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Program name, LIB PLOT

sue Source. M.N.Mitchison, DMIP; Dale of issue. December 1968.
9Descviption. This program plots, or tabulates, a function, or tabulates
a list of functions, over a specified range, to the current output device.
The functions plotted or tabulated must be functions of one argument
and one result, which, in the case of PLOT, must be a number.

The user may specify, by setting the values of global variables, the

ER(ASSFF) 3 format of the output.

TfHow to use the progvam. Compile the program by typing:

COMPILE(LIBRARY([LIB PLOT)));

The following global variables are used by the program to format the

output, and may be changed by the user:

LINELENGTH  Initial value 60 Sets the maximum length of
lines output, and thus affects
the scaling in PLOT.

AXPRINT Initial value TRUE A boolean which, when true,
causes output of the axes (if
possible) when plotting.

Fs AXESMARK Initial value "." The item which is printed to
represent points on the axis.

CURVEMARK Initial value "X" The item which is printed to
represent points on the curve.

DOREVERSE Initial value FALSE When true, plotting or tabulat-
ing will be done in the reverse
order from that specified.

SEPARATE Initial value 10 Controls the number of
character positions between
the start of each successive
column in TAB,

The function PLOT. PLOT takes four arguments, these are:

(1) The function to be plotted.

(2) The lower limit of the plot.

(3) The increment, that is, the 1nterva1 between successive points on
the graph.

(4) The upper limit of the plot.

For example, PLOT(SIN, —5, 0. 5, 5); will plot the function SIN from —5
to 5 in steps of 0.5.

The function TAB., TAB takes four arguments. These are similar to

PLOT except that the function argument may be replaced by a list of

functions. |
Tabulation is in the form: X F1 F2 F3, and so on, where X is the \
argument and F1, F2, etc., are the results of the functions when applied )
to X. (
Where possible the columns are headed automatically by the name of !
the function being tabulated—see examples. It should be noted that the !
length of the list of functions to be tabulated should be less than {
LINELENGTH/SEPARATE-1. !

TMethod used, Plot, First the parameters are checked to make sure
they are of the correct type and that the upper bound of the range is
greater than the lower one. The modulus of the interval is now calcu-
lated and if DOREVERSE is true the upper and lower bounds are
reversed. The function PLOTDEAL is called. This constructs a list
of the values of the function, and finds a suitable scale, taking LINE-
LENGTH into account. This list is now used to plot the graph, the
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function PLOTAXPR being used to print the horizontal axis if possible.
The values of the graph at the ends of the axes are printed if it is

' found that, after rounding them to the nearest integer, they are not
¥ zero.

Tab. After checking its parameters in a similar way to PLOT, and
! defining a function SOS (not global) to assign to CUCHAROUT, a loop i
is entered which prints out the name in the FNPROPS of the functions
1 it is tabulating if this is not NIL. Between the limits given, it now
iteratively prints out the value of the argument of the functions and
|18 then their results,

Both PLOT and TAB terminate their output with three line feeds.

TGlobal variables, All variables used by the program are prefixed by
the letters PLOT.

fStove used. The program occupies some 3 blocks of core.

YExamples of use
COMPILE (LIBRARY([LIB PLOT)));
, PLOT(SIN,—5, 0.5, 5);

TAB(SIN, —5, 0. 5, 5);
SIN
0.9589
0.9775
0.7568
0. 3508

—0.1411

—0.5984

—0.9093

—0.9975°

—0. 8415

—0.4794
0 : t
0.4794
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S if possible. 1.0 0. 8415

1if it is 1.5 0.9975

are not 2.0 0.9093

2.5 0.5984

LOT, and 3.0 0,1411

jUT, a 100p 3 3.5 —0. 3508

he functions 4.0  —0.7568

1, it now 4. 5 —0. 9775

tions and 5 —0.9589

, feeds TAB([%, SIN, COS, TAN, LAMBDA X; X72—1; END, SQRT %], 3, 0. 5, 9);
3.0 0.1411 —-0.99 —0.1425 8.0 1,732
3.5 —0.3508 —0.9365 0.3746 11.25 1.871

€. 4.0 —0.7568 —0.6536 1,158 15.0 2.0
4.5 —0,9775 —0.2108 4.639 19.25 2,121
5.0 —0.9589 0.2837 —3.38 24,0 2,236
5.5 —0.7055 0.7087 —0.9955 29,25 2,345
6.0 —0.2794 0.9602 —0.2909 35.0 2.449
6.5 0.2152 0.9766 0.2204 41,25 2,549
7.0 0.657 0.7539 0.8716 48.0 2.646
7.5 0.938 0. 3466 2.707 55,25 2,739
8.0 0.9894 —0.1456 —6.795 63.0 2, 828
8.5 0.7984 —0.6021 —1.326 71.25 2,915
9.0 0.412 —0.,9112  —0.4522 80.0 3.0

mkn _, CURVEMARK;

| PLOT(SQRT, 0, 0.1, 2);
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. —
[PLOT3 \ 0=>P
| PLOT

o PLOT

LtINT

FUNCTION PLOTMOD PLOTYY; ] IF ¢
IF PLOTYY<O THEN -PLOTYY ELSE PLOTYY CLOSE; ] IF p
END | PLOT
' IF N

' PLOT

FNPR

FUNCTION PLOTSP PLOTLL PLOTHH; LB:[F
VARS PLOTLLL PLOTSS. 63.C
£1->PLOTLLL: IF e
L:PLOTLL.DEST=>PLOTLL->PLOTSS; 070

PLOTLLLCOLXPLOTSSX]->PLOTLLL * Lo1.

PLOTHH=1->PLOTHH; PLOT

IF PLOTHH THEN GOTO L CLOSE: PR(P

PLOTLL;PLOTLLL: APPL

END : PLOT
IF P
P THE
VARS LINELENGTH SEPARATE AXESMARK CURVEMARK cLOS
AXPRINT DOREVERSE PLOTAXPR: \ G0TO
60->LINELENGTH; “X"~->CURVEMARK; *."~>AXESMARK: | KK : PR
1~>AXPRINT; 10->SEPARATE; 0->DOREVERSE; | '
! PLOT
! .SET

i END

FUNCTION PLOTDEAL PLOTHH PLOTFF PLOTLL PLOTSSS PLOTUU;

VARS PLOTBB PLOTYY PLOTCC PLOTZZ:;

PLOTLL.PLOTFF=->PLOTBB: FUNCTI

PLOTBB=->PLOTYY; VARS

(4PLOTBBX1->PLOTCC; IF P

IF PLOTLL.PLOTMOD<CO.4#PLOTSSS THEN [XPLOTCCX]- =>PLOTCC CLOSE; oR

L:PLOTLL+PLOTSSS->PLOTLL

IF PLOTHH(PLOTLL,PLOTUU)

THEN PLOTYY; PLOTBB: ) EXIT
LINELENGTH/(PLOTBB-PLOTYY):: ~LINELENGTH#PLOTYY)/(PLOTBB=PLOTYY)+0.5; ; pLOT
PLOTCC: IF D

EXIT; THE

PLOTLL.PLOTFF=>PLOTZZ; .

IF PLOTZZ>PLOTBB THEN PLOTZZ->PLOTBB ELS
ELSEIF PLOTZZ<PLOTYY THEN PLOTZZ->PLOTYY cLos

CLOSE; PLOT

IF PLOTLL PLOTMOD<CO0.4#PLOTSSS THEN [XPLOTZZX1->PLOTZZ CLOSE; pLOT

PLOTZZ:tPLOTCC=->PLOTCC; ; IF F

GOTO L; i T

END i ;
FUNCTION TAB PLOTFF PLOTLL PLOTSS PLOTUU;

VARS PLOTYY PLOTBB PLOTCC PLOTZZ PLOTCOUN PLOTHH.

IF PLOTFF.ATOM THEN TAB(CXPLOTFF%1,PLOTLL,PLOTSS,PLOTUU) EXIT;

CUCHAROUT=>PLOTHH;

IF PLOTLL.ISNUMBER.NOT OR PLOTSS.ISNUMBER.NOT OR PLOTUU.ISNUMBER. NOT
OR PLOTLL>PLOTUU THEN GOTO KK

CLOSE;

PLOTSS.PLOTMOD=->PLOTSS;

IF DOREVERSE THEN

PLOTLL,PLOTUU->PLOTLL->PLOTUU; NONOPC =>PLOTZZ; -PLOTSS~->PLOTSS ; El

ELSE
NONOP> ->PLOTZZ

CLOSE:;

FUNCTION PLOTSOS PLOTCC:

VARS CUCHAROUT;'

PLOTHH=>CUCHAROUT;

IF PLOTCC=63 THEN SP(SEPARATE-PLOTCOUN);0->PLOTCOUN EXIT; -

IF PLOTCC=17 THEN 0->PLOTCOUN ELSE PLOTCOUN+1->PLOTCOUN CLOSE: : cLo

CUCHAROUT(PLOTCC) 3N
END; END
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| 0->PLOTCOUN;
[ PLOTSOS->CUCHAROUT ;
PLOTFF=>PLOTBB;
L:INTOF(LINELENGTH/SEPARATE=1)->PLOTLLL:
IF PLOTFF.LENGTH>PLOTLLL THEN PLOTFF,PLOTLLL.PLOTSP->PLOTFF->PLOTLLL CLOSE:;
IF PLOTBB.NULL THEN GOTO LO CLOSE;
PLOTBB.HD->PLOTYY;
IF NOT(PLOTYY.ISFUNC) THEN GOTO KK CLOSE;
PLOTBB.TL->PLOTEB;
FNPROPS(PLOTYY)=>PLOTCCS
L8:1F PLOTCC.ATOM.NOT THEN PLOTCC.HD->PLOTCC; QOTO LB CLOSE;
63.,CUCHAROUT;
IF PLOTCC.ISWORD AND NOT(PLOTCC=NIL) THEN PR(PLOTCC) CLOSE;
GOTO L3
LOS1.NLs -
PLOTFF=->PLOTBB;
PR(PLOTLL)
APPLIST(PLOTBB,LAMBDA PLOTYY; 63.CUCHAROUT; PLOTLL.PLOTYY.PR; END );
PLOTLL+PLOTSS=->PLOTLL
IF PLOTZZ(PLOTLL,PLOTUU)
i THEN IF PLOTLLL.ATOM THEN 3.NL;PLOTHH=>CUCHAROUT; EXIT:
Lo 2.NL; GOTO L;
\ CLOSE;
i GOTO LO:
KK:PR(’NOT SUITABLE ARGUMENTS FOR TAB: GIVE FUNCTION, OR LIST OF MORE
THAN ONE FUNCTION, THEN LOWER BOUND, THEN INTERVAL, THEN UPPER BOUND);
PLOTHH=>CUCHAROUT;
[ .SETPOP;

R e i A gy

i END

FUNCTION PLOT PLOTFF PLOTLL PLOTSSS PLOTUU;
VARS PLOTBB PLOTYY PLOTCC PLOTZZ PLOTCOUN PLOTHH PLOTLLL PLOTHEVAL:
IF PLOTFF.ISFUNC.NOT OR PLOTLL.ISNUMBER,NOT OR PLOTSSS.ISNUMBER.NOT
0SE; OR PLOTUU.ISNUMBER.NOT OR PLOTLL>PLDTUU THEN
“NOT SUITABLE ARGUMENTS FOR PLOT: GIVE FUNCTION, THEN LOWER BOUND,
THEN INTERVAL, THEN UPPER BOUND‘.PR; .SETPOP;
) EXIT;
BB-PLOTYY)+0.5; ! PLOTSSS.PLOTMOD->PLOTSSS
| IF DOREVERSE ] )
THEN PLOTUU,PLOTLL=>PLOTUU=>PLOTLL; =-PLOTSSS->PLOTSSS; ;
NONOP< :
ELSE NONOP>
CLOSE:
‘ . PLOTDEAL (PLOTFF,PLOTLL,PLOTSSS,PLOTUU)=>PLOTBB->PLOTYY=>PLOTHH=>PLOTLLL:
0SE; PLOTYY.BACK. INTOF->PLOTZZ;
IF PLOTZZ=<LINELENGTH AND PLOTZZ>=0 AND AXPRINT
! THEN
SP(PLOTZZ-1); PLOTUU.PR; ‘
APPLIST(PLOTBB, ‘
LAMBDA PLOTSS; : 3
1.NL; |
IF PLOTSS.ATOM.NOT THEN .PLOTAXPR; ;
ELSE INTOF (PLOTYY.FRONT#PLOTSS+PLOTYY,S8ACK)=>PLOTCC;
IF PLOTCC<CPLOTZZ ‘
THEN PLOTCC.SP; CURVEMARK.PR;
SP(PLOTZZ-1-PLOTCC)3 AXESMARK.PR;
ELSEIF PLOTCC>PLOTZZ
 EXIT; THEN PLOTZZ.SP; AXESMARK,PR;
SP(PLOTCC-1-PLOTZZ); CURVEMARK.PR;
1SNUMBER.NOT : ELSE PLOTCC.SP; CURVEMARK.PR:
CLOSE;
CLOSE;
END )3
1.NL; PLOTZZ.SP; PLOTLL.PR;
'$S=>PLOTSS i ELSE APPLIST(PLOTBS, |
: LAMBDA PLOTSS; ;
! 1.NL; "
IF PLOTSS.ATOM.NOT 4
THEN IF AXPRINT THEN .PLOTAXPR; EXIT :
PLOTSS.HD=>PLOTSS;
CLOSE; |

SP(PLOTYY.FRONT#PLOTSS+PLOTYY.BACK); CURVEMARK.PR; I
1T f _ END )
N CLOSE:; ; CLOSE; |
3.NL;
END
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FUNCTION PLOTAXPR;
INTOF(PLOTYY.FRONT#PLOTSS.HD+PLOTYY.BACK)=>PLOTCC;
FUNCTION PLOTFLOP PLOTBB;
NIF PLOTBB THEN PLOTCOUN+1=~>PLOTCOUN;PLOTBB.PLOTFLOP; CLOSE;
END
0~>PLOTCOUN;
CUCHAROUT,PLOTFLOP~>CUCHAROUT=>PLOTFLOP;
INTOF(PLOTLLL+0.5)->PLOTLLL
IF PLOTLLL THEN PLOTLLL.PR CLOSE;
CUCHAROUT,PLOTFLOP=>CUCHAROUT=>PLOTFLOP;
INTOF (PLOTHH+0.5)=->BLOTHH;
IF PLOTHH>O0
THEN INTOF (LOG(PLOTHH)+1)
ELSEIF PLOTHH<O THEN INTOF(LOG(-PLOTHH)+2)
ELSE O
CLOSE;
=>PLOTHEVAL:
L: [F PLOTCC=PLOTCOUN
THEN CURVEMARK.PR; :
ELSEIF LOGAND(PLOTZZ-PLOTCOUN,1) THEN 1.SP; ELSE AXESMARK.PR
CLOSE:
PLOTCOUN+1->PLOTCOUN;
IF PLOTCOUNT=<(LINELENGTH~PLOTHEVAL) THEN GOTO L CLOSE;
CUCHARQUT,PLOTFLOP->CUCHAROUT->PLOTFLOP;
IF PLOTHH THEN PLOTHH,PR CLOSE;
PLOTFLOP->CUCHAROUT;
END3

2.NL; ‘PLOT READY FOR USE‘.PR; 2.NL:
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Program name, LIB POPEDIT

Source. R.J.Popplestone, A, P. Ambler, R. Dunn, DMIP;

'LOSE; Date of issue. December 1968,

fDescription. This is a package which provides sequential editing
(and optional compilation) of POP-2 files. The file to be edited, and
the editing instructions, may come from any input device, and the
edited file may be output to any number of devices.

fHow to use progvam. The program should be compiled by typing:
COMPILE(LIBRARY([LIB POPEDIT]));
The functions which are provided are POPGOBBLE and POPEDIT.

! .
RK-PR JPOPGOBBLE. POPGOBBLE takes a character repeater as its

argument, and applies this until the end of the associated file is
reached. That is,
POPGOBBLE ¢ Character repeater => ().

YPOPEDIT. POPEDIT takes three arguments. These are:
(1) The character repeater of the file to be edited.

(2) The character repeater of the edit commands.

(3) A list of character consumers of the devices to which the
edited file is to be output.

The result of POPEDIT is the character repeater of the edited file.
That is,
POPEDIT € Character repeater, character repeater, list

=> character repeater.
When this resultant character repeater is used (for example, by
COMPILE or POPGOBBLE) it produces the characters of the original
file modified by the edit eommands, copying the characters to the
output devices as a side effect.

Examples of the use of POPEDIT and POPGOBBLE are given later in
this document.

If the edit commands are being typed in from the console (that is, the ‘
.character repeater for the edit commands is CHARIN) the program g
outputs the following message after POPEDIT has been called:
'READY: TYPE EDIT COMMANDS'

The first edit command should now be typed in, followed by carriage
return/line feed. When this command has been obeyed, ':' is output
and the next command should be given, and so on.

If the edit commands are being given off-line (that is, from a paper-
tape or disc file), they are read automatically when required. i

When the file being edited has successfully been read to its end, all
the input and output files are closed, and the following message is
output to the console:

'EDIT FINISHED. OUTPUT FILES CLOSED'

TEdit commands The type of edit commands available are the same K
as those in the Elliott program 'EDIT41". |

An edit command consists of three parts: a function part, a space, and
a string of characters. Two characters specify the function, and after
the space, the remaining characters up to, but not including the next
new line character form the string.
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The edit 'functions' provided are:

FL DL FC DC FE DE IS IL IB SH

These have the following effects:

FL — Find line: The input file is copied until a line beginning with
the edit string is found. The last character copied is the last
character of the edit string.

