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CONC: A SNOBOL4 Program for Generating a Selective
Concordance from Short Texts

Introduction

The program CONC will generate easily and flexibly a cselective
concordance on up to 50 words using relatively short texts. Because the
program is written in SNOBOL4, it takes almost €0 seconds of IBM 360/91
CPU time to process a sample of about 15,600 words. Although a more
efficient program could be written in machine code, the SNOBOL4 program has
the important advantages of being brief, clear, and capable of being run
on any of the several types of computers possessing a SNOBOLY compiler.

A concordance is a dictionary of principal words and immediate context
as they appear in a given document., A selective concordance is limited
to words selected by the user. To generate a concordance two main
activities are necessary:

1. The text must be scanned and compared to the list of selected
words;

2. Bach successful match must trigger storage of the matched word
and the words surrounding it into the right place in an
appropriate data structure.

Al gorithm

Scanning and comparison with CONC can best be visualized as done with
a template and an attached list. The 1list contains the words chosen by
the user for concordancing. These are called select terms. The template
is fifteen words long and slides along the string of input text. Over
the eighth word of the template is a window. The select terms in the
attached list are compared with the word appearing in the window of the
template. TFigure 1 schematically shows the template., Viewed in these
terms the algorithm for generating a concordance is exceedingly simple:

1. Compare the select terms with the word in the window of the
template. If there is a match, the 15-word string under the
template is stored in a list corresponding to the select term
matched. If the end of the text string is detected go to 3.

2. Advance the template one word along the input string and go to 1.

3. Print the lists of concordance strings and halt.



Thus, scanning is done by sliding the template word-by-word along the
input string and successively comparing select terms with the word in
the template window.

Input

Implementation of this algorithm in SNOBOL4 uses its pattern-matching,
concatenation, and data features. The select terms are read in and combined
into a pattern used for comparisons made by the SNOBOL4 pattern-matching
facility. A successful match occurs when the select term is the same as
the leading characters of the word in the window of the template. Thus,
the select term "ASTRO" will match "ASTRONOMY" or "ASTROLABE". If upper
and lower case are both used, "ASTRO" will not match "astronomy" nor will
"astro" match "Astronomy". To account for differences in capitalization,
it is necessary to use both "astro"” and "Astro" as select terms. Fortunately,
the way the lists are named facilitates the use of different forms of
select terms, because the lists, defined by a DATA statement, are named
by either a select term or a string of select terms.

This last point needs explanation. It may be desirable to generate
a single concordance list for a number of closely related select terms,
e.g. sun, star, solar, stellar, astro, rather than a single list for each
select term. CONC permits the user to do this by the manner in which he
prepares the cards from which select terms are read into the computer.
A1l select terms appearing on the same card will be concordanced into a
single combined list. The number of cards containing select terms determines
the number of lists. To distinguish cards containing select terms from
cards containing text, the first card of input data must have punched on it,
starting in column 1, the number of cards containing select terms. If we
choose, as in our example, to produce a single list then the first card
would be

/1

and the second card would be:

SUN STAR SOLAR STELLAR ASTRO

Alternatively, we might like a concordance which distinguishes the sun from
the stars. We would then use as our first input cards



STAR STELLAR ASTRO

SUN SOLAR

The ability to build combined lists also means we can easily scan for
closely related forms of a single term. For example, we might wish to
search on

astro Astro "Astro "astro

to be sure of including in our concordance all the equivalent forms of
words beginning with the letters a st r o. (Actually CONC ignores

leading double quotation marks, hyphens, and left parentheses.)

The number of select terms is limited to 50 by an array size specified
within the program. This dimension could easily be changed. A more
practical limitation is that if a large number of select terms is used,
the pattern matching will take unduly long. It would then be good to change
the program. After reading in the select terms and naming the correspond-
ing lists, the select terms should be put in alphabetical order so they could
be located by a binary search thereby eliminating the need for time consuming
sequential searches. Alternatively, if the user has foreknowledge of the
frequency with which select terms occur in the test, the matching time
can be shortened by putting the most frequently occurring select terms
first in the input so they appear early in the sequential search.

The text of the document to be concordanced is read in on cards
following the cards listing the select terms. As noted before, the text
can be in upper or lower case with any punctuation marks. Each word must
be preceded by at least one blank or a double quote. These symbols are
used for breaking out individual words from the input string. The only
limitation on the length of the text is the running time, which is proportion-
al to the number of words in the text.



