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This document is an appendix to the DFNS NOTES document:
www.dyalog.com/dfnsdws/DfnsNotes.pdf

It contains the source code of each of the functions and operators in the dfns
workspace. See the main document for a general introduction.

Code Stats:
Number of functions 179
Number of operators 60

Total lines of code 6023



Functions and O perators
|




acc-ambiv - -

acc
acc<{ a Accumulating reduction.
sao{(co aa>8pw),wr/1¥{w,<Bpw) 1dw
b
alext
alext<{ a Association list o extended with pair w.
: o,~oc’y a list o with new name and value _prefixed_.
b
alrem
alrem<A{ @ Association 1list o with name w removed.
(c~<\(0I0>a)ecw)/ "o a list without leftmost name and corresp. value.
b
alrems
alrems<A{ @ Association 1ist o with names w removed.
(c~(0I0>0a)ew)/ o @ ALL names and corresponding values removed.
b
alval
alval<{ @ Value of name w In association list a.
names vals<o a name vector and corresponding values.
: (namesticw)ovals a value corresponding to leftmost name.
¥
alvals
alvals<A{ a Values of names w In association 1list o.
names vals<a a name vector and corresponding values.
. vals[namesiw] a leftmost value for each name.
¥
ambiv

ambiv<«{0I0 OML<«1 a
oa<«THIS a default current space for,
o { a external operations:
: as'src':aoa.0CR w A source.
as='syx':24200.0AT w A syntax.
: a='fix':a0.0FX w n refix.
H
: hd<>sicr<'src'oo w a function source.
2>ppcr:shy<"'" A derived or primitive: quit.
O=opcr:shy<'" n locked or external: quit.
rslt vnce<'syx'oo w a result and function valence.
2#vnce:shy<"" A not dyadic: quit.
fix«'fix'oooo{(cw),1¥¥Ccry} @ refix modified function.
split«<{(1,1+<\wea)cw) a split before first weo.
rslt:fix{ a rslt<larg
rslt tl<'«'split w a rslt«< / larg
larg rest<«' ('split 1+4tl a larg / .
rslt,'<{',larg,'}',rest A rslt<{larg}

Yhd

Ambivalize traditional functions.



-ambiv-assign- -

sp«+/A\hd=" leading spaces
larg tail«' ('split sp+vhd larg .
fix(spp' '),'{',larg,"}',tail {larg}
. Y VOFMT Aw attributes.
¥
and
and<{ a Sequential test.
a0 wiww w ¢ 0
¥
ascan
ascan<«{[OML<«0 a Associative scan.
2>0Lpw:w a few items: done.
drao{
(c(Pw)aa o) ,w
: Y/ d(codYw), 414 Yw
b
ascana
ascana<«{ML<0 n Higher rank asscociative scan.
a<Bpdippw a default last axis.
. +[0-0.1](aa ascan) ¥[lalw
b
assign
assign<{[0ML<0 a Hungarian method cost assignment.

stepO0<«{stepl(¢[\dpw)tw}
stepl«{step2+(yw)-L/w}

step2<«A{
stars<A
~1lew:o
next<«<\<X\w
mask<(rows next)vcols next
. (ovnext)v w>mask
¥
zeros<{w+0 stars w}w=0
: step3 w zeros
¥
step3«{costs zeros<w
. stars<«zeros=2
covers<«2xcols stars
~Qecovers:stars
step4 costs zeros covers
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0: at least as many rows as cols.
1: reduce rows by minimum value.

2: mark independent zeros.
independent zeros.

no more zeros: done.

more Iindependent zeros.

mask of dependent rows and cols.
o-accumulated star matrix.

l=>zero, 2=>independent zero.
next step: 3.

3: cover cols with starred zeros.
starred zeros.
covered cols.
all cols covered:
next step: 4.

solution.