DL — Delete to line: The input file is skipped until a new line
beginning with the edit string is found. The last character
skipped is the last character of the edit string.

FC — Find characters successively: If the characters of the edit
string are C4,C,. .. Cp, then the input file is copied until C;
has been copied, and then further until C, has been copied and
so on until Cy, has been copied. 1

DC — Delete to characters successively: If the characters of the edit
string are C, ... Cp, then the input file is skipped until C; has
been skipped, and then further until C, has been skipped, and so p
on until C,, has been skipped. v

FE — Find end of line: The input file is copied up to, but not including
the next newline character. The newline character is read and
stored and will always be regarded as the next character from
the input device.

DE — Delete to end of line: The input file is skipped up to but not
including the next newline character. The treatment of this new-
line character is the same as for FE.

IS — Insert on same line: The edit string is copied.

IL — Insert on a new line: A newline character is output and then the
edit string is copied.

IB — Insert a block: The edit string, including newline characters, is
copied. The string must be terminated by a combination of a
newline followed by a '1' character. The newline and 'T’
characters are not output.

SH — Reads the remainder of the input file up to its end.

[ T = I -]

]

a o~

. fIgnorable characters. Spaces are copied, but are ignored for search
- purposes. For example, when searching for a line which is indented,
it is not necessary to put the preliminary spaces into the edit string.
However, if the edit string begins or ends with a space then this space
is significant and is not ignored for search purposes.

¥ Additional commands—on and off. The commands ON and OFF can be

inserted in the edit commands. They do not have any edit string and

are used to monitor the editing process.

ON — causes the edited stream to be copied onto the current user
output device in addition to any other devices which are being
used to copy the output. :

OFF — causes the copying onto the current user output device to stop.

( fErrors. If an unacceptable edit command is read, then the following
message is output:

POPEDERR CULPRIT X

where X is the offending character.

If the edit stream is being input from the teletype, then

\ 'TRYAGAIN' :

‘[ is output and the user should retype the edit command. If, however,

| the edit stream was coming from another device, the message:

! 'CONTINUE BY TYPING EDIT COMMANDS'

‘. is output, the edit file closed, and the edit file reverts to the teletype.
‘ The user must continue his edit by typing in the commands from the
teletype.
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If the end of the source file is read while any command other than SH
is being obeyed, then the message:

'END OF SOURCE FILE. OUTPUT FILES CLOSED'

is output, and the edit is terminated. The user must take any necessary
action to recover the original files. This error is most likely to be
caused by a FL. command, the string given not being correct.
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If the end of the edit commands file is reached before the end of the
source file is reached, the message:

'"END OF EDIT FILE. CONTINUE BY TYPING COMMANDS'

is output. The user must complete the edit by typing commands from
the teletype.

fDouble editing. Tt is not possible to do double editing using POPEDIT.

9Global vavriables. All global variables used in the program are
prefixed by POPED except for the function POPGOBBLE.

1Space used. The compiled program LIB POPEDIT requires approxi-
mately 2 blocks of store.

The program does not use much working space.

9Examples of use. In the following examples it is assumed that the
file to be edited (the source file) is represented by the character
repeater INFILE, various output files are represented by the character
repeaters OUTLP, OUTPT, OUTDISC and so on, and the file of edit
commands is either the character repeater CHARIN, if the editing is
being done on-line, or EDITCOMMANDS.

These character repeaters are all created in the standard way: for
example, for papertape

POPMESS([PTIN INPUTFILE]) —> INFILE;

POPMESS([PTIN EDITS]) — EDITCOMMANDS;
POPMESS([PTOUT EDIT FILE]) — OUTPT;

for disc

DISCIN(TR, N) — INFILE;

DISCOUT(TR, N) — OUTDISC;

where TR and N are the required disc track and sector numbers.
for lineprinter

POPMESS([L.P80 EDITED FILE]) — OUTLP;

Online editing. (1) To edit, from the teletype, a file, and to compile
the edited file without outputting it to any device, type:

COMPILE (POPEDIT(INFILE, CHARIN, NIL));

This should be followed by the edit commands.

(2) To edit, from the teletype, a file, and to compile the edited file,
and copying the new file to the disc, type:
COMPILE(POPEDIT(INFILE, CHARIN, [ %0UTDISC%)));

This should again be followed by the edit commands.

(3) To edit, from the teletype, a file to compile the edited file,and to
copy the new file onto both the disk and the line-printer, type:
COMPILE(POPEDIT(INFILE, CHARIN, [%OUTDISC, OUTLP%)));
Again, follow this with the edit commands.

(4) If simultaneous compilation, as above, is not required, COMPILE,
in all cases, should be replaced by POPGOBBLE.

For example, to edit a file without compiling it, but producing a new
file on disc, a paper-tape copy, and a listing to the line-printer, the
user would type:

POPGOBBLE(POPEDIT(INFILE, CHARIN, [ %.DISCOUT, OUTLP,
OUTPT%]);

followed by the edit commands.
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Offline editing. If the user wishes to use an offline file of edit
commands, for example a paper-tape which he had typed up previously,
in all cases in the above examples, the character repeater for the
teletype, CHARIN, would be replaced by that for the file of edit
commands. For example,

COMPILE(POPEDIT(INFILE, EDITCOMMANDS, [%,0UTLP%]);

to edit and compile simultaneously, the file INFILE, from the file of
edit commands EDITCOMMANDS, producing a line-printer listing of
the new file.

If the edit is successful then the message:
'EDIT FINISHED. OUTPUT FILES CLOSED'
will be output, otherwise an error message as described, will be given.

Complete examples of the use of POPEDIT, The following file is
assumed to be on track TR sector N of the disc:
FUNCTION SIGMA L; ,
IF L.NULL THEN 0 ELSE L. HD + SIGMA(TL(L))
CLOSE
END;

FUNCTION FACT N; N*FACT(N—1);
END;

AN A;

1,2,3 — L;
FACT(A) =>
SIGMA (LIST) =>

It is required to edit this file, compiling it, and copying it back to disc
track TR1, sector N1, producing a paper-tape copy.

The required input on the teletype is given below, assuming editing
is to be done online,

: VARS AA BB CC; Comments

: DISCIN(TR, N) — AA; .

: DISCOUT(TRI1, N1) —> BB;

: POPMESS([PTOUT EDITED FILE]) —> CC;  Giving the paper tape
file the name EDITED

FILE.
: COMPILE(POPEDIT(AA, CHARIN, Calling POPEDIT.
[%BB, CC%));

'READY: TYPE EDIT COMMANDS' Output by POPEDIT to
inform user that he
may start typing in
commands.

: FL END

. FE

: ON

: FC;

FUNCTION FACT N; " Output due to the ON

: IL IFN=0THEN1ELSE command followed by

the next edit command
after the ":"

Xk

% %k
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IF N = 0 THEN 1 ELSE : FC)
N*FACT(N-1) : IS CLOSE

CLOSE : OFF Switch off teletype

: FCE; output

: IB

VARS A LIST;

2— A; [%1,272,3 %] —> LIST;

T Inserted block

: DL 1 terminated with T

: DE

: SH

** 2, Output due to the two
print statements in

** 8.0, the source file

'EDIT FINISHED. OUTPUT FILES CLOSED'

The new file produced by the above edit commands on the given file
is given below. This file will have been punched to paper-tape, and
also written onto the disc:
FUNCTION SIGMA L;

IF L. NULL THEN 0 ELSE L.HD + SIGMA(TL(L))

CLOSE
END;

FUNCTION FACT N;
IF N=0 THEN 1 ELSE N*FACT(N—1) CLOSE;
END;

VARS A LIST;
2—>A; [% 1,272, 3%] —> LIST;

FACT(A) =>
SIGMA(LIST) =>
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LPOPEDIT]
FUNCTI
VARS POPEDCU POPEDERR POPEDT POPEDED POPEDED1 POPEDRD POPEDREF POPEDC VARS U
POPEDOCU POPEDL POPEDIN POPED2 POPED4 POPEDS POPED& NIL:
POPEDSTR POPEDON POPEDBK POPEDF1 POPEDF2 POPEDF POPEDPTR POPEDCUC: .;op
IF W
. L1t
FUNCTION POPGOBBLE POPED; IF
Lo: IF .POPED=TERMIN THEN EXIT; GOTO LO IF
END: .
EL
FUNCTION POPED1; cLOS

Lo: IF h
.POPEDCU->POPEDCUC; Wiig
IF TERMIN=POPEDCUC THEN END;

1.NL; ‘END OF SOURCE FILE. OUTPUT FILES CLOSED'.PR; 1.NL;
IF NOT(POPEDED1=CHARIN) THEN POPEDED1,POPGOBBLE CLOSE
EXIT; FUNCT]
IF POPEDCUC=POPEDF THEN
IF POPEDPTR THEN .POPEDT
ELSEIF POPEDF1 THEN .POPED2 ELSE POPED2->POPEDREP CLOSE; FUNCTI
ELSEIF POPEDF2 AND NOT(POPEDCUC=16) THEN ,POPEDT CLOSE; IF P
IF POPEDF1 THEN GOTO LO CLOSE Lo:
END; PC
ELSE
pC
FUNCTION POPEDILF; POPEDIN->POPEDCU; POPEDIN->POPEDOCU; 17 END; CLIZ
0§
END;
FUNCTION POPED2;
VARS U v;

Lo: : FUNCTI

.POPEDED->U; IF U=17 OR U=16 THEN GOTO LO CLOSE: CHAF
.POPEDED->V; POPEDOCU->POPEDCU; 0->POPEDF1; ‘ 1.8L
IF U=41 THEN .POPED4 EXIT; IF ¥
IF U=51 THEN .POPED5 EXIT; ELSt
IF U=47 THEN .POPED6; GOTO LO CLOSE; cLo
0->POPEDF2; END;
1F U=38 THEN 0 ELSEIF U=36 THEN 1 ELSE U.POPEDERR EXIT -> POPEDF1:
IF V=44 THEN .POPEDRD->POPEDSTR; POPEDL=->POPEDT; 17->POPEDF _
ELSEIF v=35 THEN .POPEDRD.NEXT->POPEDSTR->POPEDF; POPEDC->POPEDT TUNCTI
ELSEIF v=37 THEN POPED2->POPEDT; 1->POPEDSTR; POPEDILF->POPEDOCU; 17->POPEDF VARS U
ELSE V.POPEDERR EXIT; : .POP
POPEDSTR->POPEDPTR; POPED1=>POPEDREP; .POPED1 IF T

END: 1.

CH

FUNCTION POPED4; EXIT
1->POPEDF2; U
IF V=34 THEN 1->POPEDBK; .POPEDRD->POPEDPTR END;
ELSEIF V=44 THEN 17::POPEDRD()~>POPEDPTR
ELSEIF V=51 THEN .POPEDRD->POPEDPTR
ELSE v.POPEDERR EXIT; : FUNCTI
LAMBDA; : IF P

IF POPEDPTR THEN POPEDPTR.HD->POPEDCUC: POPEDPTR.TL->POPEDPTR .POP
ELSE POPED1->POPEDREP; .POPED2 CLOSE END;
END ->POPEDREP; .POPEDREP

END:

FUNCTI
->PG
BOPE
POPY

FUNCTION. POPEDSH; ’ C%AF
.POPEDCU->POPEDCUC; “PQP
IF TERMIN=POPEDCUC THEN END:
1.NL; ‘EDIT FINISHED. OUTPUT FILES CLOSED'.PR; 1.NL CLOSE

END; 1.NL:

FUNCTION POPEDS;

[F V=40 THEN POPEDSH->POPEDREP; .POPEDREP EXIT:
V.POPEDERR
END;
FUNCTION POPED6;
IF V=46 THEN 1->POPEDON ExIT;
IF V=38 THEN .POPEDED->V; IF v=38 THEN 0->POPEDON EXIT CLOSE;
V.POPEDERR
END;
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FUNCTION POPEDRD:
VARS U V W;
NIL::0=5U; U->V;
, .POPEDED=>W; !
R POPEDCUC: IF W=16 THEN LO: .POPEDED->W CLOSE; ;
L1:
IF W=17 THEN
IF POPEDBK THEN _
.POPEDED->H;: IF W=62 THEN 0->POPEDBK; U,TL EXIT;
17::0->V.TL; V.TL=>V; GOTO L1
ELSE U.TL EXIT
CLOSE;
IF W=16 AND POPEDF2.NOT THEN GOTO LO CLOSE;
Wit0=>V,TL; V.TL->V; GOTO LO
END:

EP POPEDC

FUNCTION POPEDC: POPEDPTR.DEST->POPEDPTR->POPEDF END;

FUNCTION POPEDL:;

If POPEDCUC=POPEDF THEN

Lo:
POPEDPTR.HD->POPEDF; POPEDPTR.TL->POPEDPTR; 1->POPEDF2
ELSE

POPEDSTR->POPEDPTR; IF POPEDCUC=17 THEN GOTO LO CLOSE:
ND; 17->POPEDF; 0->POPEDF2

CLOSE
END3

FUNCTION POPEDERR;
CHARQUT->CUCHAROUT ;
1.NL; ‘POPEDERR CULPRIT *,PR; .CHAROUT; 1.NL;
IF POPEDED1=CHARIN THEN ‘TRYAGAIN®
ELSE ‘CONTINUE BY TYPING EDIT COMMANDS': POPEDED1.POPGOBBLE; CHARIN->POPEDED1
CLOSE.PR; 1.NL; .POPED2

END:

POPEDF13
F i
>POPEDT TUNCTION POPEDED: |
)PEDOCY; 17->POPEDF VARS U;
.POPEDEDL->U; |
IF TERMIN=U THEN .
1.NL; ‘END OF EDIT FILE. CONTINUE BY TYPING COMMANDS'.PR; 1.NL;
CHARIN=>POPEDED1; .CHARIN: v
EXIT;
u
END;

FUNCTION POPEDSTART;
If POPEDED1=CHARIN THEN 1.,NL; ’‘READY: TYPE EDIT COMMANDS'.PR; 1.NL CLOSE;

PEDPTR .POPED2
END;

FUNCTION POPEDIT POPEDF;
->POPEDED: =->POPEDIN; 0->POPEDON; 0->POPEDBK; POPEDIN->POPEDOCU;
POPEDSTART->POPEDREP;
POPVAL(CLAMBDA; .POPEDREP: IF POPEDON THEN POPEDCUC.CUCHAROUT CLOSE;I<>
/ [%APPLIST(POPEDF,LAMBDA- X; ®"POPEDCUC",",",X,".","APPLY",";" END), ;
“POPEDCUC","END",";",“GOON" X1);
END3

1.NL; ‘POPEDIT READY FOR USE'.PR; 2.NL; {

OSE; ' y
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Program name. LIB POPSTATS
Source. R.M.Burstall, S.Weir, D. Michie, DMIP; Date of issue.
December 1968,

TDescription. This program provides a conversational, online,
statistical package which can be used by people with little or no
knowledge of computers.

THow to use progrvam. The program should be compiled by typing:
COMPILE (LIBRARY([LIB POPSTATS]));

The background to this program is fully described in memoranda
MIP-R-38/39.

To enter the program the user should type:

. POPSTATS; -

to which the computer will reply with the message:

[TYPE POPSTATS COMMAND]:

If the user is in any doubt as to what should be given as the reply to
any request of the above form, then the word HELP should be typed.

The program allows the user to input data from both the teletype and
from paper-tape, to edit the data, to print the data out again, and to
apply various statistical routines to it.

TWarning. LIB POPSTATS is a large program, 32 blocks of store
being needed by the user when running it,

REFERENCES

Burstall, R. M. (1968) The helpful civil servant, a conversational
control routine. Research Memorandum MIP-R-38. Edinburgh;
Department of Machine Intelligence and Perception.

