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Program ®le for this chapter:

A is a kind of word puzzle, like a crossword puzzle. Instead of de®nitions,
though, a cryptogram gives you the actual words of a quotation, but with each letter
replaced with a dif ferent letter. For example, each letter A in the original text might be
replaced with an F. Here is a samplecryptogram:

LB RA,BT YBLLB RA:LJGL CQ LJAFUAQLCBY:KJALJAT 'LCQ YBRXAT
CY LJA DCYPLB QUSSAT LJA QXCYWQ GYPGTTBKQ BS BULTGWABUQ
SBTLUYA, BT LB LGHA GTDQ GWGCYQLG QAG BSLTBURXAQ, GYPRM
BIIBQCYW AYPLJAD?

The punctuation marksand the spacesbetweenwordsare the samein this cryptogram as
they are in the original (ªclearº) text.

A cryptogram is a kind of secret code. The formal name for this particular kind
of code is a Strictly speaking, a is a method of disguising a
messagethat usesa dictionar y of arbitrarily chosenreplacementsfor eachpossibleword.
A foreign language is like a code. A is a method in which a unifor m algorithm or
formula is used to translate each word. A cipher is one in which every letter
(or sometimesevery pair of letters, or some such grouping) is replaced by a disguised
equivalent. A substitution cipher is one in which eachletter hasa single equivalent
replacement, which is used throughout the message.(A more complicated substitution
cipher might be something like this: the ®rst letter A in the messageis replaced with F,
the secondA is replaced with G, the third with H, and soon.)

Years ago, Arthur Conan Doyle and Edgar Allen Poe were able to write mystery
storiesin which simple substitution ciphers wereusedby characterswho really wanted to
keep a messagesecret. Today, partly becauseof thosestories,too many people know how
to ªbreakº suchciphers for them to be of practical use. Instead, theseciphers are usedas
word puzzles.
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The technique usedfor decoding a cryptogram dependson the fact that someletters
are more common than others. The letter A is much more common in English words
than the letter Z. If, in a cryptogram, the letter F occurs many times, it' s more likely to
represent a letter like A in the original text than a letter like Z.

The most commonly used letter in English is E, by a wide margin. T is in second
place,with A and O nearly tied for third. I, N, and R are alsovery commonly used. These
rankings apply to texts. In the usual short cryptogram, the most frequent letter
doesn't necessarilyrepresent E. But the letter that representsE will probably be among
the two or three most frequent.

Before reading further , you might want to tr y to solvethe cryptogram shownabove.
Make a chart of the number of times each letter appears, then use that infor mation to
make guessesabout which letter is which. As you're working on it, make a note of what
other kinds of infor mation are helpful to you.

This project is a program to help you solvecryptograms. The program doesn't solve
the puzzle all by itself; it doesn't know enough about English vocabulary. But it does
someof the more boring parts of the job automatically, and canmake good guessesabout
someof the letters.

The top-level procedure is . It takesone input, a list whosemembersare the
words of the cryptogram. Since these lists are long and easyto make mistakesin, you'll
probably ®nd it easierto type the cryptogram into the Logo editor rather than directly at
a question mark prompt. You might make the list be the valueof a variable, then usethat
variable asthe input to . (The program ®le for this project includes four such
variables,named through , with samplecryptograms.)

begins by going through the coded text, letter by letter. It keepscount of
how often each letter is used. You can keep track of this counting processbecausethe
program drawsa on the screenasit goes. A histogram is a chart like the one at
the top of the next page.

A histogram is a kind of graph, but it' s dif ferent from the graphs you use
in algebra. Histograms are used to show quantities of things, like letters of the
alphabet.

The main reason the program draws the histogram is that it needs to know the
frequencies of occurrence of the letters for later use. When I ®rst wrote the program,
it counted the letters without printing anything on the screen. Since this counting is a
fairly slowprocess,it got boring waiting for the program to ®nish. The histogram display
is a sort of video thumb-twiddling to keep you occupied while the program is creating an
invisible histogram inside itself.
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LB RA, BT YBL LB RA: LJGT CQ LJA

FUAQLCBY: KJALJAT 'LCQ YBRXAT CY LJA

DCYP LB QUSSATLJA QXCYWQGYP GTTBKQ

BS BULTGWABUQ SBTLUYA, BT LB LGHA

GTDQGWGCYQLG QAG BS LTBURXAQ, GYP

RM BIIBQCY W AYP LJAD?

L
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AB L
AB L
AB L
AB L Q
AB L Q Y
AB G L Q T Y
AB G L Q T Y
AB G L Q T Y
ABC G L Q T Y
ABC G J L Q T Y
ABC G J L Q TU Y
ABC G J L QRSTU Y
ABC G J L PQRSTU W Y
ABCD G J L PQRSTU WXY
ABCD G IJKL PQRSTU WXY
ABCD FGHIJKLM PQRSTU WXY
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Z

BCD FG IJ KLMNOPQRS UVWXYZ

T E, T T E: THAT THE

E T : HETHE 'T E THE

T E THE A A

T A E T E, T TA E

A A A T A EA T E , A

E THE ?

Histogram Screendisplay

By the way, since there are only 24 lines on the screen,the top part of the histogram
maybe invisible if the cryptogram is long enough to usesomeletters more than 24 times.

The shapeof this histogram is pretty typical. A fewletters are usedmany times, while
most letters are clumped down near the bottom. In this case,A, B, and L stand out. You
might guessthat they represent the most commonly usedletters: E, T, and either A or O.
But you need more infor mation to be able to guesswhich is which.

