25. . 0.0001
8.36 : .00\ :
//bEND .'\./Y_—):
Colvmns 1/-20

%ese cards ma a{/ ffer on ﬂaur

computer s_l/sz‘em, so check:

EXAMPLE /-6



*In Sob‘h\n, 1 Know Not
Why 1 Am So Sad.
*Tis Ascribed To All This
Homework !

A Pox On The Cad”
T4e Merchant of Venice

n/ga.fe Vale::ya.fe Edition
Antonio 1.¢. 1

Nicomachus, known to his friends bach in
\st cen{urﬁ Athens as "N'\comtz_c\nus,” wrote a
booK (using a cold chisel). In his
“Tatrodvetio Avrithmetica” he asked the

musica) c’ves)c'\ on,

{
I

s answer was that

@\:}ca.\ nymbers are a\waﬂs equa,\ to the

sums of svccessive odd numbers.
G B,

How can the cubes be
represented in teyrms of
the natural numbers?

lPS Greek ‘l:o me,'

W

PROBLEM 1-1



Bor instance
\§= | = |
2°=8=345
P =27=749+ 1)

43 =04 =134 15417414

)

n3=7?= | Mp

(?;Ms..

where wm, is given by

n-1
m, = 2(2 L)'\' |
L=l
ond. the other m’s are the go\\ow’mﬂ
odd integers, rhat is, my=m+2 ,my=myu2,
and SO {‘-or{'.\n.
Neote that e sum oF the c'nrs’c n-1i

‘m’ceﬂers s given ‘onj

Nn-i

: n(n=0
L= =
2 5

Write o flowchart and program vsing
'm{egev axithmetic to print ovt a table of
numbers and their cubes, as calcvlated by
Nicomac\nus’ scheme. ‘ﬂ:'rg to pv‘mt ovt the
tavle for valves of n $rom 1033, @omefh’mj
‘FUnnS may happen at the end.Bee if you can
‘Figure ovt what .I (TPhen ‘l:ao)ﬁobfmﬂ may \Oa.PPen\,

PROBLEM |-2



Spea\('\n 9 of

\ano y\ajers
fe minds me of
another 3\(84{
mathematician R

Fivonacei!

Evergone Xnows L'\bera.ce) but did
You \\(now that in 1202 Fibonacc) wrote
th 8\ L’\ber abac‘x” (o) \\Book of the A\oa.cus?”
(ﬂc’cuwl\ﬂ)F‘xbona_cc'\ was sort oF his
nickname. He was also Known as "Leonardo
of Pisa.” Scholars aren’t svre what Fivonaai
means. Some translate it 2as “ Son of acod
nature,” others as ™ Trosperity,” but the
wmost paPu\ax '\n":evpretachOn 1s *Son ot an
Ass.” Ithink that Vast translation is about
hal§ Y'\ﬂh‘t )

Be that as it may; little Y, eonardo once
Pu{ his fertile mind to work Jt\oeor'\z'mg how
raboits multy P\’\eo\.. He {:icjureoL it had
no{\w'mﬂ to do with theivy Sertile minds.Afhe
way he ?‘xgwed\’t) 1t takes ra¥oits abvout

FPROBLEM 2-1



o month to wmature [From then on, he
conjec{:ureo\) o parv of rabbits covld br’mﬁ
forth a litter evevry month 1o keep Jﬁh'mjs
simple, he assumed eac:}h litter wovld have
exavd:\ﬂ two rabbits, one female and the other
the other; no rabbits ever passed away
since ‘U)ecj were \navinﬁ svch fon’ and once
rabbits were ma:kure) they would do what
came na,{ura,llj everj month naturang.
guﬂwse we let Fk. be the number of
pairs of rabbits alive at the end of the
kM month. Eﬁj\xen) the way Yibvonace;
ﬁﬂvred '\f) s\:j little devil” that he was,
i Yov started with one pair 0% newboyn
ra)o\oits) Yov made a biﬂ mistake already.
Bor ak the end of bthe first month | yo'd
still have a pair of rabbits; but now they'd
have a ﬂ\ea,m n Their eyes. Bt the end o
the second wmonth, gou)d have a nice new
litter of newborns. But yov’d alse have
o pair o8 matuvre adults mak'mﬁ w\noopee!
N ext month *:hej’d have a second litter oF
newborns  but their first hittev would be
Yea.dﬂ fov o litk\e ovgy o )C\ne'w own.
Eocw month ; all the vabbits who were
around last month are still there. But in
odditiony a\l the vabbits whp weve avound

PROBLEM 2 -2



Ewo months earlier have babies! Suppose
each picture g Yepresen{:s the nuvmber of paAirs
alive at the end of the month.hen our

month Yo month Planned Yarenthood chart

would have the ¥o\\ow'mg have-brained setvp:
Month F Rabbit Pairs Alive

\ | ¥

S 7

4 3 gkl

g g el iy

7 13 RN B
8 2|

9 34 —HQ\P ‘ —Ra\o\o'\\:s ore

10 5%

Y 89 Aropfﬂng ot Jdr;e edﬁe

2 144 of the pa_ge.I m

' " O‘.Yown‘mﬁ n AYOFF\Y’ﬁS!
Notice that FI =Fa=l . For the kit

month, we have
Fo=F v,

s Recvrsion Relation allows us to
calcvlake next month's vabbit popvlation,

FPROBLEM 2-3



know'mg the current month’s popvlation
and last month’s total.

Of covrse, most of yov find this olscw\\:j
du\\) since yovu don’t P\a,n Yo vaise
rabbits in a \:ox under Yovy bed.here’d
be a terrible odor and yov aven’t svre the
rabbits covld get vsed to it. None{:ke\ess)
Fivonacer’s A'\scovevﬂ of how rabbits
Procvea.“:e \aid the arouna\work fovr
mueh of the $ub3ec{ Known \:oo\a.g as
mfinmte series, so it’s valvable to know
even 1§ You aren’t a zookeepev.

With that \Oo.c\kjrounol) write a
computer program to genevate a table
of the first 100 TFibonacai numbers. [t
shovld start ot as 1,1,2,3,5,8,....

Be sure to number the numbers when You
write them ovt | so you'll Know that 8 was
the 6™ Yibonacei number.

What’s the

\zt\n
1ibevace number? T think it’s

“Chop\ n \)5
Candleli sht”

PROBLEM 2 -4



Fho XD)O ?\'o\a\em
Sl led H'\é\nev & Deeper

0§ one inscribes a Fo\agon of n sidesin a
circle, the perimeter of the polygon will be
less than thatl of the circle DS one circumscribes
o po\g\gon of n sides abovt the circle, the
perimeter of the P"ﬂﬂ”‘" will be greater
than that of the circle.

How do you cireumsize a polygon?

The werd is “circumscr'nbe;'

Tdiot!
o 16 decimal places, the perimeter o

o unit circle (one whese diameter is one
ond. the same as one)is 3.]4]5632é535877°73>
o number somewhat close to I

@eve\op & flowechart & program an a\ﬁor}{hm
to detevmine vpper and loweyr Younds on
the trve valve of M to within any
syedﬂed accuracy. Po this bﬁ first
'mscv':\o‘mg oand Ccircum SCr'x\s‘mﬂ an equ'n‘a,{em,l
{:r'na.nﬁle (Y\-‘: 3). @a,\cu\a,’ce & Fr‘m{_ 'l:he}r
per\mei&rs.fhen check whethev Jc\m.a’nr

PROBLEM 3~/



o\‘\qerence \s \ess '\:‘ncm ‘\:\'\e a.\\owed errov, U‘{:
ik s not then dovble the number of
s\des and YePeo)c the Frocedure.

Unclvde uovvr derivations and f‘\ﬂvres

with the alaorithm §lowchart .

@U.IJC ‘\'g (:)OU »)a.ve moyYe ’H’)an qé S.IAESJ
or if Yyov have reached o tolevance of

better than 0.0005 . SPhen sit back and
stvdy your ovt put.

m What doyeo
mean ¢
Pl 603(, closer and closev for
o while and then it started
ge’d:‘mﬂ worse! And the

Peﬁme{:er of my inseribed
Fo\ljﬁon 30{: bi_ﬂﬁg_r than
that of my cwele!

.HOW do Yov exp\a.'m ":hajc_?

HOW AO 50() ?

e

PROBLEM 3-2



One Sor the Birds. .

Heron’ﬁ Fovmu\a.
ANANAACACAA NN
ACAAANANANANANANAY

£\ convex , non- reﬂu\a,v‘

Fo\jﬂon with M ve\rl‘,'\c,es

— is specified bl_»] g'w'ma the
X,9 coovdinates of each
vertex :

—p (S

Floweh a.ri)wv'\’ce) & run a program to
read- n the vertices of a sequence of
Fo\gsons) print the ver’c'lc.es) ond calecvlate
and print the total area of each polygon.
Use Lhe Fo\\OW‘mﬁ method .

@vbo\‘;v'\de each \oo\njﬁan nto M-2
‘tr'\aﬂa\es} all rac\'\a.tlnﬁ from the ('\Y‘sf

PROBLEM4-I



vertex. '\?hen_g.rea. of the polygon is
A= 2‘ A,
e

where A3 '\s-*.\ne area of the 3"3" ’Lv'm.ng\e.
ithe area of a {Y"\a.nﬂ\e 15 Casi\lj
caleviated by means of Hevron’s formula:

A =N3(s~ (e DO

where 5= % (atb+C) and where abec
ave the lengths of the sides of the jth
t\r'\a.nﬂ\e,

meron 5 of covrse, 1% best Xnown for his
'mven’c‘mn ol; the Yevronbone Svit.Yf{S\S {r'\end)
Hero ﬁh\exanolr'm,,\nven)ced, Yhe Svbmarine Sandwich.

S’mce this 1s A\l Greek to Yov, vse the
?5‘h\naﬂovean Theorem to find the distance

be{ween vertices : (X 5)
2)3I

/
(X,,4,)

&z WXZ- XDZ ¥ (32 - ESD"‘

Notice the fivst {v]anﬁ\e is Younded by
vertices 1,2,3 the second by vertices
\)3)4"; Jche Joth \ob vertices \,k—kl)J’HZ)‘me
the \ask by |\, M-I, M.

PROBLEM 4-2



Read in one vertex pev data card . 2Phe
last vertex is recognized becavse it is
*.\ne Same as ‘Hne 'erst,rlﬁesjc :jour \Orojra.m
on the Fo\\ow'mﬂ ﬂﬂures:

Eﬁwe\ F’lgurea F’laure 3 Figure 4
A X

X | 4 4 Y X 4
0 0} 2. |\, 751135 125125
0 (2. =lLl2 2a25\L5 2. |2.5
2 2. 3.13. 7511L5 3. |e.5
e 0. 511 7.51135 4.1| I
9 0. 2.| 2. . {0.5

-I.|=1. 1.2511.25
-2.1 1.
Fiﬁure 5 _]_‘_'_igure A F'lawre 7
You ‘mven’c.’ L'\kew'\se! Z 3
-10.28| 1€.15
+10.28|-1¢6.15
-10.28\ 16.15

Bid your Ppregram handle # 3 and
#7 O0.K.?7 If so, qoo A for you! Uf not,
let that be a lesson to yov. Be ready
for anﬂth'mg and be suvre o program
sensible prov\s]ons fov Proyer\j ha.nA\inj
special cases that might arise!