‘Michie, D.& Weir, S.(1968) Application of Burstall's control routine
to conversational statistics. Research Memovandum MIP-R-39,
Edinburgh: Department of Machine Intelligence and Perception,
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CPOPSTATS]

VARS MATRIX TABLE CHARCOUNT LINELENGTH SIGNOFF RANSEED PRTABLE
R1 NUM SUBTABF REP FF CRUNCH; 0->PRTABLE;

NL(1)3 PR{’POPSTATS NOW COMPILING');

0 -> CHARCOUNT; 64 =-> LINELENGTH; NIL -> MATRIX3 NIL => TABLE;
[‘TYPE END WHEN FINISHED'] -> SIGNOFF;

FUNCTION FORM X3
LOGAND(X,8:77)=>X;
IF CHARCOUNT>LINELENGTH AND X=16 THEN 17->X .CLOSE;
IF x=23 OR X=32 THEN EXIT
[F X=17 THEN 0->CHARCOUNT
ELSE CHARCOUNT + 1 =->CHARCOUNT CLOSE;
CHAROQUT(X)
END

10->RANSEED;

FUNCTION RANDOM;
(125#RANSEED+1)//16384; .ERASE; ->RANSEED:
RANSEED/16384;

END

FUNCTION QQAVERAGE LIST;

VARS N;

INTOF ( .RANDOM#LENGTH(LIST))=>N;

LOOP:IF N=0 THEN LIST.HD ELSE LIST.TL~>LIST3N-1->N; GOTO LOOP CLOSE
END

FUNCTION QUICKSORT LIST;
YARS Y Z O 00V 0GW Q0S;
0;
L2:1F NULLCLIST) OR NULL(TL(LIST)) THEN GOTD SPLIT CLOSE;
NIL=>QQS3NIL->Y;NIL=->Z;
QOAVERAGE(LIST)->Q0W;
L1:HD(LIST)=>QQV;TL(LIST)=>LIST;
IF 0QW>QQv THEN QOV::00S->0QaS
ELSEIF QQW<QQV THEN QQVs:Z=>Z
ELSE QQV:sY=>Y
CLOSE:;
IF NYLL(LIST) THEN Z;Y;1:0Q0S->LIST;GOTO L2 ELSE GOTO L1 CLOSE:
SPLIT: =>Q;IF Q=0 THEN LIST EXIT
=>Y;
IF Q=1 THEN =>Z;LIST<>Y;32;Z->LIST;GOTO L2 CLOSE;
Y<>LIST=->LIST:
GOTO SPLIT
END

FUNCTION MOSTEST LIST COMPARE;
VARS NOWVAL NEXTVAL:
LIST,HD=->NOWVAL;
LOOP: LIST.TL => LIST;
IF LIST.NULL THEN NOWVAL EXIT;
LIST.HD => NEXTVAL;
IF COMPARE(NEXTVAL,NOWVAL) THEN NEXTVAL => NOWVAL CLOSE;
GOTO LOOP
END

FUNCTION GET LIST NTH;
LOOP: IF LIST.NULL OR NOT(NTH.ISINTEGER) THEN UNDEF EXIT;
IF NTH = 1 THEN LIST.HD EXIT;
LIST.TL => LIST;
NTH - 1 => NTH;
GOTO LOOP
END
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FUNCTION MEMBER OBJECT LIST; IF

LOOP: [F LIST.NULL THEN FALSE EXIT; I

IF 08JECT = LIST.HD THEN TRUE EXIT;

LIST,TL =>LIST; El

GOTO LOOP
END
VARS OPERATION 2 <->;

CHAI

FUNCTION <=> X Y; i

IF NULL(X) THEN Y EXIT cl
X3 . , cLo
Lo: IF

IF NULL(BACK (X)) THEN Y~>BACK(X) EXIT IF

BACK(X)=>X: GOTO LO LIST
END; . END

FUNC
FUNCTION ASSOC X Y LIST; FA

VARS HOLD; END

LIST => HOLD: FUNC

LOOP: IF LIST.NULL THEN (X::Y)::HOLD EXIT; TR

IF LIST.HD.FRONT = X THEN Y => LIST.HD.BACK:; END

HOLD EXIT;

LIST.TL => LIST;

G0TO LOOP . FuNc
END e

CLO
END
FUNCTION ASSOCVAL X LIST;

LOOP: IF LIST.ATOM THEN UNDEF EXIT; FUNG

IF X = LIST.HD.FRONT THEN LIST.HD.BACK EXIT; IF

LIST.TL =-> LIST; END

50TO LOOP
END

FUNC
FUNCTION ASSOCGET LIST IDENT; VA
IF 1DENT.ISINTEGER.NOT THEN NUM(IDENT,LIST)=>IDENT CLOSE; LOOP

GET(LIST,IDENT); N
END IF
FUNCTION ASSOCPR LIST; . IF

LOOP: IF LIST.NULL THEN NL(1) EXIT; IN

NL(1); Is

PR(LIST.HD.FRONT); If

SP(1); END

PR(LIST.HD.BACK);

LIST.TL -> LIST;

GOTO LOOP
END

FUNC
1F
FUNCTION REASSOC X Y LIST; END

LOOP: IF LIST.NULL THEN EXIT;

IF LIST.HD.FRONT = Y THEN X => LIST.HD.FRONT EXIT;

LIST,.TL =-> LIST;

G070 LOOP FUNC
END ENéF
FUNCTION INPUTCHAT REQUEST CLUB ELIGIBLE WARNING TYPE; FUNC
VARS DBJECT COUNT LIST M LASTOB ERRFUN INPUT; )

FUNCTION ERRFUN X N; IN

IF N333 THEN CRUNCH(’TO0 LARGE A NUMBER®) f AS
ELSE CRUNCH(’ILLEGAL NAME USED‘) CLOSE END
END3
0->COUNT; 0=->M; NIL->LIST; 0->LASTOB;
LODP: CHARIN.INCHARITEM->INPUT;

IF COUNT>2 THEN CRUNCH(’STILL ::WARNING) CLOSE; FUNC

IF COUNT>0 THEN NL(1); PR(WARNING); ML(1); CLOSE; vARS

COUNT+1=->COUNT; NL(1): FU

PR(’TYPE': :REQUEST);SP(1);

LISTLOOP: INPUT()->OBJECT:

IF OBJECT="~=" OR OBJECT="+" THEN OBJECT->LASTOB: GOTO LISTLOOP CLOSE; N

IF LASTOB="~" AND OBJECT.ISNUMBER THEN =0BJECT->GBJECT;CLOSE;0->LASTOB;
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IF NOT(MEMBER(OBJECT,CLUB)) AND NOT(OBJECT.ELIGIBLE) THEN
IF TYPE="THING" THEN
GOTO LOOP
ELSE
Mel=>M;
IF M>2 THEN CRUNCH(’STILL®::(WARNINGC>L’START AGAIN*1)) CLOSE;
NL(1);PRC/ITEM :: (LENGTH(LIST)+1:2 (WARNINGC>
C’, IT AND ALL SUBSEQUENT HAVE BEEN IGNORED, CARRYON‘1))):NL(1);
CHARIN. INCHARTTEM~>INPUT;
GDTO LISTLOOP
CLOSE:
CLOSE;
IF TYPE="THING" THEN OBJECT EXIT |
IF NDT(OBJECT="END") THEN LIST<->[XOBJECTX1->LIST; GOTO LISTLOOP CLOSE;
LIST
END

FUNCTION DUMMY X;
FALSE

END |

FUNCTION GOOD X
TRUE

END

FUNCTION ISNAME WORD;

[F ASSOCVAL (WORD,MATRIX) = UNDEF THEN FALSE ELSE TRUE
CLOSE;
END

FUNCTION ELIGNEW WORD;
IF NOT(WORD.ISWORD) OR WORD.ISNAME THEN FALSE ELSE TRUE CLOSE:
END )

FUNCTION INCOL REQUEST:;
VARS NAME NUMBERS C; 0=>C;
LOOP:
INPUTCHAT (REQUEST, CENDJ, ISWORD,C‘WORD NOT NUMBER PLEASE‘),*THING") => NAME;
IF NAME,ISNAME THEN C+1=>C: .
IF C<3 THEN NL(1); PR(C’NAME USED ALREADY1): NL(1); GOTO LOOP
ELSE CRUNCH ([’NAME USED ALREADY, START AGAIN‘]) CLOSE; CLOSE3
IF NAME = "END" THEN 1.NL; FALSE EXIT;
INPUTCHAT ('NUMBERS, ‘: :SIGNOFF, [END],
ISNUMBER, [NOT A NUMBER*J,“LIST") -=> NUMBERS:
IF NUMBERS.NULL THEN NAME::NIL ELSE NAME::NUMBERS CLODBE3
END .

IF COLNO.ISINTEGER AND COLNO>D AND COLNO=<LENGTH(MATRIX) THEN TRUE ELSE FALSE

\
|
i FUNCTION INBOUNDS COLNO;
i END -

\

| FUNCTION ISCOL COLIDENT;
. 1F COLIDENT.ISNAME OR COLIDENT.INBOUNDS THEN TRUE ELSE FALSE CLOSE;
END

FUNCTION FETCHCOL REQUEST;
VARS COLIDENT; }
INPUTCHAT (REQUEST,NIL, ISCOL,L’NO SUCH COLUMN'],*THING") -=> COLIDENT;
ASSOCGET(MATRIX,COLIDENT) ‘
END

FUNCTION INPUTFUN REQUEST;
VARS INT LIST ERRFUN;
FUNCTION ERRFUN X N3
| IF N=33 THEN CRUNCH(L’NUMBER TOO LARGE‘]) EXIT;
| CRUNCH([’NOT AN EXPRESSION‘]);
! END; |

TLOOP CLOSE;
E;0->LASTOB;
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l
(
NIL=>LIST; ’
LOooP:

PR(’TYPE ::REQUEST); SP(1);
LISTLOOP:

ITEMREAD()=>INT;

IF INT="END" THEN 1.NL;

PR(’TRANSFORMATION FUNCTION FOR CHECKING:‘::tLIST);

POPVAL (CLAMBDA X;J<>LISTCK>LCEND->FF; GOONJ)); EXIT

LISTC=>CXINTXI=->LIST; GOTO LISTLOOP
END .

NL(1); PRC(/STILL COMPILING*);

FUNCTION SPLIT x N;
VARS FIRST; NIL=->FIRST;
LOOP: IF N=0 THEN FIRST,X EXIT
FIRSTC=> [%X.HD%1->FIRST;
X.TL=>X; N-1->N; GOTO LOOP !
END

FUNCTION ITEMLENGTH ITEM;
VARS COUNT RCOUNT M CUCHAROUT;
FUNCTION CUCHAROUT X;
IF X=14 THEN TRUE->M CLOSE: ,
IF M THEN RCOUNT+1->RCOUNT ELSE COUNT+1=>COUNT CLOSE
END;
0 => COUNT; 0 -> RCOUNT; 0 => M;
PR(ITEM); RCOUNT, COUNT;
END

FUNCTION MAXDEC LIST;
VARS Y RCOUNT WPB;

0->Y; 0=>RCOUNT;

APPLIST(LIST,
LAMBDA X; X.ITEMLENGTM~>WPB=>Y; IF Y>RCOUNT THEN Y~>RCOUNT CLOSE END): !
RCOUNT;
END;

FUNCTION DROP X LIST:

VARS NEWLIST NEXTVAL;
NIL -> NEWLIST;

LoOP:
IF LIST.NULL THEN NEWLIST EXIT;
LIST.HD => NEXTVAL;
IF NEXTVAL = X THEN NEWLIST<=>LIST.TL EXIT;
NEWLIST<~>LXNEXTVAL%] ~> NEWLIST;
LIST.TL => LIST;
GOTO LooP

END )

FUNCTION NUM WORD LIST:
VARS N;
0 => N
Loop:
IF LIST.NULL THEN UNDEF EXIT Ne1->N;
IF WORD=LIST.HD.HD THEN N EXIT
LIST.TL=>LIST: GOTO LOOP
END ) }

FUNCTION COLPRINT LIST:

VARS LONG LONGEST SECOND N D E F G H;

IF LIST.NULL THEN NL(1); PR (L‘NC DATA'1); NL(1): EXIT; -

1.NL;0=>LONGEST; 0->H; 0->D3-

APPLIST(LIST,LAMBDA X: .
LENGTH(X)=>LONG3 IF LONG>LONGEST THEN LONG=-X>LONGEST CLOSE;
MAXDEC(X)=DLONG? IF: LONG>D THEN LONG->D CLOSE:

END);
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LOOP:0=->N;
NIL => SECOND;
IF LENGTH(LIST)>LINELENGTH/12.5 THEN
SPLIT(LIST,INTOF(LINELENGTH/12.5)) =>SECOND ->LI1ST;

CLOSE:
APPLIST(LIST.HD,
LAMBDA X3
X. ITEMLENGTH =>E=>F3;
IF E>H THEN E=->H CLOSE
END);
LISTLOOP:
N+1 => N3

IF NOT(N>LONGEST) THEN
NL(1)5  H-9=>G;
APPLIST(LIST,
LAMRDA X; -
IF X.NULL THEN 9+D+G->G ELSE
X.HD. I TEMLENGTH=>E->F ;
IF X.HD.ISWORD THEN
IF MAXDEC(X)>2 THEN
E-2->E; Fe+p=>F;
ELSEIF MAXDEC(X)=2 THEN
E-1-E; F+1->F;

CLOSE
CLOSE;
SP(9-E+G); PR(X.HD); D-F-=>Gs
CLOSE '
END )3
MAPLIST(LIST, LAMBDA X; IF X.NULL THEN NIL E£LSE X.TL CLOSE END)
=> LIST; :

GOTO LISTLOOP;
ELSEIF SECOND.NULL.NOT THEN
SECOND->LIST; 2.NL; GOTO LOOP;
CLOSE;
2.NL;
END

FUNCTION POWMERSUM LIST POWER:
VARS ACCUM;
0->ACCUM;
LOOP:1F LIST.NULL THEN ACCUM EXIT:;
ACCUM+LIST.HD*POWER->ACCUM;
LIST.TL=>LIST:;
GOTO LOOP '

END

FUNCTION MEAN LIST;
POWERSUM(LIST,1)/LENGTH(LIST);
END ‘

FUNCTION MEDIAN LIST;

VARS MID;
QUICKSORT(LIST)=>LIST;
IF(LENGTH(LIST)//2->MID)=1 THEN GET(LIST,MID +1) EXIT
(GET(LIST,MID) #GET(LIST,MID +1))/2

END

FUNCTION SUMSQDEV LIST; .
POWERSUM(LIST,2)=(POWERSUM(LIST,1)+2)/LENGTH(LIST)
END

FUNCTION STANDEV LIST;
SQRT (SUMSQDEV(LIST)/(LENGTH(LIST)-1))

“END

FUNCTION TTEST LIST MU;
VARS N;
LENGTH(LIST)=>N;
[X(MEAN(LIST)~MU)#SQRT(N)/STANDEV(LIST),N=1X]
END S
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FUNCTION PRODSUM LIST1 LIST2;
VARS ACCUM;
0=>ACCUM;
LODP:IF LISTL.NULL THEN ACCUM EXIT;
ACCUM+L1ST1.HDALIST2.HD=>ACCUM;
LIST1.TL->LISTL;
LIST2.TL=->L1ST2;
GOTO LOOP
END

FUNCTION CORREL LISTL LIST2;
(PRODSUM(LISTI.LIST2)-P0HERSUH(LIST1.1)_'POHERSUH(LISTZ.1)/LENGTH(LIST1))
/(SQRT(SUMSQDEV(LI1ST1))«SQRT(SUMSQDEV(LIST2)))
END

FUNCTION SCAN LIST LOWBOUND LIMIT;
LOOP:IF LIST.NULL THEN EXIT:
IF LIST.HD>=LOWBOUND AND LIST.HDCKLIMIT THEN PR("X") CLOSE;
LIST.TL=>LIST;
GOTO LOOP
END

FUNCTION HISTO LIST LOWBOUND STEP LIMIT;
LOOP:IF LOWBOUND>LIMIT THEN NL(1) EXIT;
NL(1)3
PR(CXLOWBOUND,"="%1);SP(15-CHARCOUNT);
SCAN(LIST,LOWBOUND,LOWBOUND+STEP);
LOWBOUND+STEP=->LOWBOUND;

G0OTO LOOP

END

FUNCTION LFTABLE N;
GET([0.0000 0.6931 1.792 3.178 4.788 6.579 B8.525 10.60 12.80 15.10 17.50
19.99 22.55 25.19 27.90 30.67 33.50 36.40 39,34 42.343,N)}
END

FUNCTION STIRLING N;
(0,5%L0G(6.284))+((N+0«5)*#LOG(N))=(N=1/(12%N))
END;

FUNCTION LOGFACT N;
IF N = 0 THEN 0.0000
ELSEIF N < 21 THEN LFTABLE(N)
ELSEIF N > 40 THEN STIRLING(N)
ELSE LOG(N) + LOGFACT(N -1)
CLOSE;

END

FUNCTION FISHER L3
VARS A B C D ACCUM SORTLIST DEC1 N; FALSE->DEC1; 0->ACCUM;

L. HD.HD->A: L.HD.TL.HD =>Bs L.TL.HD.HD=>C3 L.TL.HD.TL HD=>D;
QUICKSORT(A:t(B::(C::L%DX))))=DSORTLIST;SORTLIST . HD=->N; )

IF N=A OR N=D THEN TRUE~->DEC1;CLOSE;

LOOP:ACCUM+
EXP(LOGFACT(A+C)+LOGFACT(B+D)+LOGFACT(A+B) +LOGFACT(C»D) =L OGFACTY CA+B+C+D)
-LOGFACT(A) -LOGFACT(B) =LOGFACT(C) =LOGFACT(DI)->ACCUNM;

IF N=0 THEN‘EXACT TEST GIVES PROBABILITY OF‘::( ACCUM s:C*,FOR- A ONE-TAILED TEST')

N=1->N;

1F DEC1

THEN A-1->A3D-1->D;B+1->8:C+1->C;

ELSE A+1=->A; D+1->D;B-1->B;C~1->C;

CLOSE

GOTO LOOP

END

FUNCT.
VAR
L1:

END

FUNCT

END

FUNCT

END

FUNCT
VARS
MOSTE
IF O
ELSEI
IF SI
ELSE
END
FUNCT
IF
ZL¢

END
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FUNCTION MATRIXSUM L P;
VARS ACCUM: 0=> ACCUM:
L1: IF NOT (L.NULL)
THEN ACCUM + POWERSUM(L.HD,P) => ACCUM;
L.TL=> L GOTO L1 CLOSE;
ACCUM
END

FUNCTION ROWSUM ROWNO L
VARS ACCUM; 0-> ACCUM:

Lt: IF NOT (L,NULL)
THEN ACCUM + GET(L.HD,ROWNO) => ACCUM;

L.TL => L3 GOTO L1 CLOSE;
ACCUM
END

FUNCTION EEVAL X ROWNOD L}
(ROWSUM (ROHNOD, L) #PORERSUM(X,1) /MATRIXSUM(L,1))

END

FUNCTION DF N;
IF N=1 THEN 1 ELSE N-1 CLOSE
END

FUNCTION RINOM LIST;
VARS MINVAL SIGNIF N; 0->SIGNIF;
MOSTEST(LIST,NONOP <)=>MINVAL; POWERSUM(LIST,1)->N;
IF N>=8 AND MINVAL=<i THEN TRUE->SIGNIF;
ELSEIF MINVAL=0 AND N>=5 AND N<8 THEN TRUE->SIGNIF; CLOSE;
IF SIGNIF THEN [‘SIGNIFICANT AT 5 PERCENT LEVEL']
ELSE [’NOT SIGNIFICANT AT 5 PERCENT LEVEL']; CLOSE
END
FUNCTION YATES 08S E ACC:

IF 03S<E THEN ACC +((0BS=-E+0.5 )t2/E)

ZLSEIF OBS=INTOF(E) THEN ACC+ (0BS-E)t2/E

ELSE ACC+((0BS-E-0.5)12/E)

CLOSE .
END

FUNCTION CHISQ L;
VARS X 0BS E ROWNO COLNO ACCUM LOWEVAL COMBIN XX LL; 0=->COMBIN; 0->LOWEVAL;

“0->SIGNIF; 0->COLNC; 0=>ACCUM; L->LL;

L1:
L HD=->X; X=>XX; COLNO+1->COLNO: O0->ROWNO:
L2:
X.HD=->0BS; ROWNO+1->RONWND;
IF LENGTH(LL) =1 THEN MEAN(LL.HD) => E; ELSE EEVAL(XX,ROWNO,LL)->E CLOSE:
IF LL.LENGTH=2 AND E<5 THEN IF LL.HD.LENGTH=2
THEN FISHER(LL); EXIT;TRUE->COMBIN;CLOSE;
IF LL.LENGTH=1 AND E<5 THEN IF LL.HD.LENGTH=2
THEN BINOM(LL.HD)}EXIT
TRUE=->COMBIN; CLOSE;
L3:
If COMBIN THEN [’EXPECTED VALUES TOO LOW,TRY COMBINING CATEGORIES*] EXIT;
YATES(OBS,E,ACCUM)->ACCUM; IF E<5 THEN LOWEVAL+1->LOWEVAL;CLOSE;
XeTL=>X:
IF NOT(X.NULL) THEN GOTO L2 CLOSE;
L.TL=>L3
IF NOT (L.NULL) THEN GOTO L1 CLOSE;
IF (LOWEVAL/(LENGTH(LL.HD)#*LENGTH(LL))>)>0,2 THEN TRUE->COMBIN;GOTO L3:;CLOSE;
C% ACCUM,,DF (ROWNO)*DF (COLNO) %]

END
NL(1)3 PR(’/STILL COMPILING®);

FUNCTION GENSTATF;
VARS DATALST; ,
TL(FETCHCOL (€ ‘COLUMN NAME OR NUMBER'1)) => DATALST;
IF NOT(LENGTH(DATALST)>1) THEN CRUNCH(L‘T0OO FEW NUMBERS IN COLUMN'J) CLOSE;
NL(1);
PR(‘MEDIAN ='z:(MEDIANCDATALST)::(’ MEAN ='::(MEAN(DATALST)
13¢* STAND DEVN ='::[%STANDEV(DATALST)%1)1)));
NL(1)
END

f
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FUNCTION TTESTF;
VARS TLIST DATALST;
TL(FETCHCOL([‘'COLUMN NAME OR NUMBER'1))->DATALST;
IF NOT(LENGTH(DATALST)>1) THEN CRUNCH(L'TO0 FEW NUMBERS IN COLUMN‘]) CLOSE;
TTEST(DATALST, INPUTCHAT(L’ ASSUMED MEAN‘],NIL, ISNUMBER,
[/NOT NUMBER'],"THING*")) => TLIST;

NL(1)3
PR('T IS*:s(TLIST.HD::(’y, DF ='::TLIST,TL)));
NL(1)

END

FUNCTION CORRELF;
VARS IDENTLIST DATACOL1 DATACOL2 COUNT;
0 => COUNT;
LOOP:
INPUTCHAT(’'COLUMN NAMES OR NUMBERS; *: :SIGNOFF, )
[ENDJ,ISCOL,C’'NO SUCH COLUMN“J,*LIST") =-> IDENTLIST:;
COUNT + 1 -> COUNT;
IF NOT(LENGTH(IDENTLIST) = 2) THEN
IF COUNT < 3 THEN
NL(1): PR([’TWO COLUMNS PLEASE*J):; NL(1); GOTO LOOP
ELSE
CRUNCH(C‘STILL NO GOOD'1)
EXIT
CLOSE; .
TL(ASSOCGET(MATRIX, IDENTLIST.HD)) => DATACOLL;
TL(ASSOCGET(MATRIX, IDENTLIST,.TL.HD)) => DATACOLZ;
1F NOT(LENGTH(DATACOL1) = LENGTH(DATACOLZ2)) THEN
IF COUNT <3 THEN
NL(1); PR(L’UNEQUAL COLUMN LENGTHS'J); NL(1); GOTO LOOP
ELSE N
CRUNCH(C’STILL NO GOOD'1)
EXIT
CLOSE;
IF LENGTH(DATACOL1)<2 THEN CRUNCH ([’TOO0 FEW ROWS IN COLUMNS“))CLOSE;
NL(1)3;
SR(‘CORREL =‘::[XCORREL(DATACOL1,DATACOL2)X]);
NL(1)
END

FUNCTION HISTOF:
VARS DATACOL LOWBOUND STEP LIMIT MINVAL MAXVAL;
TL(FETCHCOL ([ ‘COLUMN NAME*1))=->DATACOL;

IF LENGTH(DATACOL)<2 THEN CRUNCH(L[’TO0 FEW ROWS IN COLUMN'])CLOSE;

MOSTEST(DATACOL,NONOPL) =>MINVAL;
MOSTEST(DATACOL,NONOP>)=>MAXVAL;
INPUTCHAT([’LOWER BOUND‘],NIL,LAMBDA X; IF X.ISNUMBER AND X=<MINVAL
THEN TRUE ELSE FALSE CLOSE; END,L[’NOT A LOWER BOUND'],"THING")->LOWBOUND;
INPUTCHAT(L’'UPPER BOUND'],NIL,LAMBDA X; IF X.ISNUMBER AND X>=MAXVAL
THEN TRUE ELSE FALSE CLOSE; END,[’/NOT AN UPPER BOUND'1,"THING")=>LIMIT;
[NPUTCHAT(LINTERVAL*J,NIL.LAMBDA X; IF X,ISNUMBER AND
X>(MAXVAL=MINVAL)/15 AND X<(MAXVAL-~MINVAL)/3 THEN TRUE ELSE
FALSE CLOSE; END,[’NOT A SUITABLE INTERVAL'],"THING")>=->STEP;
HISTO(DATACOL,LOWBOUND,STEP,LINMIT) )
END

FUNCTION RESCALEF:;
VARS NEWNAME OLDCOL FUN;
INPUTCHAT(C NAME FOR COLUMN OF TRANSFORMED VALUES*J],NIL,ELIGNEW,
[’NAME USED ALREADY'],"THING")=>NEWNAME;
FETCHCOL (L 'NAME OR NUMBER OF COLUMN TO BE RESCALED'1)->O0LDCOL;
NL(1);
INPUTFUN(’EXPRESSION IN ONE VARIABLE, X, THUS:
X®X, LOG(X+1), ETC.
‘3:SIGNOFF); .
HATRI;<->[% NEWNAME : :MAPLIST(OLDCOL.TL,FF)XJI=->MATRIX;
NL(2)3
PR(‘RESCALED VERSION FOR CHECKING:

*3:ASSOCGET(MATRIX,NEWNAME));NL(2);
END
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0SE;

NVAL
G")->LOWBOUND;
XVAL
NG")=>LIMIT;
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FUNCTION CONTINGF;
VARS CHITABLE CHILIST COUNT Y C; 0->COUNT; NIL->TABLE;

Loop:
IF COUNT=3 THEN CRUNCH(C’STILL UNEQUAL COLUMNS')) EXIT
IF COUNT THEN 1.NL; PR([’UNEQUAL COLUMN LENGTHS‘1); 1.NL; CLOSE;
COUNT+1->COUNT; TRUE->C;
SUBTABF(); IF TABLE.NULL THEN CRUNCH(L’NO DATA‘'1) EXIT
MAPLIST(TABLE, LAMBDA X; X.TL END)~>CHITABLE:;
LENGTH(CHITABLE.HD)=>Y;
APPLIST(CHITABLE, LAMBDA X; IF NOT(LENGTH(X)=Y) THEN FALSE->C
CLOSE; END);
IF C=FALSE THEN GOTO LOOP CLOSE;

IF Y42 THEN CRUNCH([’TOQO0 FEW ROWS‘]) CLOSE;
APPLIST(CHITABLE, LAMBDA X; APPLIST(X, LAMBDA N; IF NOT

(N.ISINTEGER ) OR NOT(N>=0) THEN FALSE->C; CLOSE; END) END);

IF C=FALSE THEN CRUNCH(C‘’REQUIRE POSITIVE INTEGERS'1) EXIT

CHISQ(CHITABLE)=>CHILIST; NL(2);

1IF CHILIST.HD.ISNUMBER THEN

PR(’CHI SQUARE =‘::(CHILIST.HD::(’ DF =‘::CHILIST.TL)));NL(1);

ELSE PR(CHILIST);CLOSE; NL(2);

END

FUNCTION INSERT X NEWLIST LIST;
NEWLISTC=>(LIST . HD::(X2:LIST.TL))
END

FUNCTION REPLACE X NEWLIST LIST;
NEWLISTC=>(X::LIST.TL)
END

FUNCTION EDITLIST LIST NTH X EDITFUN;
VARS NEWLIST ENDNEWL NEXTVAL NTH;
IF. LIST.NULL THEN X::NIL EXIT
NIL:INIL => NEWLIST;
NEWLIST =-> ENDNEWL;
LOOP: IFf LIST.NULL THEN NEWLIST.TL EXIT}
LIST.HD>-> NEXTVAL;
IF NTH = 4 THEN IF NOT(X=NIL) THEN EDITFUN(X,NEWLIST.TL,LIST) EXIT;
NEWLIST.TL<=->LIST.TL EXIT
NEXTVAL::NIL -> ENDNEWL.TL}
ENDNEWL.TL => ENDNEWL;
LIST.TL => LIST:
NTH =1 -> NTH;
GOTO LOOP
END

FUNCTION GOBBLE:

L1
IF -«R1=TERMIN THEN EXIT
GOTO L1

END;

FUNCTION READTAPE FILENAME;
VARS LIST OBJECT LASTOB; . )
NIL=>LIST; "END"=->LASTOB}
POPMESS(CPTIN 20)::CXFILENAMEX]).INCHARITEM -> R1:
LOOP:
R1()=>0BJECT;
IF OBJECT=TERMIN THEN
If NOT(LASTOB="END") THEN REP(L‘'ERROR IN. TAPE‘])); EXIT:;
EXIT
IF OBJECT="END" THEN MATRIX<=DLXLISTX1=>MATRIX:NIL->LIST;
"END"->LASTOB; GOTO LOOP CLOSE;
IF LASTOB="END" )
THEN IF ORJECT.ELIGNEW THEN GOTO LOOP1
cLSE GOBBLE(); REP([’'ERROR IN TAPE‘'])) EXIT; CLOSE:;

[F OBJECT=“-" OR OBJECT="+" THEN OBJECT->LASTOB;GOTO LOOP CLOSE;
IF NOT(OBJECT.ISNUMBER) THEN GOBBLE(); REP([‘ERROR IN TAPE‘']) CLOSE;
IF LASTOB ="-" THEN -OBJECT~>0BJECT; CLOSE:

LOOPL:LISTC~>[%X0BJECT%1I->LIST;0BJECT->LASTOB; GOTO LOOP
END :
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FUNCTION READTAPF;
VARS REP ERRFUN;
JUMPOUT(LAMBDA X; X=>;NL{(2) END,0)~>REP}
FUNCTION ERRFUN X N3
IF \=55 THEN EXIT
IF (N=59) OR (N=54) OR ( N=56)
THEN REP(C‘TAPE READER IN USE: TRY AGAIN LATER'D)
ELSEIF N=57 THEN REP([‘CHECK FILENAME: *1<OX.TL.HD)
ELSE GORBLE(): REP([/ERROR IN TAPE'1) CLOSE;
END
NL(2); PR(L‘TYPE FILE NAME USING SINGLE WORD'1):
READTAPE(.1TEMREAD);
END

FUNCTION NEWCOLSF;
VARS HOLD: UNDEF=>HOLD:
LOOP:
INGOL(IF HOLD=UNDEF THEN “COLUMN NAME, *::SIGNOFF ELSE [‘COLUMN NAME'1 CLOSE );
-> HOLD;
IF NOT(HOLD) THEN EXIT:
MATRIX<=>[XHOLDX] -> MATRIX
GOTO LOOP
END

FUNCTION CLEARF;

NIL => MATRIX:

NIL -> TABLE
sNL(1);PR(C/MATRIX NOW EMPTY'1)sNL(1) 3
END

FUNCTION NEWNAMEF;
VARS NEW OLD;
INPUTCHAT(L’THE NEW NAME*3,NIL,ELIGNEW, [ *NAME USED ALREADY'3,"THING") => NEW;
NL(1)3
INPUTCHAT(L‘THE OLD NAME*3,NIL) ISNAME,L/NO SUCH NAME 3, “THING") -> OLD;
REASSOC (NEW,O0LD,MATRIX)

END

VARS EDMESS EDINPC; NL(1)3 PR(’STILL COMPILING');
[’ONE OF THE WORDS: ADD, INSERT, REPLACE, DELETE'] -> EDMESS;

INPUTCHAT (XEDMESS, [ADD INSERT REPLACE DELETEJ:DUMHY,'HANT‘::EDMESS.“THING"'%)
-> EDINPC;

FUNCTION EDITCOLF;
VARS F NTH DATAVAL COL FUN NEWCOL 3
FETCHCOL (L ‘'NAME OR NUMBER OF COLUMN TO BE EDITED'1)->COL;
EDINPC()=>F;
[F F="ADD* THEN
COL<=>INPUTCHAT(’NEW VALUES, ‘3 :SIGNOFF, CENDJ,
ISNUMBER, L[’NOT A NUMBER'1, oLIST") => NEWCOL:
G0TO PROUT;
CLOSE;
IF F=nDELETE" THEN
NIL
ELSE
INPUTCHAT(C*NEW VALUE'D, NIL, ISNUMBER, C’/NOT A NUMBER'1., “THING" )
CLOSE => DATAVAL:




vam Library ‘ LIB POPSTATS (245

IF F=wINSERT" THEN INSERT->FUN ELSE REPLACE-~>FUN CLOSE;
INPUTCHAT(‘NUMBER OF ROW'::
IF F="INSERT" THEN
C*AFTER WHICH THE INSERTION IS TO BE MADE‘]
ELSEIF F="DELETE" THEN !
C’TO BE DELETED')] |
ELSE . ‘
[’TO BE REPLACED'3] 3
CLOSE, NIL., !
LAMBDA X3
IF X.ISINTEGER AND X<LENGTH(COL) THEN
IF FUN=REPLACE THEN IF X>0 THEN TRUE EXIT
ELSEIF X>=0 THEN TRUE EXIT
CLOSE;
FALSE
END, [‘NO SUCH ROW'1, "THING") <> NTH;
EDITLIST(COL,NTH+1,DATAVAL,FUN) =-> NEWCOL;
NUMCCOL.HD,MATRIX) -> NTH; .
EDOITLIST(MATRIX,NTH,NEWCOL,»REPLACE)=>MATRIX:
PROUT:

NAME*] CLOS H F 1.NL3
? £’ PR('EDITED VERSION FOR CHECKING:

s2eNEWCOL)
NL(2):
END; B

FUNCTION EDITTABF;
VARS F OLDCOL DATACOL FUN;
EDINPC()Y => F;
IF F = "DELETE" THEN NIL => DATACOL;
‘ELSE INCOL(C‘NEW COLUMN NAME‘1) -> DATACOL CLOSE;
IF F = "ADD" OR F= "INSERT" THEN INSERT=>FUN
ELSE REPLACE =>FUN
CLOSE:
IF F=vADD* THEN LENGTH(MATRIX) ~>0OLDCOLS
ELSE INPUTCHAT(’'NUMBER OF COLUMN‘::IF F = "INSERT" THEN

THING") => NEW; C‘AFTER WHICH INSERTION To BE MADE'l ELSEIF
F = "DELETE" THEN [‘TO BE DELETED']
) => OLD; ELSEIF F="REPLACE® THEN ([’TO BE REPLACED'] :
CLOSE;,

NIL,»INBOUNDS,[‘NO SUCH COLUMN*J,“THING*) => OLDCOL CLOSE;

EDITLIST(MATRIX,0OLDCOL,DATACOL,FUN) => MATRIX;

IF F=“DELETE" THEN EXIT;
END e

5S,"THING" %)

FUNCTION SUBTABF;
VARS COLUMNS;
NIL -> COLUMNS;
NIL => TABLE;
IF MATRIX.NULL THEN NL(1);PR(C’NO DATA IN MATRIX*3I);NL(1);EXIT;
INPUTCHAT (“COLUMN NAMES. OR NUMBERS:‘::SIGNOFF,CENDI,
ISCOL,C‘NO SUCH COLUMN®1,"LIST") => COLUMNS:
LOOP: IF COLUMNS.NULL THEN IF PRTABLE THEN COLPRINT(TABLE)SCLOSE; EXIT;
- TABLE<~>[%ASSOCGET(MATRIX,COLUMNS.HD)%] => TABLE;
COLUMNS.TL -> COLUMNS; |
.GOTO LOOP ‘ :
END