After it ®nishescounting letters, the program presentsa screendisplay like the one
shown above. The infor mation provided in this display comes in three parts. At the
top is an alphabetical list of the letters in the cryptogram. For each letter, the program
displaysthe number of times that letter occurs in the enciphered text. For example,
the letter P occurs four times. The letter that occurs most frequently is highlighted by
showing it in reversevideo characters,represented in the book with boldface characters.
In this example, the most frequently used letter is L, with 19 occurrences. Letters with
occurrence counts within two of the maximum are also highlighted. In the example, A
with 17 and B with 18 are highlighted. If a letter doesnot occur in the cryptogram at all,
no count is given. In the example, there is no E in the enciphered text.
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The top part of the display showsone more piece of infor mation: if either the
program or the person using it hasmade a guessasto the letter that a letter represents,
that guessis shown after the frequency count. For example, here the program has
guessedthat the letter L in the cryptogram representsthe letter T in the clear text. (You
can't tell from the display that this guesswasmade by the program rather than by the
person using it. I just happen to know that that' s what happened in this example!)

The next section of the display is a single line showing all the letters of the alphabet.
In this line, a letter is highlighted if a guesshas been made linking some letter in the
cryptogram with that letter in the clear text. In other words, this line showsthe linkages
in the reversedirection from what isshownin the top sectionof the display. For example,
I just mentioned that L in the cryptogram corresponds to T in the clear text. In the top
part of the display, wecan ®nd L in alphabetical order, and seethat it hasa T linked to it.
But in the middle part of the display, we®nd , not L, in alphabetical order, and discover
that is linked to it. (It tur ns out that wedon't usuallyhaveto know which letter
correspondsto T.)

Here is the purpose of that middle section of the display: SupposeI am looking at
the second word of the cryptogram, RA. We've already guessedthat A representsE, so
this word representssomething-E.SupposeI guessthat this word is actually HE. This just
happens to be the ®rst two-letter word I think of that ends in E. So I'd like to tr y letting
R represent H. Now I look in the middle sectionof the display, and I seethat H is already
highlighted. So some other letter, not R, already representsH. I have to tr y a dif ferent
guess.

The most important part of the display is the bottom section. Here, lines of
cryptogram alternate with their translation into clear text, basedon the guesseswe've
made sofar. The cryptogram lines are highlighted, just to make it easyto tell which lines
are which. The program ensuresthat each word entirely ®tson a single line; there is no
wrapping to a new line within a single word.

There is room on the screenfor eight pairs of lines. If the cryptogram is too big to
®t in this space,only a portion of it will be visible at any time. In a few paragraphsI'll talk
about moving to another section of the text.

The program itself is very limited in its ability to guessletters. For the most part, you
have to do the guessingyourself when you use it. There are three guessingrules in the
program:

1. The most frequently occurring single-letter word is taken to represent A.

2. Another single-letter word, if there is one, is taken to represent I.



D- 03-

D- 03- M

heuristic.
algorithm.

Chapter11 Example:Cryptographer'sHelper 209

3. The most frequently occurring three-letter word is taken to represent THE, but only
if its last letter is one of the oneshighlighted in the top part of the display.

In the example, the only single-letter word in the cryptogram is G, in the next-to-lastline.
The program, following rule 1, has guessedthat G representsA. Rule 2 did not apply,
becausethere is no secondsingle-letter word. The most frequently usedthree-letter word
is LJA,which occurs three times. The last letter of that word, A, is highlighted in the top
section becauseit occurs17 times. Therefore, the program guessesthat L representsT, J
representsH, and A representsE.

Of courseyou understand that theserules are not infallible; they're just guesses.(A
fancy name for a rule that works most of the time is a A rule that works all
the time is called an ) For example, the three-letter word GYPappearstwice in
the cryptogram, only once lessoften than LJA. Maybe GYPis really THE. However, the
appearanceof the word THAT in the translation of the ®rst line is a pretty persuasive
con®rmation that the program's rules haveworked out correctly in this case.

If you didn 't solve the cryptogram on your own, at my ®rst invitation, you might
want to take another look at it, basedon the partial solution you now haveavailable. Are
thesefour letters (A, E, I, and T) enough to let you guessthe rest? It' sa quotation you'll
probably recognize.

Once this display is on the screen, you can make further guessesby typing to the
program. For example, supposeyou decide that the last word of the cryptogram, LJAD,
represents THEM. Then you want to guessthat D represents M. To do that, type the
letters D and M in that order. Don't usethe RETURN key. Your typing will not be echoed
on the screen. Instead, three things will happen. First, the entr y in the top sectionof the
display that originally said

will be changed to say

Second, the letter M will be highlighted in the alphabet in the second section of the
display. Finally, the program will type an M underneath every D in the cryptogram text.

If you change your mind about a guess,you can just enter a new guessabout the
samecryptogram letter. For example, if you decide that LJAD is really THEY instead of
THEM, you could just type D and Y. Alternatively, if you decide a guesswaswrong but
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you don't havea new guess,type the cryptogram letter (D in this example) and then the
spacebar.

If you guessthat D represents M, and then later you guessthat R also represents
M, the program will complain at you by beeping or by ¯ashing the screen, depending
on what your computer can do. If you meant that R should represent M D
representing M, you must ®rstundo the latter guessby typing D, spacebar, R, and M.