PROBLEM 4-3



@ U, S, Govt. nns?ec’teo\ Prime @Ua\ﬁcgl?ro\a\em

2 prime number 1s

without remainder on\j

o number divisible
blj Yhe whole numbers

Un'\\;lj and the prime number itsel £, Hleve’s
a flowehart for a prime number odgor'\thm.
Progra_m WY vp and find all primes between

| and 200.
(Read N ?rant:'Plil%ﬁEOS‘;l"ﬁOM
Ttest=2 2
/me
Sneaky ,very Next =3
sneaky = _ J‘_{Jex.*'- '
ex alC) . 5&:@\;\3 Try next
Next /Itest xltest (0dds only)
= Next r"' Next=Next+2 |
?
L’I’cestr-lteshl 3
es

No Yes Print @
Next
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When sorrows come, they

come not single spies,

But in battalions.
Hamlet 1V, 5

D’ﬂa.v]nﬁ bolldozed '“waua\n one Frogra.m
to ca\cu\a.{:e Frime num\oers) trl:j it aﬁa’m
wi th S{S\e & Grace or perhaps Mildvred.
&ngwa.tj) notice that you covld write a much
move efficient Trime Number program by Using
arvays, Wou covld store the primes you find
as Yyov 30 odonej, bj Pujclﬁnﬁ them in a
one -dimensional arvay. hen 5 to see if a
positive 'm’ceﬁer is prime, you On\lj need to
divide it b5 the primes you have a,\rea.d.tj
caleviated. It is Ridievlovs to waste time
dwiding by numbers like 6,9 12, or 14 once
You know ’dﬂezj aren’t pr‘;mesf

Wrikte a program to find the ‘ﬁrs"t 75
p\r“xmes Us‘mﬁ arra.\«js.@emembev: | 1% }l_o_’g A?r‘\me.
Yov May assume 2 is pr’xme>\out ﬂgwe the vest ouvt

Pot a nice hea.cl'mﬁ on yovv printovt and then
write all 75 primes using a.'tl{_o__ft 5 addrtional \‘mes.’
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Yssac Newlon’s Vers wn Method for Solving,

Wonlinear Bquations
@uppose you had a function Y= £(X) and

ou wanted to find its roots) e. places
where £(X)=0. 0n the picture, o« is the

unknown root we are \ook‘mﬁ for.

4

}

P(x,, £x)
y=§(x)

0§ ouvr In’crep\a\ BRoot Finder starts b:j
guess'\nﬂ that the voot lies at a Pa’m*‘, X, ;
he willm §ind that he 1on’t at the voot at
a\\) but s stand‘mﬂ on o po'\n‘\: PWa,gj
vp on the curve.mowever) notice that the
Tangent to the curve at P cuts the X axis
ok oo point X, . Note also, that X is much
c\oser to « than was ouvv sbwhnﬁ quess X,

Uf we can ealew\ate the Slope of the
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?ﬂ\ﬂgjﬂi a.’c?) Yhen we can calevlate X,.
We cov\d then repeat the process , using X,
in place of X, Eiceteva )eice-l:em,)e’ccejtem.
After o while, if we ave on a nice,
beg’mner’s hill and not b”"‘?ﬂ expert’s
s\o.\om Course, we would find we \na.oLzoomeA
in pretty close to «. When we saw that
OVY ‘F(X) wa.s Suq'\c‘\en‘H Aose {:o ZeYo) we
covld quﬂ;, Ya.S\n\tj assuming we had $ound .
Since the JComf]en{: ot P is

y-£x)= £7(x)[x-x,]

\’C 15 obviovs (a.s 'l:\')e:j say Whenevewangﬂﬁnj
Is obscure) that £0x)

X=X, X0

[H: You vse ‘Hn'xs as youvr basic H:em.Jdon
scheme, You'll zeom in like gangbusters if
the curve doesn’t have any dips and bumps
between yov and the reot., 0§ the correction
tevm has N zevos after bhe Aecimal
point ; then the result is aenevally good
to abovt 2 n decimal places,

ﬂnc'xden’wdlb) o good feature of the
New{:an me*hoa\. 1% ’B‘wc\, minovy eyrovys will

corvect Yhemselves.AThis is nmice i§ you ave
Vsing it \"j hand.
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W

No{\n'mg n ec{uco&,’\on is SO aS‘\:onis‘ninﬁ
os the amount of ignovance it
accomvlates in the form of

inert facts .l" ﬁenrg Adams

Fvve. ITherefove try the following
home wor K. ( Enicker, snicker ) i}

Wr'\*:e o FORTRAN program usinﬁ
Newton’s method Yo find the voots of a
funckion in the v'lc'm’\}:fj ot some given
s\:mrﬁnﬁ quess. Your program shouvld use twp
Function svbprograms; one called TUNK and
the obher called DERIV, You will alsp be
A {'Jmﬂ these two Function Subyroaxm,ms.
One will conkain the Function whose veot is
desived and the other will contain the
devivative of bhat funckion.

'@o{’. ‘Ehai? O.K. Now vse New{on)s method
{Zo find the three voots of the Po\:jnomia_l

WC-8%X-4=0

@ne r00lc 1% neay —2_.’) one 1s near 0. : and

the lask 15 belween 2 and 4.5, Bind the
voots b w’\’(,\n'm ?ow Aec‘\mal P\aces of

accy Y‘O\,Cﬁ .

Ve\r‘\-ﬁﬂ each root that Yov find \93
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check‘ma Yo see 1§ it veally does satisfy
the Pa\ﬁnom'\k\\, Rave the compoter calcvlate
R=X>-8% -4
R shovld equal zevo fov each voot, but
there will Mtua,ntj be some residve dve
’ko small Yaunal-aﬁ" evvors, truncation ervovs,
and. the fact that You a]u':Jc before the
c',ompu{:er died of ex\aaus{:ion.c\:\:he smallev
the valve of R, the belter the voot.
Gheck all three voots and print ovt
both the vroot and the residve for each

one.
m

Want to '\:\rﬁ Some'Hn'mg else T Write a
program Us'mﬁ [Rl]ew{:on)s method to
determine square voots and cube voots of
numbers. Prove Your program on & list of

at least 10 numbers, including 64,10, 0.3,
and 3.14159 . Gompare Yovr vesults with
those given by SQRT and ¥¥% (L.7/3.)
Print ovt a table s\noufmﬁ the number5
‘s Sclumre foa‘\: b«j Neans meﬁvods SQ?T)S
squave rao{') the difference ('mE %rm&z’c)‘,
the cube root by Nevﬁ:on; the com?u%er)s
cube Toots ond  theiv Aiffevence in B formad,
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How does Newton’s Metnod
\mve a.nﬂ‘l:\\‘mg to do with

square voots ©?

‘\fﬂ'\n‘\’,: {Lejc
F(X)= A- X°
wheve A is the numbey whose vost you
wan<t.

e
Added Little Brain Tleaser *

e ¥irs’c Smm?\e program we saw
(Tickles Presevves, and Square Roots on Page|0)
Aso calevlaked squave vocks, Wor #64,000.00
(or maybe some extra eredit), is there
any conmection between that wmethod for
F‘ma\'\nﬂ square roots and Newton’s
method for ‘?‘moﬁng sqvave voots?

Whal is the connection ¢ Is it French or
via Peoria ? Gan You et there nons‘}:oy?
Ineidentall 4 ,that other method Sov
‘f'ma\'mﬁ squaxe Yeoks V5 Known as Mechanics
Roule. 71 svppose Wt was named. after Ulysees
S. Mec\r\a,n'\c) the famovs actor who Sov years
p\a,ﬂed. the role of 'Roli]gogers) Yorse Tr'\gger.
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How can I find the area
under this curve ?

iy ML Ny
@n 90’55 Wa‘:j to ca.\cu\a.‘Ce Hne oxea, vmier
o curve Y= F(X)) from ot x¢ B,

K| y=£(x)

AL

T Ay

s to subdivide the arvea under the curve into
vertical strips of equal width. TPhe top of
each strip can be approximated by a straight
line as shown below:

Y | T~

\§

0. oth b
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?\nus) ‘H\e area under Ythe curve s

o._FProx'nma_{:e\S H"Ie @ o-? ‘Une oveas of N
lcwrtxptezo’\ols of width k.

nh=b-a
Lfhe area under the X" {ra.yezo'\zi
s U f(a+(k-Dh)

,LF( o+ }eh)

ot (JH)h-) Laskn
IS given btﬁt

%[{(a.*r(k-l)h) + ‘F(a.+ kh)]

HPhe total area under the curve $vom atob
s then ap?rox'\ma,{e\ﬂ

A=h [£5D 000y 4 £ a2k +flasa). .. +F s D)

mo’c\ce '\:\ma.\', a:‘c NO Time A\a. "C\'\C wov'(i“ln{esra,{]on"
pass my \'\Ps‘. You don't need Yo know calevlus to
find aveos i:\r\’\s waﬁ.‘ﬁ’he above pvacedure s
o\ov’nous\uj ex{reme\ﬂ easy to understand and Yo
program.

gome fCoy\e Ca.“ ’che F\receo{'\ng ‘formv\a., ‘H\e
Trapezoidal RBule for Inteqration. OF covrse,by
this name, it is much more difficvlt to grasp.
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Rinother method for area estimalion which
is shill easy but s\'\ﬁhHS movre accurate than the
Trapezoio[a\-Ru\e involves Y&p\acinﬁ the
stfd\ﬂ\'\f line ’COPS with parabolas:

>4

F 2 : >
o. avh ar2h h asdh X
4
a+eh ard aa'qhawh b

mu P‘lck sets of 3 Po’m’cs ot 04 the Curve
and. then find the pa.ra\oo\a_ that passes ’{:\'Naugh
them . (Mrheve 15 on\5 one!) A\fter \oa.'nrg
algebraic tedivm, you find that the area
vnder these Pa.ra.bo\a.s 1S 3iven exac’r_lﬂ bfj a
s'\mp\e formula. [f the po’m*:s are evenly
SPcheoL o distance h af)ox’c) the area under

the paxabo\& from a to atzh is given \95
1% Lf(a)+ 4 flam) + £(aseh)]

g'\m'\\arlﬂ)ﬂﬁe area uvndey the pavabola from
arzh to a+4h is;

BT flaszh) +4§ (assh) ve §(areh)]
and so forth,
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Thos,in toto, the area uvnder the parabolas
approximating the curve from a to b is:

AREA=R[£(a)+4£(ash) +2 Far2h)+ 4 f(a+3h)
$2£(a+4h)* . ..+ 2§ (astn-Dh)
+4 5 (at @-HR) + £(v)]

if there are n divisions. (Be svre nis 8Ven'.>
s formula is called S'\myson)s One- Third
_Bu\e Sov -ln{:eﬂra.{;‘mn.

