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This paper relies heavily on “Algorithms for RPN Calculators”, written by
John Ball, and published by John wiley in 1978.

In fact this paper does reproduce Table 2.5.1 from John’s book.

My favourite quotation from this book is from the end of the chapter
entitled “Iterative Solutions of Elementary Transcendental Equations”, on
page 119:

pPerhaps in finance, as in astronomy, much of the mystique involves knowing
all 13 names for each entity or process.

Any student of compound interest will recognise the truth in this,
eventually<G>. And, as far as astronomy goes I well remember how long it
took me to realise that Sun is the key to local time (at the true Tlocal
noon, the Sun crosses the Tocal meridian), and the First Point of Aries is
the key to local sidereal time (when local S.T. is 00:00 the First Point of
Aries crosses the Tocal meridian).

The text of this paper is copyrighted by me:
Tony Hutchins

P.0. Box 1838

welTlington

New Zealand.

I assume no responsibility, and shall have no liability arising from the use
of this text.

warning: too much study of the permutations herein can cause drowsiness!
However, this can be beneficial at bed-time. The tables are subdivided into
groups of 5 or 6 algorithms, to assist the reader in finding patterns on the
way to “blanket bay”.

I must thank my dear wife Maureen for allowing some household tasks to be
deferred over the Tast week, while this was being completed.

If anyone would 1like a copy of this PDF in booklet form (A5, 56pp, card
cover), these can be provided, airmail postage included, for $15 (usb) each,
by sending your mailing address to me at tony.hutchins@attglobal.net at
which address I also accept paypal. A discount of $3 (USD) is offered to
HPCC members.

Note that John’s book is now out-of-print, but there are always a few
second-hand copies for sale at www.abebooks.com. Good copies can he had for
about $20 (usD) plus postage. Excellent value!

Here is a challenge: try and produce all 24 permutations of ABCD as shown on
the third page, without using the “Roll-down” function. This can be done in

24 keystrokes, however it is not possible to return exactly to the starting

point on the 24th keystroke.

Tony Hutchins
November 24, 2003.



Many thanks to Luiz Claudio vieira for allowing me to use his KeySet4 font
for the keystrokes.

I also used Luiz’s fonts for the HP41l LCD and printer on the cover sheet,
and the “by” is from Luiz’s Voyager LCD font.

The algorithms are shown as if they are composed of single key presses. In
fact some keys require a prefix on some machines.

These prefixes have not been counted in finding the shortest algorithms. The
numeric keypad keys, and the ENTER and CLX key never require a prefix.

(Rt) and (ISTx) are shown slanted because they invariably require a prefix or
shift key as well, for activation.

{LSTx) first appeared on “wizard”, the HP-45, and then remained on all
Scientific HP calculators, always requiring a shift key. As far as purely
financial calculators go, it is on the HP12C and HP38G but was not on the
HP37E, or any earlier ones, apart from the HP-92, the investor printing
calculator codenamed “Bobcat”.

R1) first appeared on “Superstar”, the HP-65. It has only appeared as a
primary unshifted key function on the HP-91 (“Felix”) and HP-92. Generally
it is not available as a keyboard function. The HP-97 and HP32SII are
special in having it as a shifted function whereas and are unshifted
as they normally are. The HP-34C has and shifted and unshifted
whereas on the HP-65 and HP-67 all three are shifted functions.

ENTERT) is shown as just

As an example of how the entries for AABC, 0BCC, 0CCC and CCCC are
generated, starting with values A,B,C_and D in registers X,Y,Z and T,
imagine for the moment a 24 key HP calculator:
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Special thanks to Jordi Hidalgo for quickly spotting that certain solutions
could cause roundoff errors.

John himself suggested ways for me to extend his table 2.5.1, by adding 1in
the 1s and using X) and (¥) and without his genial help and encouragement this
Tittle booklet would never have appeared.



XYZT Tables
Comprising 1296 RPN algorithms (selected from the shortest) to produce:
* The 36*36 permutations of any 4 of 01ABCD , which includes
* The 25%25 permutations of any 4 of OABCD (as in Table 2.5.1)
which includes
* The 16*16 permutations of any 4 of ABCD, which includes
* The 24 permutations of ABCD, without replication, as set out below.

Table 2.5.1 is from_ “Algorithms for RPN Calculators” by John Ball,
pages 62-86. This classic work was my inspiration.

EXAMPLE: THE 24 PERMUTATIONS OF ABCD

|Continuous solution — Direct solutions (up to 6 steps)

RPN [ X[Y[Z]T 6 Cyclic
Groupings
of - A|[B|[C|D 1 ] 2 ] 3 1T 4 1 5 7]6
1 D|A|[B]|C (no-op %)
2 cC|p|A|B
3|y |[D|[C|A|B| RY RY ()
4 Ry | C|A|B|D RY) RY GXy) [RY ROT
> A|lB|D]|C (Z<>T)
6l R |[B|D|C|A| RY RY Gxy) @R
/| xxy) | D|B|C|A (X<>T)
[ A[D|[B]C
9| ® |[C|A|D|[B| xxyJ RY [
10 B|C|A][D x%y) UNROT
11 cC|B]A]|D X<>Z
12 B|A|D]|C
13 AlD[C]B (Y<>T)
14 D|C|B|A]| X %) (reverse)
I5|xxy) | C|ID[B|A| xzyy [®RY RY)
16 AlC|D|B
17 BI|A[C|D| Gz X<>Y
18 DIB|A|C]| )
19y [B[D[A]C
20 D|A|C]|B
21 A|[C|[B]|D Y<>Z
22 cC|[B|[D|A %Zy)
23 B|C|D]|A (no-op 2/2)
24 A| B | C| D |No-0p No-op

The main text is 36 pages, with 36 permutations per page, then 2 pages
classifying the differences between the columns and Table 2.5.1, and finally
13 pages listing Table 2.5.1. A1l items in the RH Column make use of
and ®7), in addition to the operators used in the LH Column, namely: RY,
(xxyJ, (ENTER), (CIv, @, (M, =, and .