The processof redisplaying the clear text translation of the cryptogram after each
guesstakesa fairly long time, since the program has to look up each letter individuall y.
Therefore, the program is written so that you don't have to wait for this redisplay to
®nishbefore guessinganother letter representation. As soon asyou type any key on the
keyboard, the program stopsretyping the clear text. Whateverkey you typed is taken as
the ®rstletter of a two-letter guesscommand.

If the cryptogram is too long to ®ton the screen,there are three other things you can
type to changewhich part of the text is visible. Typing a plus sign (+) eliminates the ®rst
four lines of the displayedtext (that is, four lines of cryptogram and four corresponding
lines of cleartext) and brings in four new lines at the end. Typing a minus sign (±) moves
backwards,eliminating the four lines nearestthe bottom of the screenand bringing back
four earlier lines at the top. These commandshaveno effect if you are already
seeingthe end of the text (for +) or the beginning of the text (for ±).

The third command provided for long cryptograms is the atsign (@) character.
This is most useful after you've ®gured out all of the letter correspondences. It clears
the screen and displays only the clear text, without the letter frequencies, table of
correspondences,or the enciphered text. This display allows23 lines of clear text to ®t
on the screeninstead of only eight. If you don't have the solution exactly right, you can
type any character to retur n to the three-part displayand continue guessing.

The program never stops;even after you have made guessesfor all the letters, you
might ®nd an error and change your mind about a guess. When you're done, you stop
the program with control-C or command-period or whateveryour computer requires.

In the complete listing at the end of this chapter, there are a few cryptograms for
you to practice with. They are excerpted from one of my favorite books,

by Paul Goodman.

There are about 50 procedures in this program. These procedures can be roughly
divided into severalpurposes:
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Redisplay

fixtop light dark

Bind

qbind

crypto parseloop
parsekey bind

light dark

bind

initialization
frequency counting and displaying the histogram
guessingletters automatically
reading user commands
keeping track of guesses
top section of display (frequencies)
middle section of display (alphabet)
bottom section of display (cr yptogram text and cleartext)
windowing and full-text displays
data abstraction and other helper procedures

The diagram on the next page showssuperprocedure/subpr ocedure relationships
within the main categories. (Helper procedures aren't shown, to make the diagram
more readable.) The bottom half of the diagram hasthe procedures that are concerned
primarily with presenting infor mation on the screen. , near the center of
the diagram, is called whenever the entire screen display must be redrawn: when the
initialization part of the program is ®nished, and whenever the user choosesa new
portion of the text to display. When the display changesslightly, becausea new guess
is made, procedures such as , , and are used instead of redrawing
everything.

is the most important procedure, becauseit records and displayseach new
guess. As the diagram shows, it invokes severalsubprocedures to update the display;
more importantly , it changesthe valuesof severalvariablesto keep track of the new guess.
There is alsoa similar procedure that' susedwhen a guessis madeby the program
rather than by the user. (The ªQº standsfor either ªquickº or ªquiet,º since this version
never has to undo an old guess,omits some error checking, and can't beep because
there are no errors in automatic guesses.) If you ignore initialization and displaying
infor mation, the entire structure of the program is that calls , which
repeatedlycalls , which calls to record a guess.

Unfortunately , it' s not so easyin practice to divide up the procedures into groups,
with a single purpose for each group. Severalprocedures carry out two tasksat once.
For example, and have those namesbecausethey switch individual letters
between normal and inverse video in the alphabet display in the middle part of the
screen. But those procedures also set variablesto remember that a particular cleartext
letter hasor hasn't been guessed,sothey arealsocarrying out part of 'sjob, keeping
track of guesses.
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usesmany global variables to hold the infor mation it needs. This includes
infor mation about individual letters, about words,and about the text asa whole.

There are severalsetsof 26 variables,one for each letter of the alphabet. For these
variables,the last letter of the variable name is the letter about which the variable holds
infor mation. In the table that follows, the italic in eachname representsany letter.

Cleartext letter that is guessedto match in the cryptogram.
if appearsin the asguessedso far; other wise.

Count of how many times appearsin the cryptogram.
Screen cursor position where the frequency count and guessfor is
shown in the top part of the display.
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initvars posn
showrow

showclear thing :letter

count.single
count.triple

list.single
list.triple

max.single
max.triple

single
triple

fulltext
text

moretext +
textstack text -

maxcount

:Maxcount
:Text showcode showclear

Fulltext moretext textstack
text fulltext textstack Moretext

moretext

Thesevariablesaresetup initially by , except for the variables,which are
set by . The variableswith single-letter namesstart out with a spacecharacter
astheir value. This choice allows to use as the thing to
type for every letter in the cryptogram. If no guesshasbeen made for a letter, it will be
displayedasa blank spacein the partially-decoded version of the text.

Here are the variables that have to do with in the cryptogram text. These
variables are needed for the part of the program that automatically makes guesses,
by looking for words that might represent A, I, and THE in the cleartext. In the
following variable names, representseither a one-letter word or a three-letter word in
the cryptogram text.

The number of occurrencesof the most frequent one-letter word.
The number of occurrencesof the most frequent three-letter word.
List of one-letter words in the cryptogram text.
List of three-letter words in the cryptogram text.
The most frequent one-letter word in the cryptogram text.
The most frequent three-letter word in the cryptogram text.
The number of occurrencesof the one-letter word
The number of occurrencesof the three-letter word

These variables are used only during the initial histogram counting, to keep track of
which one-letter word and which three-letter word arethe most frequent in eachcategory.
Once the most frequently occurring wordshavebeen determined, the actual count is no
longer important.