-assign-attrib- -

stepue{costs Zeros covers<w A W4: adjust covering lines.
mask<«covers=0 a mask of uncovered elements.
open<l=maskxzeros a uncovered zeros.
~leopen:(L/(,mask)/,costs)step6 w @ no uncovered zeros, next step :6.
prime<first open a choose first uncovered zero.
Drow<rows prime A row containing prime.
star<2=zerosxprow p star Iin row containing prime.
~lestar:prime steps{ @ no star in row, next step :5,
costs w prime n adjusted zeros matrix,
Yzeros+2xprime @ new primed zero (3).
cnext<covers+prow-2xcols star n adjusted covers.
znext<zeros[ 3xprime A primed zero.
: V costs znext cnext a adjusted zeros and covers
¥
step5«{costs zeros prime<w A 5: exchange starred zeros.
. star<(cols prime)azeros=2 a next star.
~lestar:step3 oA A no stars: next step :3.
{costs wl{w-2xw=3}w-oArw>1 @ unstarred stars; starred primes.
Yzeros a adjusted zero markers.
pnext<(rows star)azeros=3 A next prime.
- (avpnextvstar)v costs zeros pnext A a-accumulated prime-star---- path.
¥
stepé<«{costs zeros covers<w A 6: adjust cost matrix.
cnext<«costs+ax 1 1+,.x0 3o ,=covers a add and subtract minimum value.
znext<zeros+(xcosts)-xcnext @ amended zeros marker.
step4 cnext znext covers a next step: 4.
¥
rows<{(pw)p(2dpw)/v/w} A row propagation.
cols<{(pw)pviw} a column propagation.
first<«{(pw)p<\,w} @ first 1 1in bool matrix.
(pw)tstep0 w A start with step 0.
attrib
attrib«<{0dI0 OML<«0 1 a Function/operator attributes.
: a left arg: nd t I r c s VvV a b =.
a<'Ad=t n a' a date-time-sorted: date name commen
a late binding => no name clashes.
names lines sntx time ids sizes<{ a function attributes.
(cyw){o,w ) names,
Y(<ONR Yw){o,w Q lines,
Y1 1 0 1/484,40AT w){o,w A syntax, time, user-ids,
Y<OSIZE w A sizes.
YOFMT A w o matrix of names.
sxfmte{ a syntax formatter.
€e'pavw'{ a rslt larg func rarg,
"p'=a:(1 " 1ww)o'p<«!' '"{p<«}' ! a rslt explicit, shy, none,
'o'=a:(2 2wtw)>'a' "{a}' ' a larg required or optional,
'v'=o:w>'V' '"(aavV)' '"(ooVVww)' a function or operator,
"w'=o: (w¢0)/ w' n rarg or niladic.
} 001 2 15 cw a syntax of function.



comment<A

. O=pw:""'
1z=ow: !
mask<«~z\''"""=oy
line<mask\mask/>w
~'p'eline:v 1Vw

: (v\line='a')/>ow

¥

cols<+{

. join«{ta{o,00,w}/w}
nfmt<«{(-2Tpw)+'0',w}ros
'n'=w:names
'd'=w:{'-'join nfmt 34w} time
"t'=w:{':'join nfmt 343yw} time
'i'=w: ids
'r'=w:%,[0.5]{0>pw) lines
'c'=w:%,[0.5]{1op+w) "lines
's'=w:7,[0.5]sizes
'v'=w:sxfmt sntx
'a'=w:comment lines

. w

b

sort<A{

. collect<{0 “1+4,/w,<,[0.5]sizes}
smask<«oe'h=A"
~lesmask:collect w
xcols<«(~smask)\w
scols«( 1bésmask)/xcols
vcols<(~smaskv 1dae'=A')/xcols

. (collect vcols)[A+,/scols;]

b

o sorttecols a~"h=A"

--attrib-avl- -

first comment.

no comments: give up.

derived function: give up.

mask of unquoted chars.

first line with strings blanked.
no comment: try following lines.
comment from line.
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format columns:

w's Interspersed with a.
number formatter.

name of function or oper,
date of fix yyyy-mm-dd,
time of fix hh:mm:ss,
id of fixer,

number of rows,

number of cols,
workspace footprint.
function syntax,

first line comment,
decoration character.
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sorted accumulated rows:
collect cols.

mask of sort ctrl chars.
no sort chars: finished.
ctrl-expanded cols

sort column(s).

visible column(s).
sorted char matrix.

