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* STAPL is planning to sponsor a three-day APL Conference in
Rochester, New York, beginning May 30, 1979. Further details
will appear in STAPL Quote-Quad.

¥ I.P. Sharp Associates are sponsoring a three-day APL Confer-
ence in Toronto on September 18-20 of this year. Sessions
will include:

Direction of APL Developments

Direction of Communication Systems Developments

Applications in the Research Industries, in Banking and
Finance, and in the Actuarial and Insurance Industry

Applications for Graphices

APL Standards for Documentation and Programming

Financial Planning

Logistic Systems in Multi-national Manufacturing Industries

Quantitative Analysis and Statistical Techniques

There will also be a session on APL in Exposition organized

by Professor Robert Spence of Imperial College, as well as a
two-part Advanced APL course held in the eveningse and consist-
ing of three hours each on the topics APL System Design, and
Data Base Design in APL. TFurther information on the confer-
ence is available from Ms. R. Wild, I.P. Sharp Associates, . -~
145 King Street West, Toronto, Canada. ~.-‘

* Qur most recent publication (STARMAP, by P. C, Berry and
J. R, Thorstensen) contains functions which produce coordin-
ates for a plot of the heavens at specified times and places.
We have learned from one of the authors that these functions,
together with appropriate plotting functions, are now avail-
able on the I.P. Sharp APL service. We would be pleasged to
announce their availability on other APL systems.




MORE ON
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The grade function produces a permutation vector, a
vector composed of one use of each of the elements 1N. Each
permutation vector is a representation of a permutation
matrix, a square binary matrix with just one mark in each
row and column. The function:

V<5 3 1 6 2 4
4

5316 24
O«A<(1p¥V)e.=V

001000
000010
010000
000001
100000
000C1 00

transforms a permutation vector into a matrix.

We can test that a vector is in fact a permutation
vector by examining the truth value of the expression
A (pV)=VL[AV].

A permutation matrix can be reduced to a permutation
vector by the expressiont

Vv Z«MTPV A MTFV A
[11] ZetFf+x04 ¥ 5316 24

A permutation vector can be displayed as the same

-attern rotated C, 90, 180, 270 degrees by successive

applications of ¥ looked at from the front and back by
reversing the permutation vector and rotating again.

V Z«<M A
[1] Z+(1pV)e.=4 V¥

(6 16+4¥M V),(6 16+vM ¥ V),(6 164¥M V¥ V),6 16+¥M F¥§ Vv
001000 01 0000 001000 0001 00
00 0O01O0 00 01 CO00 00000 1 01 09000
10000 00 0O0O0 1 100 000 000001
0 ¢C 0001 100 0 00 000010 100000
100000 000010 010000 001000
000100 001000 000100 00 0O0T1T0O0

S mmetry may reduce the number of different displays to 4 or
2. The eight possible vectors generating the same pattern
can be generated by GEN:



V Z<GEN P GEN V
[1] 7P, AP 5316 24 4 26135
[2] Z<(4,pP)pZ,9-2 352614 416 2 5 2
[ ad Z«(¥Z2),(4,-4+2%xpP)+¥0Z V¥ 4 6 8 3 7 5§ 57 386

v 6 4 7 385 58 3 74 8

The use of grade in sorting is only a small part of
the usefulness of permutation vectors. Any recoding of a
set of characters and symbols from one representation to
another is the application of a permutation vector to the
original representation. Note that this means any and all
characters can be given any new representation desired.

Recoding is effected by
0AVL 256 | A5CII1V]
Why this is so can be readily visualized by noting
that a permutation matrix, viewed as a nomogram or

transformation matrix permits any input on one axis to
designate any output on the other axis.

1 23 4% 56
1-+-+-0 | | |
2=t-+++=-1-0 |
3-+-0 | |
Ytpmmimm= +-~--0
5-0 |
R o)

Similarly, permutation vectors can be used to
rearrange a set of objects into any new arrangement, and
have been used in sorting bank checks in many fewer passes
into sequence by branch bank, by customer account number, by
check number, using AAV er its equivalent V[4V]<«1pV to
renumber the checks from 1 to pV. Those numbers are then

converted to a number base matching the sorting machine for

max imum efficiency in sorting the checks.

Note that the indexed form of "double up-grade" may
execute much faster than the second grade function on long
vectors.

Another use for ) is a fast way of detecting
duplicates in a set of-results. |t is known that some of
the sums of two integers cubed are the same. To find such
instances, the sums of pairs are sorted and adjacent
elements which are egqual are selected:

(R=1¢R) /R+S[AS]

A frequent use of variable insertion is restoring of
blanks between words in compressed text, where if N<«+\WLV
the word length vector, the expression:

(TX,(oM)p" "I[4(1pTX),N]

restores the blanks.
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SELF-REPRODUCING
EXPRESSIONS

1. Self-reproducing expressions. A self-reproducing expression (SRE)

is an expression V satisfying

t(V=eV)A(~Ve'ABC. . . GAABC. . JZA")

Such an expression is necessarily a vector of cheracters and, as reported
in [1,2], one SRE of minimal length (22) 1is 22p1d11p!'''22p1d11p""?
Readers of [2] were challenged to find a SRE of odd length. One such

expression, of length only 23, is

23p2¢12p ' '123p2¢12p 11!