FUNCTION COLPRINF;
COLPRINT(MATRIX)
END

1ING" )
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FUNCTION COMMAND VOCAB VOCABNAME;
VARS WORD ACT WORDS ACTS HELPS QUIT CRUNCH;
VOCAB.HND->WORDS;
VOCAB.TL.HD->ACTS;
VOCAB.TL.TL.HD->HELPS;
VOCAB,TL.TL.TL.HD=->QUIT;
JUMPOUT (LAMBDA X;X=> :NL(2) END,0)=->CRUNCH;
LOOP: INPUTCHAT(VOCABNAME
¢<>['COMMAND '3, WORDS,DUMMY,*TYPE ONE OF THE WORDS:‘'::WORDS,
MTHING")=>WORD;
IF. WORD="HELP" THEN NL(1);
ASSOCPR(HELPS); NL(1): GOTD LOOP CLOSEs
IF WORD=QUIT THEN NL(2) EXIT
APPLY(ASSOCVAL (WORD,ACTS));
GOTO LOOP
END

FUNCTION NEWCOMMAND WORD ACT HELP VOCAB;
WORD::VOCAB.HD->VOCAB.HD;
ASSOC(WORD,ACT,VOCAB.TL.HD)=->VOCAB.TL.HD;
ASSOC(WORD,HELP,VOCAB.TL.TL,HD)=>VOCAB.TL,TL.HD

END

FUNCTION NEWVOCAB QUIT;
C4CX"HELP",QUIT%1,NIL,{%QUIT::C/TO EXIT FROM THIS VOCABULARY'1X1,0UITX]

END

VARS OERRF MAINVOC DATAVOC STATVOC EDITVOC; ERRFUN -> OERRF;

FUNCTION POPSTATS3
VARS CUCHAROUT ERRFUN;
FUNCTION ERRFUN X N

IF N=33 THEN CRUNCH(C’CALCULATION INVOLVES A NUMBER TOO LARGE TO HANDLE‘J); NL(1);
ELSEIF N=37 THEN CRUNCH(L‘PROCEDURE ASKED FOR IS NOT DEFINED'1);NL(1);

ELSEIF N=39 OR N=40 OR N=41 OR N=42 OR N=43 OR N=z44 OR N=47 .
THEN CRUNCH(L’CALCULATION INVOLVES ITEM UNSUITABLE FOR THE DESIRED ARITHMETIC OPERATI(
ELSE OERRF (X,N) CLOSE;

END:
0 => CHARCOUNT; FORM => CUCHAROUT;
NL(2)3
COMMAND(MAINVOC,[POPSTATS)
END

FUNCTION DATACOMF;

VARS CRUNCH; JUMPOUT (LAMBDA X3X=>3NL(2);END,0)->CRUNCH; TRUE->PRTABLE;
COMMAND(DATAVOC,[DATAY)

END

FUNCTION STATCOMF;

VARS CRUNCH; _

JUMPOUT (LAMBDA X;X=>;NL(2)3END,0)=>CRUNCH;

IF MATRIX.NULL THEN NL(1);PRC[‘NO DATA IN MATRIX1):NL(1):EXIT;

COMMAND(STATVOC,[STATS])
END

FUNCTION EDITCOMF;
VARS CRUNCH;
JUMPOUT (LAMBDA X;X=>3NL(2);END,»D)=>CRUNCH;
IF MATRIX.NULL THEN NL(2);PR(C’NO DATA IN MATRIX'J):NL(2)EXIT
ENCUMMAND(EDITVOC.EEDIT])
D

ZxEzZ2E2EILELL

> > > > =

=
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FUNCTION DROPCOMF;

VARS NAME VOCABNAME COUNT Y CRUNCH;
0=>COUNT; NIL=>Y;

JUMPOUT(LAMADA X;X=>;NL(2)3 END,0)=>CRUNCH;

INCUTCHAT(L’NAME FOR COMMAND TO BE DROPPED'1,MAINVOC.HD<>
DATAVOC.HD<>STATVOC.HND<>EDITVOC.HD, DUMMY,[’NO SUCH COMMAND'J,
"THING")=>NAME;

LOOP: INPUTCHAT(L’'NAME OF VOCABULARY~-MAIN,DATA,STAT OR EDIT],

[MAIN DATA STAT EDITI,DUMMY,(‘NOT A VOCABULARY NAME'],
"THING")->VOCABNAME;

IF VOCARNAME="MAIN" THEN MAINVOC
ELSEIF VOCARNAME ="DATA" THEN DATAVOC
ZLSEIF VOCABNAME="EDIT" THEN EDITVOC
ELSE STATVOC CLOSE; => VOCABNAME;

IF NOT(MEMBER(NAME,VOCARNAME.HD)) THEN COUNT+1->COUNT;

IF COUNT>2 THEN CRUNCH([’WRONG VOCABULARY NAME'1)

ELSE PR(L’WRONG VOCABULARY NAME']) GOTO LOOP CLOSE; CLOSE;
DROP (NAME, VOCABNAME.HD)=->VOCABNAME.HD;

IF VOCABNAME="MAINVOC" THEN MAINVOC.HD->WORDS;CLOSE;
VOCABNAME.TL.TL.HD=>Y;

DROP(ASSOCGET(Y,NAME),Y)=>L;

IF VOCARNAME ="MAINVOC" THEN Y=>HELPS; CLOSE;

END

FUNCTION NEWCOMF;

VARS WORD NAME FUN HELPMESS VOCABNAME CRUNCH;
JUMPOUT(LAMBDA X; X=> NL(2) END,0) => CRUNCH; |
INPUTCHAT ([ ’NAME FOR NEW COMMAND‘J],NIL,LAMBDA X:IF NOT(X.ISNUMBER)
AND NOT(MEMRER(X,[POPSTATSI<>MAINVOC.HDC>DATAVOC.HDK>STATVOC . HD<>
EDITVOC.HD)) THEN TRUE ELSE FALSE CLOSE; END,C’NOT SUITABLE'],
"THING")=->NAME;

INPUTCHAT(L*NAME OF FUNCTION TO BE CALLED“1,NIL,LAMBDA X;
ISFUNC(POPVAL(X::[;GOON])) END,[’NO SUCH FUNCTION'1,"THING")->WORD;
POPVAL(WORD::L;GOON])=>FUN; .

INPUTCHAT ([ ‘MESSAGE TO EXPLAIN ACTION OF NEW COMMAND:‘'1<>SIGNOFF,NIL,GOOD,

NIL»"LIST") ->HELPMESS;

INDUTCHAT([‘WHICH VOCAB = MAIN, DATA, STAT DR EDIT FOR NEWCOMMAND'1],

CMAIN DATA STAT EDITI,DUMMY,[“NOT A VOCABNAME'],"THING")=>VOCABNAME;
NEWCOMMAND (NAME, FUN, HELPMESS, IF VOCABNAME ="MAIN" THEN MAINVOC
ELSEIF VOCABNAME="DATA" THEN DATAVOC ELSEIF VOCABNAME="STAT"
THEN STATVOC ELSE EDITVOC 'CLOSE;);

IF VOCABNAME="MAIN" THEN MAINVOC.HD->WORDS; CLOSE;

END

NEWVOCAB("POP2")->MAINVOC;
NEWVOCAB(“END")=>DATAVOC;
NEWVOCAR("END")->STATVOC;
NEWVOCAB("END")->EDITVOC;

NEWCOMMAND (EDIT",EDITCOMF,C/TO EDIT THE DATA*1,MAINVOC);
NEWCOMMAND ("DATA" ,DATACOMF,[‘TO INPUT AND OUTPUT DATA'],MAINVOC):
NEWCOMMAND("STATS",STATCOMF,(*TO COMPUTE STATISTICS OF DATA'1,MAINVOC)
NEWCOMMAND ("NEWCOM" , NEWCOMF,L*TO ADD A NEW COMMAND'1,MAINVOC);
NEWCOMMAND ("DROPCOM®, DROPCOMF, L’ TO DROP COMMAND FROM VOCABULARY 1, MAINVOC);
NEWCOMMAND("CLEAR",CLEARF,L’TO CLEAR ALL DATA],DATAVOC);
NEWCOMMAND ¢ “NEWNAME" , NEWNAMEF,(*TO GIVE A COLUMN A NEW NAME‘],EDITVOC);
NEWCOMMAND ( "NEWCOLS",NEWCOLSF,[’TO TYPE IN SOME DATA COLUMNS‘1,DATAVOC):
NEWCOMMAND("EDITTAB",EDITTABF,L’TO EDIT WHOLE COLUMNS'],EDITVOC);
NEWCOMMAND("EDITCOL",EDITCOLF,C*T0 EDIT VALUES IN A COLUMN*1,EDITVOC);
NEWCOMMAND ("COLPRINT*,COLPRINF,

C’TO PRINT THE DATA COLUMN-WISE*'],DATAVOC):
NEWCOMMAND(“SUBTAB", SUBTABF,

[’TO FORM AND PRINT A SUBTABLE OF THE DATA*],DATAVOC):

NEWCOMMAND("GENSTAT", GENSTATF,[’TO COMPUTE GENERAL STATS'1,STATVOC):
NEWCOMMAND(*TTEST", TTESTF,(‘TO APPLY T TEST*],STATVOC);
NEWCOMMAND ("CORREL ", CORRELF ,(*CORRELATION BETWEEN TWO COLUMNS']1,STATVOC);
NEWCOMMAND ("RESCALE",RESCALEF,

[‘TO.RESCALE COLUMN BY APPLYING TRANSFORMATION'],STATVOC):
NEWCOMMAND ("HISTO",HISTOF,(*TO DRAW A HISTOGRAM'1,STATVOC);
NEWCOMMAND("CONTING", CONTINGF,

C’TO PERFORM A CHI-SQUARED TEST'3,STATVOC);

NEWCOMMAND("READTAPE®,READTAPF,.L'TO INPUT DATA FROM PAPER TAPE'],DATAVOC):

PR(’

POPSTATS NOW COMPILED.

TO ENTER PROGRAM TYPE .POPSTATS;
‘)3 NL(2):

B -
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Progrvam name. LIB PROOF CHECKER
Source. D.B.Anderson,DMIP; Date of issue. March 1970

fDescviption. Since 1965 Robinson's resolution method of theorem
proving in first order logic has been widely used. The purpose of this
POP-2 program is to do binary resolution and factoring of clauses in
this formulation, and simple facilities have been added so that it can be
used as a proof-checker.

THow to use the progvam. (1) Compile the program by typing:
COMPILE(LIBRARY([LIB PROOF CHECKER]));

(2) Declare all variable, constant, function, and predicate names. These
are all POP-2 words so that only the first eight characters are

significant.

(arity) ::= non-negative integer

(namelist) ::= list of POP-2 words

VARBS (namelist); e.g. VARBS XY Z];
CONSTS {namelist); e.g. CONSTS [A BILL];
(arity) FUNS (namelist); e.g.1 FUNS [F];
(arity) PREDS (namelist); e.g.1 PREDS [P},

2 PREDS [Q};
3 PREDS [R];
Names may be declared at any time before they are used in a clause.

(3) Put in some clauses, using the function ADDCLAUSE. Clauses are
POP-2 list expressions, the elements of the list being literals using the
standard terminology and notation. —— is used for the nof prefix. For
example,

ADDCLAUSE([%——R(Y, Z, A), Q(X, Y), Q(X, 2)%));

The program responds with a message:

[OK NUMBER 1],

the number given being the index of the clause, which has just been
added to CLS, the array of clauses, that is,

CLS(1) is now the clause [——R(Y,Z,A) Q(X,Y) QX, Z)].
ADDCLAUSE([%Q(X, F(A))%]);

[OK NUMBER 2]

ADDCLUASE([%——Q(Z, Y), P(Y)%));

[OK NUMBER 3]

ADDCLAUSE([%——P(X)%]);

[OK NUMBER 4]

There is no syntax check in the program so that if the POP-2 compiler
is satisfied there will be no error message at this stage. Be careful to
give functions the right number of arguments.

(4) Any clause may be printed out using the function PRR, for example,
PRR(CLS(1));

(5) Two clauses can be resolved on given literals using function
RESOLVE.

RESOLVE € clause index, literal number, clause mdex literal number
=> () For example,

RESOLVE (3, 1, 4, 2) resolves the 3rd and 4th clauses upon the 1st
literal of 3 and the 2nd literal of 4,

: RESOLVE(2, 1, 3, 1);

[P(F(A))] [OK NUMBER 5]
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If the resolution is possible, the resolvent is printed out and
ADDCLAUSEd to the array CLS. If the literals do not unify, 2 message
is given.

: RESOLVE(2, 1,1, 2);

[SORRY — WON'T RESOLVE]

(6) A clause can be factored with respect to a given pair of literals.
FACTOR ¢ clause index, literal number, literal number => (). For
example,

FACTOR(1, 2, 3);

[——R(Z, Z,A) Q(X, Z)] [OK NUMBER 6]

FACTOR(], 1, 3);

[SORRY — WON'T FACTOR]

(7) The empty clause is called NIL.
RESOLVE(4, 1, 5, 1);
NIL [OK NUMBER 7]

(8) The instantiation dictionary used in the latest unification (either
in resolution or factoring) is called DICT.

PRR(DICT);

[[X. F@A)]k

(9) The POP-2 functions used in the program provide a basis for the
writing of other functions enabling the user to overwrite clauses,
increase the number of clauses, record ancestors of clauses, print out
the proof trees, and so on.

Warning. There are very few diagnostic error messages in this
skeletal system— do not ask for the tenth literal of a clause of length
four and do not ask for the millionth clause. Check your syntax care-
fully. Note that the arguments of RESOLVE and FACTOR are in a
different order from that in earlier versions of the program.

YMethod used.. A function map is given in figure 1 and the program
listing contains comments.

The clauses are represented in POP-2 by record structures mirroring
closely their syntactic structure.
A clause is a list of PREDS
A PRED has a SIGN (++or —)

and a NAMEP (POP-2 word)

and an ARGLISTP (list of FUNS or VARS)
A FUN has a NAMEF

and an ARGLISTF

A VARS has a NAMEV

and a TAG (integer)
A constant is a function of no arguments.

See figure 2 for an example. Note that in any clause there is only one
copy of any variable, correctly reflecting the clause structure.

When the program is compiled, a full strip of 30 items CLSTRIP is
made, with indexing function CLS.

Operator VARBS adds the new variable names to the current list
VARLIST, rejecting duplicates, and constructs the corresponding data
structures. The function UPDVARS causes a new set of structures to be
made for the variable (the TAG value is equal to the index number in
CLS) and this is done in every ADDCLAUSE so that the variables in two
clauses are never the same.
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RECORDFNS and uses of TESTER
and MEMBER have been omitted
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FIGURE 2
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i Operator FUNS uses function FUN to make the words in its list argument In f:
r into the identifiers of the corresponding record constructor functions: afte
? ‘ for example, stri
P : 2 FUNS DAD ;
& means that DAD is now a function of two arguments which constructs a
fo record as shown below when it is called. Function STLIST is used to
'. put the required number of arguments in the list.
f
3
4
t
3
¥ DIC
! use
4 Aft
¥
Fu
eq
RE
an
FUNS with arity 0 is CONSTS, and in this case the identifiers are or,
operators so that brackets are not needed to cause execution. 16
PREDS is like FUNS. The SIGNS are made positive (++) and operator 78
—— makes them negative (——) if it is used. STl
ADDCLAUSE puts its argument (a clause) into the strip CLSTRIP, IS.
outputs the index message, updates its frozen-in pointer to the next DI
empty space in CLSTRIP, and calls UPDVARS. %1]
PRR prints out a clause in a format similar to the input format. Empty Rl
pairs of brackets after constants are avoided. Calling function SEE St
alternately causes TAGS of variables to be printed or not to be printed M
with their names. This is useful in debugging. 1S
Resolution and factoring are basically rather similar as they both 7
involve unification of two literals. The unification algorithm is that
given by Burstall (1969), very similar to the original one of Robinson 771

(1965), and is highly recursive. Functions UNIFY and UNIFYALL unify
terms—UNIFICATE unifies literals and, depending on the truth value of
its third argument does resolution (UNIFYRES) or factoring
(UNIFYFAC). During the unification attempt all substitutions are put

in a dictionary DICT whose lookup function SIGMA is continually used
to update the structures. It is for this reason that copies of clauses are
taken in FACT and RESOL (using COPYCL) and it is these that are
operated upon.

DICT can be printed out with PRR and shows the substitutions
(instantiations) made in the last unification.

— e e e

In resolution the problem may arise that two variables in the resolvent
have the same name though of course their TAGS are different as they
must be different variables. Function VARLSFN puts the variables of
a clause into VARSLIST and UNIQNAME renames any clashing ones
from the spare variable list SPVLIST which is VARLIST-VARSLIST. , [
These variables have their TAGS set to 0 so that the action of UNIQ- :
NAME is seen if the TAGS are displayed. '

R e
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In factoring the dictionary function SIGMA must be used repeatedly
after unification. This is because the dictionary DICT may contain
strings of substitutions which must be applied one after another to a
variable. For example,

{F(w,x,7), F(x,¥, 2)}

DICT is [y::z x::y w::x] and the factor F(z, z, z) is reached only after 3
uses of SIGMA.

After 0 F(w,x,y) F(x,v,2)
1 F(x,y,2) F(y,z,2)
2 F(y,z,2) F(z,32)
3 F(z,z,z) F(z,z,2)

Function PRUNE then removes all duplicates: it uses SAME, the
equality function for literals.

RESOLVE and FACTOR do the resolution and factoring (using RESOL
and FACT) and also output messages and ADDCLAUSE the resolvents
or factors.