This integration stuffis easy!
\\_/

it rea\\cj 15, so '\'—"j a few pvab\ems.

ﬁ'\rs’c) write o numerical 'm%eﬁmfc'\an function
subprogram based on the T\rapezo'sda.\ Rule.
Once that werks, write a second function
sv\:?roﬂram based on Sim)oson’s Rule.Arhese
two programs shovld each be able to 'm{eﬂmlce
onother Function subpraaram named “FUNK,"
using any desired number of divisions and an
gven S{ar’c'\nﬁ and eno\'mﬁ points a & b.

Next write a wmainline Program.?\\')s
main program 1s So'mﬁ to compare the vesuls
of the '};m?ezoida,l rule with those from Simfson‘s
role. It also is going to see what effect 1
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has on the accuracy of the resvlts. Wevres
how Your ma‘m\ine is to work®

PROBLEM 8-5

{\\'or ea&\n n, cﬁv\&
/ — | e di§ference betwen
Raf”ﬁ A‘ o its | B the two Inswers
Y
Set n=2 S{'.a.\rl:'mj with
i R=4 \,n ca levlate
| Inteqrate e change in
T':r 2 pﬂezai A:il each answey
1 from ‘H’Ie
pre ceo\’mﬂ one,
]r.ﬁeﬂm\:e by That is, compare
Slmpion 'B"C 'l:ra-PeZO-IAA.\
resvlts for N=)
Store answers with those for
in an arrad =8, and so
! forth )-For both
\D ouble N methods
: i
No Yes Print everyjthing
‘ with clear
headings




NOW) test ouvt Youy Pprogvams \05 See’mﬁ i§
Wov can 'm%eﬁrate the -Fo\\OW'\nﬂ Sfunctions
between the given limits. You can either
write a sepavate FUNCT progvam for
each one and -vun them one at a time, or
6\58 Yov can 'tY‘lj Us'mﬂ an Ex{ernd S'\:a)r,emenf
v yov know what that is. [ suaﬂes{ rumning

t\\em oneé a.Jc a {:'nme 'cov- now.

rLFrtj these

|
Y= Z-\—' ‘g“ram X=0 Yo X=2

(APhe answer shovld be O.é‘B]S-)
1
Y=T3@ fromx=0 tox=|

(‘{F%e ansSwey shovld be % )

-X

u= € %  from X=0 to X=04

(I haven't the ?ogaiesjc idea what the
\r'\gh)c answey 1s bub I wouldn’t be
swrpr'\sed 1§ 1t was 0.389 SOme'l:\ﬂ'lnﬂ.O

w=(X*~ cos X) e™* Srom x=-1 o %=\

lllll
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Were’s & nominal *nomial gov?a\jt
x> = 14.275 x° + 5] X - 54.3,8

A“'j po\anom’m,\ of Aearee 3 can be written as
a‘xs + azxa T azk o+ ay
The a’s stand for constant coefficients. For

instance, in the nominal >nomial we have o=l
o, = —14.275, and so on.

'W'\'u:fs he a\m
the third deﬂvee?
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ihe valve of a polynomial of any
d.eﬁree N may be COMPU"Z&&L for a Pa.rjcicu}ar
X vs'\ng the {:o“ow‘mﬂ a\ﬁor'\'t\nm:

Jet Fo\bnom'm,\ valve
to zevo

t
Set a counter, k ,}

to zero

|
Add )\ to k [+

Y
\Rep\a.ce the Pa\ﬂnomia.\ valve

b'j a, plus X times the
current polynomial valve |
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"A sadder and a
wiser man

He rose tne
morrow morn.

- Colerid g€
The Ancient Merine

Wrﬁe o function sub?VmﬁYm

' based on the pfeceol‘ma a\ﬁor'\’dnm.
Yoor function should be able to Ca.\CL‘J\a"‘.e-’l:ﬂ?e
velue of o\unomial of degree less than
100 . AYHES 30§ the Funcjciog shovld be
the valve of X, the deﬂvee N, and the arvay
of coefficients,

0.K.,Chief!
T’ve done that Po.‘rjc_

Now write a wmain program to vread
m the po\ﬂnom'\a_\s and. print ovt the vesults,
0t shovld read in the degree of the

po\ﬂnom'm.\ )fo\\oweaL by the coefficients Athen
L Shovld write out the polynomial, After
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thal it should read in o valve fovr the
var'\a)o\e)*:\\en evalvate the PO\\'?Y)OW”.OL‘
and print the valve of the variable {ojeﬂver
with the valve of the Fo\tjnamia.\. Kee?

\00\9'\105 back and vyeading in new valves
for the vaviable il you read a valve of
-999.991 . 4hat is a “flaq” which says

\\Qui‘\: eVa.\uajc‘mﬁ this Fo\gnam’ml
and g0 on Yo “the next one.”

W
—HM99%

Here are the Po\jnom'\o\.\s ‘\‘,o "ZYlj
X2-5X+6 ok %=-2,-157,0,2.18-3,4

144 X3~ 8 Xt =3.2X+171 at X=16,2,-2,18
X2=7325%2+12%-63 ot X=-27.25)-‘f.'3)l3.é
12X8+3X-42 K>+ 4X186 at X=0.86)1.2,4.15

Xt=526%8 44 at X=-3.6,-2.1,-15,-1, O,
|> 1.5")2.|,3.é
@F covrse, Yov can check some of these in

Yovv head .AThe §irst one comes ok 20 ot
X= -Z) the last one is 4 at X=0.

Make vp some test poynomials 50uvse\¢.’
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“And nothin 3 to look backward to with pride,
And na-\:\nin5 ko \ook Sovward to with \nape S

-Robert Frost,The Death of f)'»e/"ireW

e @\, ‘

N@Wg suppose Yyou wanted to find the voots
of one of those polynomials you were playing
with (Yes, I know you never wanted to see
them a.ﬁcfm) buvt jus{: SUppese Yov wanted to
Find the voots of one of them!)

Let’s assume you know thak the polynomial

has a root somewhere in the intevval

X, & X <X,
HOW wovld T know JC\MLJC?

Bor example, 1f Yov evalvated the polynomial
at X, and at X, and found theve was a

C\\anﬁe of S‘ﬁ“) then IjOU?Ol know there
@ be a voot between X, and X, since
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the Po\ynomiw\

16 continvous,

Pardon me. How can I
56{2 From P\us

1 reckon you have

to pass 3(.\wau3\q
Zero 'Lo Se{ﬂ\eﬂ?.

* (‘Po,ynomia/ Valve f

o at X,

A quick and ﬁEasg“@ way to Find
X* is to evalvate the Fo\ﬁnam'\a\ at a
point Xy, midway between X, and X,,

_ X1+ Xz

ASSVminS the roo’c.) X*) 1s not exuﬂj od;‘)(é
(and it wovld be pretty amazing ¥ we
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were that \uck:j) then we have two
?ossi\b'\\i\:{es fov wheve Yhe voot is \ocated.

x3:__ X]";Xz

—

/V@:@

/V@:@

X

/\

Lm><
/><

% Bhe voot X lies between X3 and X, 1§
the valve of the po\5nom'\a\ has the

Samg §.‘35’,0, a—jC X\ and at X3 . @Xa.mple:
in the case shown above the sign is

Pos\\?"\ve at both X, and X5 ,s0 the root
lies between X3 and X,. Hlad Yoth

5\3% been negafc‘we> the vort wovld
still be between X, and Xj.

%’ Whe voot X* \ies between X, and X,
1§ the valve of the 'Fo\jnom'm,\ has a

4\‘ﬁel\lcslr):t sign at X Srom the 5'\3n at
X3-
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When we started, we didn’t know wheve
the voot was, but we knew it was somewheve
between X, and X,. 5 hat span is called
on “INTERVAL of UNCERTAINTY.” Wow,we
Still don’t Know exactly where the rootis,
but our interval of uncertainty is only
half the size it started ovt., We can
repeat the same proceduve over and over
until the interval of uncertainty is as
small as we like!

ha\:)s ma\re)'\:h’ls same
l:ec\nnique can be used
to find roots of
continvous function,

not just polynomials!
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B his method is generox\\ﬂ called the
HALF-INTERVAT SEARCH Jt:echmque.

T don’t want to
/a.p ear immodest
\’bmf Yyou might

mention this isaso
Known as the

Bolzano Bisection
Method

tyve., Anj way esC\wew'\nﬂ susjca'meol
the '\nlcevroga.)towj ond.
bea.{"mg around the bus\n)

based on this method.
which will take in

ending valves for an interval
)toge{:%ev with a tolerance
valve of . program

for

the tolevance.

that valve of X as

2t have the subrovtire
end points on the
a.\onﬂ with the

funckion ot those enal?o’\vr\:s.
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(Both ends shovld Benem.\\ué be almost the
some Fo'\nk ond the Sunction valve shouvld be
near\tﬁ zevo ok both ends of the final
'mjcerva\. @SG E format Yo write ouvt these

small numbevs.)

Hint: If Yo want to
Know i§f two numbers
have the same sign or
diffevenk signs, mu\’ciy\ﬂ
them Jwﬂejdne\r. 1f the

result is prsitive they ,77%\30
\ﬂa\/ew Yus \\’P

Your svbrovtine should be able Yo §ind
voots of @@ continvous gunc\:‘\on, 3iven
vpper and \ower bounds on the voot . mow)
to test ovt Your svbvovtine , write «
main line which will vead in pa\ﬁnom'\a\s)
toge{\r\er with tolerances and boundson the
\ocation of a voot. EDs-mﬂ the ?0\3namm\
PYOﬁY‘&Lm -From Yrob\em q) 'gind one Oy move

roots for each po\jnpm‘m\. As a test case,
find o voot of

X2=14.275 X2+51%-54.368
to within 1X107%. B voot lies somewhere
between X=7 and X = 40.
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1SA MBI N OF

F\owc\n art and write a COMFUJCeY
fragfavm ’to ca.\cu\ajce Jc\he onswey 3:0 the

foll owinﬂ qvod\'\\oet :

How many bambines did

\Bi\_zmo \na.ve?

Pﬁnlt ovt yovy vesults in a ma{:\rix) SIx
bambinos to a line.