Jro i o B o i o B o B o i o i o ]

@ concatenate and sort columns.

avi<{0dI0 [OML<«o0

get<{
: o=0:

(k v)_ subs<«a

k=w:v

dir<-/Atw k

sub sib«dir wise subs
: sub VvV w

¥
put<{
. a=0:(w 0(0 0))1

(kv obal subs) (key val)<«o w
key=okv:(w obal subs)O
dir obv<1 “1x-/Atkey(>2kv)
sub sib«dir wise subs
nsub inc<sub V w

new<«obv proj kv obal(nsub
inc=0:new O

(dir balance new)(obal=0)

sib)
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avl

Adelson-Velskii, Landis trees.
value for key w from AVL tree o.
key not in tree: no value.
next key, value and subtrees.
match: value from tree.
natch: search direction.
subtree to search and its sibling.
value from subtree.

Vv « t vV k

tree o with key=value w.

null tree: new leaf, height incr.

next node and key=val pair.

match: just replace value.

natch: search direction and obverse.

subtree to search and its sibling.

new subtree and height Iincrement.

tree with new node.

no height increment: done.

height increment if OLD balance 1is 0.
t i «tvky



-avl- -

rem<{

b

rmno

b
limt

b

bala

}

roti1i

b

rot2

a=0:0 O
w=>>a:rmnode o
dir obv<1l “1x-/Atw(>>a)

kv obal(sub sib)<«obv proj a

nsub inc<sub V w

new<obv proj kv obal(nsub sib)

inc=0:new O

nkv nbal nsubs<obv balance new

(nkv nbal nsubs)(-nbal=0)

de<{
kv obal subs<w

Oesubs:((subsi10)>dsubs) 1

1ft rgt<subs

(sk sv)_ _<«rgt limt "1
rem inc<rgt rem sk
new<(sk sv)obal(lft rem)
inc=0:new 0

nkv nbal nsubs< 1 balance new

(nkv nbal nsubs)(-nbal=0)

<A

sub<ow wiseosbo
sub=0:0

sub V w

nce<{

kv obal subs<w
new<o+obal

Ocobal new:kv new subs

(_ Bbal ) <«obal wise subs

Bbal#z-obal:(-obal)rotl w
(-obal)rot2 w

«{

Akv Abal(B r)<o proj w
Bkv Bbal(p g)<o proj B
AAbal<«-oxBbal=0
BBbal<«+oxBbal=0

AA<«o proj Akv AAbal(g r)
o proj Bkv BBbal(p A4)

<A

Akv Abal(B s)<o proj w
Bkv Bbal(p C)<o proj B
Ckv Cbhal(qg r)<«o proj C
AAbal<«axChal=-o
BBbal<«-oxChal=o

BB<«o proj Bkv BBbal(p q)
AA<o proj Akv AAbal(r s)
o proj Ckv 0(BB 44)

JroJ o i o T o B © B o B o B o B o B o B o
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tree o without key w.

key not in tree: done.

match: remove node.

natch: search direction and obverse.

subtree to search and its sibling.

new subtree and height increment.

tree with node removed.

no height decrement: done.

balanced tree.

height decrement if NEW balance is 0.
t I «t vk

node w removed.
subnodes.
either sub null: the other.
left and right non-null subtrees.
successor key=val.
right subtree with successor removed.
target node replaced with successor.
no height decrement: done.
new balanced node.
height decrement if NEW balance 1is 0.
t 1 « vt
w-most node of (sub)tree o.
w-sub.
null: this.
else: w-most of sub.
t «tvd

tree w with balancing moment o.
original tree.
new balance.
balance bits absorb moment: done.
otherwise:
single or
double rotation.
t <« mvVv t
single o-rotation of tree w.
<<A yB>
/ N\ /N where x y z
<Bx r => p <Az are such that:
/ \ / \ <B> - B> <A
b q q r <B > <B> <A>
t «dvt
double o-rotation of tree w.
<<A <<A <C>
/ \ £\ / \
B> s => <C. s => <By xA>
/X / \ / N/ N\
p xCy <B. r p qgr s
/ \ / \