In fact there exists a SRE of any length L 2 22. Examples are provided
by the results (SEE L) and (SRE2 L), where the functions SRE and SRE?

-~ defined in section 4 of this note:
-
2[J«SRE 35

35p12023p"'"''35p12¢23p3p35p12423p 11"
35p12¢23p""'135p12¢23p3p35p12d23p 1"

2. Periodical sel f-reproducing expressions. By definition, a PSRE of

period P is an expression which reproduces itself after P applications of

{ the execute function, but not earlier, and readers of [2] were challenged to

find & PSRE of period 2.

It will be seen that the expressions 4 and B below are PSRE, of quite

different types, of period 2 and 3 respectively.



AA=D « 20 < e[l « A ‘ i
1026p13p 1 '241026p13p"'"!
241026p13p'''241d26p13p""! \h(
1$26p13p """ 241¢26p13p """
1

A/B=[] « 23 « 20 « ¢ «+ B « PSRE2 3
B+1h(48pLTp21pt '), 104+10(u8pUTp21p T ), 100 !
Le1d(uB8ptTp21p '), 104410(u8pLUTp21p "' ) 10" @
u+1¢(48p47p21p"'),1¢4+1¢(48p47921p"'),1¢' @ !
u+1¢(48pu79210"‘),1¢4+1¢(48p47p219'"),1¢'a '
1

The vector B is the result (PSRE2 P) (see section 4) where tP=3, ©but
an even more striking instance of the phencmenon of periodicity is provided by
the result (PSRE P), where the pericd P can be any positive integer not

exceeding 99999:

o1 « &[0 « PSRE 13u
(124u48p24p ' "), ¥13u |1+(124uBp2up'’'),¥13L |1+0
(12du8p2Up'tt),¥v134 [1+(12¢u8p2up'’'),¥13H F1+1
(12¢ugp2up" 1), ¥13s  |1+(12¢48p24p "' "1 ),¥v134 |1+2

A/(PSRE 13u)=0 <« &[] + e[} « 2(132p'e"'),"'PSEE 134"
(126u8p2up' '), ¥134 |1+(120u8p2up'"''),¥134 [|1+132
(12048p24p 't 1),¥134% |1+(124uBp2up'T7},¥134 |1+133
(12¢u48p2u4p" ' "), ¥13L |[1+(12¢uBp24p''T),¥13k |1+0
1

\-"
3. Ultimatel eriodical gelf-reproducing expressions. The result

(T UPSRE P) of the function UPSRE is an .expression which, after yielding a
'£ail', of length T, of non-repeated expressions, continues with 2 PSRE of

period P. For example, we have:

2«sT+s[«a[i+e[] « 2 UPSRE 3 ’
(12¢u8p24pt ') ,¥L/0 3|1+(12¢48p2up'""),¥L/0 3j1+72
(12¢u8p2up' ' '), ¥L/0 3]1+(12d48p24p "' "), ¥L /0 311+71
(12¢u48p2up' ' ') ,¥L/0 3f1+(12du8p2up''"),¥vl /0 3f1+0
(12¢u480240"' ' "), ¥L/0 311+(12dugp2up’''), ¥l /0 311+1
(12¢u8p2up'''),¥l /0 3|1+(12¢ugp2up' '), ¥L/0 3|1+2
(12¢Lu8p2upt*t),¥l/0 3l1+(124uBp2up't'),¥L/0 3[1+0

but there are shorter expressions possessing the same property.

sl —— .. 30




L. The functions SEE, SRE2, PSRE, PSRZ2 %%% UPSRE .
ANVAAARAANAAAN,

) dp~9¢'"'"",10¢(a-15)p'pp¢',70'3 100 23 123(az22u)A(0<99)
ssﬁ2: ap(a=12)43¢1 111N adtadpt  ¥a-3 1p0 23 12:(0224)A(a<92)
PORE: 10'07,3¢uBp2u+ ') 1+(12duBp24p Tttt t) ¥t ¥y
PSREZ:(42p'441b(4804T7p21p"' 11ty 1b1),1¢ 17111 . ytta!l
UPSRE:(3¢ugp'|1+(12¢ugp2up 't ' 11) g /0 ',¥u),¥v~as(wso)

The characters after ¢ provide protection against misuse of the functions
SRE, GRE2? and UPSEER, The result (SFE L) contains no spaces if L > 33,

whereas the result (SRE2 L) reveals its operation more clearly:

2 3up(SRE 3u4),(SRE2 34)
34p11¢22p' "' 34p11$22pp3upli1d22pT !

3uplid22ptt? 3uplid22pt !
5. Non-repeating expressions. Plainly (PSRE 0), subject only to the
AMNANVVVWAWWVAAANAAANAN,

limitation imposed by the size of the system, allows any number of applications
of the execute function without ever producing a repetition. Another non-

repeating expression is
(6p3upl7p'' '), ¥v1+(6d3upiTp ') ,¥1+0"

but very much shorter examples may be found.

"~

6. Three problems.

(A) Find the shortest ultimately periodically self-reproducing expression.
(B) TFind the shortest non-repeating expression (NRE).

(C) Find the shortest NRE which does not use the format function.
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