Ho.\n) \na.\n) the _'\Dke)s on ljou,/

The answer is® None to speak of.”
Bernhard Bolzano may have been
aFaerr, but he wasn’t a DaDa .,
He was an Aus{v'\a,n

Catholic Priest who
lived from 1781-1848
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l\ne Bomewovk Gelcs Chees'\erano\ C\nees'\er:

A field mouse, a church (or 55ﬂ430508>
movse, and a doormouse find a nice
{‘.ria.nﬂu\a.r weof.ge O": Sw'\ss c\neese.guc\n o
Govda find cheers them vp becauvse they
were \Cee\'ms kind of bleuv. (\Bu{: I d’\ﬁress.)

Gamembert to the sv\o:)ec\: at \na_nd) each
mouvse starts n'\\o\:\'mﬁ at a different vertex.
The fie\d mouse tunnels towards the
doormouvse. the doormouse nibbles towards

the crunc\n‘\)ng sound of the churchmouvse,

and the churchmouse heads towavds the
field wmouse. 1 would have inclvded o
£k mouse but was afraid to offend my
Secrefa.rg.

Be that as 1t may, write a progvam

usina comp\ex a.r'xu\me)t.'\c {‘.O ca\cu\a.’ce omd.
pr'\n’c ovt the loci of the three mice
(and the ovkline of the cheese). I your

Compu*.er‘ has a p\o’d‘.e\r) vse it to ]o\ot ovt
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the paths the mice follow. If you don’t have
a plotter, print out the (X,4) coordinates
of each step and plot the paths on graph

paper by hand.
Blso calevlate and Prin{: ovt the

},o’ca\ dis\:a.nc\e Hne\ three wice travel |
assuming equal nibbling speeds for each).
Assume 1\"6 cheese is aequ!:)la%era\) one
mouse measure on a Side.

Us the meece’s locus sensitive to the
nibbling sFeed? Size of nibble ? Brand
of cheese?

Remember: at each 'ms’co.n’c) each movse
a\wcujs heads 5'\:ra‘\5\n‘c towards the other
vodent. Since the other mouse 1s also
moving, the mice end vp tracing ouvt
“Pursvit Curves,” Put tick marks on the
curves after equal nibble intervals, (Say,
every ten n\bb\es.) Fithen yov can check the
accworacy of the calevlations btj \A'jinﬁ a
straightedge on the plot, tangent at a
tick mark. If the program is covrect,
the tangent to the doovmouse’s path at
'|:\f\e 7”’ 'l:'lck mavrk shou\a\ Pa’m)c s\:wra.'\jh'\‘,
to the 7t fick mark on the path of the
churchmovse . Athis Kind of check 1s the
proot of Yhe pudding, or the cheddar in the
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cheese. @\-\eck‘mﬂ the program s as
important as writing the praara.m.’
w2

£
N’
N
7

Engeniaé 9 ..g—-

9’5’ tickmark

,ooimfs Sirm’ghf to 48 mark on other /acus,/

For Va,v‘\e’cg) Yov m'\ﬁ\n)c frﬁ 4 mice on a

squave, o Oenerals on aYentagon)etc.@n\ess
!jour Progra.m makcs vse &'F Sjmmetrj) 501}
need not vse a Y‘egU\a,\r ‘?’\3:})’6)0.\'\:\'10{/3\'\
some wmovse miﬁh': come n last.

| mm (Movse Measvre) =
10, s\:roﬁ\g\n‘&eneo\ mouse tails

in length, by the way.

Use your Comyuter 55s£em‘s veference
manvals for information about P\o{:)cinﬁ and.
also abovt comp\ex arithmetic. Be swre to
Tﬁ?é‘ a.\\ home-made ‘Ft)nc‘\:ions ‘Hla:\: _Return a
complex valve, I¥ yovr system has it you
m’\ﬂ\n’c *,rﬂ us'mﬂ the IMPLICIT COMPLE X
s’ca\:emen’c)jus'k to ’Crt:j Wt oout.
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/" What? Did you say
T haven’t any idea
how to begin?”
S~
0t% veally very simple. Wee
track of ’?\18 m?ce u:ﬁma o F
complex coordinate system:

| (MOUSE - DMOUSE
DMOUSE

CMOUSE

NN NN

RS e TR AA —p= x

Ifhese are cheese- fixed word‘ma)ces.gt)p?ose
the doormovse’s Fas\’c‘\on is given )aﬁ; any time,
brj the me\ex vector DMOUSE . A vnit vector

'"From "t\)e Aoormouse 'Eowaxals ‘\:\qe c\'\urc‘nmouse.

\
world e L DyUNIT=(CMOUSE -DMOVSE) /
i CARS ( CMOUSE -DMOUSE)
[ his nibbling speed s “BITE’ then his

next Fosi\:’non will be

DMOUSE= DMOUSE+RITE*CDUNIT
See how easy it 1e 7
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Here’s a,E@\"o\a\emTha:\c @aussﬁ.gaj\nﬁ the @?a'm'.
(Beidel vp to it slowlyl)
Suppose yov had the equations

2%, + X, = I
X, +3X, =18
You cou\ok rewr'lfe JC\N‘,’ equa,hans as
” - Xa
Xo= =7 ®
18-%, |
',—-Xa: 3 1 //I

Rl PERIEP PSR A

£ sim P\e iteralive way to solve these
equations for X, and R, is as follows

Guess o valve for X,
Tryitin eua.\:’\on®
Take the resviting X,
and ‘br it in equation ®

"Take the resvlting
Xz a,ﬂ& oo
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Bach Ltime )t\rwou3h the \oop) the valves
would get closev Lo the trve voots. When
Jc\nezj stop c\na.nﬁ'mﬂ bg much,'Unej are
close to the exact answers.

@ne way to picture the sitvation is

l ‘e
.5'70:1 tion A 5’7(/4 tion5

2 3

X |

B{ this doesn’t Wov\é) then Yov ave 3o‘m5
the wrong way around the loop Un other
words | if nstead of converging to the vosts
{:\n'mgs start to blow vp, then You shouvld

be 50\v’m3 equajﬁ‘mn @ for %Xz and @?ar
X, .

This whole 'l:\\r‘u'mﬁ 15 S‘Lup“\d!
I can see by inspection the
answers are X, =3 and K,=5
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— N\
And I can see bj
inspection you arve
an aravmentative
tvovbie maker!

Ac{ua.“ﬂ,i{’s trve. Bor two e?m’cions
and two mknowns this is a stupid and
cumbersome way to solve the equa:}:ions.
Yov can easily solve the problem in closed -
form with no need §orv itevation.

So what’s the peint ?

brhe Po’m'\: is, ‘b'ﬁs method covld

be vsed if you had many equations in many
vnknowns. In a case like that, it wovld be
havd to solve for the answevs bg an
‘exaclt” closed - form mathematical procadvrg
What's move ; the “exact! answevs bhat came
out wouldn't veally be exact,dve
accvmvlation of voumd-of€ and tromcation
evvors. AThis iterative scheme keeps
improving the acewracy & the answevs
each time avoumd the \oop, so its
“a.ryv‘ox'nmnie' answers may n.c{:va.nj be
bettery than the “exact” answers fomd by
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So\v'mj the e?ua.'\,‘\ ons Aired:\:j. What’s mere,

it very s‘l’.m'sﬂ\n{- §forward. to pvogm.m'.

ow! What do yw call this
 methed., anqway ?

[ call 3t “Dv. K’s —Ve\rj Own Svpev Duper
A#| Palented Eqvod:'mn Solvev.” Aithe vest
of the world calls it the “GAUSS- SEIDEL
method , Just becavse BGavss was consideved
“3\'\6 “Y\r‘mce a( ﬁa‘h\memabc'\ms' and ‘?‘\ﬁweol.
a\l this stuff ovt a cerr\:w:, and. a hal§ aqo,
1 don"\: see w\nﬂ 1 shouu.n"‘: 3e\: some aH:he
eredit,

Esc\sew‘mj further obfuscation s the
dencvement at issve in the pvesen\; pev-qu'\sﬂ:ion
is... (or, to put it ancther way, )

Here’s whal Ya ﬂa‘H'A- do?

F\owo\nax‘\; a,nc\, wv'»\:e (78 Fvoj\m,m ":‘o solve
two equations of the form

aX, +tb X, =¢C
AX, +€xg =%

vsing Gavss- Seidel i\:eva:\.ion, where a,b,
¢,dye,and § are veal nvmbers to be read
n off of cavds. 51;0? ])ce\m;l:'mg and pr‘m‘\;
ovt the answers when X, and X, o\mnje
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\05 less than 1X10°Y Svom their previovs
valves. ov 1§ no solvtion hag been found.
a.-g'l:ev‘ 100 tevations, ( Print ot an
appropriate messaqe In that case,
Trg ok least 10 sets of da.‘\m,,inc\ud'mj
the sample example $vom page 237

Bor extra crea\.'ul:, geneva \ze yovr

program to handle N equations in N

vnknowns.
en does s mebrod work?

Bfhis method works when the coeiciedt
of a A'\fferen{ unknown in each equation is
larae compaved with the remaining elements,
Solve each equation for the vnknown
has the biﬂjes‘b coeSicient (in absolute valug)
Brhus, in the example, we solved the first
equation Sor X, and the second for X, ,since
2 is bigger than | and 3 is also b‘nﬁsev than [.

Here'’s a yr-ob\em ko 'Lrg the WlizeaL
?Yogra.m on.
I5X+ 1LY+ 722~ W= llo.1g
12 X=17Yy=3 Ztélw= 72.|
X + y+ 8z +zw= -R28
X = Yy - 4 g +r43w= 1982

@ne of the answers is 4, anotheris -3.¢!
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Razors pain you ;

Rivers are damp;

.A.c'lcl.s stain you |

.A.Y)OL OlYUﬂs cavse cramp,

Quns aren’t lawful;

Nooses give;

Gas smells awfuly

You migk’c os well live.
~Doroth Y Farker

@uFFose Yov \'m.ot ‘t\mrec ":owns) A,B,a.nal
C, connected by roads as shown on the
'?o\\ow'mﬁ map :

Pistances between these towns covld be
YePresenied by the {-'onaw‘mﬁ arvay &5 numbers:

To Town
From )A
Town {%

o
3
00
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Athat’s 'm'?in'a‘kﬁ)dado) and s becavse of
the one-way street.Wou can’t take a single
street Srom town C to town A) 5o egechvelﬂ
Yhe lenath of the divect voute from C to
A 15 wnfinite.

Efhis s called a CONNECTION
MATRIX. A Row of the makvix corvesponds
to o town at the Starl of the voads,
Blements inthe row c:orresponJ. to the
‘eng‘l:}}s of all the voads leaving the town Sor
some?\ace e\se. @9‘}3;}')‘03 0'? 'Hne COnnec’cion
Matvix correspond to the towns at the Ends
of the voads.