Upon completion of the scan, compare, and sort portion of the program,
control is shifted to the output portion. The complete contents of the
individual lists are printed in the order in which the lists are defined,
i.e. in the order in which the select terms are read in. Each list is
titled by the select term or combination of select terms used to generate
the list. The output is arranged so that the matched word is centered
in the page; then the river of white running the length of the page makes
it easy to see the principal word.

Example

The conceptual structure and function of CONC are summarized in the
following diagram and hand-made example.

/ CREATURES AND EMITS COHERENT RADIO WAVES

(THE SOLAR SYSTEM CONTAINS LIVING

rﬁﬂNOWN ASTRONOMICALLY AS A CURIOSITY BECAUSE

(I SAY THE SUN, A MINOR STAR, IS WELL

Fsmo STAR

SUN SOLAR

(2
|

CONC generates two lists, called SUN SOLAR and ASTRO STAR, Repeated applica-
tions of the template produce four matches as shown in Figure 1., The
resulting concordance strings are stored in their corresponding lists to
produce the final list structures shown schematically in Fig., 2.



SUN l SOLAR [ASTR0| STAR

% % % [% % % % T SAY THE [SUN, A MINOR STAR, IS WELL KNOWN ASTRONOMICALLY|AS A CURIOSITY BECAUSE THE SOLAR SYSTEM CONTAINS

LIVING CREATURES AND EMITS COHERENT RADIO WAVES * * % % % % ¥

SUN lSOLARI ASTROl STAR‘

* % % % % */% T GAY THE SUN, A MINOR|STAR, |IS WELL KNOWN ASTRONOMICALLY AS A CURIOSITY|BECAUSE THE SOLAR SYSTEM CONTAINS

LIVING CREATURES AND EMITS COHERENT RADIO WAVES * * * % % % ¥

lSUNlSOLAR‘ASTRO'STAR’

* ¥ % % ¥ % % T SAY THE|( SUN, A MINOR STAR, IS WELL KNOWNIASTRONOMICALLY[AS A CURIOSITY BECAUSE THE SOLAR SYSTEM|CONTAINS

LIVING CREATURES AND EMITS COHERENT RADIO WAVES * * * % x % ¥

SUN l SOLARI ASTRO | STAR

* ¥ ¥ % % ¥ ¥ T SAY THE SUN, A MINOR STAR, IS WELL|KNOWN ASTRONOMICALLY AS A CURIOSITY BECAUSE THE |SOLAR|SYSTEM CONTAINS

LIVING CREATURES AND EMITS COHERENT|RADIO WAVES * * * % % % ¥

Figure 1. Diagram of four template positions at which match succeeds and

the string under the template is stored.



SUN  SOLAR -
~

**%% T SAY THE SUN,

IS

v

KNOWN ASTRONOMICALLY AS A

kﬁ/////,,///’

ASTRO STAR S

* T SAY THE SUN, A MINOR... D)
vf”/’ﬂﬁﬂp///

SUN, A MINOR STAR IS WELL... )

Figure 2. The final list structures generated by CONC from the text and

select terms shown in Figure 1




The Program and the Template

With perhaps two exceptions the program is adequately documented by
the comments distributed through it. These are given in the appendix.
Further explanation of the template and the buffered input is necessary.

The template is constructed as part of the pattern Pl1. Because Pl
is complicated, the pattern and its bead diagram are shown in Figs. 3 and k4
in order to illuminate the following discussion.

Pl = SUCCEED TAB(*STRT) (@s1 (B | (*cT(s2,SS) REM) $ STRL
ABORT) @STRT BB BB B B2 @s2 (PAT $T2) BBBEB BB B B
$ STR *INSERT(STR,T2,S1,52)

Figure 3. The Pattern Pl which contains the
concordancing template

— e £ ) > v —— d
aun)  (ap) @sD) CB O @srrr  BEBBEB @s2) (STL) (BBBEEBEB ) (KINSERT.

“__#“;/////

@M ABORT ) ST2

Figure L. Bead diagram of the template pattern
given in Figure 3. Name assignments
and Function arguments are not shown.



Let us discuss P1 by reading it from left to right assuming initially
that no element on the top row of the bead diagram fails. We will discuss
the alternatives later. SUCCEED is null and always matches; we will see
later why it is needed. TAB(*STRT) tabs to the position given by STRT.
Since STRT initially is null, the template first lines up its leftmost
edge at the first word in the input string with the window over the eighth
word. To compensate for this, the program adds seven dqummy words '¥* !
to the front of the input string. Thus, the template begins with the window
over the first real word of the string.