Tersest algorithms are searched for the “best” result. If there is a choice
the following not entirely arbitrary criteria are applied, in order: don’t
start with digit entry(as this requires an enabled stack at the beginning),
don’t end with or M(an enabled stack at the end 1is preferable), include
as few of the numeric keypad operators as possible (=), etc which are
about 3 times slower to execute than the others), minimize individual key
usage (maximize multiple key usage) and finally if we still have a choice
choose the one with more instances of concentrated repeat key usage (i.e.
aabacb would beat abcbab because the 3 a’s in the first are closer together
than the 3 b’s in the second (also the 2 b’s in the first are closer than
the 2 a’s in the second)- thankfully very few choices come down to this -
some would prefer the nicely spaced b’s in the second case).

Some algorithms alter the LASTX register (those using (5, or X).



An XYZT program for the HP48/49

This user RPL program, called XYZT, 1is suitable for simulating the stack
manipulations herein, with a stack containing symbolic ‘A’, ‘B’, ‘C’ and

D”.

Two small files were included in XYZTPDF.zZIP: XYZT and XyzTgp. The former is
suitable for simple ascii transfer (not XMODEM) to the HP48SX, G and GX, and
HP49G. The Tlatter, XYZ7gp, is only suitable for XMODEM transfer to the
hp49g+, and you must store it on the hp49g+ with the “gp” removed from the

name, as just XYZT.

Only is done from the keyboard (the right arrow)

A1l other operations use the soft keys F1-F6

“rs”’=right-shift. Left-shift with F1-F6 is disabled.

'D' ¢’ "B" 'A' 0 "LASTX' STO 1 SF

I'Rl RT "

« 4 ROLLD 1 SF » « »

« 4 ROLL 1 SF » } }

l'T LX"

« 4 ROLL DROP DUP 1 CF » « »

"CLX a"

« DROP 0 1 CF » « »

« DEPTH 4 MIN DROPN XYZT » } }

« DUﬁ '"LASTX' STO 4 PICK 4 ROLLD -
« DUP 'LASTX' STO 4 PICK 4 ROLLD /
"0 l'l

« 1 FS?C {4 ROLL} IFT DROP 0 » « »
« 1 FS?C {4 ROLL} IFT DROP 1 » } }
||+ X'l

« DUP 'LASTX' STO 4 PICK 4 ROLLD +
« DUP 'LASTX' STO 4 PICK 4 ROLLD *
TMENU

R B O e T e e T e T T e S e T I

« 1 FS? {4 ROLL} IFT DROP LASTX 1 SF

1
1

1
1

» } 1}

SF
SF

SF
SF

»
»

»
»

« »

Set up stack and Flag 1
Start menu creation

F1 = R]

rs-Fl= R1

F2 =1 (disable stack)
rs-F2= LASTX (uses Flag 1)
F3 = CLX (disable stack)
rs-F3= re-start XYzT

F4 = -

Rs-F4= =+

F5 =0 (uses Flag 1
Rs-F5= 1 and clears it)
F6 =+

rs-Fé= X

Display menu

The unshifted functions are used in Table 2.5.1, along with Xy .

Example

Consider BO0OO in Table 2.5.1 which has a 6 key solution:

CZZJIE @ RY RY RY
Try the

above program using this 5 key sequence:

ME R G, i.e.

rs-rF3 (set stack to ABCD), F2, F4, Fl, F4,

F4

Now you should see a BO0OO stack, but the “B” is an algebraic expression: ‘C-
(c-B)’. If you now execute COLLECT (in the ALGEBRA menu, accessed directly
on the HP48, and via SYMB on the HP49) you indeed see ‘B’ as required.
However, I couldn’t allow this shorter solution to be published because of
possible roundoff error when the A,B,C, D are real numbers. For example, on
a 10 digit machine with B=E-10 and C=1 then this tiny B would get lost in
such an expression. Similarly I couldn’t assume (1+A)-1 to be certain of
always equalling A. Indeed none of the published solutions should require a
COLLECT. I also avoided assuming ‘A’/’A’=1 which is only true symbolically
if A is non-zero - which is probably why () doesn’t appear in any final
solutions (I only allowed division by 1, and it didn’t really help much).

while reading this PDF file try this: CTRL+F b000 ENTER and you will see an
entry showing a 5 step and a 4 step solution. CTRL+F ENTER again takes you
to section 0.1.1 showing that the 5 step solution is indeed one of the 10
that are shorter than in Table 2.5.1 (due to (X) being used here in the LH
column). CTRL+F again shows the 4 step solution is one of the 265
shortenings due to using ®¢#) and LSTX. In fact it resurrects the original
Table 2.5.1 solution, replacing the 3 with 1 ®7.