qg r P qg



vec<{
O=w:0
key_val bal(lft rgt)<w
(v Ift),(ckey_val),v rgt
b

chk<«{
: O==w:(w=0)0 0 0 @&
(key _)bal subs<uw
stats<(o+1)V subs
oks szs dps hts krs<i§tstats
keys<«tkey{o,(caa),w}/krs
okkey«{w=1pwlbtkeys
okhgt<bal=--/hts
okbal<bale 1 0 1
ok«okkeynrokbalrokhgtan/oks
Sz<1++/s52s
dp<a++/dps
ht<1+[ /hts
kr<¢2p 1dkeys
a>0:0k sz dp ht kr
. ok sz(lL0.5+dp+sz)ht
b
fmt<A{
. null«<0 O0p'!'
w=0:null
(key val)bal subs<«uw
key val«t,/7 7 (a/'>")key'="val
fmts<{ew)\ 'L {
0 O=pw:w
mask<a\' '"=oydQuw
¢4+ (cda,mask/'| '), vdxw
Y {ew}\ (0l 1 1xbal)v subs
case<«~null null="fmts
join<(21case)>'oqdq"
joins'o':4,Vkey_val
dent<«{' '} 'key_val
pads<{++t,/dent,cw} fmts
: t+{a,(vkey_val,join),w}/pads
b
proj<«{(a=0 0 "1)¢ w}
wise<«{(a=1)d¢w?}

'put'=oo0:20 put w
'get'=oa:o get w
'rem'=oo0:20 rem w
'fmt'=oao:0 fmt w
'vec'=oao:vec w

'chk'=00:0 chk w
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--avi-baby -

tree w.

null vector.

node info and subtrees.

left_vec, key=val, right_vec.
(k v)I1 « v ¢

enlist of
null tree:

tree stats / integrity check.
null: ok maxbal=0 height=0 key-range.
key, balance and subtrees.
subtrees stats.
oks sizes depths heights Kkey-ranges.
subtree key ranges.
left keys << key >> right keys.
balance is height difference.
balance is in range.
subtree is good.
subtree size.
total node depth.
subtree height.
key range for subtree.
subtree: ok size tot_dep height range.
root: ok size mean_depth height.
y sd h {ry « vt

tree w.
null tree.
null format.

formatted
format of
null tree:
node info.
formatted »>>key=value
hang subtrees by — — branches.
null: done.
mask of leading blanks.
subtree suspended by branch.
formatted subtrees.
non-null subtree cases.
subtree joining char.
leaf: done.
subtree padding.
left-padded subtrees.
formatted tree.

-[;] « v t

o-projection of node w.
subtrees w in -o, +o order.

tree o with key=value pair w.

value for key o In tree w.

tree o without key w.

formatted tree w.

vector of key=value pairs for tree w.
stats for tree w: ok size dpth height.

baby<«{OML [0I0O<«0
fetch«{,(yshift w)#a}
store<{a(w set)msk oo}

msk<«(1vw)o{anl0]yshift w}
set<{(or~w)vwal1lloo}

baby

n The Manchester Small Scale Experimental Machine.

@ line w from store a.

A Store-matrix o with w Iin line oo.
@ mask for line w of store.
n merge of o with val oo In line w.



.- baby-bf - -

decode<eo(+\0 5 8 3)o1op{(a0o w)cwl}

yshift«(0=12pw)o{
: ~lew:a
(T1¢a)v dec w

¥

addsub<«{

: C<+0 00 W
~1leCc:o0 Ww w
(azw)VvV 0, 14cC

¥

add<asaddsubv

sub<«<addsub>
inc<«{(wa~a\w)v<\~w}
dec<+«{(wa~<\w)va\~w)
neg«{(w<viw)v<\w)

a<0A24vw

0{
: A CI_ M<«w

CI<«o add inc CI_

S PI <«decode M fetch CI

D ©® ©® D
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instruction decode S:0-4 PI:13-15

Y-shift: mask from ssem-binary.
0: done.
mask shift.

parallel binary adder/subtractor.
carry bits.

no carry bits: done.

shift & add/sub carry bits.

parallel binary adder.
parallel binary subtractor.
binary successor.

binary predecessor.

2s complement negation.