The pattern B2 uses BREAK(' -') to skip a word and SPAN(' "-(') to igncre
blanks, quotes, hyphens and left parentheses. The patterns B = BREAK(' ') SPAN(' ')
simply skip from blank to blank; consequently each symbol or string surrounded
by blanks is treated as a word., The quantities GDSl and C?JSQ store the
values of the cursor position at the corresponding two points under the
template. The values are used to test for the end of the input string and
to pad out the concordance string so that it will look nice when printed.

(@ STRT stores in STRT the position of the second word under the template.
This is a crucial step, for it is to this point that TAB will move the
template the next time it is used. STRT is the parameter by which the
template is advanced one word further along the input string.

The pattern PAT contains the select terms which are compared with the
word in the window. Assuming the match succeeds, the select term is given
the name T2, the eighth word plus 7 more are stepped off by the string
of B's, the entire 15 word string under the template is called STR and then
8TR, T2, S1 and S2 are passed to the function INSERT.

INSERT pads STR with sufficient blanks to center the eighth word in
the output string and then stores the string STR in the output list to which
T2 points.

Upon return from INSERT, P1 is successfully completed. Success causes
reentry into the statement using P1. By means of the value of STRT
assigned in the last pass through P1, TAB moves the template one word
ahead and proceeds as before.

If, as is likely, PAT fails, the pattern scanner backs up to look for
alternatives. The first alternative to be inspected is the pattern
(*cT(S2,55) REM) $ STRL ABORT. If there is more input to be read, SS is
the size of the present input string STR1 less 104 characters. If S2 is
greater than 85, i.e. if the template is within 104 characters of the end of STR1,
this pattern flushes all of STR1 up to the position given by STRT which
leaves seven words plus about 52 characters, and then ABORTS and reads in
more input adding it to STRI1.

If there is no more input, 5SS is the size of STR1 less 18 characters.
Because the last 17 characters are dummy words to enable the template window
to cover the last actual word of the string, 5SS represents a point on the
string past the first letter of this last word. When S2 is greater than SS,
all words in the input string have been scanned and the pattern aborts.

This time, since there is no more input, the program switches to OUT,
where it prints the output lists and halts.



Usually *GT(SQ,SS) will fail, thereby driving the pattern scanner
back to look for further alternatives. It is important for the functioning
of the template that Pl's needle back up and come through TAB again.

If there were no alternatives this would not happen because Pl would simply
fail. ©SUCCEED provides dummy alternatives to force backing up. SUCCEED
acts as an infinite set of NULL alternatives. Consequently Pl's needle
backs up to SUCCEED and reenters the pattern through the next null
alternative. As the needle goes through TAB, the value of STRT assigned

in the last pass is used. The effect is to advance the template one word
along STR1. Thus PAT compares the select terms with the next word which
now appears in the window.

With the template driver used in this program, fallure can only occur
at or near the end of an input string STRl. Because the IBM/360 implementa-
tion of SNOBOL4 limits maximum string length, the input has to be read in
as & succession of input strings.

This is done by building each input string successively from the
contents of 68 cards plus 104 characters and 7 words from the preceding
input string. Assuming 72 characters per card, the resulting string length
could in principle exceed 5,000 characters by the length of the 7 words.
However, all input is trimmed of trailing blanks as it is read, and there
are usually enough of these so that it is extremely unlikely that string
overflow will occur.

After a string is built, it is processed by the template., When it has
been scanned, a new string is bullt if there is any more input to be read.
If no input remains, the program prints the output lists and halts.

Timing

A succession of runs in which the number of select terms was varied
from 1 to 20 shows that on the 360/9l)run time increases linearly by about
19 msec for each additional select term.

The scanning algorithm produces a linear search along the string.
Comparing the length of time to process a sample of 4900 words with the

time to process 15600 words, it was found that run time increases linearly
at about 4 msec per word.

The amount of CPU time consumed also depends linearly on the number
of successful matches. No measurements were made of this dependence.
Under normal circumstances storage time should be only a small portion
of the total duration of the run.
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Changes and Improvements

The user might wish to increase or decrease the template.size.
Insertion of removal of a B on the left or the right of PAT will lengthen

or shorten the corresponding side of the template.