Keystrokes

XYZT
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Keystrokes

XYZT
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Keystrokes

XYZT
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Lk
9 B
mm
N0
d e

RY
D RY)

0 RY RY RY
(1) RY RY (CLx]

(R
® = RY RY RY

p &
XX

)

p &

Clx) @) RY
RY)

CcOBO
coBl

*~
S
g
E
X

xX

COBA

Clx) ) RY) (#)
® & Ry

X%

XX

CcOBB

COBC

X%

)
® =& RY (CLx]
@) = &

X%

R

COBD

p &

(D RY

c0cO

XX

c0cl

xX

CLx

(@) =) RE

CcOcA

XX

) =) xxy) RY
® = ®

cOcCB

X%

c0cc

p &

RY RY 1) (1) (CLY)

(CLx) R3) (CLx]

RY) (CLx)
RY) (CLx)

(CLx]

c0cCD

XX

CcODO0

(1 RY)

XX

cOpl

XX

CODA

RY) (xxy]

p &

CcODB

) RY

P&

RY) (CLx)
=) (CLx]

cODC

p &

cODbD




Keystrokes

XYZT

(U RY (CLx) RY (CLx) RY)

c100
cl01
C10A
C10B

RY) (CLlx) xxy) (U (1) RY (xxy)

@M RY (Clx) RY RY
M RY (Clx) RY (RY

p &

) ) xxy) () xXy)

Cc10cC
C10D

CLx) (xxy) () (xXxy)

Clx) x) W ® RY

(U RY (=) (CLx) RY)
1 RY (=) (CLx) =)

C110
Cl11
Cl1A
Cl1iB

2
(-4

c
Jek
X

5E¢

RBE
2 & B

M RY (CLx) (=) RY
W RY (CLx) (=) RY)

p &

W RY & RY ) RY

Cl1c
C11D

R1) Rt) (xxy) (I (1) RY)
(D Rt (@) RE

RY RY (1 xxy) (D xxy]
W RY RY (CLx) RE

U RY RY RY (1) RY

C1A0
CclAal
ClAA
Cl1AB

58 ©
S

B®BU

W RY RY (CLx) (=]
1 RY RY RY

-
o

M RY RY RY (1) RE

ClAC
ClAD

xxy) (1) (xXxy)

XX

AV
X

(CLx]

@M RY RY RY
M ® RY

P&
M RY RY RY

(CLx]
(R3]

xX

C1BO

p &

p &

ClBl

ClBA

M RY RY (CLx) (=]

XX

ClBB

D Rt (1) RY

XX

D xxy) () RY
(D Oxxy]
= RY RY A

X%

R
R

C1BC

X%

C1BD

p &

Cc1cOo
clcl
Clca
ClcB

)&

ey ® O

xX

RORY®DH® O MH® RY
U RY RY (M

U &Y x®) ) &SI}

XX

RY Oy 1 B (O [xxy]
D= RO

X% Rt) (=) (=) RY (U Rt

Clcc

p &

(x2y]

RY RY ) (1 (U

C1cD

RY RY (U
RY RY (1 (1) RE

CLx

C1D0

XX

Cclpl

RY) RY (1) (xxy]

C1lDA

p &

RY RY (U
RY RY (U xy) () RY

= RY (O xxy)

h &

C1lDpB

Cc1pC

C1DpD




Keystrokes

XYZT

=) Cx) () AST) (RY)
0 xy) Rt () RY

X%

Clx] (1] RY RY
() RY (Clx) RY RY (D RY

X%

CA00
CAO1
CAOQA
CAOB

Clx) RY (RY)

(1) RY (CLx) RY (RY

p &

() RY)

XX

@) &) ) RY

p &

0 & RY Clx) RY RI
RY (Clx) RY

CAQOC
CAOD

(RY)

)&

) xy) ®R7) (@) RY
M xxy) ®Y (D RY

X%

(D RY (CLY) RY
M RY (CL) (=)

X%

CA10
CAll
CAlA
CA1B

p &

h &

™) Rt (xxy) (D R?) Rt)

RY) (U RY (RY]

@M RY RY

P&

(1) (RY)

(R1)
) xy) RY) ) R

p &

(U

p &

p &

®) RY

M RY RY

® RY RY (CLx] RE
® RY RY RY (1) RY

XX

M RY RY
RY) RY]

X%

CA1C

XX

CA1D

(®) Rt (@) RY

CAAQ
CAAl
CAAA
CAAB

=10
S5

€ ©

&)
(0]

@ RY RY (Clx)
) RY RY RY

2
(3
«
&
Q&

&«

) RY RY RY (1) RE

CAAC
CAAD

(R¥)
(Clx) RY

XX

RY) (CLx) (=)
RY) RY
RY) RY

) RY

(@) R?) (xxy) RY]
(D Rt (xxy) RY

p &

CABO

RY (U RY
RY) RY
® RY RY

0 =) RY RY RY
RY) RY) (xxy) (RY)

p &

CAB1

m
-
&

“

X

XX

CABA

[
Sin

e

XX

XX

CABB
CABC

CABD

P&

xxy] (1) (=) (RY

CACO
CACl

U R (1) R (x%y)
@) R (1) R (x%y

XX

M Gxy) € = RY

)&

™M= RY @) RY xxy)
0 = RY
® ==

RY RY &) RY

xX

CACA
CACB

XX

XX

X%

XX

CACC

(Rt) (R1) (1) (R1) (x%y)

(R3]

p &

CACD

m

X

CLx

XX

CADO

XX

RY) (U RE

XX

CAD1

RY) (1) RY (xx
(RY)

XX

CADA

XX

XX

CADB

RY xxy] (1) RY
Clx) (=)

p &

CADC

P&

p &

CADD




Keystrokes

XYZT

€Clx) @) RY RY (xZy]

CBOO
CBO1
CBOA
CBOB
CBOC
CBOD
CB10
CB11
CB1A
CB1B
CB1C
CB1D
CBAO
CBAl
CBAA
CBAB
CBAC
CBAD
CBBO
CBB1
CBBA
CBBB

Clx) xxy) (1 R?) (xxy) RY)