A and CI initially 0 by default.
CI increment.
Acc Ctrl-Instr Store-Matrix.

address of next instruction.
decode of next instruction.

bf

inc<«+00 1 0
dec<«-00 1 0

0 0 0sPI:0 v A(M fetch S)M A jmp: CI <«STORE[S]
1 0 0sPI:(M fetch S)v A CI M A jrp: CI+<STORE[S]
0 1 0sPI:0 V(neg M fetch S)CI M a Idn: A «-STORE[S]
1 1 0=sPI:0 Vv A CI(M(S store)d) A sto: STORE[S]<4A
0 0 1=PI:0 V(A sub M fetch S)CI M a sub: A-<STORE[S]
1 0 1=PI:0 V(A sub M fetch S)CI M a sub: e
0 1 1=PI:({0}X\¢4)v A CI M p cmp: CI+<+A<0
1 1 1=PI:M a hlt: final memory state.

Yo, cw @ Initial machine state.

bf<{0OML 0I0<«1 0 @ Brainfuck.

machine<<{ @ machine definition: o:tape w:toks.
t«get w an next token.

A O<«t,4' ()',.,%0€e o @ uncomment to trace.
'>'st:(rgt o)v rgt w a tape pointer right.
'<'=st:(lft a)v rgt w an tape pointer left.
'+'=t:(inc o)V rgt w @ Increment of current tape cell.
'-'=t:(dec o)V rgt w n decrement of current tape cell.
"['=st:o VvV rgt w rgt skip if 0=get o a cell=0: rgt to matching ']' tokn.
"1'st:a VvV rgt w Ift skip if O0zget o a cellz0: Ift to matching '[' tokn.
'.'=t:(out a)v rgt w a current cell value - output.
','=t:(Iinp o)V rgt w @ input value to current cell.
'o'=t:shy<1+ 1lVea a end of token stream: memory tape.

: o V rgt w a unrecognised token: ignore.

¥ A {tape} <« tape V toks

1ft<«{(11 I)m r<w o 11 I(m r)?} A next cell to left.

rgt<{l m(r rr)<w o (I m)r rr} A next cell to right.

+ Increment current tape cell.
- decrement current tape cell.



. .bf-big- -

output single character. <V>
, Input single character. <V>

out<{w{al}«(256|get w)>0AV)
inp<{ (OAVi8p0)put w}

> D

[] search w oo-wise for match.

skip«{ A
. fm to<('[1'iget w)¢'[]! a current and target brackets.
aoq A oo Is Ift or rgt.
tok<get w a current token.
tok=to:w a found match: done.
tok=fm:vV oo V oo w a Inner loop: skip over 1it.
tok=s'o!':uw A no matching bracket: quit.
V oo w A skip lft or rgt to next token.
: Yoo w n skipping over starting bracket.
¥
get<{_ m _<w o m} @ fetch current value.
put<{l _ r<w o I o r} a o replaces current value.
if<{(00dw)oa} @ conditional function application.
a<0 ¢ tape<«0,t{a w)/a,0 a blank tape by default.
toks<«'o!' ,4{a wY/w,"'o! @ Instruction tokens list.
: tape machine toks n reduced machine state.
¥
big
big«{0I0 OML<+1 O© n Arithmetic on large integers.
- fn<«ao{aa<ao ¢ &pCR'aa'}w @ character rep of operand fn.
-digits<1
-factor<«10
-dyadic«{ a dyadic functions.
'+'=fn:o add w
'-'=fn:o sub w
"'x'"=fn:o mult w
's'=fn:o div w

'"|'=fn:a mod w
"<<=2>#'e~fn:a oo compare w a Note: dyadic & compare are ops
'"ER?'OSIGNAL 16

)

-monadic<{ a monadic functions.
t<oo a makes it an op; might need it later
'+'=fn:ident w
'-'=fn:neg w
'x'=fn:signum w
'"|'=fn:abs w
'+'=fn:0SIGNAL 11