Orfhe 4 in the mabtvix means theve
1S A 4 mile Too\.o{ {rom A tg C. 'ﬁ"he
ZeYosS On ‘l:he A'\aﬁona,\ n the ma:l”.ﬁx mean
theve 15 no distance from a town o itself.
Dn-c'mﬂ:j in the matvix means “You can't
68{: theve from heve \73 a divect voute,
even 'b’)aug\w Yov m’nj\n’}, be a\ole +to 'l:ransfer-
in Peoria and take the milK trvain from
theve ,
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Nlow svppose one wanted Yo §ind the
hortest) distance from | B to A.[Hrhe
second. row oF the matrix shows the
distance from B to any other placefithe
first column shows the distance from
anyplace to A,

L—u_"\'\us) the shertest vroute Trom BTo A
gom \951 any combination of FA'HOS is the

minimony) of

3+0 O+3) or 2 1 €O
3 3 o0
hat '\s>_3_,

—

%iml\arlj:ﬂ\e shortest vovte fvom CtoA
is 3'\ven \‘)ﬁ \ook‘mﬁ at the third vow and -{-ﬁc‘o\mn
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P 0] 00+ 0
. ‘,-”;7.‘.\‘“"3 Minimom | 2 +3 |=5
0 2 0] ool 0+0/) =

TPhus we covld form a new makvix
s\now'\nﬂ a\l the one or two voad distances
from any town *o any othev, Arhis
matrix wouvld be

B C
' .g TWO ROCLA»
A \ 3 4+ COnnec’c‘\on

B|3 02 M aky
¢cls5 20 it

If we wanted Yo find the shortest
\)Z> oY 3 \roow\ Pa.‘\ch §r0m any F\a.ce
to any ojc\ner) it wovld be Fass\\o\e Yo look
for Yhe shortest 2 voad path to any
intermediate SFp“c followed b\tj the shortest
| voad path from heve on 1o the destinabion,
Notice, however, thal since there ave onlj
’M ‘tawns) Yov would never need to take

move than twe voads to get to any other
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Ya,ge 5and the *,JJ!@ rotien"'xr*exp\e’dve
delete o\@\ﬁ' hasn’t even told vs the ques{'wn!

%up?ose we call the element in the !..H"
Yow and. J’u" column of a connection matyix
Cii. &hen it’s yve\:‘\:j easy to calevlate

these elements. &uppese,in general , we had
n towns and we wanted to find the

shortest 4 voad. connections. Gfhen

n )
@) (C(B) +C§3

C:. = minimum .
Ly 5( Jo=1 Lk
Do 1t for all Shortest 3 road  Shortest 1
Poss/' ble #’s rovte from road rov
from [/ to n L to R From /éééj

,CS> will 'l:hgn be the shovtest 4 voad ?och
Lrom town L to '\wwnj.

.\Teﬂﬁ '\n*:eresJ(:‘mj) but
w\rm:t Ao ﬂou Wa.n‘l:

s ’ta do’?

Wr'xlce o -Func’bion subyroﬁ\m_m w\f\ich)
3'\ven a list of n valves stored in a
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one - dimensional array, will find the minimuvm
valve and give that back as the valve of the
funchon.

hIfen write a Subvoutiﬁg which,93ven
an v - vroad connection matrix and a
one - path connection matvix will find
the wmxy | Pa."c,\a shovrtest connection matrix,
Hrhis svbrovtine shouvld woyk $ov any
number of towns. ifhe actual numbev of towns
will vary , so pass it to the suvbreuvtine 't%vatﬁh
its arqument list.

fs'wm\\ﬂ 5 write a Mainline which wi) read
in first jthe number of towns (H:o\O)',
then the |- voad distance matvix Sor
those towns. Read | vow of the matvix
ol a '\:‘lme> vsing an 'me\ieA Ao, Since there

ave 10 towns maximum, vse a Sie\Ad 8 colvmns

wide. F g., the distances may be $ractions
like 4.5 miles. (APhey m'lf)\n’[_ even be in
k'\\ome’aersﬁor that mattev, or ’c\ne\:j miaght
be Travel Times instead of distances!).
(Fhen gau)p{ be '?'md'mj a QU.)CkG’S'tY&{‘h)OY
'BYa.c\r\'\s'\‘.ac\wone,'\nS"\:ea.d of a shortest ?cchh!)

0¥ there are m ‘Eoums) Yovv mainline shovld
vse the subrovtine m-| times to find the final
distance matrix, Print evewfjﬂwin g ovt nicely and
g0 back and vead in a new data set.Make vp some
good. test data !
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“As The Worm Tvrng”
WLEV\ \A.S‘k WE saw ouvr 'Fa_m]lﬂ o

s’nmp\e-M'nnAeol quo.dv'x\e wovrms t\neg were
living on a piece of screen, a vectangular
mesh d'xpped in \naneg.A’tﬂplcm\ woym
wovld eat the food a\onﬂ the wire and
turn giﬁbi: when it came to a junction,
assvming Soo0d was available on the new
wivre, DP-\:\ne wire teo the Y'\ﬁht had
a,\reaa\,ﬂ been nibbled, the worm wou\dﬁo
Straight at the junction. I the worm
can’t qgo r'\ﬁwc or 5“:ra'|3\n‘t) he tums 1t,
§ no §ood i1s \eft on any bmmch, he
expires, poor chap.

1P
Wi e 6*’(‘

Nou are Yo ?roﬂm.m & Plot the erratic

covrse Sollowed by each worm, @alevate
and print the total path length each

worm travels, prioy to his unlimely demise,

SO

]
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Dncidentall 5 to keep this from beinﬂ a
Co\o\, calcvla ’mﬁ s{:ud_lj of worms Wrﬂ:\ﬂnﬁ
n \wnﬁer) it would be a nice, human touch
to Na.me ea.ch worm, L’E‘\ne names 0’? the
worms, together with their stavting
coordinates are to be punched on data
cards. When a worm dies, it wovld be
\:\woug\n'\:-?u\ to wyrite his ov her name
beside the spot where he or she Kicked
the bucket. ﬁ\so) when you wvite ouvt
how faxr the worm traveled, Yov can
vefev to i \93 name,

I vead ov write variable charactev
'\n’?orma}don) Yov need. to vse A 'Fam&d:.
Dince details o5 how Compu’cers handle
character data tend to be wmachine-
o\e?enAen-\:> Tl let Yyov vead abovk it in

yovr computer manval for yovr own 5js~lre\m.

What’
mac\%‘mz ~§Ependent?

IP’s one that the Comyu’ce\r
lists on '\Scs W-2 'Qovm.
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Your program shovld be adble to handle
fyom ) to 10 wovms, Mv\’c'\?\e worms shovld
s’ca.r{ $rom n'\ce) %mmé%r‘uca\ Fos“\’c'\ons &
yov want pre’c\:S paﬁems. Onstead oF
reao\ing in a data card 'Ee“'ma Yow many
worms to vse O\Uﬂnﬂ a pmr’c‘\cu\a.\r wo\rm’mj,
Keep \rea.d'mg data cards with the names

o¥ worms R\ oV Comé '\;0 o carxd Jc\aa.\:
says "GOWORM 4Fhen plot that bakch of

worms meand,ev\nﬁs and s’cax'h ovey.
£\ s’mﬂ\e worm would do this:

(ﬁf:tic.e, be dies where be darfecfj
pavvre petite.

’ﬁ:rﬂ the ‘Ca“ ovV'mﬁ S'l:a,r‘t‘mﬁ Pa'H:eY‘nS)
Y\vs any othevrs that “strike Yovv 'fa,ncg.

g L g L)
ANV 2168y euulnr
___—T—Tr -~ O
‘ - - 7 2ELDA BE?)II:E_-
.T;l"c;ll Tom I

"‘ LI
“Fhese are all tested worm names. (Andy,

Vieki ,\. axvy >Tom , and Exland weve m long -
svffering hard- WDkk\n3 Tea.c\w'mﬂAssis{an'l:s atMI T)
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Lebt’s Get To The
ROOT 0f 1t All

VS Padent
#221,855

' U.S.Patent
’\L #328,899
g

recl

b

t 1@
F

In 18685 My. Andrew J. Movrison of
BufSalo, New York veceived U.5. Tatent

No. 328,8‘1\? for an aevial ra't\u/a.g run by
gra,v.l":lﬁ. A\S skown n {:\ze '\“vs{m.{:’mn, {‘,he cavs

coasted a\ang beneath a continvovs cadvle
suspended. from balloens. Arthe balloons covld
go Up ov down Yo achieve the necessary

GLOWY\\’;\\\ Mﬂ\@.
@no\.ou\ohec\\g bo{\r\ M‘(_ MOYY'\SOW a‘no\_ \'ﬂt’)

pakent have expived. 15 not, he couvld
easily sell his idea to the Department of
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Trongportation. But gince the patent has vun
ovl, we ave free Lo vse the 1dea to Find
Roots of Nonlinear Equations. @F course,
’che idea will requ'mg some minor moddication
for ouv pvrposes,

@uppase yov want Yo {ina\. the vroot X*
of the function Y= £X).

B L . £0x)) ’?(X*)::O

y=§(x)

L (%) YeOlde
: -Rzgt

i ¥ ' ' oo
o % \X

We covld start oy ma.\&‘mg o pair 0¥ quesses
ak Yhe location of the voot. het’s cal| these
guesses X, and X, When we evalvate £(X)
and §(%;) we find we wever’t anywheve
near the Yoat) but be’mﬁ Yoo stubborn to
quit we plow on.

Fo\\owmg the SU3jeslc‘\on of Mv. Waldo
B. Secant of Krotz Spv'\ngsjlou'\s'\ana.)
we maXke an Bdvcated Guess thakt the

function can be closely approximated by a
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S{ra\g\f\“\_ \ing in the v'\c‘m'\JCS & £X|) and
§(x). We pass o 5%«@5\3\'»50 line Jchmz)ﬂ\n $x)
and §(X,) and slide down it to a point
Xy which 15 closev to X* than was
eithey of our two starting guesses,

Bncovraged ,we do this again and again,
each time passing the line 'Humug\n the
- th guess and the kth guess to Preo\'\c’g
the kst 1t quess,
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Rs yov see, it doesn’t take us very many
guesses to slide vight down Yo the answev.
We p\ro\oa.\o\«j covld  have 50‘(.\:en there even
faster 1f some joker hadn’t wrapped
barbed wive around ovr straight line.
Anﬁwag)w\nen Yyov see that H’-(XH s
within some Yeasonab\e {:o\ercmce from zevo,
guit and call your last X the answer.

In honer o6 Waldo Secant this s
colled the SHCANT METHOD. cﬁ:rﬂ
Us'mﬂ 't to find Yhe vooks of the go\\ow'mﬁ
equations’

e—.x - Sin (%} =0

(A root lies between O and 1)

2 Sim X = "é‘
(ov =2(2-_~—ZS‘mX)

EnOUﬁh) a,\'(eaw‘,g.'