X%

(Clx) RY (RY)

(0 RY RY

xX

(1

(R1)
RY) (1) (1) (CLx]

@) =

p &

(0

p &

p &

(R1)

p &

P&

@0 RY RY @ RY

(R1]

XX

) &) ) RY RY RY

(RY

)&

RY) RY
(U RY (CLx) RY) (xZy]

p &

(CLx]

Clx) (xxy] (D (xxy)

(R1)

XX

&)
RY @

p &

xxy) (Rt)
(D) xxy) Rt (1) REY

xX

_“
-
x

mn

o

@ 8
2k
o |
2k
o X

&l
(1

(M RY RY
@) RY (CLx) RY (xxy)

X%

RY) RY]

X%

U R?) (xxy) RY)

p &

p &

RY) (RY]
(1) RY) RY)

)&

(1

p &

() Rt (xxy] RY
0 & kY

p &

RY) (RY

(1) RY RY (xxy) (1 (RY

XX

) RY

XX

>
<

RY) RY [xxy] RY

&

Clx) xxy] () Ry

® RY RY RY
O ® & RY
) RY RY RY
RY ) (1 RY RY RY

™ & ) RY = RY

RY ) RY RY
® = RY

P&

(CLx]
RY)

xX

1) R1)

p &

RY) (D

p &

(1) (R1/
RY ) ) Ry

p &

() Rt (1) RY

P&

CBBC
CBBD

R

XX

p &

CBCO

U R (1) R (x%y)

p &

XX

) =& RY O RY
0 & RY

CBC1
CBCA
CBCB
CBCC
CBCD
CBDO

XX

@) R (V) RY) (xxy)

xX

XX

X%

® = RY @ RY
=G

Clx) R () RY) (xxy]

(R3]

XX

RY) RY (1) RY)

p &

AY
X

CLx

CBD1
CBDA
CBDB

x%

RY)

RY ) RY (xxy)
RY

X%

CBDC
CBDD

p &

(Clx) (=]




Keystrokes

XYZT

Clx) ) R?) (1)

) =& RY (CLx) RY)
™= RY RY (1 RY

Cccoo
ccol
ccoA
ccoB

Clx) Rt (¥

(@) R?) (1]

XX

(1

p &

ccOc
ccob
CC10
CCl1l
ccla
CcclB

Clx @ 1 Ry (1)

M= ®ORY RY
M RY & RY &

RY O @) Ry (1)

D Rt (1)

6

D Gy
RY RY (D xxy) ) 1) RY

(1 RY RE
RY RY (1 xxy) (1)

U R (1)
W kY (1) ) RY

p &

p &

RY

CC1cC
CC1D
CCAO
CcAal
CCAA
CCAB

(@) xxy) Rt (1)

(0 (=) RY (CLx) R

(R1) (1]

(1) Rt (1)

p &

(U

6

p &

@M RY RY
® RY RY RY (1]
© = RY RY

p &

™ R (1) 1) RY

RY) xxy) B ) RY

XX

CCAC
CCAD
CCBO

(1)
(RY) RY)

xX

(RY)
® =

XX

XX

(R1) (1]

XX

(1

p &

)

p &

U RY) RY)

CcBl

) Rt (1)

xX

20
J B
[a3l"

xX
) (=)

CCBA
CCBB

™ @® R
63
® =& ® RY

X%

(RY]
(RY]

CCBC

X%

CCBD

Ccco
cccl
CCCA
CCCB

=60 RY A RY

=6 RY

® == RY
= ®E
RY RY ) (1)

xX

CCCC
CCccb

Clx) RY RY (1)

CCcbO

RY (1 RY RY (A
RY) RY (1)

Cccpl
CCDA
CCDB

RY RY (1
RY RY 1) (1) RE

= RY &

h &

CCDC

CCDD




Keystrokes

XYZT

(Clx) RY (CLx) RY
Clx) RY RY (D RY

CDOO
CcDO1
CDOA
cb0OB
CcDOC
CcbOD
CD10
CD11
CD1A
CD1B
CD1C
CD1D
CDAO
CDAl
CDAA
CDAB
CDAC
CDAD
CDBO
CDB1
CDBA
CDBB

(Clx) RY) (RY
(Clx) RY RY

p &

Clx) RY RY (1 RY

RY

RY (I RY (CLx) RY)
RY (U RY (CLx) (=)

XX

=) €l RY

RY) (U RY RY

Ry (1) RY RY

p &

RY (I RY RY (1) RE

D RY RY

XX

= RY

RY) (CLx) RY

RY RY (1) RY
RY) (CLx) (=)

RY) RY)

RY RY ) RY

1) RY (xX
RY) RY

XX

RY) RY]
(CLx]

P&

RY) RY

P&

RY) (U

(RY) (RY)
RY) (B RY RY

X%

Clx) R (+) Rt

RY RY 1) RY
€l (=) RY

h &

CDBC

R

X%

CDBD

p & ) R1) (xXy)

RY) (CLx]
(R1) (Rt) (1)

RY RY (1 (1) RY (CLx] RY
R R W RY RY U RY

CDCO
CcDC1
CDCA
CDCB

@) R (x%y)

p &

(R1)

)&

RY RY ) RY

RY)

)&

(RY)

RY) xxy] (1) RY
RO RY@® O RY R

xX

(RY)

(1) Rt (xxy)

XX

(RY)

X%

(1) RY)

XX

CDCC
CDCD
CDDO

=& RY @) RY x%y)

(R3]

XX

= RY ) RY
=) CL) RY)