7Global variables. Type Operation. FUNS PREDS CONST —— VARBS

Type General. TAG NAMEV DESTVAR CONSVAR ARGLISTP NAMEP
SIGN DESTPRED CONSPRED ARGLISTF NAMEF DESTFUN CONSFUN
ISFUN ISVAR ISPRED ISPAIR VARLIST VARSLIST SPVLIST DICT
DICTO CLSTRIP CLS UPDSUB MEMBER ISIN UNIFYRES UNIFYFAC
SUBTRSET UNION ADDCLAUSE PRR2 PRR UNIFYALL UNIFICATE
UNIFYRES UNIFYFAC SAME ISIN PRUNE UNIQNAME VARLSFN GET
REMOVE NCJ RESOL RESOLVE TESTER STLIST PRED FUN SETFN
SUBTRSET UNION VAR1 UPDVARS CHARINT MKWORD MEMBERG
MEMBER FACT ISNEG PRRA PRR2 PRR SEE LOOKUP SIGMA SIGGO
ISLEX COPYIT COPYCL OCCURSIN UNIFY FACTOR

¥Stove used. The program uses 11 blocks of store.

IExample of use.
: [PROOF CHECKER]. LIBRARY. COMPILE;

: VARBS [S S1 82 S3};
: CONSTS [A B C D S0J;
: 3 FUNS [MOVE];
1 PREDS [ANSWER];
2 PREDS [AT];

: ADDCLAUSE([% ——AT(C, 8), ANSWER(S) %]);

[OK NUMBER 1]

: ADDCLAUSE([% ——AT(B, 83), AT(C, MOVE(B, C, S3)) %J);
[OK NUMBER 2]

: RESOLVE(], 1,2, 2);

[ANSWER(MOVE(B, C, §3)) —— AT(B, §3) ][OK NUMBER 3]

: ADDCLAUSE([% ——AT(4, S1), AT(B, MOVE(A, B, 51)) %J);
[OK NUMBER 4]

: RESOLVE(2, 3, 2, 4);
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[ANSWER(MOVE(B, C, MOVE(A, B, S1))) ——AT(A, S1)]JOK NUMBER 5]
: ADDCLAUSE([% AT(A, S0) %));

[OK NUMBER 6]

: RESOLVE(2,5, 1, 6);

[ANSWER(MOVE(B, C, MOVE(A, B, 50)))J[OK NUMBER 7]
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[PROOF CHECKER]

VARS TAG NAMEV DESTVAR CONSVAR ARGLISTP NAMEP SIGN DESTPRED
CONSPRED ARGLISTF NAMEF DESTFUN CONSFUN ISFUN ISVAR ISPRED ISPAIR
VARLIST VARSLIST SPVLIST DICT DICTO CLSTRIP CLS UPDSUB MEMBER

ISIN UNIFYRES UNIFYFAC SUBTRSET UNION UNIFYALL, ADDCLAUSE PRR2 PRR;

NIL->VARLIST;

RECORDFNS("VAR",[0 01)->TAG ->NAMEV ->DESTVAR =>CONSVAR;
RECORDFNS("PRED",[0 0 01)=>ARGLISTP ~->NAMEP =>SIGN

->DESTPRED ~>CONSPRED;
RECORDFNS(*FUN",C0 01)=>ARGLISTF =->NAMEF ->DESTFUN ->CONSFUN;

FUNCTION TESTER NODE WORD; DATAWORD(NODE)=WORD; END
TESTER(X"FUN"X)=->ISFUN;

TESTER(X"VAR"%)=>ISVAR;

TESTER(X"PRED"%)->ISPRED;

TESTER(X"PAIR"X)~>ISPAIR;

FUNCTION STLIST N; .

COMMENT *PRODUCES A LIST OF THE TOP N ITEMS OF THE STACK';
NIL:

LO0P: IF N>0 THEN N-1->N; 23 3 GOTO LOOP ELSE EXIT:

END

FUNCTJON 'PRED NAME ARITY;
LAMBDA NUM NOM:
VARS LISTs STLIST(NUM)->LIST;
CONSPRED(“++",NOM,LIST);
END(XARITY,NAMEX);
IF ARITY>0 THEN =>VALOF (NAME)
ELSE POPVAL(L%X wCANCEL" ,NAME,";","VARS", "OPERATION",1,NAME, "} ",
naju, uNONOP",NAME, "5 ",

"GOON" %1):
CLOSE;
END

FUNCTION FUN NAME ARITY;
LAMBDA NUM NOM;
VARS LIST; STLIST(NUM)=>LIST;
CONSFUN (NOM,LIST);
END(XARITY,NAME%) ;
IF ARITY>0 THEN =->VALOF(NAME) ' ‘
ELSE POPVAL(L% "CANCEL",NAME,"3", “VARS","OPERATION",1,NAME,":",
ne>", "NONOP" ,NAME,";",
"GOON" %1);
CLOSE;
END

VARS OPERATION 3 (FUNS PREDS CONSTS);

LAMBDA ARITY LIST;
APPLIST(LIST,FUN(XARITYX))
END->NONOP FUNS;

LAMBDA ARITY LIST;
APPLIST(LIST,PRED(XARITYX))
END->NONOP PREDS;

LAMBDA LIST;
APPLIST(LIST,FUN(%0X))
END->NONOP CONSTS;

VARS OPERATION 7 --;

LAMBDA PPP:

IF PPP.ISPRED THEN "-="->SIGN(PPP); PPP
ELSE ‘X==‘.PR; SETPOP()

CLOSE;
END=>NONOP -=-;
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FUNCTION SETFN A303 B303 T1 T2;
COMMENT /GENERAL SET THEORY FUNCTION';
VARS X303 ©303:
IF T1 THEN B303->C303; ELSE NIL->C303 CLOSE;
LOOP: IF A303.NULL THEN €303
ELSE A303.NEXT->A303~->x303;
IF MEMBER(X303,8303)=T2 THEN X303::C303->C303 CLOSE:
GOTO LOOP
CLOSE;
END

F R R o 5 oo s

SETFN(XFALSE,FALSEX)->SUBTRSET;
SETFN(XTRUE,FALSEX)->UNION;

FUNCTION VAR1 VARNAME INDEX;

COMMENT ‘CONSTRUCTS VARS RECORDS‘;
CONSVAR(VARNAME, INDEX) ->VALOF (VARNAME) ;
END

VARS OPERATION 3 VARBS;

F
v
:
£
5
v
e
!
{
3
T
¥
;

LAMBDA LIST;

UNION(LIST,VARLIST)=->VARLIST;
APPLIST(VARLIST,VARL(XFROZVAL(1,ADDCLAUSE)}%));
END->NONOP VARBS;

FUNCTION UPDVARS N;

COMMENT ‘MAKES NEW SET OF VARIABLES;
APPLIST(VARLIST,VARL(XNX));

END :

FUNCTION CHARINT INT;
COMMENT ‘MAKES AN INTEGER INTO CHARACTERS ON THE STACK®;
VARS N LIS; NIL=->LIS; 0=>N;
LOOP: C((INT//10)=>INT)::LIS=>L1S;

N+1=>N;

IF INT>0 THEN GOTO LOOP

ELSE APPLIST(LIS,LAMBDA X; X END): N

CLOSE:

END

FUNCTJON MKWORD WORD INTEGER; N
COMMENT ‘MAKES A WORD FROM.- A WORD AND AN INTEGER‘;
VARS L1 L2:

DESTWORD(WORD)->L1; CHARINT(INTEGER)->L2;

IF L1+L2>8 THEN ‘XMKWORD‘.PR; SETPOP() ELSE L1+L2; CONSWORD() :
CLOSE;
END

FUNCTION MEMBERG OBJ LOBBLE EGFN;
COMMENT /GENERAL MEMBERSHIP PREDICATE*;
IF LOBBLE.NULL THEN FALSE

ELSEIF EQFN(DOBJ,LOBBLE.HD) THEN TRUE
ELSE MEMBERG(OBJ,LOBBLE.TLyEQFN)

CLOSE;

END

MEMBERG(XNONOP = %)->MEMBER:

FUNCTION ISNEG PREDCATE;
SIGN(PREDCATE)="=="
END

FUNCTION PRRA ITEM TVIND;
COMMENT *THE PRINTING FUNCTION®;
IF ITEM.ISNUMBER THEN ITEM.PR
ELSEIF ITEM.ISVAR THEN
IF TVIND THEN MKWORD(NAMEV(ITEM),TAG(ITEM)).PR
ELSE NAMEV(ITEM).PR
CLOSE;
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ELSEIF ITEM.ISFUN THEN NAMEF(ITEM).PR;
IF ARGLISTF(ITEM).NULL.NOT THEN
w(»,PR; PRR2(ARGLISTF(ITEM),TVIND); ")".PR;
CLOSE;
gL SEIF ITEM.ISPRED THEN
IF ITEM.ISNEG THEN "=--%,PR CLOSE}
NAMEP (1 TEM).PR;
1F ARGLISTP(ITEM) .NULL.NOT THEN
w(v,PR; PRR2(ARGLISTP(ITEM),TVIND); “)*.PR; CLOSE;
ELSEIF ITEM.ISPAIR THEN "L".PR; '
IF ITEM.BACK.ISPAIR OR ITEM. BACK="N[L“
THEN APPLIST(ITEM,LAMBDA X; PRRA(X,TVIND): SP(1) END)
ELSE PRRA(CITEM.FRONT,TVIND); ".".PR;

PRRA(ITEM.BACK, TVIND); CLOSE;
“3",.PR
ELSE ITEM.PR
CLOSE;
END

FUNCTJON PRR2 LIST TVIND;

IF LIST.NULL.NOT THEN PRRA(LIST.HD,TVIND);
APPLIST(LIST.TL,LAMBDA X; “,".PR; PRRA(X,TVIND) END);

CLOSE;

END

PRRA(XFALSEX)->PRR;

FUNCTION SEE;

COMMENT ‘SWITCH FOR TAG DISPLAY';
NOT(FROZVAL(1,PRR))=>FROZVAL(1,PRR);
END

FUNCTION LOOKUP A303 DICT EQFN;

COMMENT ‘SIMPLE DICTIONARY LOOKUP';

IF NULL(DICT) THEN A303

ELSEIF EQFN(DICT.HD.FRONT,A303) THEN DICT.HD.BACK
ELSE LOOKUP(A303,DICT.TL)

CLOSE;

END

LOOKUP (XNONOP = %)=>LOOKUP;

FUNCTION SIGMA E;

COMMENT ‘DOES SUBSTITUTIONS(INSTANTIATIONS) IN UNIFICATION®:
IF E.ISVAR THEN LOOKUP(E,DICT)
ELSEIF E,ISFUN THEN MAPLIST(ARGLISTF(E),SI1GMA)-D>ARGLISTF(E); E
ELSEIF E.ISPRED THEN MAPLIST(ARGLISTP(E),SIGMA)->ARGLISTP(E); E
ELSEIF E.ISPAIR THEN MAPLIST(E,SIGMA);
ELSEIF E=NIL THEN NIL:
CLOSE;
END

FUNCTION SIGGO X;
LOOKUP(X,DICTO)
END

FUNCTION ISLEX X3

COMMENT ‘HAS THIS X ALREADY BEEN COPIED‘;
MEMBER(X,MAPLIST(DICTO,FRONT))

END

FUNCTION COPYIT ITEM;
COMMENT ‘COPIES LITERALS':
VARS HERE};
If ITEM.ISVAR THEN
IF ITEM.ISLEX THEN SIGGO(ITEM)
ELSE CONSVAR(NAMEV(ITEM),TAG(ITEM))~->HERE;
(1TEM:tHERE)::DICTO->DICTO; HERE

CLOSE;
ELSEIF ITEM.ISFUN THEN
CONSFUN(NAMEF(ITEM)nMAPLIST(ARGLlSTF(ITEM).COPYIT))
ELSEIF ITEM.ISPRED THEN
gOgSERED(SlGN(lTEH)pNAHEP(lTEH)oHAPLlST(ARGLlSTP(ITEH)-COPYIT))
LOSE;
END

Nt
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; FUNCTION COPYCL CLAUSE; FUN(
4 COMMENT *COPIES CLAUSES'; com
: NIL->DICTO: IF !
b MAPLIST(CLAUSE,COPYIT) ELS
! END ELS!
CLO
END
FUNCTION OCCURSIN E2 E1; ;
COMMENT ‘DOES E1 OCCUR IN E2°;
If E2.1SVAR THEN E1:=E2 )
ELSEIF E2,ISFUN THEN MEMBER(1,MAPLIST(ARGLISTF(E2),0CCURSIN(XELX)))
ELSEIF E2.I1SPRED THEN MEMBER(1,MAPLIST(ARGLISTP(E2),0CCURSIN(XELX))) FUN
CLOSE; CoM
END VAR
: = If
ELS
FUNCTION UNIFY E1 E2; cLO
COMMENT +UNIFIES TERMS‘; uhl
SIGMA(E1)=>E1; SIGMA(E2)->E2; END
IF E1.1SVAR AND E2.ISVAR THEN
‘IF E1=E2 THEN TRUE
ELSE TRUE; (E1::E2)::DICT->DICT;
CLOSE: ‘
ELSEIF E1,ISVAR AND E2.ISFUN THEN FUM
IF OCCURSIN(E2,E1) THEN FALSE Cob
ELSE TRUE; (E1::E2)::DICT=->DICT; IF
CLOSE:
ELSEIF E1,.ISFUN AND E2.ISVAR THEN ELS
IF OCCURSIN(E1,E2) THEN FALSE ELS
ELSE TRUE; (E2::E1)::DICT->DICT;; ELS
CLOSE; cLl
ELSEIF E1.ISFUN AND E2.ISFUN THEN enl
IF NOT(NAMEF (E1)=NAMEF (E2)) THEN FALSE
ELSE UNIFYALL(ARGLISTF(E1),ARGLISTF(E2))
CLOSE; ELSE FALSE
CLOSE; Ful
END co
Lo
FUNCTION UNIFYALL EL1 EL2: : EN
COMMENT “UNIFIES TWO LISTS OF TERMS‘;
IF NULL(EL1) AND NULL(EL2) THEN TRUE
ELSEIF UNIFY(EL1.HD,EL2.HD) THEN UNIFYALL(EL1.TL,EL2.TL)
ELSE FALSE LA
CLOSE; GE
END EN
LA
IF
FUNCTION UNIFICATE Li L2 TVAL3
COMMENT ‘UNIFIES TWO LITERALS':
NIL->0lCT;
IF L1.ISPRED AND L2.1SPRED AND NAMEP(L1)=NAMEP(L2) cL
AND (SIGN(L1)=SIGN(L2))=TVAL THEN EN
UNIFYALLCARGLISTP(L1),ARGLISTP(L2))
ELSE FALSE CLOSE:
END
UNIFICATE(XFALSE%)->UNIFYRES;
UNIFICATE(XTRUEX)=>UNIFYFAC; LA
cL
%
FUNCTION SAME L1 L2; N
COMMENT ~EQUALITY PREDICATE FOR LITERALS™; UF
IF L1,ISPRED AND L2.ISPRED AND SIGN(L1)>=SIGN(L2) Et
AND NAMEP(L1)=NAMEP(L2) THEN SAME(ARGLISTP(L1),ARGLISTP(L2)):
ELSEIF L1,ISFUN AND L2.ISFUN AND NAMEF(L1)=NAMEF(L2) THEN
SAME (ARGLISTF(L1),ARGLISTF(L2));
ELSEIF L1.ISVAR AND L2.ISVAR THEN L1:=L2;
ELSEIF L1=NIL AND L2=NIL THEN TRUE: Fl
ELSEIF L1.ISPAIR AND L2.ISPATR AND SAME(L1,HD,L2.HD) cl
. THEN SAME(L1.TL,L2.TLY; i
ELSE FALSE . El
CLOSE; , gl
END i
£l
MEMBERG (XSAMEX)->ISIN; -
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FUNCTION PRUNE SET:

COMMENT ‘PRUNES SET OF ANY DUPLICATES';

IF SET.NULL THEN NIL

ELSEIF ISIN(SET.HD,SET.TL) THEN PRUNE (SET.TL)
ELSE SET.HD::PRUNE(SET.TL)

CLOSE;

END

FUNCTION UNIQNAME LIST:
COMMENT ‘GIVES. UNIQUE NAME TO EACH VARIABLE OF CLAUSE®;
VARS. OLD;
IF LIST.NULL THEN RETURN
ELSEIF MEMBER(NAMEV(LIST.HD),MAPLIST(LIST.TL,NAMEV))
THEN SPVLIST.NEXT->SPVLIST~>NAMEV(LIST.HD); 0->TAG(LIST.HD)}
CLOSE;
UNIQNAME(LIST.TL)
END

FUNCTION: VARLSFN ITEM;
COMMENT ‘LISTS VARIABLES OF A CLAUSE:‘;
IF ITEM.ISVAR AND NOT(MEMBER{ITEM,VARSLIST))
THEN ITEM::VARSLIST->VARSLIST
ELSEIF ITEM.ISFUN THEN APPLIST(ARGLISTF(ITEM),VARLSFN)
ELSEIF ITEM.ISPRED THEN APPLIST(ARGLISTP(ITEM),VARLSFN)
ELSEIF ITEM.ISPAIR THEN APPLIST(ITEM,VARLSFN)
CLOSE;
END

FUNCTION GET N LIST;
COMMENT *GETS THE NTH ITEM OF A LIST*:
LOOP: IF N=1 THEN LIST.HD
ELSE LIST.TL=>LIST; N-1->N; GOTO LOOP
CLOSE
END;