A\ v'\ﬁ\\t .
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The Distillation of Human RY\OW\QASQ

%OO‘&
N
\V
X))

Tigure 1

Bn exPer'xmenta.\ catalutic convertev \oeinﬂ
developed. in the Wills 0§ Kentucky in a top-
secre{ \reseaxc\w pvojeck converts sour mash
into a lead-Sree fuel which can Pu‘h new life
into your Yived o\A carburetor. AThis work
is beina condveted vnder a joint vesearch

roank Srom the MaSia and the Cenbral
%n*:e\\'\gence Aﬁenaj.

Bxact details of the device are, of covvse,
classified . However, a ke::) component of
the 555\:em s a \onﬂ square p'lfe with a
second square dvek yunning Aown the
middle. (See Vigue2) Trhe space between
the two pipes is packed with fermented rye
magh, B critical question is
ol is the exact lemperature
A'\s\x‘\}zu’c’\on in the wmatevial??
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T =100°0n Top

Linear
Increa.se In

Tempera,’(.ure
On Sides From
32270 100°

' 32° 100 T

— — —— ——

Figure 2

Drawn b 5.‘Moan bean MeSwine , Inventor
Signed.' X =2 His mark

We need to vse the compvter to calcvlate
the \:empem.lcure distribution in the rye

pacKed between the two square Auc’cs.‘%’\he
ouvter pi?e is 9 inches square and. the inner
ipe is 3 inches square and vuns Aown the
middle.

s pa.r’c 0§ the 1 1kker Cono\ens'mg
Sgsiem, the lower part of the ovter pipe

15 svhmergeo\ in o Constant Tempem_’cwe
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Bath, consisting of ice cubes ﬂoa’c‘mg n
K'\ckapoo 305 Jvice, Gr'his keeps the
whole ouvter wall of the lower part at
exa.cjc\(j 32°F,

[A\s Fou"l: of the Likker Eggs{rak{:er
S5s’cem) the innev pipe is filled with
steam which keeps its walls at a constant
2l °¥w

ihe Jt:,op svrface s pow‘t o5 the
_A_\K5 Reﬁenem)cor & Revenoo Offiser
Roaster. Afhat suvrface is kep{: at o
constant 100° b:j the h'\ckorﬁ five.

he sides of the ovter pipe vary in
temperature ) Srom 100° at the top down
o 32° ot the \’)eiﬁ\w\: of the ice bath.ithe
bath comes 4" vp the side of the pipe,
as shown, hus, the bottem 4" ave at
32° and then the pipe wall ineveases hnear]lj
n .Jcempera,’cure vp to 1002

Thus , we know the -Bounala.rj Tempembﬁe
all around the walls in contact with the rye
mash.Arthe Calcher in ’c\negbe ig

YHow can we ‘Fif)uve the
“Lemperaiure in the material

i’cse\% kn0W1nﬁ '\3\'\8 \Douné\avﬂ
temperatuvres ?
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1l tell yov how? I4’s not very hard at
a\l, Just Keep an eye out Sor the jRevenoo
Officer while 1 tell You.

Suppose we weve to subdivide the space
between the pipes into a lot o5 small

square regions as shown below

First Coluomn  Twentieth Colvmn ‘Sﬂ;sf
Row

n

, ‘?f}@ﬁeﬁ
——— ow
| s— |
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Notice 1 added an extra row of squares
inside the innev pipe and ovtside the ovtey
pipe. I’ tell Yo sbouvt those Thantom

Sqvaves later.

! Now, 1§ the squares ave {sma\\genoz)ﬂ\n ,then
it 15 reasonable to assume that the
tempera&,ure s umform within each square.
In othey words, we covld say the squave in

the 7t vow and 1281 column is at 53Y,°
ond we wouldn’t need to say how the
temperatvre varied acvoss the squave. With
small squa.res)‘l')neve wovldn't be much variation.
@\So) common SENSE {?an Us 'ﬁm.‘}:‘):he.
temperatvve in each squave wovld be the
CA?V%@ o5 the Jcemyemi:wes at the

N
‘F’OUY‘ ne'\ﬂ\'x\oork nj So]ua-res'.

1,
tZ}-IJJ s /\L];F,Ca,t/ ,971/4)’6
T |Toi [T i
> L Kow and
Ti*’aj J'ﬂ'(io/umn

\MAGIC_FORMULA
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[Eoo\('ms ol the 'F’\guve on page 258)
we see we covld set Up & \933 20 by 20
makrix in the camputev ond vse it to
store the {:em?era},uves of all the hilkle

3q vavyes.

But we don’t Know the
tem pevatures o5 2\l those squaresf

El_.Frue) but we 3__?_0 k\now Hne ‘t:emyem:l:vres
O'g afx\ ’c\ne -E\rm-nj(:om Squa.res a.v‘ouno\ ﬂwe
boundaries. We can §ill those valves into
ouy maktvix, since ﬁneg aren’t going to
change.

hak abovt all the squares
beltween the twe ducks?

Theﬁ’re ‘\:\ﬂe Prob\em) oxen’{: ’Bnelj?tgusjc
to 36‘\: S'\:a.\rlceo\) \e’c’s avb'\‘\:nw'x\ﬁ set

Prem all o some veasonable valve
between 32° and 212° say 20° o so.

You call that Science?
Tt sounds pre)c\:g vand.om to me!

FPROBLEM 17-6



DJC_\_S Freﬁlﬁ Yandom becavse it
Doesn’t 'Bea\\xj Matter. Ahis is just o
S\:ow)c‘mg quess. Now we’l '\Jcend:“welj apylﬂ
OUY Ma,g‘\c, Formvla and use 1t over and
over to improve ovr estimates of each
tem?era{;we. When we’ve '\:\nvoua\q)we‘\\
Know very c\ose\a jus‘t what the actual

i‘.em Pend: vre a(: each squave vea.\\:j is.
Start with the first nside square and

i’cero.jc"we\tj s\:ep Lyom squave to squave,
apploing “the (Megle Forguld) o eacr
Inside square. Stove The new "Cem?emjcure

for the squave in f\ace o5 Jc\ﬂe old valve.
What do we do when we

reach the last squave?

N —
@o ﬁﬂ\n'\: back to the Livst squave
and. do it all over aﬁa'ml After a number
o passes, the temperatuves of The squares

won 't o\m:mﬁe much from iteration to
itevation, so you'll know yov have pretty
much found the final iem?e\ra{ure
Aistribution Yov weve \aok'mﬁ Sov!

Saﬂ that again®

PROBLEM 17-7



@.K. Here’s the process. You c‘jc‘le Lvom
square to square a,??\ﬂ'maj the Mag'lc'ﬁlormu\a.
&S Yov 940. Ea,c\n 'l'.'\me ) befove V‘ecoro\‘mﬂ the
new temperature for a squave, see how
much 0§ a change that is Svom what it
was beSore. Don ’t bother recom\’mﬁ this
ohaanﬂe Unless itis a blgag_\_r o\namge ‘than
Mtj 0‘&\6‘(‘ square ma-o\.c A.Ur'mﬂ ‘l:\na)c Fa.ss.
ithos , O\.W“mﬂ the pass, Yyov kcep track oF
the b'lﬂjeS‘l: (absduvte valve) change in
‘\‘.em?cvwl:we o5 any square.

That’s ;a.scj gnauah.'

When You ‘Gin'\s\\ with the last intevior
squave, check what the b‘\ﬁjesx\, change was,
n"') A.U\r'mﬁ 'Hna,‘\: Pa,ss ) some squmre c\\fm,nﬁeﬂl_
i:ew'\pem.%we 53 move than )/20) go back,
and do it Al “over a.ja'm. B§tev a,w\fn\e)
the valves will settle down and no
squave will change \93 move than 1/2°
d,uv"\nﬂ o pass,

At that ?oinf) o)uﬂ: and write out
the ’f-\n a\ 'l;em Fcrx‘;we matyix.

FHint#1°: Save *.'\me, $$, and space in
the computer \)«j ma,k'mj vse o the symmnet
aoouvt the centerline of the dvcts, {B]~

PROBLEM 17-8



Hint 22 : Make svre You Aon’t ‘\:Y‘j
app\5'1n3 the Maﬂ'\c Tormula to one of the
boundavy Phantom Squarves! Arthewr
’cemyem{wes never c\ncmﬁe!

Uncid\en‘\:a“ﬂ) You have jus’c so\ved.
Lap\ace’s eqwd:ion) Yiuw=0 . m:gou
wanted o wmove accuvake answev, You covld.
vse smalley squaves and a jr.‘\ﬁh\:ew tolevance,

So\veo\ 1% Tdonteven
knew Mr. Laplace!

Hint 23 2 Watch oot $or the Revenco
OfSisers!

Bracker Jim sez he was ovt Fichin’ onthe
lake tother evenin when {;wo'gevenoavs
Yowe i by him with a still they had just
con-?isca_'\:ed,, @n o\e man and a \:)aej
passed them yvowin? in tothev divekshun.
’fheg& vowed on quite a ways without
sayin’ a word, but ‘F’ma\\tj the \oo«j 5foke,
BGracker Jim sez "c\ue(j wuz Puy’cg v away,
but voices carry over a lake in the still &
the evenin, He cov\d make ovt the boy

> TPow. 1s thek ovr’n?

FPROBLEM 17~9










U(J)enj ?vnc\ﬂ'mﬁ FORTRAN

Statements...
Colvmns |=5  Statement Nombers
Co\umn b Continvation /‘farks
Colvmns 7-72 Statement Body
@ommenjcs oo
“C”in column |, vse rest of card for
the ackval comment.
@a.{:o, @ards P

Punch data omnjw\weve n columns

- 80 as specified in FORMAT

OO CLOCLCI QDL L IV O OO QU OV QY COM

@ons{:a.nts °

Rea,\ oyr F‘ox\.‘ma Point coo
2.653 or -37.29 or .2E-16
(Limits on magnitude ave usua\\3
from abouvt ORG o 107°)
In-\:eﬂer.. .
165 or —623
(Depeno\'mg on compu\:er, maximum

magnitvde may be 32767 or else
2147483647 as typical limits.)

Comp\ex...
(0.,1) or (2.1395,-8.623)
Logica\...

TRUE. or .FALSE.

MUTSHELL



Voriable Names 2
| to 6 chavracters long
|st character must be a_\p‘na\ae’c‘nc

Reals...
ALPHA, X, B14, DELTA, THETA
L%t thavacter can'tbe LIK LMol
unless variable name is ’ujped REAL

Integers...
NUMB, LASTX, K, M80, T, LAMDA
“\Stoharacker must be 1,3, K LM orN
unless variable name is typed INTEGER
Com?\ex>Lo.3’1ca\)Doub\e?reclsion,e‘\:c. .o
Anﬁ \eﬁa\ variable name but it must
be typed
(AN o N ool U N U RN L A O N QU Ul U U I QU N s U N Ul LI TR LI T

E X press\ ons S

Real...