= RY O RY

CDD1
CDDA
CDDB

(=) RY) &STx) RY)

(CL (=] RY

Clx) =) RY

XX

= RY (1) RE

=) Cx) &

CDDC
CDDD




Keystrokes

XYZT

R1) 0) B B RY

(Clx) RY (CL X) RY

D000
D001
DOOA
DOOB

(Rt) (1) (R1) (CLx) (1) (Rt)

€Clx) RY =& RY (1 RY

p &

(Clx) (R7) (0)
(Clx) R7) (0)

p & p &

p &

p &

p &

(CLx) (xXy) (CLx)

=) (CIx) xXy) (CLx)

(D xxy) (@) (xXy)

DOOC
DOOD

=) €Clx) RY (CLx) RY RY

Clx) RY RY (I RY (CLx) RY
RY I RY (=) (CLY]

D010
DO11
DOIA
DO1B

Clx) R (D ) R1) Rt

X%

p &

')

Ry () R?) (O

xX R1) (1) (xX%

RY) (U RY RY (CLxY)
RY) (1) RY RY (CLxJ

p &

XX

p &

Re) 1 1 ) &) RY

XX

(€l (1]

Clx) RY RY (U RY RY

DO1C

=) Cx) RY RY (1) RY RY]

DO1D

p &

DOAO
DOAL
DOAA
DOAB

Clx) ®Y) (D RY

p &

p &

RY) RY (1) RY (CLx)

RY (&) (CLY)

p &

XX

(R1) (0

p &

xX

XX

DOAC
DOAD

(Clx) ®R7) (0] RY

)&

XX

DOBO

Clx) Y (1D RY

Clx) RY RY RY () RY

xX

DOB1

AY|

X
-
&

>
<

DOBA

(Clx) RY RY (CLY) (=)

DOBB

DOBC

Cix) RY RY RY () RY

DOBD

(@) Rv

=) Clx) Ry (U RY

p &

Clx) RY RY (U xxy) RY RY

p &

DOCO
DOC1
DOCA
DOCB

)&

(0

h &

(@) Rv

(CLx) (xXy) (CLx)

=) Cx) Ry

XX

=) Clx) RY) RY RY

=)

DOCC

DOCD

DODO

(x%y]

CLx

= RY @D RY

DOD1

XX

(CLx) (=] RY (CLxJ
(Clx) (=) RY (CLY)

XX

DODA

XX

DODB

(=) (€L (xxy) RY) (xZy]
=) &) (CLY]

DODC

XX

DODD




Keystrokes

XYZT

X%

CLx) (xxy) (CLx) ®1) (1)
Clx) ) (1) (1) RY)

Clx) RY & RY (1 xxy)

D100
D101
D10A
D10B

XX

€Clx) RY RY RY (D ) RY (xxy]

(Clx) (xZy) (D (xxy)

p &

Clx) k7 (D
Clx) R?) (D

p &

p &

p &

Clx) RY RY RY (U

Clx) ) (U R

RY (D RY (CLx) RY RY

=] (CLx) (xxy) (D (xXy)

D10C
D10D
D110
D111
D11A
D11B

Clx) ) ®) (U RY

Clx) R xxy) D ) RY)

Rt) 1) (1) ) RY

RY (1) RY (=) (CLx] RY]
RY O RY &) CLd &)

RY) RY RY (O

Rt xxy) (U (V) R

P&

(U

p &

p &

RY) (U R (U

XX

RY 1 RY RY RY (D
RY (1) RY (CLx) (=] RY
Ry W RY & RY @ RY

W ®

S
g

D11C
D11D
D1AO
D1Al

®m®8 Ry

[«
“

S

(@) RY

h &

(R1) (1]

XX

RY (CLx] RY RY (1]
RY RY RY 1) (1 RY

RY = RY M

p &

R?) (1) (3] RY

XX

)&

D1AA
D1AB

XX

RY RY RY (D

RY) (U RY RY RY

RY) RY RY (I

XX

D1AC
D1AD
D1BO

1) RY

X%

p &

Clx) xxy) R?) (1)

RY () RY RY (CLx) RY]

Rt) (1) Rt () Rt

RY ) RY RY RY (I RY

D1B1

)&

R1) (1
RY (1) Rt (U

p &

RY RY RY (1 [xZy]
RY (1) RY RY (CLx) (=]

xX

D1BA

XX

D1BB

RY (U Rt

RY 1 RY RY RY

D1BC

Rt) (1) Rt) () Rt

RY 1 RY RY RY (1 RE

(xxy) (1) (xXy]

D1BD

D Rt

p &

D1CO
D1C1
D1CA
D1CB

) ®v

p &

R1) R1) (1

W @) RY x%

&)
1 RY RY RY

h &

XX

h &

xxy) (D Rt

XX

Rt) R?) (1) (1) (U Rt
= RY O Ry

RY 1 RY RY 1) RY RE

= RY

D1cCC
D1CD

p &

(U

p &

XX

=) Clx) RY RY (D (xzy] Clx) ®Y 0 ) (U

RO R DA RY

D1DO0
D1D1

Rt) (=) (U ASTx) (1) ASTxX)

Rt) 1) (1) (U

X%

XX

RY RY RY ) () (U xxy)
Clx) (=) RY RY (1)

D1DA
D1DB

Clx) R?) () (D ASTY

=) RY

X%

D Rt

XX

=) &y RY RY (U xxy)
=55 Ry @

D1DC

P&

D1DD




Keystrokes

XYZT

RY) (CLx) RY (CLx) RY)