The present program is easily adapted to tape input. The statement
INPUT( .IN,5,72)
need only be replaced with
euT( . IN,8,72)
and the appropriate control card added. In 08/360 this would be
//FTO8FOOL DD  DSN= TEXT, DCB=
(RECFM=FB, LRECL=72, BLKSIZE=T7272,

BUFNO=2), VOL=SER= * * ¥ * ¥

If more select terms are wanted, one need only change the size
of the array T(50). The program has been tested and debugged for 28 select
terms. When many of these are used, it is to be expected that not only
will the search time in PAT become long, but the storage overhead for
the output lists will become large. DProbably many select terms and a large
text would require buffering of the output to avoid exceeding maximum
allowable storage.

The present buffered input is inelegant. The overlap between
successive input strings is established assuming that the input is never
going to be closer than 7 words to the maximum string length of L4896
characters. Because input is trimmed of trailing blanks and because 7 words
represent only about 50 characters, overflow is unlikely. However, it is
poor practice to use an algorithm which depends upon the probable form of
the input. This portion of the program needs improvement.



11

For many purposes it would be convenient to print the number of
the page from which the concordance string is taken. This could be done
at the cost of making Pl more complex and increasing processing time
somewhat. Alternatively, the sequence number of the card from which the input
is read could be used to identify the text. This would be simpler and

faster than page number, %but would make the principal document the
listing of the cards rather than the text itself.

Summary

1. To run on IBM/360, use customary SNOBOL4 job control language.
CONC has been debugged and tested using version 3 of SNOBOLY, but
it uses only features also available in version 2. (A sample of JCL
suitable for running on the SLAC system is given in the appendix.)

2, Place CONC immediately after the JCL.

3. The data cards go in as part of the program deck. Do not
separate them out with a /*.

a) First data card should be a single integer which is the
number of data cards to follow which contain select terms.

) The next cards contain the select terms. Concordance strings
corresponding to the terms on a given card will appear in the same

output list. They will be in the order in which they are met in
the scan through the text.

c) The rest of the cards are the input text. It may be in
any form with any punctuation. Words must be separated by

blanks.
&

(

(&msun&iarsﬂar Ster star  astro Astio

(/ ener Ener
( 2
pya CONC

~

/  JoL
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The result is an assemblage of cards as shown above. Using as
a text ~v 1500 words from Henry Adams' essay "A Letter to American
Teachers of History" and the depicted input cards, we obtain the sample
results shown in the appendix.
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Appendix

CONC was applied to ~ 1500 words of Henry Adams' essay "A Letter
to American Teachers of History." This material was in upper and lower
case so the select terms were chosen to get capitalized as well as
uncapitalized words.

There follows a list of the JCL used, a listing of CONC, the input
cards and a sample of output. SYSOUT=D was used to print upper and
lower case. Consequently output is delayed a day. SYSOUT=A is much faster
and entirely satisfactory in most cases.



//7JUBLIB DD DSN=SYS2.PRUGLLIByDISP=(5HRyPASS)yUNIT=2314% G09O00200
// EBEXEC PGM=SKNUOBUL4 CcC 000300
//FTO6F00L DD SYSUUT=A,0CB=(LRECL=133,0LKSIZ:-=3458,BUF4=2,RECFM=FBA), Q0000500
// SPACE=(TRK,(100,5C)) 00020600
//FTO5F001 LD * 0000V706D
=~LIST LEFT 0C¢ 000800
INPUT (" INPUT'45,72) 00000900
¥ FUNCTIUN DEFINITIONS, KEYAORD PARAMETERS, CUNSTANTS AND ARKAYS 00000100
% 00000200
DEFINE(" INSERT(STR,T2,51+S82)°) 00000300

* INSERT IS USED IN THE TEMPLATE PATTERN TD) PAL OUT A 00000400
% CONCORDANMCE STRING WITH BLANKSPLACE IT IN THE 0000500
= APPROPRIATE QUTPUT LIST, AND CHECK WHETHER ADDITIONAL 00000600
X CARDS WNEED TO BE READ. 0000700
L 00000800
[dPUT I dyDy 72) 00000900

% THIS STATEMENT FACILITATES ZSTABLISHING A LOGICAL INPUT 00001000
L UNIT FOR ThRE TEXT, OISTINCT FROM THE [WPUT UNIT ONTO WHICHOOO01100
% THE SELECT TERMS ARE READ. THEN IF THE USER WANTS T9 00001200
% READ HIS TEXT FROM A TAPEy HE SIMPLY REPLACES THIS 00001300
% STATEMENT WITH 00001400
%* TNPUT(elilgt,72) 00001500
x AND INSERTS IN THc JCL (FOR 0O0S/7360) THE rULLIWING: 00001600
* //FTC8FQOL LD DSN=#%% 00 BR=(RECFM=FByLRECL=T2,BLKSIZE=7272 00001700
x BUFMNO=2) 3 VCL=SER= ¥k 3ok 003001800
* 0¢ 001900
JUTPUT('PAGE' 364" (A1)) 00002000