Finally, there are somevariablesthat contain infor mation about the text asa whole:

The complete cryptogram text.
The part of the cryptogram that is displayedon the screenright now.
The part of the text that should be displayedafter a command.
A list of old valuesof , to be restored if the command is used.
The number of occurrencesof the most frequently usedletter.

is usedto know which letters should be highlighted in the top sectionof the
display. is usedby and to maintain the bottom section of
the display. , , and are part of the windowing feature.
At ®rst, is equal to , and is empty. contains the
portion of the text starting on the ®fth line that is displayed,providing there is sometext
at the end of the cryptogram that didn 't ®t on the screen. If the end of the text is visible,
then is empty. Here is what happens if you type the plus sign:
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to morete xt
if emptyp :moret ex t [beep stop]
push "texts tac k :text
make "text :morete xt
redis pl ay "true
end

:moretext
:text

- text
:moretext

local

showhist fixhist
histogram histlet

hist

showhist showtop fixhist fixtop
hist top

If is empty, there is no more text to display, and the procedure stopswith
a complaint. Other wise,we want to remember what is now in in caseof a later

command, and we want to change the value of to the version starting four lines
later that is already in .

In the solitaire project, I useda lot of instructions in the top-level procedures
to avoidcreating global variables. In this project, I didn 't bother. There' sno good reason
why I waslazier here than there; you can decide for yourself whether you think it' sworth
the effort.

In revising this program for the second edition, I wasstruck by the waysin which bad
choicesof procedure or variable nameshad made it needlesslyhard to read. Changing
names wasone of the three main waysin which I changed the program. (The other
two were an increaseduseof data abstraction and the introduction of iteration tools to
eliminate somehelper procedures.)

I'll start with a simple example. AsI've mentioned, when I ®rstwrote the program it
didn 't draw the histogram on the screenduring the initial counting of letter frequencies.
Since the top part of the screendisplay is primarily a presentation of those frequencies,
I thought of that top part asthe program's ªhistogramº even though it doesn't have the
form of a real histogram. That' s why, in the ®rst edition, the procedures that maintain
the top part of the display were called , , and so on; when I added
the and procedures that draw the real histogram, it washard to
keep track of which ª º nameswerepart of the initial histogram and which werepart
of the letter frequency chart at the top of the program's normal screendisplay. I've now
changed to , to , and soon. The procedures with

in their namesare about the real histogram, and the oneswith in their names
are about the frequency chart.

Here' s another example. In several parts of the program, I had to determine
whether a character found in the cryptogram text is a letter or a punctuation mark. The
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A B
namep

crypto

namep
crypto

copydef

save crypto
copydef

tally

to letter p :char
outpu t memberp :char "ABCDEFGHI JKLMNOPQRSTUVWXYZ
end

if namep :char ...

copyd ef "lette rp "name p

to tally :type :word
local "this
make "this word :type :word
if not memberp :word list. :type ~

[setli st . :type fput :word list. :type make :this 0]
make :this sum 1 thing :this
make "this thing :this
if :this > ( count. :type ) ~

[setco unt. :type :this make ( word "max. :type ) :word]
end

most straightfor ward wayto do this would be an explicit check against all the letters in
the alphabet:

But comparing the character againsteachof the 26 letters would be quite slow. Instead, I
took advantageof the fact that there happen to be variablesin the program named after
eachletter. That is, there'sa variable , a variable , and soon, but there aren't variables
named after punctuation characters. Therefore, I could use the Logo primitive
to seewhether or not the character I'm considering is a variable name, and if so, it must
be a letter. The ®rstedition version of is full of instructions of the form

This is clever and ef®cient, but not at all self-documenting. Someone reading the
program would haveno wayto tell that I'm using to ®nd out whether a character
is a letter. The solution wasto add an instruction to the initialization in :

The primitive is used to give a new name to an existing procedure. (The old
namecontinues to work.) The existing procedure canbe either primitive or user-de®ned.
The new name is not savedby the command; that' s why performs the

instruction each time.

Probably the worst example of bad naming was in the procedure. This
procedure hasa complicated job; it must keep track of the most common one-letter and
three-letter words, in preparation for the program's attempts to make automatic guesses
for A, I, and THE. Here is the version in the ®rstedition:
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type single triple
this

:this

tally tripleybl
this tripleybl

thing :this

:this

this countvar

count

setlist. list.
list.single

list.triple

make "this thing :this

to tally :type :word
local make "count va r word :type :word
if not memberp :word list. :type ~

[setli st . :type fput :word list. :type make :count va r 0]
local make "count ( thing :countv ar ) +1
make :count var :coun t
if :count > ( count . :type ) ~

[setco unt. :type :count setmax . :type :word ]
end

make ( word "max. :type ) :word

The input named is either the word or the word . One thing that
makesthis procedure hard to read is the local variablenamed . What avaguename!
This what? Is it this word, or this letter, or this word length, or this guess?To make things
worse,partwaythrough the procedure I recycledthe samename to hold a dif ferent value.
At ®rst, is a word that will be usedasthe name of a variable,counting the number
of times a given word appears. For example, if the word YBL appearsin the cryptogram,
then will create a variable named whosevaluewill be the number of
times that YBL occurs in the text. The value of will be the word , so
the expression representsthe actual number. Then, near the end of the
procedure, I usedthe instruction

From then on, is the number itself, not the variable name! It' s really hard to
read a procedure in which the samename is used to mean dif ferent things in dif ferent
instructions.