DAOO
DAO1
DAOA
DAOB

RY) (CLx) RY RY (1) RY

(RY)

p &

RY =) (CLx] RY

(Clx) RY) (RY

RY (Clx) RY RY

p &

RY)

DAOC
DAOD
DA10
DA1l
DA1A
DA1B

R1) (1) (1) (Clx) R1) (R1)

RY (Clx) RY RY (1 RY

RY RY (1 RY (CLx) RY]
RY RY (D RY (CL (=)

Rt) (1) (1) Rt) Rt

(=) (Rt) (LSTx) (1) [ASTx) (R1)

M RY RY
RY) () RY RY

RY RY (1 RY RY

p &

RY) =) RY
RY)

p &

DALC
DA1D

Rt) 1) (1) (U Rt Rt

RY RY (1 RY RY 1) RY

RY (=) Clx) RY
RY = RY M RY
RY) (=) (CLx) (=]

DAAQ
DAAL
DAAA
DAAB

RY) (=) RY &STx) RY

RY) (xxy) (CLx] (=) (RY
RY) (CLlx) (=] RY

RY) (1) Rt

xX

DAAC
DAAD
DABO

RY =5 RY @B RY
RY) RY (CLx) (RY]

RY RY RY (1) RY

DAB1

)&

() Ry

p &

RY) RY (R3]

DABA

(R1) (0) (=)
(Rt1)

RY) RY (CLx) (=]

DABB

(RY) (RY) (RY)

DABC

(R1) (1] RY

RY RY RY ) R

DABD

RY RY
RY RY (D xxy) RY RY

p &

RY) (CLx)

DACO
DAC1
DACA
DACB

RY (1) RY (xxy]) RY

p &

RY)

p &

RY (Clx) =) RY

RY) xxy) RY RY

Clx) R7) (+)

Clx) =) Ry
Rt) (1) (1) RY (CLx] RY

P&

RY RY (1) RY RY

DACC
DACD

p &

RY) RY (1) RY
RY xxy) (1) (=) RY

p &

(R3]

XX

XX

DADO
DAD1

1) Rt (xxy)
RY =) RY ) R (xZy]

RY) (U RY (xx R1) (1) [x%

XX

€L (=)
RY = RY @ RY

XX

(R¥)

XX

DADA
DADB

(R1) (1) (R1) (x%y]

P&

RY)

RY RY RY 1 RY (xX

h &

(LSTx) (Rt
Rt) (1) (1) Rt) RY)

XX

=) RE

RY) (xxy)

RY RY RY ) (1) RY RY

p &

CLxy) (=)

p &

DADC

DADD




Keystrokes

XYZT

(Clx) (xxy] R?) (0) RY)

(RY) RY) (CLx) (RY
RY RY RY (U RY

X%

(CLY)
(CLY)

DBOO
DBO1
DBOA
DBOB
DBOC
DBOD
DB10
DB11
DB1A
DB1B
DB1C
DB1D
DBAO
DBAL1
DBAA
DBAB
DBAC
DBAD
DBBO
DBB1
DBBA
DBBB

(Clx) xxy] R (1) RY

X%

(R1) (xxy) (0] (R?) (R1)

RY)

RY) (1) RY (xxy) (CLx] RY RY

p &

RY) RY (CLx) (RY]

(Clx) ®7) (0] &) RY) (x%y)

(R1)
(CLx) xxy) Rt (1) RY)

h &

(CLx]

RY) RY (RY)
Cly) (=) RY (CLx] RY RY

p &

(CLx]

Clx) Rt (xxy) (I R?) R1)
Clx) ®Y) (D RY (#)

RY) RY (CLx) (RY)
Clx) RY RY RY (U RY (#)

X%

RY) (U

R1) (xxy] () Rt) (Rt

M RY RY

RY (1) RY (xxy) RY (U RY (RY)

p &

RY RY RY

RY) ) RY) xxy) (I RY (RY
RY) (U

(R1)

XX

RY) RY RY
Clx) 5] RY RY (1) RY RY

XX

RY) (U

(R1)

XX

(R1) (1) (R1) (1]

(R1) (0) (R¥

XX
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0.0 Cases without 1.
0.1 Left column compared with Table 2.5.1 (compared in detail in sec. 2.0)

0.1.1 10 shorter cases
0BOO 0OBBB 0COC 0ccc B0O0OO BOBB cOCC ccOC cccO cccc

0.1.2 41 cases with improved beginning/ending

00AA 00BB 00CA 0AO0 0AAO 0BBO 0OBCA 0CO0 0cAO 0caA 0OcAcC 0cbD
0D00 ODAA ODBB ODDD A000 AOOA AAOA AACC ACAC ACBC ACCA ACCB
BOOA BOBO BOCA BAOC BACC BCAO CO00 cOBB CAO0 CAOB CAAC CACA
CACB CBAO CBAC CCAA CCBA

0.1.3 35 faster cases

0OAAC 0COB ODAD ODCC AOAO AOAA AOAC AOBO A0CO AOCB ABDA ACBO
ADOA ADCA ADCD BOAO BOBD BOCO BODC BADA BADB BDBB BDBD BDCO
COBO CCAC CCBC CDAD DABA DACD DBBD DCOD DCBD DCCO DCCC

0.1.4 9 cases with less key usage
000D 00CO OBBD AODD BOAA BODD BCBO CDCO DOBB

0.1.5 27 cases with miscellaneous differences

000C 00D0O 0O0ODA 00DB ODBC AADB ABAD ADOO ADOC ADBO ADBA ADBC
ADCC BOAD BAAD BCOD BCAD BDOD BDCD DOOO DBOA DBAA DBBO DBCO
DBCA DBDO DCCA