% USED IN PRINTING JUTPUT LISTS T4 START EACH LIST ON COL02100
% A NEW PAGE. 006002200
* 00002300
EANCFIOR = 1 00002400

BLANKS = ! ' 00002500

* USED A3 A SUPPLY OF BLANKS FOR PADDING CONCORDANCE 00002600
* STRINGS 00Q02700
% 000V2800
g = IRT5S? 000029300

% SETS VALUE OF LABEL SO THAT WHEN UNE INPUT STRING HAS 00003000
® BEEN PROCESSED, MORE INPUT WILL BE READ AND ANOTHER 00003100
* STRING COMSTRUCTED. ONLY WHEN INPUT FAILS WILL Q BE L0003200
* CHANGED . ¢0003300
< 00003400
T = ARRAY(50) 00003500

3 DEFINES ARRAY USED FOR CONSTRUCTING PATTERN CONMTAINING 00003660
X SELECT TERMS AND FIJK INITIALLY SETTING UP QJUTPUT LIST 00003700
X STRUCTURES » G0003800
* 00003900
CATA{'LISTOHUDE JLINKY ) Q0004000

x DEF INES OATA TYPE FUK CONSTRUCTION UF OUTPUT LIST 00004100
L STRUCTUKRES. 00004200
%* 0004300
B2 = BREAK(' =%) SPAN(' v=("') QU 004400

% 82 IS A PATTERN USING BLANKS UJR HYPHENS T3 BREAK OUT N0 004500
% INDIVIDUAL WORDS FROM ANY GIVEN STRINGe THE COMCORDANCE 00004600
» GENERATOR WILL DETECT PARTS OF HYPHENATED WORDS AS WELL 00004700
" AS WHOLE WCRDS. SPAN CAUSES CONC TO IGMURE LEADING 00004800
% DOUBLE QUOTATIUN MARKS UR A LEADING PARENTHESIS. 00004900
* 20005000
B = BREAK(' ') SPAN(' ') 00005100

* B8 SKIPS FROM BLANK TO BLANK. CONSEQUENTLY, ANY PUNCTUATIONCO005200
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READS

¥ B O# X A% X

#* R K

NP1

#3334t

BREAKS

PT1

® O 3 F % F U H o o R 3

=
©
-
P

I TERAT

o % K * K O3

>
-

RPT2

MARKS SURRUUNDED BY BLANKS WILL BE COUMTED AS SINOLU

WURDS e IF B2 WERE JSED THROUGHUUT Pl,y, THEMN PUNCTUATION
MARKS WUULU BE IGNURED. IF SPAN(' ') WERE REPLACED BY
SIMPLY * ', RUNNING TIME WIULD BE REOUCED BY 1G% 8UT THEN

N MULTIPLE BLANKS wOULD BE READ AS N-1 WORDS OF 1 BLANK

EACH.
STRKL = % & x % % % ¥ ¢

PLACES 7 DUMMY WORDS AT TH: FRONT OF THe TEXT IMPUT
STRING

IN GROUPS OF SELECT TERMS FROM WHICH PATTERN IS FCRMED

P = TRIMOINPUT)
P IS Toe # Uk IniPul CARDS WITH SELECT TERMS CMN THEM;
TERMS MAY BE GROUPED TOPICALLY Cil ZACH CARD.

N =1

INITIALIZES N WHICH CCOUNTS THE NUMBER OF SELSCT TERMS
AND INOEXES THe ELEMENTS uJF THt ARRAY [ATU WHICH TH=ZY
ARE PLACED.
Ll = LT(LL,P) L1 + 1 tF(PAT)
LL COUNTS THE CARDS CIONTAIWINSG ScLeCT TERMS

STR = TRIA(INPUT) * ¢

Bl = STR
SAVES STRIWG JF SELECT TERMS FROM CARD JUST READ TO
PLACE [N FIRST CELL UF OQUTPUT LIST STKUCTURE TO SERVE
AS TITLeE 1 OUTPUT.