LAMBDA INDEX LIST LISTLENGTH;
GET(LISTLENGTH=-INDEX+1,LIST)
ENOC(XNIL,0%)->CLS;
LAMBDA NEWITEM INDEX;
IF FROZVAL(2,CLS)+1=INDEX
THEN NEWITEM::FROZVAL (1,CLS)=>FROZVAL(1,CLS);
FROZVAL(2,CLS)+1=>FROZVAL(2,CLS)
ELSE ‘CLS UPDATE ERROR‘=>
CLOSE
END->UPDATER(CLS);

LAMBOA CLAUSE N;

CLAUSE=>CLS(N);

[% "OK","NUMBER",N %).PR; NL(1)}
N+1->FROZVAL(1,ADDCLAUSE)}

UPDVARS(N+1);

END(%1%)~>ADDCLAUSE;

COMMENT ADDCLAUSE ADDS A CLAUSE TD ‘CLS‘;

FUNCTION REMOVE N LIST;

COMMENT *REMOVES NTH ITEM FROM A LIST';
IF LIST.NULL THEN UNDEF

ELSEIF N=1 THEN LIST.TL

ELSE (LIST.HD)::REMOVE(N=-1,L1IST.TL)
CLOSE;

END
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L" 1 FUNCTION NCJ XS1 XS2;
K{ il COMMENT *NON-CONSTRUCTIVE JOIN OF TWO LISTS'; Prog?
¥ ol VARS START: XS1->START; Sourc.
$ ‘ IF XS1.NULL THEN XS2 EXIT: .
: (. LOOP: IF XS1,TL.NULL THEN XS2->XS1.TL; START EXIT;

\ i i XS1.TL->XS1; 1 fDesc
! Il H .
bl ew” 0 in Bu
y | Memc
P | FUNCTION RESOL LN1 CL1 LN2 CL2: gence

H e COMMENT ‘RESOLVES TWO CLAUSES':

. Al VARS L1 L2 RESULT TIMES; The fi
5 | COPYCL(CL1)->CL1; COPYCL(CL2)=>CL2;

§ i BET(LNL1,CL1)->L1; GEF(LN2,CL2)~>L2; The G
. ‘ NIL->plcT; toan
! | IF NOT(UNIFYRES(L1,L2)) THEN UNDEF EXIT; t
¥ | ‘ NCJ(REMOVE(LN1,CL1) ,REMOVE(LN2,CL2))~>RESULT; ques
% ; LENGTH(DICT)->TIMES; corre

! ’ LOOP: TIMES-1->TIMES; varyi
: i | SIGMA(RESULT)~>RESULT;

4 il IF TIMES>0 THEN GOTO LOOP CLOSE: progr
; L PRUNE (RESULT); been
) | NIL->VARSLIST; arith

[ | VARLSFN(RESULT); lemy

. i SUBTRSET(VARLIST,MAPLIST(VARSLIST,NAMEV))->SPVLIST; e
_ Bl UNIQNAME(VARSLIST); for E
¢ Al RESULT; any ¢

I END

Bl | The )
‘ TR exprt
- be ar
. H l value

! i FUNCTION RESOLVE CN1 LN1 CN2 LN2; and t

; 3 VARS ENT; The «
1@ RESOL (LN1,CLS(CN1),LN2,CLS(CN2))=>ENT;
E IF. ENT="UNDEF" THEN [SORRY = WONT RESOLVEJ,PR; NL(1);: anott
|8 ELSE ENT.PRR; ADDCLAUSE(ENT) expo:

i ‘! ! CLOSE; © othes

B END

I i aske

U1 If he

I

i FUNCTION FACT LNL LN2 CL; ques

1 COMMENT *FACTORS A CLAUSE"j wher

z VARS L1 L2 TIMES; prog
¥ i COPYCL(CL)=->CL;

1R GET(LN1,CL)->L1; GET(LN2,CL)=>L2; THou
i H IF. NOTCUNIFYFAC(L1,L2)) THEN UNDEF EXIT; Sum

il LENGTH(DICT)->TIMES; o1

il LOOP: TIMES-1->TIMES; C

| 1R SIGMA(CL)=>CL; h

\ : IF TIMES>0 THEN GOTO LOOP CLOSE: The
! PRUNE(CL) is ot
{ ; END the (
i | app1

‘ FUNCTION FACTOR CLN LN1 LN2; can

5 ‘i VARS. ENT;

i i FACT(LN1,LN2,CLS(CLN))=>ENT; Re-
\ : IF ENT="UNDEF" THEN [SORRY - WONT FACTORJ.PR; NL(1); ditfi
' T ELSE ENT,PRR; ADDCLAUSE(ENT)

CLOSE; Lan

g ‘ END v cor
. il The
! and

: wis!

: are

¢ i

| Whe

{ B des

; HHITE 'TC

In ¢

, ter:
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sequence of questions can be interrupted in the usual way by typing the
CONTROL & G character.

Typing SWAP before typing BEGIN reverses the question language and
the answer language.

It is to be noted that the answer checking is done by direct matching and
synonyms will not be recognized as being correct. A user will soon
learn which particular word the program expects as the 'correct!'
meaning of a word.

fMethod used. The method used is simple. It gains a certain gener-
ality and conciseness by being based on some elementary principles of
general algebra, roughly speaking the notion of a general evaluation
mechanism (the extension of a mapping to a homomorphism). It is
summarized in the following diagram.

Abstract expressions are generated randomly and 'evaluated' in four
ways: to obtain a type, which must be the desired type and not unde-
fined; to obtain a difficulty, which must be in the required range; to
obtain a question; and to obtain an answer. In practice the 'evaluation'’
of type is inverted so that a type, for example, 'sentence' or 'number’,
is selected first and then an abstract expression is generated, which is
sure to evaluate to this type. Roughly, the whole process is a general-
ization of the method used to generate well-formed expressions of a
phrase structure grammar.

1Global variables and functions. FENG, FGERM, FFINN, FSORT,
FDIFF, FSTR, DSORT, ARITY, OMEGASET, LIST, LIST1, TEST1, TEST2,
AASTRLAN, AANUMLAN, AAWORD, AADIFF, AAENG, AAGERM,
PHIDIFF, PHISORT, PHIQUE, PHIANS, SAMEANS, PRANS, READANS,
DMAX, DMIN, CORRECT, NAME, COUNT, R, ISVAR, NTUPLE, KDERIV,
QUEST, ANSW, REP, ENGNPH, PRIMLIST, EXPD, EXPAND, TRANSLATE,
ENGLISH, GERMAN, FINNISH, SUMS1, SUMS2. In addition all global
variables in LIB NEW STRUCTURES and in LIB RANDOM.

yStore used. The program uses a large amount of workspace and users
are advised to have at least 25 blocks of store available before
attempting to use this program,

TExamples of use
COMPILE(LIBRARY([LIB SUMS QUIZ)));

TO ENTER PROGRAM TYPE
BEGIN

BEGIN

HHOHZ"

Mgz

et P e
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WHAT IS YOUR NAME: JEROME
TYPE ANSWER TO THIS SUM

[10 x 8]

:80

GOOD

TYPE ANSWER TO THIS SUM

[7 + 4]
: 10

NO

TYPE YES IF YOU WANT TO TRY AGAIN ELSE TYPE NO: YES
OK: 11

THAT IS RIGHT

TYPE ANSWER TO THIS SUM

[9*1+1]

9

NO

TYPE YES IF YOU WANT TO TRY AGAIN ELSE TYPE NO : NO
THE RIGHT ANSWER IS 10

;etc .
:COMPILE (LIBRARY([LIB LANGUAGE QUIZ m;

THERE ARE THREE LANGUAGES AVAILABLE FOR TRANSLATION
VIZ. ENGLISH FINNISH AND GERMAN.

WHICH LANGUAGE DO YOU WISH TO TRANSLATE FROM : GERMAN
WHICH LANGUAGE DO YOU WISH TO TRANSLATE TO : ENGLISH

THERE WILL BE A SHORT PAUSE WHILE THE RELEVANT
PROGRAMS ARE COMPILED

TO ENTER PROGRAM TYPE
BEGIN
PLEASE END ALL ANSWERS WITH A COMMA.

: BEGIN

WHAT IS YOUR NAME: JEROME,
TRANSLATE

[FUNF]

: FIVE,

CORRECT

TRANSLATE

[DER GUTE MANN]

: THE GOOD MEN,

NO

"TYPE YES IF YOU WANT TO TRY AGAIN ELSE NO": NO
"THE RIGHT ANSWER IS' [THE GOOD MAN]

etc.
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CQUIZZING MACHINE]

POPMESS(COPERATOR ‘QUIZZING MACHINE IN USE. CHECK AUTHORISATION'1);
ERASE~>CUCHAROUT;

COMPILE(LIBRARY(CLIB NEW STRUCTURES1));
COMPILE(LIBRARY(CLIB RANDOM1));

VARS PHISORT FSORT AASORT ARITY [SVAR AAWORD OMEGASET LISTY PHIDIFF R COUNT
NAME CORRECT DMAX DMIN PHIQUE PHIANS DSORT SAMEANS PRANS
PROGRESS INV PRIM AGREES. READANS OPERATION 2 (>>> <K<);

LAMBDA U; IF U.1SWORD OR U.ISINTEGER THEN TRUE ELSE FALSE CLOSE END->ISVAR;

FUNCTIQON EXTD E F AA;
FUNCTION PHI E; VARS AAOMEGA:;
IF E.ISVAR THEN F(E)
chLZE E.DATANORD.AA=>AAOMEGA; AAOMEGA(APPLIST(E.DATALIST,PHI))
S
END
PHI(E);
END

FUNCTION LISTN N; .
IF N=0 THEN NIL ELSE 0::LISTN(N-1); CLOSE;
END

FUNCTION WORDALG OMEGASET:
VARS AAWORD: .NEWNNARRAY=>AAWORD:
APPLIST(OMEGASET,LAMBDA OMEGA;
RECORDFNS(OMEGA,LISTNC(ARITY(OMEGA))); .
APPLIST(LISTNC(ARITY(OMEGA)+1),LAMBDA X: .ERASE; ‘END)}
~>AAHORD(OMEGA) ;
END);
AAWORD
END

FUNCTION CHOOSE LIST;

VARS X N;0->N;

INTOF (RANDOM( »#LENGTH(LIST))=>X;
LOOP: IF N=X THEN LIST.HD EXIT;

N+1->N; LIST.TL=>LIST; GOTO LOOP
END

VARS NTUPLE LIST;
COMMENT THESE VARIABLES ARE ACTUALLY LOCAL TO DERIV BUT HAVE
BEEN TAKEN OUT TO SAVE STACK SPACE;

VARS KDERIV; 0.67->KDERIV}

FUNCTION DERIV S; VARS OMEGA;
IF PRIM(S) AND DSORT(S)=UNDEF OR .RANDOMCKDERIV
THEN CHOOSE(INV(FSORT,S))
ELSE CHOOSE(DSORT(S))=>LIST;
LIST.HD->0MEGA; LIST.TL.HD->NTUPLE;
APPLY(APPLIST(NTUPLE,DERIV),AAWORD(OMEGA));
CLOSE
END

FUN

LOO

END

FUN

END
FUN

ENLC
FUA

ENI
FU!

L0t

EN
Eq!
ND'
NO!
CH.

CFU

Lo
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ON*1);

HIDIFF R COUNT
S

SE END-D>ISVAR;

YPHI))

.ERASE; ‘END)3

e
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FUNCTION RECPR X;
IF X.ISVAR THEN PR(X)$ "SP(1);
LOOP: IF LIST1.HD=100 THEN EXIT;

LIST1.HD-1=>LISTL1.HD}

IF LIST1.HD=0 THEN PR(")");
LISTL1.TL->LIST1: GOTO LOOP

CLOSE;

ELSE PR(DATAWORD(X))3 PR("(*);
ARITY(DATAWORD(X))$tLISTL->LISTL;
APPLIST(DATALIST(X),RECPR);

CLOSE;
END:

FUNCTION INV NNARRAY CPT3
VARS LIST; [1->LIST;
FROZVAL (1,NNARRAY)=>ASS;
LOOP: IF ASSNULL(ASS) THEN LIST EXIT;
IF EQUAL( ASSCPT(ASS),CPT) THEN ASSSUB(ASS)::LIST->LIST; CLOSE;
ASSTL(ASS)->ASS;
GOTO LOOP
END

FUNCTION ASKNAME;
VARS INPUT; CHARIN.INCHARITEM=>INPUT;
2.NL3
PR(’WHAT IS YOUR NAME*);
INPUT () =>NAME;
2.NL;
END

FUNCTION READNTW=>X; VARS INPUT;
CHARIN, INCHARITEM->INPUT;
INPUT () =>X;

IF X=u-" THEN ~ INPUT()=>X EXIT}
IF X="TRUE" THEN TRUE->X
ELSEIF X="FALSE" THEN FALSE=>X
CLOSE
END3

FUNCTION READWL=>L; VARS INPUT X;
CHARIN.INCHARITEM=>INPUT; NIL=>L;
LOOP: INPUT()=>X;
IF X=v,» THEN REV(L)->L EXIT;
IF X=v=» THEN INPUT()=->X; CLOSE;
X:tl=>Ls GOTO LOOP
END

EOUAL-=>SAMEANS; PR->PRANS;
NONOP > =>NONOP >>>;

NONOP < =>NONOP <<<;
CHARDUT=>CUCHAROUT;

FUNCTION PROBLEM SORT MESSAGE;
VARS E QUESTION ANSWER ERRORSLIST DIFF INPUT;
0->COUNT; 0->CORRECT; NIL->ERRORSLIST;
«ASKNAME;
LOOP: COUNT+1->COUNT;
IF NOT(ERRORSLIST.NULL) AND .RANDOM<O.6 .
THEN ERRORSLIST.DEST->ERRORSLIST: +DEST=->ANSWER->QUESTION;
ELSE LO: DERIV(SORT)->E;
E.PHIDIFF->DIFF;
IF DIFF>>>DMAX OR DIFF<<<DMIN THEN GOTO LO CLOSE;
E.PHIQUE->QUESTION;
E.PHIANS=>ANSHWER;
CLOSE;
1.NL; MESSAGE.PR; 2.NL3 QUESTION.PR; 1.NL3
LANS: CHARIN.INCHARITEM->INPUT;
IF AGREES(.READANS,ANSWER)
THEN CORRECT+1->CORRECT; .PROGRESS;

ELSE 1.NL; ‘TYPE YES IF YOU WANT TO TRY AGAIN ELSE TYPE NO'.PR;

IF .INPUT ="YES" THEN "OK".PR; GOTO LANS CLOSE;
ERRORSLlST()t%QUESTlON::ANSNERX]-)ERRORSLIST;
PR(’THE RIGHT ANSWER 1S%); ANSWER,PRANS;
CLOSE;
GOTO LOOP
END;
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FUNCTION AGREES OFFER ANSWER=>0K;

SAMEANS(OFFER, ANSWER)=>0K;

IF OK THEN DMAX/R->DMAX;

PR(CHOOSE(LGOOD CORRECT L[THAT IS RIGHT11));
ELSE DMAX#R->DMAX;
PR(“NO")

CLOSE;

DMAX =-7=>DMIN
END;

FUNCTION PROGRESS ;
VARS REM;
CORRECT//5->REM->REM;
IF REM=0 THEN 1.NL;
PR(CHOOSE({CWELL DONEJCVERY GOODICGOOD SHOW1l)
<>(NAME::[,YOU HAVEIC> (CORRECT::LRIGHT ANSHWERS1)))
CLOSE;
CORRECT//20->REM->REM;
IF REM=0 THEN 2.NL;
‘GO TO THE TOP OF THE CLASS'.PR; 2.NL;
CLOSE
END;

INTOF(HD(.POPDATE)#100)~->RANSEED;
C1003->L1ISTL;

0.95->R;

12->DMAX;

5=>DMIN;

CLANGUAGE QU1Z]
VARS QUEST ANSW REP:

COMPILE(LIBRARY(CLIB QUIZZING MACHINE]));
COMPILE(LIBRARY(LLIB LANGUAGE GENERAL1)):;
COMPILE(LIBRARY(LLIB LANGUAGE SORT))):
2.NL3

PR(’THERE ARE THREE LANGUAGES AVAILABLE FOR TRANSLATION
VIZ. ENGLISH FINNISH AND GERMAN.