Here' s the new version:

The name is gone. Instead, I've ®rst created a local variable named
whose value is the name of the count variable. Then I create another local variable
named that contains the actual count. These namesare much more descriptive
of the purposesof the two variables.

Another change in the new version is a more consistentuseof data abstraction. The
original version used the constructor and the selector to refer to the
list of all known cryptogram wordsof the appropriate length (the variable
or ), but used the instruction
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setmax. setlist.

historgram

to histog ra m :text
forea ch :text [forea ch ( filter "lette rp ?) "hist le t]
end

to count. words :text
forea ch :text [prepa re .g uess ( filte r "letter p ?) ]
end

to histog ra m :text
forea ch :text [local make "word filter "lette rp ?

forea ch :word "histl et
prepa re .g uess :word]

end

to construct the variable containing the most frequently appearing word of that length.
The new version usesa constructor named that' s analogousto the
constructor.

Rethinking the namesof procedures can reorganize your ideasabout how to group
the procedures into categories. For example, in the ®rst edition I wasupset about the
fact that , whosejob is to count letter frequencies and draw the histogram
of those counts, also invokes prepare.guess,whose job is to count frequencies in
preparation for automatic guessing.

The reasonfor this mixture of tasksis ef®ciency. To prepare the histogram, the program
must extract the letters (omitting punctuation) from each word of the text, and count
them. To prepare for guessingwords, the program must extract the letters from each
word, and count the occurrencesof the letters-onlywords. I could havedone thesethings
separately:

But it seemedbetter to scanthe words of the text just once, and extract the letters from
eachword just once:
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to redisp la y :flag
clear te xt
showt op
alpha bet
showc ode :text
if :flag [showcl ear :text]
end

histogram
preprocess

histogram

redisplay

redisplay true false

redisplay
redisplay

crypto
showclear

Crypto

But the punch line of this story is that I could avoid the confusing jump between
boxesÐthe feeling of mixing two tasksÐmerelybychanging the nameof the
procedure to something neutral like . Then the structure would be

Now wehaveone initialization procedure that includes invocations for two separatekinds
of preprocessing. It' s not really the program structure that is inappropr iate, but only
using the name for a procedure whosejob includes more than the creation
of the histogram.

Procedure hasthe job of redrawing the entire screenwhen there is a major
change to what should be shown, like moving to a dif ferent window in the cryptogram
text.

The input to is a It must have the value or .
(The name comesfrom the ¯ags on mailboxes, which are either up or down to indicate
whether or not there is mail in the box.) It' s there because hastwo slightly
dif ferent jobs to do at two dif ferent points in the program. First, is invoked
by , the top-level procedure, to draw the screen initially . At this time, no letters
have been guessedyet. Therefore, it is not necessary to invoke (which
indicates the guessedletters in the bottom part of the display). executesthe
instruction
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redis pl ay "false

redis pl ay "true

if :flag [do.som et hi ng]

if equalp :flag "yes [do.s ometh in g]

Redisplay moretext lesstext
showclear

showcode
redisplay

bind qbind

redisplay

if

true false

yes no

p
redefp

flag

bound true

Setbound
setunbound true false
boundp

to avoid that unnecessary work. is also invoked by , ,
and . Eachof theseprocedures usesthe instruction

to include . If the ¯ag variable weren't used, there would have to be two
dif ferent versionsof .

I used the latter technique in the procedures and . These could also
have been one procedure with a ¯ag variable input. The advantageof the technique
usedin is that it makesthe program easierto read by reducing the number
of procedures, and keeping similar purposes together. The advantage of using two
procedures is that it' s a little faster, becauseyou don't have to test the ¯ag variable with

.

A ¯ag variable is somewhatanalogousto a a procedure that alwaysoutputs
or . The advantageof using theseparticular valuesfor ¯ag variablesis that

they're easyto test; you can say

whereas,if you usedsomeother pair of valueslike and , you'd haveto say

Some people like to give ¯ag variablesnames ending with , as in the convention for
predicates. (The specialvariable that controls rede®nition of primitives in some
versionsof Logo, including BerkeleyLogo, is an example.) I'm somewhatuncomfor table
with that practice becauseto me it raisesa confusion about whether a particular word is
the name of a variable or the name of a procedure. I'd rather put in the namesof
¯ag variables.

The 26 variablesin this program are also ¯ag variables;each is if the
corresponding letter has been guessedas the cleartext half of a binding. They don't
haveª¯agº in their names,but their namesaren't used directly in most of the program
anyway. Instead they are hidden behind data abstraction procedures. and

are used to setany suchvariable or , respectively;the selector
alerts you by the P in its name that it' sa predicate.
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foreach

showrow

alphabet

forletters

ascii

ascii

forea ch "ABCDEFGHI JKLMNOPQRSTUVWXYZ [...]

to alphab et
setcu rs or [6 6]
forle tt er s "A "Z [ifel se boundp ? [invt ype ?] [type ?]]
end

to forlet te rs :from :to :action
for [lett er cod e [ascii :from] [asci i :to]]

[appl y :action ( list char :lett er co de) ]
end

One of the waysin which I simpli®ed the program for this edition wasto replace some
recursive helper procedures with invocations of . At several points in the
program, some action must be taken for each letter in a word, or for each word in the
text.