Cul ScLeCT TERMS TO BE USED IN MATCHING.
STK (BREAK(' ') o T<N> SPAN(? F(RPT4)

) o=
BREAKS OUT INDIVIDUAL SELECT TERMS FROM TH<Z LAST
CARD READ AND PLACES THeM Il THE ARRaY T

SETS Ur COMMON LIST NAME FOR GRUUP DOF ScCLECT TERMS ON EACH CARD

PTKM> = 31

N =N+ 1 T(RPT1)
FOONY ST = 1>) = LISTI$TKN = 1>)

$(THY $T<KN = 1>) = $('WN*' $T<N = 1>) t(INPL)

MAKES £ACH SELECT TERM IN A GIVEN GROUP, AN INDIRECT
REFERENCE TO THE SaME LIST STRUCTURE.

IVeLY CCNSTRUCTS PATTERN TO BE USED IN MATCHIG

M=N-1

PAT = T<1>

N =1

M o= LT(NsM) N + 1 TF(RTO)
PAT = PAT | T<ND> T(RPTZ)

V0005300
00005409
00005500
00005600
00005700
00005800
20005900
00006000
00006100
00006200
20006300
000C6400
00006500
00006600
00006700
60006800
00006900
00007000
Qu0Q07100
C00C7200
00007300
0007400
00007500
00007600
00007700
00007820
000079C0
00008000V
00008100
00008200
00 Q08300
0008400
00008500
0Co08600
0003790
00003800
06008900
000V9000
Q0009100
0009200
Q0009300
00 G09400
U0 C0u3500
00009600
00009700
0G0L9300
00009900
00010000
00010100
00010200
00010300
CD010400
00010500
0001060C
00016700
00010800
V0010900
00011000
00011100



* CONSTRUCTIGH UF THE PATTERA wWHICH SERVES AS THE TEMPLATE

*
RTO Pl = SUCCEED TAB(*STRT) {(aSL (3 |
. ABORT) aSTRT B B B8 B B B2 aS2 (PAT ¢ T2) 3

HINSERT(STR,,T23S51,52)

SIMPLY ADD MORE B'S TG THE PATTERN.
OF STRT WILL ADD A WORU TO
COMCURDANCE STRING; A 'B!

INPUT OF STRING UF TEXT Tu Bt CCNCORDAMCED .

OF SNUJBUL4 TO 5000 CHARACTERS,

T5 STRT =

STRING OF INPUT.

A o3 3 3 30 3 # F H ORI K KR

TL STRiL = STRL TRIM(IN) ' ¢
LL = LT(LLy6B) LL + 1
COUNTS CARDS UF INPUT TEXT.

#

X*
LtL =1

* RESETS LL TC 1 SU LATER PASSES THRUUGH THIS LUUP READ

x ONLY o8 CARDS.

*
$S = SIZLE(STR1) - 104 :(RT2)

* SS IS THE STRING SIZE USED TO TEST WHEN MORE INPUT SHOULD

% BE READ. TkE 104 ASSURES PRUPER OVERLAP BETWEEN THE END

OF THIS INPUT STRING AND THE NeXT.

STR1 = STR1 ' % % & % % X% X% ¢
ADDS DUMMY WORDS TO END OF TEXT S0

® O R o X OB OH & R
—
S

& = 'Uure
* WHEN THz INPUT FAILS, Q IS SET TU 'UUT' SU THAT ON THE
%* NEXT FAILURE OF THE TEMPLATE DRIVER, QUTPUT WILL BEGIN.
%
SS = SIZE(STRL1) - 18
% SS IS THE STRING SIZE LESS 18 TU IGNORE THE 8 DUMMY WORDS
W PUT ON THE END UF TEXT. WHEN S2 IS GT S§Sy, THE LAST WORD
X OF THE TEXT HAS BEEN SCANNED.
%
* SCANNER AND TEMPLATE ODRIVER
*
RTZ2 &FULLSCAN = 1
RTT STkl P1 tF($Q)SIRTT)

A DRIVES TEMPLATE ALONG STKINGS

(%GT(5295S) REM)
BB B8 B BB B) & STR

FOR A FULL EXPLANATIGN SEE CGTM # 91. T9
THE NUMBER GF WORDS INCLUDZD IN THE CONCURCANCE STRING,
A 'B' T THE RKIGHT

THE LEFT HALF UF THE
ADDED TO THE SERIES OF

TO THE RIGHT UF PAT audS A WORD TO THE RIGHT HALF

A NEW INPUT STRING
WILL BE CONSTRUCTED WHEN THE OLD ONE HAS BEEN SCANNED T3
NITHIN APPROXIMATELY 104 CHARACTERS OF ITS END.