WHICH LANGUAGE DO YOU WISH TO TRANSLATE FROM');

CHARIN, INCHARITEM->REP:

+REP=>QUEST;

2.NL3

PR(’WHICH LANGUAGE DO YOU WISH TO TRANSLATE T0');

CHARIN,INCHARITEM=-> REP;

+REP=>ANSH;

3 2.NL;

PR(’THERE WILL BE A SHORT PAUSE WHILE THE. RELEVANT PROGRAMS ARE
COMPILED*); 2.NL:

COMPILE(LIBRARY(LX"LIB",QUESTX]));
COMPILE(LIBRARY(LX"LIB",ANSWZX]));

VALOF (QUEST)->PHIQUE}
VALOF (ANSW)->PHIANS;

MACRO BEGIN: 2.NL:
12=>DMAX;
5=>DMIN;

. TRANSLATE;

END;

PR(’
TO ENTER PROGRAM TYPE
BEGIN

PLEASE END ALL ANSWERS WITH A COMMA.
Y

2.NL;

T

LA
VAR

+NE
.NE

tNO

CLNO
CND
CNO
CNO
[ND
CLNO

CAD
CAD
CAD
LAD
CAD
CAD
CAD
CAD

CVE
CVE
WRE
VAR

FUN
LO¢

ENI

EN

EX
PR

MA

EN
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CLANGUAGE GENERALJ]
VARS EXPD EXPAND TRANSLATE;

JNEWNNARRAY=->EXPD;
LNEWNNARRAY =>ARITY;

CNOUN AN SING NOMI->EXPD("NASN");
CNOUN AN PL NOMI->EXPD(“NAPN");
CNOUN AN SING ACCI->EXPD("NASA");
[NOUN AN PL ACCI->EXPD("NAPA"):
[NOUN INAN SING NOMI->EXPD("NISN*);
[NOUN INAN PL NOMI->EXPD(“NIPN");
CNOUN INAN SING ACCJI=>EXPD("NISA");
CNOUN INAN PL ACCI-D>EXPD("NIPA");

CADJ AN SING NOMJ->EXPD("AASN");

CADJ AN PL NOMI->EXPD("AAPN");
CADJ AN SING ACCI-DEXPD("AASA%);

[ADJ AN PL ACCI->EXPD("AAPA“);
CADJ INAN SING NOMI-DEXPD("AISN");
CADJ INAN PL NOMI->EXPD("AIPN*");
CADJ INAN SING ACCI-D>EXPD("AISA");
CADJ INAN PL ACCI->EXPD("AIPA%);

CVERB AN SINGI->EXPD("VAS"); 18
CVERB AN PLI->EXPD("VAP"):
"REMARK"=>EXPD("REM");

VARS OPERATION 2 TONARR; ‘

FUNCTION TONARR L A; VARS X Y;
LOOP: IF L.NULL THEN EXIT:
LeNEXT=>L=>Y; L.NEXT=>L-=>X}
IF EXPAND THEN EXPD(Y)=>Y CLOSE; Y->A(X); GOTO LOOP
END

[MKREMARK MKNONPH1 MKNONPH2 MKNONPH3 MKNONPH4
MKACNPH1 MKACNPH2 MKACNPH3 MKACNPHA4
MKSENT1 MKSENT21->0MEGASET;
2->ARITY ("MKNONPH1");
2=>ARITY ("MKNONPH2"); ’
2->ARITY("MKNONPH3");
2=>ARITY ("MKNONPH4") ;
1->ARITY("MKREMARK");
2=>ARITY("MKACNPH1");
2=>ARITY("MKACNPH2");
2->ARITY("MKACNPH3");
2=>ARITY("MKACNPH4");

AMS ARE 3->ARITY("MKSENT1");
3->ARITY("MKSENT2");

WORDALG(OMEGASET)=->AAWORD;
READWL->READANS;

FUNCTION EXPRDIFF E REM NPH SENT;
IF E.DATAWORD ="MKREMARK" THEN
IF DMAX<<CREM THEN DMAX-=1->REM;
CLOSE; REM; :
ELSEIF E.DATAWORD ="MKNONPH1i" THEN NP
ELSE
IF DMIN>>>SENT THEN DMIN+1->SENT;
CLOSE; SENT;
CLOSE : |
END;

EXPRDIFF(X 8, 12, 16 X)=>PHIDIFF;
PROBLEM(X"EXPRESSION",’ TRANSLATE ‘X)->TRANSLATE;

MACRO SWAP;
PHIANS,PHIQUE=>PHIANS->PHIQUE ‘
END; |
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CLANGUAGE SORT]

VARS DSORT PRIMLIST;
NEWNNARRAY=>FSORT;
NEWNNARRAY=>AASORT;
.NEWNNARRAY=->DSORT;

CCMKNONPHL CLADJ AN SING NOM] [NOUN AN SING NOM1111->DSORT("NONPH1");
CCMKNONPH2 [LADJ AN PL NOMICNOUN AN PL: NOM1111=>DSORT("NONPH2");
CCMKNONPH3 [CADJ INAN SING NOMJ CNOUN INAN SING NOM1111->DSORT(“NONPH3");
CCMKNONPH4 CCADJ INAN PL NOM) CNOUN INAN PL NOMJ111->DSORT("NONPH4");

[LMKACNPH1 [CADJ AN SING ACC] INOUN AN SING ACCJ113}=>DSORT(YACNPH1");
CIMKACNPH2 CCADJ AN PL ACC) [NOUN AN PL ACCJ111->DSORT("ACNPH2");
[CMKACNPH3CCADJ INAN SING ACCICNOUN INAN SING ACCI113->DSORT("ACNPH3");

- [CMKACNPH4 [CADJ INAN PL ACC] CNOUN INAN PL ACCJ111->DSORT(“ACNPH4");

[CMKREMARK CREMARKI1]
CMKNONPH1 [CADJ AN SING NOMICNOUN AN SING NOMI1]
CMKNONPH2 CLCADJ AN PL NOMICNOUN AN PL NOM1]]
CMKSENT1 CNONPH1 CVERB AN SING] ACNPH41]
CMKSENT1 CNONPH1 [VERB AN SING] ACNPH2]1
(MKSENT1 C[NONPH2 CVERB AN PL] ACNPH11]
CMKSENT4 CNONPH2 CVERB AN PL] ACNPH31131->DSORT(“EXPRESSION");

CCNOUN AN SING NOMICNOUN AN PL NOMILNOUN INAN SING NOM]
[NOUN INAN PL NOMILNOUN AN SING ACCICNOUN AN PL ACC)
CNOUN INAN SING ACCICNOUN INAN PL. ACCICLADJ ‘AN SING NOM]
CADJ AN PL NOMICADJ INAN SING NOMICADJ INAN PL NOMJ
CADJ AN SING ACCICADJ AN PL ACCICADJ INAN SING ACC]
CADJ INAN PL ACCICVERB AN SINGICVERB AN PLILVERB INAN SING]
CVERB INAN PLJIREMARKI->PRIMLIST;

FUNCTION MEMBER ITEM LIST EQUIV;
Lot IF LIST.NULL THEN FALSE EXIT;
IF EQUIV(ITEM, LIST.HD) THEN TRUE EXIT:
LIST.TL=>LIST;
GOTO L0
END3

FUNCTION PRIM X3

[F MEMBER(X,PRIMLIST,EQUAL) THEN TRUE ELSE FALSE CLOSE
END;

TRUE=->EXPAND;

CNASN 1 NASN 21 NAPN 2 NAPN 22 NASA 3 NASA 23 NAPA 4 NAPA. 24
NISN 5 NIPN 6 NISA 7 NIPA 8 AASN 9 AASN 29 AAPN 10 AAPN 30
AASA 11 AASA 31 AAPA 12 AAPA 32 AISN 13 AIPN 14 AISA 15 AIPA 16
VAS 17 VAS 37 VAP 18 VAP 38 REM 40 REM 41 REM 42 REM 43 REM 44
REM 45 REM 46 REM 47] TONARR FSORT;

FALSE~>EXPAND;

CENGLISH]

VARS FENG AAENG ENGNPH ENGLISH;
+NEWNNARRAY=>FENG;
+NEWNNARRAY=->AAENG;

LAMBDA R: IF R.ATOM THEN [(XRX%] ELSE R CLOSE END->AAENG("MKREMARK");
LAMBDA A N3LTHEJ<OLXAXISOI[XN%] END->ENGNPH;

ENGNPH=>AAENG ("MKNONPH1");

ENGNPH->AAENG( "MKNONPH2") ;

ENGNPH=>AAENG ("MKNONPH3") ;

ENGNPH->AAENG ("MKNONPH4");

ENGNPH=>AAENG("MKACNPH1");

ENGNPH->AAENG ("MKACNPH2" ) ;

ENGNPH=>AAENG ("MKACNPH3");

ENGNPH =>AAENG("MKACNPH4")}

LAMBDA NP V ACNP; NP<OLX%VXI<>ACNP END-D>AAENG("MKSENT1");
FALSE=>EXPAND;

tFL:

ERA
coM

CHA
VAR

LAY
FAL

M
TIS
Gt
GR(

KL1
S
Gt
gl

LA
EX
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PH1");

H2")

SORT ("NONPH3") 5
"NONPH4") ;

PH1") ;
Vi
CNPH3" ) ;
PHA");

-

ARK")
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[MAN 1 MEN 2 MAN 3 MEN 4 BOY 21 BOYS 22 BOY 23 BOYS 24

TABLE 5 TABLES 6 TABLE 7 TABLES 8 GOOD 9 GOOD 10 GOOD 11 GOOD 12
BIG 29/BIG 30 BIG 31 BIG 32 SMALL 13 SMALL 14 SMALL 15 SMALL 16
SEES 17 SEE 18 CARRIES 37 CARRY 38
CGOOD MORNING] 40 [GOOD DAY] 41 GOODBYE 42
ONE 43 TWO 44 THREE 45 FOUR 46 FIVE 471 TONARR FENG;

EXTD(XFENG, AAENGX)=>ENGLISH;

CFINNISH]

ERASE=>CUCHAROUT;
COMPILE(LIBRARY(LLIB ENGLISHI));

CHAROUT=>CUCHAROUT;
VARS FFINN FINNISH AAENG:

+NEWNNARRAR=>FFINN;

FUNCTION AAFINN X:
IF X £ "MKSENT1" OR X="MKREMARK"
THEN AAENG(X) ELSE LAMBDA A N; [XAX1<>CXNX) END
CLOSE
END;

CMIES 1 MIEHET 2 MIEHEN 3 MIEHET 4
KILTTI 9 KILTIT 10 KILTIN 11 KILTIT 12

NAKEE 17 NAKEVAT 18

POYTA 5 POYDAT 6 POYDAN 7 POYDAT 8

PIENI 13 PIENET 14 PIENEN 15 PIENET 16
POIKA 21 POJAT 22 POJAN 23 POJAT 24

1S0 .29 1SOT 30 ISON 31 ISOT 32
KANTAA 37 KANTAVAT 38
HUOMENTA 40 PAIVAA 41 NAKEMIIN 42

YKS] 43 KAKS! 44 KOLME 45 NELJA 46 VIISI 471 TONARR FFINN;

EXTD(X%FFINN, AAF INN%) =>F INNISH}

{GERMAN]

VARS FGERM AAGERM GERMAN:;
NEWNNARRAY=->FGERM;
+NEWNNARRAY->AAGERM;

LKMBDA R; IF R.ATOM THEN [XR%] ELSE R CLOSE END->AAGERM("MKREMARK");
LAMBDA A N;CDERICOC%A%ICOLXANYX] END->AAGERM("MKNONPH1");

LAMBDA N;CDIEICOLXAXICOLRN%] END->AAGERM("MKNONPH2") ;
LAMBDA N; CDERICKOLXA%ICOLXNX] END->AAGERM("MKNONPH3")
LAMBDA N;TDIEICOL%A%XICOTXNX] END->AAGERM("MKNONPH4" ) ;

A
A
A
LAMBDA A N;CDENI<OCXAXICK>L%N%] END=->AAGERM("MKACNPH1");
LAMBDA A N;CDIEICOC%A%XICOLXNX] END->AAGERM("MKACNPH2");
LAMBDA A N3CDENIKOLX%AXICOLANX] END->AAGERM("MKACNPH3");
LAMBDA A N3CDIEIKOLX¥AXICOL%NR] END=->AAGERM("MKACNPH4");

FALSE=>EXPAND;

CMANN 1 MANNER 2 MANN 3 MANNER 4 KNABE 21 KNABEN 22 KNABEN 23 KNABEN 24
TISCH 5 TISCHE 6 TISCH 7 TISCHE 8

GUTE 9 GUTEN 10 GUTEN 11 GUTEN 12

GROSSE 29 GROSSEN 30 GROSSEN 31 GROSSEN 32

KLEINE 13 KLEINEN 14 KLEINEN 15 KLEINEN 16

SIEHT 17 SEHEN 18 TRAGT 37 TRAGEN 38

CLGUTEN MORGEN] 40 [GUTEN TAG) 41 [AUF WIEDER SEHEN] 42
EINS 43 ZWEI 44 DREI 45 VIER 46 FUNF 471 TONARR FGERM;

LAMBDA NP V ACNP; NP<>L%VXIC<O>ACNP END->AAGERM(“MKSENT1");
EXTD(XFGERM, AAGERM%)=>GERMAN;
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LSuMsl]
VARS AASTRLAN AANUMLAN FDIFF AADIFF PHIDIFF FSTR TESTL TEST2;

+NEWNNARRAY=->FSORT;
+NEWNNARRAY->AASORT;
JNEWNNARRAY->ARITY;
+NEWNNARRAY->AASTRLAN;
+NEWNNARRAY->AANUMLAN;
JNEWNNARRAY->DSORT;
LNEWNNARRAY->FDIFF;
SNEWNNARRAY=->AADIFF;

CPLUS MINUS TIMES GRTHAN NOTJ->OMEGASET;:

"NUM*=>FSORT(0):
"NUM*=>FSORT (1)}
"NUMn=>FSORT(2);
"NUM"=>FSORT(3);
UNUMP =5>FSORT(4) 3
“NUM»=>FSORT(5) 3
UNUMv=>FSORT(6);
"NUMH=>FSORT(7) 3
"NUM"=>FSORT(8);
UNYMn=>FSORT(9);
"NUM*=>FSORT(10);

2=>ARITY("PLUS");
2=>ARITY("MINUS");
2=>ARITY(“TIMES");
2->ARITY("GRTHAN");
1=>ARITY("NOT");

FUNCTION TEST U V X Y R;
IF U=X AND V=Y THEN R ELSE UNDEF 'CLOSE
END3

TEST(%"NUM", "NUM", "NUM"%)=>TEST1;
TEST (%"NUM®, "NUM", *TVAL*%)=->TEST2;

TEST1->AASORT("PLUS");
TEST1->AASORT("MINUS™");
TEST1->AASORT("TIMES");
TEST2=->AASORT("GRTHAN");

LAMEDA U; IF U="TVAL" THEN "TvAL" ELSE UNDEF CLOSE END=>AASORT(*NOT")3;

LAMBDA Y V;

IF U,ATOM THEN (%UX] ELSE U

CLOSE; <>C+3<> IF V.ATOM THEN [%VX] ELSE L[%"("%3<> V<>I%*)"%) CLOSE
END->AASTRLAN("PLUS");

LAM3DA U V;
IF U.ATOM THEN [%U%1 ELSE U
CLOSE <>[-1<> IF V.ATOM THEN [XvX] ELSE
CX"("%1<OVE>IXY)I"%] CLOSE
END->AASTRLAN("MINUS");

LAMBDA, U V3
IF U.ATOM THEN [%UX] ELSECX"("X31<> UKHTX")"X]
CLOSE <>[#3<> IF V.ATOM THEN [XVX] ELSE
C%"("%I<OVLCHOLX"I"X] CLOSE
END=>AASTRLAN("TIMES");

LAMBDA U V3

If U.ATOM THEN [X%U%] ELSE U

C <C>I<> IF V.ATOM THEN [XVX1 ELSE V CLOSE;
END=>AASTRLAN("GRTHAN");

LAMBDA U; [NOTI<> IF U.ATOM THEN T%UX] ELSE U CLOSE3
END->AASTRLAN("NOT");

LAMBL
LAMB[
LAMB{
LAMB(
LAMB]

-2->
-1->(
-1->
-2->
-3->
-3->
-5->
-6->
-6->
-6->
-2->

FUNC
1F
END:

LAME
LAME
LAME
LAME
LAME

FUNC
CLat
ceel
LAY
EXT
EXT
EXT
EXT
WOR
VAR
PRC
PRC
MAC
12-
5-:
.Sl
ENI
RE
PR

T0

V)
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ST2:

ASORT (*NOT");

%")"%) CLOSE
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LAMBDA U V; U+V END=DAANUMLAN("PLUS");
LAMBDA U V; U=V END->AANUMLAN("MINUS");
LAMBDA U V; UsV END=DAANUMLAN(“TIMES");
LAMBDA U V; U>DV END->DAANUMLAN("GRTHAN")}

LAMBDA U3 NOT(U) END=>AANUMLAN("NOT")3

-2->FDIFF(0);
-1=->FDIFF(1);
-1->FDIFF(2);
=2=->FDIFF(3);
=3->FDIFF(4);
«3=->FDIFF(5);
=5=->FDIFF(6);
-6->FDIFF(7)3
=6->FDIFF(8);
=6->FDIFF(9);
=2->FDIFF(10);

FUNCTION MOD X;
IF X<0 THEN =X ELSE X CLDSE;

END;

LAMBDA U V; U.MOD ¢ 1 + V.,MOD END->AADIFF("PLUS")}
LAMBDA U V; U.MOD -+ 2 + V.MOD END->AADIFF("MINUS")}
LAMBDA U V; U.MOD ¢ 4 + V,MOD END->AADIFF("TIMES®);
LAMBDA U V; U.MOD + 3 + V.MOD END->AADIFF("GRTHAN")}
LAMBDA U; U.MOD + 10 END=>AADIFF("NOT*)}

FUNCTION PRIM X; X="NUM“ END3

CCGRTHAN [NUM NUMIILNOT CTVALIII->DSORT(“TVAL");
CCPLUS [NUM NUMJIICMINUS [NUM NUMJIICTIMES [NUM NUM 133->DSORT(“NUM*);

LAMBDA X; X END=>FSTR;

EXTD(XFSORT,AASORTX)~->PHISORT}
EXTD(XFSTR, AASTRLANX) ->PHIQUE}
EXTD(%FSTR, AANUMLANX) =>PHIANS;
EXTD(XFDIFF,AADIFFX)=->PHIDIFF;

WORDALG(OMEGASET)=>AAWORD;

VARS SUMS1 SUMS2;

PROBLEM(X"NUM", ' TYPE ANSWER TO THIS SUM'X)->SUMS1;
PROBLEM(X"TVAL", 'TYPE ANSWER TO THIS SUM‘X)=>SUMS2;
MACRO BEGIN;

12->DMAX;

5=->DMIN;

JSUMS1;

END;

READNTW=>READANS;

PR(’

TO ENTER PROGRAM TYPE

BEGIN
‘)i 2.NL3