Another kind of iteration problem that wasnot so easily solved by the standard
higher order procedures in Berkeley Logo wasone in which someaction must be taken,
not for each letter in a word, but for each letter in the alphabet, or for some subsetof
the alphabet, as in the caseof , which displaysone row of the top part of the
screen,with infor mation about ®veconsecutiveletters. Of course theseproblems could
be solvedwith instructions like

but that seemedunaesthetic to me. I wanted to be able to specifythe starting and ending
letters, asin this example:

(The job of is to generate the middle part of the screen display, which is all
of the letters of the alphabet, in order, with each letter in inversevideo if that letter has
been guessedaspart of the cleartext.)

The dif®culty in implementing is to get from one letter to the next.
How doesa program know that the letter after A is B?Here is my solution:

The operation takes a letter (or other character) as input. Its output is
the number that representsthat letter in the computer' s memory. Most computers use
the samenumbers to represent characters; this standard representation is called ASCII,
for American Standard Code for Infor mation Interchange. (It' s pronounced ªask E.º)
By using to translate the starting and ending letters into numeric codes, I've
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65
?
A

make "var 87

:var

Computed Variable Names

prin t ascii "A

prin t char 65
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for

forletters
Char ascii

char

Forletters
lettercode for

uppercase

word

var

posna posnb
posnc

transformed the problem into one that can be solvedusing the standard tool that
allowsan action to be carried out for eachnumber in a given range.

But in the template input to , I want the question mark to represent a
letter, not its numeric code. is the inverseoperation to . Givenanumber that
is part of the ASCII sequence, outputs the character that that number represents.
For example:

applies the template input to the character corresponding to the number
in the variable controlled by the .

Adding 1 to an ASCII code to get the code for the next letter depends on the fact
that the numbers representing the letters are in sequence. Fortunately, this is true of
ASCII. A is 65,B is 66,C is67, and soon. Not all computer representationsfor characters
have this property. The code that wasused in the daysof punched cards had the slash
(/) character in betweenR and S!

By the way, the lower caseletters have dif ferent ASCII codesfrom the capitals. In
this program I've used the primitive operation to translate every character
that the program reads into upper case,just to be sure that each letter has only one
representation.

Another programming technique that is heavilyusedin this project is the useof to
compute variable namesdynamically. Ordinarily , you assigna value to a variable named

with an instruction like

and you look at the valueof the variable with the expression

But in this project, there are variablesfor each letter, with names like , ,
, and so on. To assigna value to these variables, the program doesn't use 26

separateinstructions like
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setcursor

showrow

Setposn

letter a make

:posna
thing

word

word

make "posna [0 0]

forle tt er s :from :to [setp osn ? curso r oneto p ?]

to setpos n :letter :thin g
make ( word "posn :lett er ) :thing
end

make "posna :thing

to posn :lette r
outpu t thing ( word "posn :lette r )
end

to setpos n :letter :thin g
pprop "posn :lette r :thing
end

to posn :lette r
outpu t gprop "posn :lett er
end

(Each of these variablescontains a list of screen coordinates for use with
to ®nd the corresponding letter in the top part of the display.) Instead, the procedure

, which drawsthat section of the display, contains the instruction

is a data abstraction procedure:

When the variable contains the letter , the instruction hasthe sameeffect
asif it were

Similarly, the dots notation ( ) isn't used to examine the values of these
variables. Instead, is invoked explicitly:

Another point to consider is that I could haveuseda dif ferent approach altogether,
instead of using to piece together a variable name. For instance, I could haveused
property lists:

As it happens, I ®rstwrote this project in Atari 800 Logo, which didn 't haveproperty list
primitives. So the question didn 't arise for me. In a version of Logo that does support
property lists, I seeno reason to prefer one approach over the other. It' s entirely
a question of which is more ef®cient. Which is faster, searchingthrough a list of 26 times
2 members (times 2 becauseeach property has a name and a value) or concatenating
stringswith to generate the name of a variable that can then be examined quickly?
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if letter p thing :from [stop]

posn

posn setposn

Qbind

showclear

showcode

I'd have to experiment to ®nd out. Alternatively, instead of using asthe name of
a property list and the letters asnamesof properties, I could reversethe two roles. That
would give me more lists,but shorter lists.

What a stylistic issueis that using procedures like and to isolate
the storagemechanism from the rest of the program makesthe latter easierto read.

I have three suggestionsabout how to extend this project. The ®rst is to put in more
rules by which the program can make guessesautomatically. For example, a three-letter
word that isn't THE might be AND. Sequencesof letters within a word can alsobe tallied;
TH is a common two-letter sequence,for example. A double letter in the cryptogram is
more likely to represent OO than HH.

If you have many rules in the program, there will be situations in which two rules
lead to contradictor y guesses.One solution is just to tr y the most reliable rule ®rst,and
ignore a new guessif it con¯icts with an old one. ( applies this strategyby means
of the instruction

which avoidsadding a guessto the data baseif the cryptogram letter is already bound to
a cleartext letter.)

Another solution would be to let the rules ªvoteº about guesses.If the program had
many rules, it might happen that three rules suggestthat F representsE, while two rules
suggestthat W representsE. In this case,three rules outvote two rules, and the program
would guessthat F representsE.