0.1.6 4 cases that are equivalent, but with interesting differences
BAOD BADO BADC BADD

0.2 Right column compared with left column

0.2.1 265 shorter cases

000D 00AD 00CO 00CA 00DO OODA 00DB 0AOD 0OABD OADB OADC 0OBOD
OBAD OBBD 0COA 0cOB 0CAO 0cAaA 0CAB 0OCAC 0cBA 0cBB 0CBC 0ODOA
ODOB ODOC ODAB ODAD 0ODBO ODBA ODBC ODBD ODDA A000 A00A A00C
AOOD AOAO AOAC AOAD AOBD AOCO AOCA AODO AODA AODB AODC AODD
AAAD AABD AACA AACB AADO AADB AADC AADD ABOC ABOD ABAB ABAC
ABAD ABBC ABBD ABDO ABDA ABDB ABDD ACOA ACOD ACAB ACAC ACAD
ACBA ACBC ACBD ACCA ACCD ADOO ADOA ADOB ADOC ADOD ADBO ADBA
ADBB ADBC ADBD ADCO ADCA ADCC ADCD ADDO ADDA ADDB ADDD B00O
BOOA BOOB BOOD BOAO BOAA BOAB BOAD BOBD BODO BODA BODB BAOA
BAOB BAOC BAOD BAAO BAAA BAAB BAAD BABC BABD BADO BADA BADB
BADD BBOO BBOD BBAA BBAD BBDB BBDC BBDD BCOD BCAB BCAD BCBO
BCBA BCBC BCBD BCCD BDOA BDOB BDOD BDAB BDAD BDBA BDBC BDBD
BDCO BDCA BDCB BDCC BDCD BDDO BDDA BDDB COOA C0O0B c00C c0AO0
COAA COAB COAC cOBO cOBA cOBB COBC CA00 cAOB CAOC cAAO0 cAAA
CAAB CAAC CABO CABA CABB CABC CACA CACD CBOC CBAB CBAC CBBO
CBBA CBBB CBBC CBCD CCO0 CCOA CCAO CCAA CCAC CCBB CCCA CDBC
CDCO CDCA CDCB CDCD DOOA DOOB DOOC DOOD DOAB DOAC DOAD DOBO
DOBA DOBB DOBC DOBD DOCO DOCB DOCC DOCD DODA DABO DABA DABB
DABC DABD DACC DACD DADO DADA DADB DADC DADD DBOO DBOA DBOB
DBOC DBOD DBAO DBAA DBAB DBAC DBAD DBBA DBBC DBBD DBCO DBCA
DBCB DBCC DBCD DBDO DBDA DBDB DBDD DCOD DCBC DCBD DCCO DCCA
DCCB DCCC DCCD DDOA DDOB DDAB DDAD DDBO DDBA DDBB DDBD DDDA
DDDB

0.2.2 29 cases with better beginning/ending

000C 00CD 00DC 00DD OAAC 0OADO OADA 0BOB OBAB 0BBC 0COC 0cCOD
0ccb ODOD ODAO ODCO ODCB ODCD A0OB AAOO0 AAOA AACO AACC AADA
BCOB BCAC CBOA CBOB DDAO

0.2.3 16 faster cases
ABOB ABBA ABBB ACAA ADAB ADAC ADDC BABA BCCB BDBB BDDD C000
CBCB DAAC DACA DDOD

0.2.4 6 cases with less key usage
BBBD BDAA CDDA DAAB DBBO DDAC

0.2.5 7 cases with miscellaneous differences
OADD ACOC ACDC ADAD DOOO DAOD DBBB



1.0 Cases with 1
1.1 - (Ttable 2.5.1 does not include 1s)
1.2 column compared with left column

Right

1.2.1 311
0010 001D
01cO0 01c1
0c01 0ClA
1010 10AD
11DA 11DB
1800 1BOD
1c01 1cOoA
1CBA 1CBB
1DA1 1DAB
AO11l AO1A
AllA AllC
A1D1 AlDA
AC1A ACIC
ADB1 ADC1
B10A B10D
B1B1 B1BD
BAAl BAD1
BDB1 BDD1
C10B C10cC
C1BB C1BC
CAC1 CBB1
D01B DOI1C
D11A D11B
D1BB D1BC
DA1l DAIA
DBA1l DBB1

shorter cases

00c1
01ca
0C1B
10CA
1A0D
1811
1coB
1ccl
1DAD
AO1C
AllD
A1DB
AC1D
ADD1
B110
B1DO
BBO1
c001
Cl1A
clcl
ccol
DO1D
D11C
D1BD
DA1D
DBC1

1.2.2 56 cases

001c 0101
OpCcl 1011
18D0O 1BDA
A10B AllB
cB01 cB10O

010A
101D
1c11
AA10
CB1A

00D1
01D0
0C1c
10DB
1A1D
1B1D
1C10
1cpc
1DBO
A01D
Al1AQ
A1DC
ACAl
BOO1
B111
B1D1
BB11l
Cc010
Cl1B
clca
CC10
DOAl
D11D
D1cO
DAB1
DBD1

with
011B
10BD
1CBO
AA1l
CB1B

0100 010B
01p1 O1DA
0CAl 0OD10
10pC 111D
1AAD 1ABD
1BAB 1BAD
1C1A 1cC1B
1p01 1D0A
1DB1 1DBA
AOA1l AOC1
A1Al Al1AC
A1DD AA1D
ACC1 ADO1
B0O10 BO1ll
B11A B11B
B1DA B1DB
BB1D BBD1
CO01A CO1B
Cl1A0 ClAl
CAO01 CAl0
CClA CC1B
DOB1 DOC1
D1A0 D1Al
D1C1 D1CB
DAD1 DBO1
DC1D DCC1