PI+(2.6¥SQRT(X-Y))#Bl/(C-X)+ 2. %Y
In’ceger. ..

(4-1YXKI5)% MTOP /NTER
Comp\ex. .. |

(3.6,-2.8) % CMPLX(X,Y) /(VEC+(1.5,0))

Lag'\ cal...
X.GT.Y-2..AND.Z.NE.ZBASE

Eeress’\ans axe combinations 0(\lcur'\a.b\es>wnsi;o.m{sJ
functions, operators, & paventheses

NUTSHELL



@Pera’cors:

Avrithmetic..,
AT
Logical...
.AND. , .OR. , .NOT.
Relational...

XQ.,.NE.,.GE. , lE. 6T,.LT.
Hierarchy...
Evalvation of functions: ex penentiation;
multiplication and division ] addition
and. subtracti on; relationals (.EQ. 5

NE, GE.,.LE. .GT.,.LT.); .NOT. ;
AND. J .OR.., Leftto ns\nt,
paventheses override.

OV VYV VAT OO OO NN LYV ND

@ss'\gnmen{ Statements®
Arllt\wme\,’\c co o
ATPHA =(PT+SIN(THETA)) /2.,

Ar/'{/;m;?ic EX/Oressian
Means " re/o/ace by ¢
Sin\g/e variable name

1.03’\ ca.\ ces
BOOL = TOL.LT.VALUE

1.03}2;/ ExPression
Logical Variable

@eg) MUTSHELL



Gontrol Statements ¢
Uncondi bonal Branch...
G0 T0 50
Avithmetic ...
IF (X~ SART(Y+Z)) 20, 10,30

Ar/ f/om;?i ¢ & xpression
]fneﬁa{iye
IF zero
/¥ positive
Log'\ca\ 1f. ..
FHTF(X.GE.TOL.AND.Y-3QRT(X)
1:.NE. 0.) READ(8,60)A,B,C, M

6’61{5 done /'fex/oressiar)

/S 7?0'[
 {IF (BOOL .EQ. .TRUE..OR. K9.E0.
11 2% K8)G0 TO 80
Com)ou’ceoL GO TO...

&0 T0 (10,30,30,10,70,50,10), K1
HNeans"i¥ K9 egvals 5, branch
o statement number 70 7 since
that is the 5% statement number
in the list,

GO TO (50,20,20,1020), M
NMeans "go to statlement #50 ;F
M egvals 1 to 20 if Mis 2,3,0r5;
or to /0 }fﬂeyua_/s 4.

NUTSHELL



DO LOOPS...
D0 30 K=1,M,3

1 AN
0 CONTINE 577
DO 0 I=1,10 Pos/’zye ]nfgyers

DO ¢0 J=5,150,5

%

Db 40 Me=11,7  Hested

$ $ ¢ Zoaps
40 § 77

(L0 X(1)=X(1+2) +DELTA

Increment ¢ test occurs ot end of
DO loops. DO Counter can be Used.
bul not Abused within \oop.

OO A0 DA 0 A AU AT D) DAy OO
Awags%
Subscvip’cs...
K, I-1, 2AMAT+3 |LL2+1 | ete.
Leﬂcx\ subseri P‘cs « Must be one of these:
]:ﬂfejer Constant

]nzfejer Variable
Int

eger Constant ?ffnl(ejer Variable
or one of Zf'hese l‘wa f[f?fejerC’OﬂS fdni
Svbsger P{: valves must be positive

inteqers, \éSubscr‘\?)cé Dimension Valve.

@7 NUT SHELL



S'EO\"'a.ﬁe e
Bg co\umns>w\ th |st subscv'xP-E Varj“mj
most rap'\o\\aj, S{:ora.ge is veserved by
Dimension Statement at start o5 program
which sPedﬁes maximum si1ze of svbseripls,
Examole . ..
DIMENS10N X (50),Y(10,2) MM¥(3,2,5)

ix% %fejer Cansfa.nf ".Lm’jeS ¢ expecied
M

valve poss)é/e for svbscript,

X(1,1,K-2) =2 xMMX (3,2, K-1)
5’0550«};&5 most be /Dosifive infejers.

LVLEL OO O O OO (U DN

Hn]ou’(_/@vtpu{: Statements o
READ(510) T32Z, (ARKY (1), L=L 10}
;/D gi Input Lis f?(Var/'ab Je or
n array names, array elements

O Format) or im/o//'ea( D0 ’s

10 FORMAT (2F104/2 (1X,5F104/3,15)

Fleld /.5/’096/"/}' catlions
WRITE(5,60)ALPHA T3 LL MTX3

Oul Vﬁy::?j OUf/oui List
L0:FORMAT ("I ALPHA 1567, F10.4/
110X, "T5 15b" E15.6,"oAND T, 15V
2,110/  bMATRIX 186"//4(3X, 15, 10X
5.15/3//"6THAT"'S IT")

NUTSHELL



Field Spec]-f'\ccx’(_'\on Codes.
/ End of record (line or card)
(X 5\('\9 6 columns
110 Injceﬁer field (10 co\umns w'\c\e>
FI0.4 Real field (4 figures after point)
EI5.C ‘B'no’r.a’t'nom b s'\gni{'wa.n{: g'\ﬁures
Trn T Literal field
4HTEXT Literal field
A2 Chavacter data
L10 Log\ca\ field Not inText
D104 Double precision
GI5. 6 Generalized. field

%PQC\ ficalion g&a’(emen\;s‘;
REAL LAMDA, NUM(50)
LOGICAL DEBUG, BOOL

Zpe \ INTERGER ZVAL TOTAL(2,5), SUM
COMPLEX VEC,DELTA
EXTERNAL POLRUT, FUNK, SUBPRO
DIMENSION X (10), SUM(2,2,10)
COMMON X P1 RAD,DEG
EQUIVALENCE "( T1,TONE), ( MAX,L)
DATA DEBUG, X /.FALSE..10% 0.0/

After these come the Sfafemenf]"z’/ncf/'ms) then

the éody of the program, and finally the
END statement. I ’ 7

N TSHELL



gvb‘arograms .
Statement Functions...

SUNFRO(ABLC) =(A+B+C)/(AXBAC)

| Domm .EX/?re:s/‘(an withovt
( Ar 4 3 ments 2TT%Y elements
Fonction definition must go at top
of actval /Ofojram 'ﬁ?&(f will vse it

Fonetion Sub pregram.. .
Y=2.# SaRTf(X- SIN(ALPAAY*X)
ﬂnc é/M Re erences

REAL FUNCTION LAST (X1, %230
RETURN
END

Svbrovtine Subrro vrams...

CALL EVALUS(MTRIX,INVRS,50)
CALL SWITCH(P,®

Svbrovijne resvlts are retvrned ﬂroujl»
rﬁumenll list, not rovtine name.

a
SUBROUTINE SWITCH (A,B)
TEMP=A
A=B
B=TEM?
RETURN
END

NUTSHELL
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The X:o\\owins ’copics may or way not be
found in this edilion. If present, they
shovld. or shovld not be taken seviovs\y,
becavse they are or are not based on vealily,

Lopic Bage

AFormak ... . ....................249272
Adjv stable Dimensions.....cocoovvvnnnn.. v 154
Alagovrithms ..o 28
AWa Seltzev..........ocooovevii ]
.A\po
Ampevsands (&) ... 4
Avreas of ?o\ggons............ fereeneineenen . 206

Arguments............. 18,136,145,158,162,273
Avithmetic Ass'\g“menjc Statements........¢ )268
Avithmetic Bxpressions.................... 12,19
Avithmetic 16l 37,269
Avithmetic Operators.......................13,268
Avrays........... e e e e 0. §24270
.Avrch S)cara,ﬁe..... A T ..qQ, 147
Axtichokes (See\\C'\n'x\oLy:Su\\a.”)............23
Ass'\gnmen’t. S\‘,a"cemen‘\:s.................é,lZS;ZQB
Bananas....... NUUSURINN | V4

Bananas, Top (See Berle,Uncle Milky)......87

INDEX |



Ber\e,M'x\‘con................... .87
Bolzano's Bambine.... /‘H 173 230 232

Bostonians ?ro]oe\r- Y4
Branc\f\es _--34',26q
Bweau Drawers

Butterflies. .. e, €9
Cahrtah 3‘"‘"‘3 e 0 5
Ca\\Exﬂ: .......143
Call Si:a:l:evnen{: .. 143,273
Camrmse Control... .69
Characters (Literal)... 249 272
Characters (Li terary)... /- 273
Characters ('Pa\\\:\Ca\) ’2 34 39,54
Chebyshev 'Pa.fnv\:\_; A5
C\m\o\ Ju\m. ................................... 23
Comfor \'.m 9 Wovrds §or V\nen Your Yrogmm'Dles
Comments... ... ..29.2¢6
Common S\:aﬁ:emen\:s 160
Complex An\:\nme\:\c 127 235 267
Comp\ex Constanis... ..129, 266
Computed GO TO.. 26‘?
Cond\’c\ona\ Bra.nc\nes 374’ 5264
Connection Makvix ........................... 243

Constants ... .........

Con’f.'mua.’c‘mns..
ConXinve ..o .