The second direction for exploration in this program is to tr y to make it more
ef®cient. For example, every time you make a guess, is invoked to redisplay
the partially decoded text. Much of this redisplay is unnecessary, since most of the
guesseshaven't changed. How can you avoid the necessityto examine every letter of
the cryptogram text? One possibility would be to keep a list, for every letter in the text,
of the screen positions in which that letter appears. Then when a new guessis made,
the program could just type the corresponding cleartext letter at exactly those positions.
The costof this technique would be a lot of storagespacefor the listsof positions, plus a
slowerversion of , which would haveto create theseposition lists.
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to crypto :text
make "text map "uppe rc as e :text
make "fullt ext :text
make "moret ext []
make "texts tac k []
copyd ef "lette rp "name p
forle tt er s "A "Z "init va rs
make "maxco unt 0
initc ount "singl e
initc ount "tripl e
clear te xt
histo gr am :text
redis pl ay "false
if or guess .si ngle guess .t rip le [show cl ear :text ]
parse lo op
end

;; Initia li zat io n

to initco unt :type
setli st . :type []
setco unt. :type 0
end

to initva rs :lette r
setcn t :letter 0
make :lette r "| |
setun bound :letter
end

The third direction for further exploration is to ®nd out about more complicated
ciphers. For example, supposeyou started with a simple substitution cipher, but every
time the letter A appeared in the cleartext you shifted the corresponding cryptogram
letters by one. That is, if E is initially represented by R, the ®rst time an A appearsyou'd
start using S to represent E. The second time A appearsyou'd switch to T representing
E. And so on. The effect of this technique would be that a particular cleartext letter is
no longer represented by a single cryptogram letter all the waythrough. Therefore, you
can't just count the frequenciesof the cryptogram letters and assumethat frequently-used
letters represent E and T. How could you possiblydecipher such a message?
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;; Histog ra m

to histog ra m :text
forea ch :text [local make "word filter "lette rp ?

forea ch :word "histl et
prepa re .g uess :word]

end

to histle t :letter
local make "cnt 1+cnt :lett er
setcu rs or list (inde x :letter ) (nonne g 24-:cnt )
type :lette r
setcn t :letter :cnt
if :maxco unt < :cnt [make "maxcou nt :cnt]
end

;; Guessi ng letter s

to prepar e. gue ss :word
if equalp count :word 1 [tally "singl e :word]
if equalp count :word 3 [tally "tripl e :word]
end

to tally :type :word
local make "count va r word :type :word
if not memberp :word list. :type ~

[setli st . :type fput :word list. :type make :count va r 0]
local make "count (thin g :countv ar )+ 1
make :count var :coun t
if :count > (count . :type) ~

[setco unt. :type :count setmax . :type :word ]
end

to guess. si ngl e
if emptyp (list. "sing le ) [output "fals e]
if emptyp butfir st (list . "single ) ~

[qbind first (list. "singl e) "A output "true ]
qbind (max. "singl e) "A
qbind (ifel se equalp first (list. "sing le) (max. "singl e)

[last (list. "singl e) ]
[first (list . "sing le )] ) ~

"I
outpu t "true
end
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to guess. tr ipl e
if emptyp (list. "trip le ) [output "fals e]
if :maxco unt < (3+cn t last (max. "tripl e)) ~

[qbind first (max. "triple ) "T
qbind first butfir st (max. "tripl e) "H
qbind last (max. "trip le) "E
outpu t "true]

outpu t "false
end

;; Keyboa rd commands

to parsel oop
forev er [parse ke y upperc as e readc har]
end

to parsek ey :char
if :char = "@ [fullc le ar stop]
if :char = "+ [moret ex t stop]
if :char = "- [lesst ex t stop]
if not letterp :char [beep stop]
bind :char upperca se readc har
end

;; Keepin g track of guesse s

to bind :from :to
if not equalp :to "| | [if not letter p :to [beep stop]

if boundp :to [beep stop]]
if letter p thing :from [dark thing :from]
make :from :to
fixto p :from
if letter p :to [ligh t :to]
showc le ar :text
end

to qbind :from :to
if letter p thing :from [stop]
make :from :to
fixto p :from
light :to
end
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;; Mainta in ing the displ ay

to redisp la y :flag
clear te xt
showt op
alpha bet
showc ode :text
if :flag [showcl ear :text]
end

;; Top section of displa y (letter count s and guess es )

to showto p
setcu rs or [0 0]
showr ow "A "E
showr ow "F "J
showr ow "K "O
showr ow "P "T
showr ow "U "Y
showr ow "Z "Z
end

to showro w :from :to
forle tt er s :from :to [setp osn ? curso r oneto p ?]
print []
end

to onetop :lette r
local make "count cnt :lett er
if :count = 0 [type word :lette r "| | stop]
local make "text (word :letter "- twocol :count "- thing :lett er )
ifels e :maxcou nt < :coun t+ 3 [invt yp e :text] [type :text]
type "| |
end

to twocol :numbe r
if :numbe r > 9 [outp ut :numbe r]
outpu t word 0 :numbe r
end

to fixtop :lette r
setcu rs or posn :lett er
oneto p :letter
end
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;; Middle sectio n of displ ay (guess ed cleart ex t letters )

to alphab et
setcu rs or [6 6]
forle tt er s "A "Z [ifel se boundp ? [invt ype ?] [type ?]]
end

to light :letter
setcu rs or list 6+(in dex :letter ) 6
invty pe :lette r
setbo und :letter
end

to dark :lette r
setcu rs or list 6+(in dex :letter ) 6
type :lette r
setun bound :letter
end