010c
01pB
OD1A
11AD
1ACA
1BB1
1clc
1p0B
1DBB
AOD1
A1AD
AAD1
AD10
BO1A
B11D
B1DD
BC1D
c0l1c
ClAA
CAll
CC1cC
D101
D1AB
D1cCC
DB10
DD10

010D
0A1D
0plB
11c0
1ADO
1BCB
1cA0
1p0C
1DBC
A100
A1BD
AB1C
AD11
BO1B
B1A0
BAO1
BCB1
CO0Al
ClAB
CAlA
ccal
D10A
D1AC
D1CD
DB11
DD1A

0110 011c
0AD1 0BO1
Op1C OpBl1
11cl 11ca
1AD1 1ADB
1BD1 1BDB
1CAl 1cAA
1p10 1D1A
1pBD 1DCC
A10A A10D
A1CO AlcCl
AB1D ABAl
AD1A AD1B
BO1D BOAl
B1A1l B1lAA
BA10 BAlA
BD10 BD1A
COB1 C100
ClAC C1BO
CAlB CAlC
CCC1 c¢pCl
D10B D10C
D1AD D1BO
D1D1 D1DA
DB1A DBI1B
DD1B DDAl

improved beginning/ending

01cB 01DC
10cO 11pD
1ccA 1p00
AA1A AA1C
CB1C CBAl

1.2.3 22 faster cases
0lpp Oplp 10p1 110D 1plp 1DDO
Cc1l1p cBC1l D001 D011 D100 D110

0A10 O

1A00
1p11
AB10
ccll

1ppl
D1DO

1.2.4 7 cases with less key usage
0AlC 11BD 1A1C AlcD ABO1 BD11 cCIcC

All

1A10
1DAO
AB1B
CcBl

1DDB
DDO1

0AAl 0AB1
1A11 1AAO
1DAA 1DCB
BOB1 BAlC

AlCC B1l1C
DD11 DD1D

1.2.5 2 cases with miscellaneous differences

B1DC DCI1C

011D
0B11
100C
11Dp0
1ADC
1BDD
1CAB
1p1B
1DDA
Al110
A1CA
ABD1
AD1C
BOD1
B1AB
BA1B
BD1B
clo0l
clBl
CcAAl
D010
D10D
D1B1
D1DB
DB1C
DDB1

0c10
1AAC
A010
Cc110

BC1C

01AD
0B1D
100D
11p1
1ADD
1c00
1CAC
1pl1cC
A001
Alll
A1DO
ACO1
AD1D
B100
B1AD
BA1D
BD1D
C10A
C1BA
CAB1
DO1A
D111
D1BA
D1DC
DB1D

0cBl
1BBD
Al101
Clic

BCC1l



Table 2.5.1 compared with LH column of previous tables
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Table 2.5.1
DDO0 (@ (CIx) RY) (CIx) RY
DDOA
DDOB
DDOC (3 (CIx) RY RY
DDOD (=) (3 (Cix) RY) RY)
DDAO
DDAA RY 5 RY (™M
DDAB
DDAC  (xXy] (CIx) (5] RY) RY
DDAD
DDBO Clx)] (=) RY) (CLx] RY
DDBA
DDBB  (CLx] () (RY) (CLx) ()
DDBC (Cx) 5 RY) RY)
DDBD (Cix) (=) RY) RY) (1) (RY)
DDCO (=) (CLx) (xXy) RY) RY)
DDCA
DDCB  (CIx) () xxy) RY) RY
DDCC O RY B RY RY
DDCD =) RY xxy) )
DDDO0 (9 (3 (CIx) RY)
DDDA
DDDB Clx) DO RY RY
DDDC (=) (Cx) = RY
DDDD =) (=) (Cx) &)
Epilogue

No changes on this last page!

Table 2.5.1 is really very robust. I could only find 10 shorter solutions by

cheating and using an additional operation - the (x). Of those 10 I think I was most
surprised by the cccc solution.

In the tables I have made the “24 permutations of ABCD” bold, just because they are
the only solutions that preserve the all the values, by using only the roll and swap

operations (no (1), (CLx), or anything else<G>).

In section 2.0 I also made BAOD, BADO and BADD bold, along with the BADC (one of the
famous “24”), not because they are “BAD”<G>, but because they show alternative
solutions which are neither better nor worse, just interesting.

on a second look they do fit into a pattern though - here I bring BAOD down to just
before the sequence BADO-BADD. You can see that BADA and BADB have been replaced by
“faster” versions (although it could well be argued that execution speed is not
important, especially for manual work).

BAOD
BADO RY RY €l xxy) RY RY GZy)
BADA RY Oxy) CL) ) RY RY RY Gxy) RY RY xy) RY RY (1) RY xxy)
BADB RY RY Clx) (5] RY xxy) RY xxy] RY RY By) RY RY ) () RY
BADC
BADD

ATT the newer versions begin with RY. Not much of a pattern I grant, but
probably worth a mention. Actually the real reason these turned up like this is that
my “monkey at the keyboard” program generated sequences such that those beginning
with were done before those beginning with (xXy). Biased! Yes indeed, BADB can be
replaced by (RY), but BADA does not have another fast
solution other than the one shown. So, maybe by pure luck we stumbled on a nice
pattern indeed!

what a lot of fun! Many thanks to John Ball for his encouragement and advice which
both expanded my vista and kept me straying into error early on. I claim all
remaining errors as my own work<G>

tony.hutchins@attglobal.net