INDEX 2

.......... 6 44. 129,266

..30,26¢
.. 18, '270



Control Statements.... ... ..34,37,4-/,74,247

Cubical Numbers ..o et {498
DasSodils.. i
Data Carols e T 52 Zéé
Data S{a{emen{ LA76
De Movga,n e 284
Dimensions....oooooeneeeeeeeeeeeeeeen, 149 152 27l
Dimension Statement......... ?4 1 22AT
Dimensions, Variable................. 154
st\:\\\\ms Ll\(\&er e 255
Do Loops 74 270
Don’ 'tCrg,You’\\Va.erow-Pvnc%Caro\s 32748
Drivel .. - o - RN o

Drum Co.roLs 68
'Dumm.j Argumen’cs (See Argvments 6T|ﬂ:5>

Y Yormal ... 182 184 272
End Sta)cemen’c 133 135 143
Equwo.\ence 167
Evrors... ” lé 3l

Exits... 8"r
Exp\e’c\ves De\e’oe& i .61
Ex\o\\a{ T /23 272
..E.Xyonen\'.\ ?No{a{lon .- ,82
EXPOneﬂk\a{\On P AR gle ,3 '4'

Expressions.. IZ I? Zé7
EX'\_evna,\ S\’-O-\Ze\rnen\', l-”

T Tormat ... .........54,2.72

INDEX 3



Fivonace: .. 200

Field Spec\ﬂca,’t.\ans e 96,272
Fivemat .. {52.‘
F\mn\oogam{ S\:o.’cemenfs ........................ 19
F\oa,fma Point Numbers... e 266
Floccu\a’c)on A
Floormats... 55
Flowcharts... TP -2 N | £
Foolish Mts\‘.a\(es e e eeea . B
Formats.. ..........55,272
YORTRAN in aNulf_s\neH 265-273
Fonctions... 4 /35 156,273
.Fuv)damenlc Slw \A 1cles 58

Funn5 Answers (See Gav\m e]n Garbage Ovt)
Go.\r\ba\cje Xn Go.r\oage Out (See Funmj Answers)

Cavss - Sexde\ Methed. ... & Xl
Get Lost Statement (See' sgstemsmmmm)
Givdles. . ez
Gol O\Wakev —Barr:j x4
GoTo S{a{emenfs o 34 269
H Formak... 272
Hale, No&\ham 13
Ha\‘; ancevva\ Searc\n Aaitaennad 8b
Hawml et"rl
O S R Y P s
tevon’s Formula .......... iosrndndd faoxs 207

INDEX 4



Homilies. ..o .. 1 86
aner{:ens'\an and the Compv’cér............... 189
I Yormak oo 56,272
1€ S“:a.*:emen‘ks (Av'rl\nmek’\c)............37,26?
1€ Statements (Laﬁica\) ................. 4 |)269
If Statements (I\\og\ca\).....................3‘1
Tmplied Do Loops.........coo 111,271

Im?\]eo\ pre,22,247
Indigression.......ccccoeueneenn.. e, 5
lnfug/ Ovtput..................... 52,102,13],27I

InPU‘\’/OU'LPU‘l: of Avrrays................102,27]
Integers. ..o ] 266
Ivﬂ:e’jer Field Speci fications................ 59,272
Iniearo\w yper polydiffere n{‘ua\Yroyc{ive?unc\:\ms @
In%:egra.{:‘\on \"‘j S\myson’s Role...............2I8
In{eﬁra‘hon bﬂ Trayeadda\ Rule.........2I6
In‘\:egrac\:'\an \oj Couvrt Ovdex.............. 32768
Interval of Unce\r'\:a‘m{:lj-......................22‘?
Junk You Shevld Xnow..ooeeeevveeen . =273
Kavfman, My Son the Dv......... 14,54,82,124
Keﬂyunc\n‘mg et e e e 02 266
Koala Beavs...cooovviiiin i, 68,\3‘]
L Fiela SpeC'lﬂca,{'\ons..........-...............272
Lap\a.ce Equa:‘:'\on.. e 263
Lea:rn'mﬁ Far'\;ra,n...............................lgé

Levoy .o
Libevace ... 200
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L'\bva.rl:) Su\oyroan\.ms.........-..... e 1T

Line Printers............................. 73,I20
L'mt)‘Be\\a\ou’cton.--.... Y~
Litera\ Data ..o, 67)249)272
Little -Known Statements.....................17I
Lovachevsky,Nickolai Tvanovich..............150
Loj'\ca.\ Ass’\gnmen’(’, Statements......... 125)268
L03'\ca,\ Constants.......................... 46,266
Lag‘\ca,\ Exyressions.. 94,268
Log\m\ 1§ Stoatements................41,269
I‘ag'\ca\ Opevatovs...................... 46,268
Log‘\ca\ Vaviables ...................... 125,268
I.Onﬂ T'\me) NO .P.m swevs (See‘Loops,In;'mﬂ:e’o
Loop-The-Loops........ocoevveviinin. 15
MechanidsRule.. ...................... 192,215
Mice,Field ,Church Atheist,Doov, 60ther..... 233
M\n’p-Sum Avithmebic.... ... .......24%2

| @% M@EOT %”.23,58,250

L L,

Mixed-Modes.............ccooveei il
Mnemon'lcs & Mnemon'\ca,s 8
Modes, Commodes...................... 64,I7]

T | § IR 4

Momma.-........

INDEX &



Monvae,Mw'\\tﬁn.............................lé

Mowgan,Hemﬂ................................4‘1
Names of Variables & Svbp ograms 2,147,267
Nested DoLioops......... ... ... 85270
Nested Implied Do Loops.............. 113,114

Newton’s Method ool

Nichomacvs .o ... 198
Nixovm,R'\c\na,ra\.. i 34,39
No No>s (See Also Nixon, Richard)....11,16,3]

Notshell.. o oo, 265 =273
OC‘\‘.a.\)TU\r'mg B o, 121
0’\\‘m3 the Computer (See Maintenance Hand\wok)
Opevators , Avithmetic ..................... 12,268
O\oem-\:ars,B'nﬁT\me (See Liance,Bert)......... \78
O?em:\:ws)Loﬁ'\ca.\ .46,2‘8
Operx\:ovs)'Re\a:l‘\ona\ e 93,208
Ya:‘c'nv'LU 1)

Pamfvl! Humor (See the IBM Manval *CZSASIS)
Panic Stokements (See “Havdware Malfunctions)
?@Td—me*grs....... e s e sav s e cs secnse s seee se e ecuse 158
Parentheses.....oovvveeeeeiciiiiiieeeeee 3,18
?ax\«ev;bovo-\')mj................................242
TPartvidaes )Fvenc\m Hens , & Mock'm3 Birds.... W16
Pavse Statement (We Don't Have TimeTor 11)

Pecvliar FORTRAN Featves.................1=273
Perforated Forms ..o b4

INDEX 7



Yerforated Ulcers (See “What do Yyou mean the
55s’cem will be down for two weeks ?%)
PhD Candidates.........o..coovii . 105

Pimples........i 104
PI PY‘OﬁY@«m..................................... 204

0\5nam‘|a\s................. i 222
Prime Numbers. oo e 207

P‘r‘m'\:e\r'S.....................................73)120)\2‘}
Yythagorean Theovem.........cco...... ... 160
P\'osra.ms............................... e 20,196
?Yoava.mm'mﬁ the MINSK 22 in “SLOBROVIAN,
o non-execvtable, uninterpretatable language.
Prunes. e 45
Punch Cards.. oo eeeeeeaaeana . 20
Pursvit Curves....... ........ e e, 234
Queer Statements...ooovuirioeiiinniannnn.., |35
Questionable FORTRAN.......coooi oo IBE
Rabbits. o o e e v, 200
Raﬂﬁe O€ -DO....................... . .....................77
Ranges, 6. E. and Hotpoint (See" Hovse wares’)
Read Statements....cooovvvvveecen 52 , 7]
Real Numbers...ocooooooniniiccni 1,266
Recherehe Exotica comiruvomoenninaenennnn 5
Recvrsion Relation..cooovvvvivicoeiccnien .. .202
Relational Opera’\:ors..........................43)248
Relations. Inbred (See“Ra,bbﬂ:sl/ Y200
LSRNy &5 Phey have a 'Sgn Tax’ in FORTRAN 7

INDEX 8B



Repeat Constants.. ...l 68
Repugnant Stakements....................... ?l
Resign Stakewent .. ... 135
Return Statement........................... 137,273
Root Fmo\‘ms.................,....2//,226,23 7,251
Sa\esman,Ca\\iope,vae\ing....................124
Sample Problems & Exercises............ 191~ 263
So.mp\e P\"O YAM i1 cvvseovenene o0stnnnn .Hé
Secant Mearao\. P4 )
Seca.nl‘., MeWaldoB..ooooieie Ll 252
Shakespeare, Mr. Wm, ........c.oeeeveee .. W4
Simultaneous Kquations.......................237
Sin (As in“S'\ne", which isn’t any fon)........ 17

Slashes in Yormats... 60,67,272
Slashes in Tires (See“Hell’s Angels)
Socie\uj ProMusica. .o, 8|

Specificakion Statements.............. 170,272
Spire Whatsisname......................... 39
SquareRoo’cA\gor'\\:\\m...... SUUURURRRY | 12
Statement Functions....................15¢,273
Statement Numbers... ............... 30,35,20¢
Statements, Ovder OF................. 170,272
S’cop Statement ... ..o )43
Storage............... 199,121 145,152 ,1¢2,27I
S’c.ructured,?rogm.mm\na.....................‘13
Subprograms............ e, 134,273
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Svbroutines....ovviiiiiiiiiiieeiennnn.... 141,273
Svbseripts... ..o 94 ,98,270

Sum\\rﬂ Statements................... |- 273
Symbollic Variable Names......2,124 147,267

Sgs\:em?ra?rammers...... i 62,65

T.A.’s (Andy,Vicki,Larry yTom Jack, ,Y,f\am&), ...250
TeaCosyueevvrevineniiiiieiiniiiiiiienn 25
Temperature Distribution Problem....... 255
Things You Learn The Havd Way.......... 124,189
(See also " Strvctured 'Proara.mm'ma”)
T"g'ms To Cope With Failvre . ..o |88
Ttﬁpe (Function) oo voiviiiiiieeseenen.. 140
pre Statements.................. 125,127,272
Una.rs & Ornery Operators.....................48
Unele Sam.....ooiii i 14
Unconditional Branches................ 34,269
Va.r'\a.\)\e Nmmes 2,’24,2‘7
Va.r'm.\a\e Names,CUf,e (READ THIS ') 124
Variably Dimensioned Avways............... 154

ay

Vevuj Like\tj Branch (3ee*IF(RANDU.”)...
Virgins, Vestal ... .23
Yiadivostok Te\e?\none 'D'\rec’cors ......... 124

What to do till the Systems TProgrammer comes,
What to do once he gets there......... Vol.2
‘Worms, Quadvile.........................248

WriteStatements.........oooieineee... 65,271
Wrong !l .o
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X Field Specification.................. 60,272
You Can’t Bel There From Heve Statement

Zat’s Ze End, Folks!

GALL EXIT

END

# LINE #0015 ERROR #0047 INVAL]
X LINE #0023 ERROR #0049 UNRECO
// XEQ
EOF

UNDEFINED SUBROUTINES: 12
X % %% FORMAT ERROR #0034 TLLEGAL

ERR 0004 27CA OVERFLOW IN SQ
ERR FD AT OB7¥ FATAL STUPIDMIS
EXECUTION SUPPRESSED

INDEX /]
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i

A former obitvary
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\s the avthor of three
bestselling beeks, a
syndicated newspaper column, and is a
T.V. regvlar on "Good Morning, America 4
On the other hand, Dr. Roger Kavfman,
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his failvre to appear on the Jo\mnﬂ Carson
Show.
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George WashingtonUniversity and « lectorey at
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MONEY-BACK GUARANTEE:

If yov do all the programmin
problems at the end of this vma
and don't learn FORTRAN in
the process, yov deserve your
money back,

Y Offer VOID within or without U.S.A.