;; Bottom sectio n of displ ay (coded text)

to showco de :text
make "moret ext []
showc ode1 8 0 :text
end

to showco de1 :row :col :text
if emptyp :text [make "morete xt [] stop]
if :row > 22 [stop ]
if and equalp :row 16 equalp :col 0 [make "moret ex t :text]
if (:col+ co unt first :text ) > 37 [showc ode 1 :row+2 0 :text stop]
codew or d :row :col first :text
showc ode1 :row (:col +1+count first :text) butfir st :text
end

to codewo rd :row :col :word
setcu rs or list :col :row
invty pe :word
end

;; Bottom sectio n of displ ay (clear te xt )

to showcl ear :text
showc le ar 1 8 0 :text 2
end
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to showcl ear1 :row :col :text :delt a
if emptyp :text [stop]
if :row > 23 [stop ]
if keyp [stop]
if (:col+ co unt first :text ) > 37 ~

[showc le ar1 :row+ :d el ta 0 :text :delta stop]
clear word :row :col first :text
showc le ar 1 :row (:col+ 1+co unt first :text) butfi rs t :text :delt a
end

to clearw or d :row :col :word
setcu rs or list :col :row+1
forea ch :word [ifels e letterp ? [type thing ?] [type ?]]
end

;; Windowin g commands

to fullcl ear
clear te xt
showc le ar 1 0 0 :full te xt 1
print []
invty pe [type any char to redispl ay ]
ignor e readcha r
redis pl ay "true
end

to morete xt
if emptyp :moret ex t [beep stop]
push "texts tac k :text
make "text :morete xt
redis pl ay "true
end

to lesste xt
if emptyp :texts ta ck [beep stop]
make "text pop "text st ac k
redis pl ay "true
end

;; Iterat io n tool for letters

to forlet te rs :from :to :action
for [lett er cod e [ascii :from] [asci i :to]] ~

[appl y :action (list char :lett er co de) ]
end
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;; Data abstra ct io n (const ruc to rs and select or s)

to setbou nd :lette r
make word "bound :lett er "true
end

to setunb ound :lette r
make word "bound :lett er "false
end

to boundp :lette r
outpu t thing word "bound :lette r
end

to setcnt :lette r :thing
make (word "cnt :lette r) :thing
end

to cnt :letter
outpu t thing (word "cnt :letter )
end

to setpos n :letter :thin g
make (word "posn :lett er ) :thing
end

to posn :lette r
outpu t thing (word "posn :lette r)
end

to setcou nt . :word :thing
make (word "count. :word ) :thing
end

to count. :word
outpu t thing (word "coun t. :word)
end

to setlis t. :word :thin g
make (word "list. :word) :thing
end

to list. :word
outpu t thing (word "list . :word)
end
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to setmax . :word :thing
make (word "max. :word ) :thing
end

to max. :word
outpu t thing (word "max. :word)
end

;; Miscel la neo us helpe rs

to index :letter
outpu t (ascii :lette r) -( as cii "A)
end

to beep
tone 440 15
end

to invtyp e :text
type stando ut :text
end

to nonneg :numbe r
outpu t ifelse :numbe r < 0 [0] [:num ber]
end

;; Sample crypto gr ams

make "cgram 1 [Dzyn uf qy ju ll i, jpqhq ok yr hoxpj qnzeu jor y qceqwj xhrtoy x
zw oyjr u trhjp tp ol q trhln. oynqqn , rzh qceqk ko gq eryeqh y tojp
whrvlq fk rd qnzeu jo ry uj whqkq yj kofwli fquyk jpuj jpq |xhrt y- zwk| nr
yrj pugq kzep u trhln . u nqeqy j qnzeujo ry uofk uj, whqwuhqk drh, u
frhq trhjpt polq dzjzh q, tojp u noddq hqy j erffzy oj i kwoho j, noddq hqy j
reezwu jo ryk , uyn frhq hqul zjolo ji jpuy ujjuo yo yx kjujzk uyn kuluhi .]

make "cgram 2 [Lvo vfkp lfzj md opaxfl im n iz lm gitok flo fnp zlkon bl von f
hmalv' z inilifl iu o, fnp fl lvo zfyo liyo lm zoo lm il lvfl vo jnmwz
wvfl iz noxozzf kh lm xmco wilv lvo mnbminb fxliui lio z fnp xaglak o md
zmxiol h, zm lvfl viz inilifl iu o xfn to kogouf nl . il iz ftzak p lm
lvinj lvfl lviz lfzj xfn to fxxmyc gi zvo p th zm yaxv zillin b in f tms
dfxinb dkmnl, yfnic agfl inb zhytm gz fl lvo pikox li mn md pizlf nl
fpyini zl kfl mkz. lviz iz kflvok f wfh lm kobiy onl fnp tkfin wf zv .]
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make "cgram 3 [Pcod l hbdcx qxdrdlh yihco dr, hbd rzbii er gxd lih ziyqdhd lh
hi hdgzb gwhbdl hc z echdxgz f, xdgnc lp gr g ydglr ia ecudx ghci l gln
zwehco ghcil . gln c niwuh hbgh yirh ia wr jbi rdxciwr ef xdgn gln jxchd
hbd dlpecrb eglpw gpd dodx edgxld n ch uf hbd xiwhd ia "xwl, rqih, xwl"
hi rcegr ygxldx .]

make "cgram 4 [Jw btn xnsgs yp ejke gfebb cg, dtyjb n fbccsks g, ryu fbccsk sg
nswcsf ps u pes usgjn s, wnssub a, ryu wtptns bw pes qbtyk, pesns zbtcu
ls yb knrujyk , yb psgpj yk svfsxp rg r psrfe jy k aspebu, ryu yb
lcrfil br nu dtykcs g. jy wrfp, zs rns ksppjyk cbfig psx gfesu tc jy k ryu
knrujy k pb pes xbjyp bw pbnptn s. ]