THE WINDOW OF THE
TEMPLATE CAN REACH THE LAST REAL WURD IN THE STRING.

DOES COMPARISONS;

INCREASE

LIMITATION OF STKING SIZE IN IBM /360 IMPLEMENTATIGN
REQUIRES THAT INPUT BE
PUT INTO A ScEQUENCE OF INPUT STRIMNGS.

INITIALIZES CUKSUKR PUSITIUN TO C FUR LACH SUCCESSIVE

SF(RT4)
:S5(RT1)
READS 69 CARDS FIRST CYCLE.

¢ STR1

'B S
OF THE

AND 8Y

5

00011260
00011300
00011400
00011500
00011600
Co0L17G0
00011800
Ju0119300
00012000
00012100
00012200
00012300
006012400
00012500
Q0012600
00012700
00012800
00012900
00013000
00013100
00013200
00013300
00013400
00013500
VL 013600
000L370u
¢0013800
00013900
00014000
C0014100
00014200
00014300
00014400
00014500
00014600
00014700
00014800
00014900
000150090
006015100
00015200
00015300
00015400
00015500
C0015600
00015700
€C0015800
00015900
00016000
0016100
00016200
C0016300
00016400
00016500
00016600
u0016700
00016800
00016900
00017000
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THE FUNCTION
FUKTHER THNPUT

IdSERT, FILLS QUTPUT LISTS,y TESTS FOR
AND IF NECESSARY PREPARES FOR HALT.

Aall CQUTPUT LISTS IN ORDER

N = 1

cruLLScan = 0
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)U The Problem ) ULL

)P The mechanical theory of the universe yoverned physical science for
three hundred years. Directly succeeding the theological scheme of a
universe existing as a unity by the will of an infinite and eternal
Creator, it affirmed or assumed the unity and indestructibility

of Force or Energy, as a scilentitic dogma or Law, which was called
Law of the Conservation of Energy. Under this Law the quantity of
matter in the universe remalned invariaktkle; the sum of provement
remained constant; energy was 1lndestructiblej; "nothing was added;
nothing was lost;" nothing was created, nothing was destroyed.

)P Towards the middle of the nineteenth century, - that is, about
1850, - a new school of physicists appeared in Furcpe, dating from
an Essay on the Hotive Power of Heat, published by Sadi Carnot in
1824, and made famous by the names of William Thecmscn, Lord Kelvin,
in England, and of Clausius and Helmholz in Germany, who announced a
second law of dynamics. The first law <caid that Eneryy was never

lost; the second sald that it was never saved; that, while the sunm

of energy in the universe might remain constant, - granting that

the universe was a closed box from which nothimg could escape, - the
higher powers ot energy tended always to fall lower, and that this
process had no known limit.

)P The second law was brierfly stated by Thomson in a pager "On a
Universal Tendency in Nature to the Dissipation of Mechanical Energy,"
published in October, 1852, which is now as classic as Kepler's or
Newton's Laws, and guite as necessary to a scientific education.

Quoted exactly from Thomson's "Mathematical and Fhysical Papers"
{Cambridge, 1882, Vol. I, p. 514), the Law of Dissipaticn runs thus: -
)P "1. There is at present in the material world a universal tendency
to the dissipation of mechanical energy.

)P "2. Any restoration of mechanical energy, without more than an
equivalent of dissipation, is impossible in inanimate material
processes, and 1is probably never eftected by means ¢t organized matter,
either endowed with vegetable life or subjected to the will of an
animated creature.

)P "3. Within a finite period of time past, the earth wmust have been,
and within a finite period of time to come, the earth must again be,
unfit for the habitation of man as at present constituted, unless
operations have been, or are to be pertormed, which are impossible
under the laws to which the known operations going con at present in

the material world, are subject."

)P HWhen this young man ot twenty-eight thus tossed the universe into
the ash-heap, tew scientiric authorities took him seriously; but after
the first gasp of surprise physicists began to give him qualified
support which soon became absolute. "This conclusion made much noise,"
says Ostwald ("L'Energie," Paris, 1910); "the more because Helmholz and
Clausius gave in their adherence to it. We owe to the latter the
following formula: *The Entropy of the Universe tends tcward a
maximum.'¥ To physicists, this law of Entropy became "a prodigiously
abstract conception, according to the familiar phrase ot M. Poincare;
but to the vulgar and ignorant historian it meant cnly that the
ash-heap was constantly increasing in size; while the public understood
little and cared less about Entropy, and the literary class knew only
that the Newtonian universe, in which they had been cradled, admitted
no loss of eneryy in the solar system, where the planets, at the end

of their planetary years, returned exactly to their positions at the
beginning. Gravitation showed no waste ot energy whatever, except

the
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where friction occurred, but had planets gone off like comets, and
never returned, the scholar of 1860 would still have feared to

question the scientiric dogma which asserted resclutely, without
qualification, the fact that nothing in nature was lost. If no other
assurance had satisfied him, all doubts were silenced by the famous
outburst of eloquence with which Tyndall concluded his Lecture in 1862,
on "Heat as a Mode of Motion." 0ld men can still recall how, after
explaining that "the quantity or the solar heat intercepted by the
earth 1s only 1/2,300,000,000 ot the
from telling what became of the heat
went on to expatiate with enthusiasm on
its energy: -

)P "Look at the integrated energies of
of our coaltields; - our winds and rivers; - our fleets, armies and
guns! What are they? They are all yenerated by a portion of the
sun's enerqgy which does not amount to 1,2,300,000,000 of the whole.
This , in fact is the entire fraction of the sun's force intercepted
by the earth, and in reality we convert but a small fraction of this
fraction into mechanical eneryy.
of millions, we do not reach the sun's expenditure. And, still,
notwithstanding this enormous drain, in the lapse cf human history

we are unable to detect a diminution of his store. Measured by our
largest terrestrial standards, such a reservoir cf power is intinite;
but it is our privilege to rise above these standards,
sun himself as a speck in intinite extension, - a mere drop in the
universal sea. We analyse the space in which he is immersed, and which
is the vehicle or his power. We pass to other systems and other suns,
each pouring torth energy like our own, but still withcut infringement
of the law which reveals immutability in the midst of change, which
recognises incessant transterence and conversion, but neither final
gain nor loss. This law generalises the aphorism ct S5cleomon, that
there 1s nothing new under the sun, by teaching us to detect
everywhere, under its infinite variety of appearances, the same
primeval rorce. To nature nothing can ke added; from nature nothing
can be taken away; the sum of her energies is coanstant, and the utmost
man can do in the pursuit of physical truth, or in the application of
physical knowledge, 1is to shift the constituents of the never-varying
total, and out of one of them to form another. The law of conservation
rigidly excludes both creaticn and annihilation. Waves may change to
ripples and ripples to waves, magnitude may be substituted for
nuerber, and number for magnitude, - asteroids may aggregate to suns,
suns may resolve themselves into florae and faunae, and florae and

not intercepted by the earth, and
the unity of the universe and

our world, - the stored power

faunae melt in air, - the flux cf power is eternally the same. It
rolls in music through the ages, and all terrestrial energy, - the
manirestations of life as well as the display of phenomena, are but

the modulations of its rhythm."

)P This magisterial tone irritated some of the new physicists to the
point ot hinting that Tyndall deliberately misstated the facts of
physics, tor fear lest some one should drive him into a logical snare,
ending in the necessity of admitting a Creation. In flat contradiction
to Tyndall, Kelvin and Tait affirmed that "the same primeval force"
could never be detected, - much less recovered; that all nature's
energies were slowly converting themselves into heat and vanishing

in space, until, at the last, nothing would be left except a dead ocean
of energy at its lowest possible level, - say of heat at 1 degree
Centigrade, or -272 degrees C. telow the treezing pcint of water, -

and incapable of doing any work whatever, since work could hbe done

only by a fall of tension, as water does work in falling to sea-level.
)P Between such authorities the unscientific student cculd not
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interfere. WNaturally, all his sympathies were with Tyndall. The idea
that the entire sidereal universe could have gone c¢n for eternity
dissipating energy, and never restoring it, seemed, at the least,
unreasonaple; while the astronomers drew up lists of nekulae by
hundreds in the very act of generating universes, and the geologists
showered the theory with rocks in order to show that the sun had
already reached an age many times greater than Themson was willing
to allow it.

)P No one knew, although every one explained what had caused the
inequalities of energy; least of all cculd tne historian of human
society assert or deny that energy could be created or could not be
destroyed. The subject was beyond his province. Since the Church
had lost its authority, the historian's field had shrurk into narrow
limits of rigorously human action; but, strictly within those limits,
he was clear that the energy with which history had to deal could

not be reduced directly to a mechanical or physico-chemical process.
He was therefore obliged either to deny that social energy was an
energy at all; or to assert that it was an energy independent of
physical laws. Yet how could he deny that social energy was a true
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