: '"ER?'[OSIGNAL 16

b

A m e mm - Arithmetic functions

add<{

sign«signum o w

a w<abs o w
evalAsIs«a/signz0
negSumOfAbs<«a/sign="1
useSignAlpha<a>big w
useSignOmega<1



evalAsIs:a+add_or_sub w

negSumOfAbs:-big at+add_or_sub w

useSignAlpha:signl1lshowsign a sub w
: useSignOmega:signl2lshowsign w sub a
by
sub<{
: signesignum o w
mustCommute<a<compare w
evalAsIs<n/s5ign=0
addOpposite<«i1

mustCommute:neg w sub
evalAsIs:a-add_or_sub w
addOpposite:o add neg

Q

&

}
mult<{
: signex/signum o w
a<« 1+0Di1(so)~"'""
w< 1+0D1(Fw)~"""
t«+4( 1+1pw)d((2ppw)p0),6Wo0.x2a
: sign showsign format check/t
}
div<{
divi<{ @ quotient <« dividend div divisor
n called recursively, each call gets one digit of quotient,
a starting from the left; recursive calls look like:
A quotient-so-far remainder-so-far remaining-dividendvdivisor
a<Tw
Q R d<«a{
(1<]=a):a A recursive call

a first call; start with divisor digits from dividend
r< 1+(pt<va)lpw
8(r+t)(ryt)

Ya

R<R,1>d ¢ d<«1¥d a bring down next digit from dividend

a find next digit in the quotient
Q,«7a{o w{
: (w mult 1oa)s<compare 2>0:w A Is guess too big?
o V w-1
YL(e(digits+1)tw)+edigitstoa a guess next digit
R
R(-big)<«a mult>4Q a multiply & subtract



A Finish or find remaining digits in the quotient
Oepd:trim Q

Q Rd vV a
} .o
(x/signum o w)showsign(abs o)divi abs w
}
mod<{
: o=compare 0O:uw A Olw > w
o=compare w:0 A wlw > 0
wscompare 0:0 A o]0 > 0
d<«w div o
t<«w sub d mult o
=/signum’a t:t
o add t
}
compare<{
compareParts<«{
a w<partition w
i«((exec a)zexec w)i1
ao/execis"a w
}
signesignum’o w
a w<abso w
(=/'0 'otrimo w):1 ao 1 a identical; compare small some small
A/sign=1:00 compareParts a w a both positive; compare partitions
#/sign:>o00/51ign a different signs; compare signs only
A Both are negative; compare absolute values and then determine
a If the result should be flipped. We don't have to worry about
A anomalies with <> because if the numbers are equal, we won't get
A this far.
t<oao compareParts a w a work on abs value
(1 oo 2)="1 aa 2:t a this compare fcn doesn't flip for
: ~t @ this compare fcn does flip for neg
}
Ident<{
trim w
}
neg<«{
. (-signum w)showsign abs w
}
signum<{
w<trim w
'"'=1ow: 1xV 14w a recursive call accounts for "0
w=,'0":0
: 1
}
abs<{
(trim w)~"'""
}

11



———————————————————————————— Local utility functions.
shows ign<{
((12,0<0)/"'" "), w
b
exec<{0::w
A/ T=w:0
. ow
¥
trim<{
a<'0 !
W<Tw
t<(v\~wea)/w
t<(1-(" '=t)r1)yt
Oept:,'0"
t)
check<«{
new<o{
((w<factor)a(w>0)):0 w
(w<0):(a-1),w+factor
f«lw+factor
(a+f),w-factorxf
Y(,w)l1]
new,1+vw
¥
partition<«{
: a«digits
W<, 7w a change to chars
w<(-[/p"w)t"w o pad left
: (1,14¢(pow)p(-a)tl)oc’w
¥
format<A{
W<3s ,ow
l=pw:trim w
trim(i>w),>,/(-digits)+ (digitsp'0')e, 14w
b

add_or_sub<{

a w< 1+0Do1 " (770 w)
a we(-(pa)lpw)ta w
r<a oo w

format check/r

0=0NC'a':a0 monadic w ¢ o oo dyadic w

box<«{ n Box the simple text array w.

12

(0I0 OML)«1 3 ¢ oa<«® & 0 o ar<«{w,(pw)+y® & 0}{2>=w:,c,w ¢ wla a controls

che{w: "++++++++-[+' o ' U H—|+'r1=3>ar a char set
z<,[1ppwl],[0.1]Jw o rh<«pz @ matricise

a simple boxing? +
Oepe2tar:{gq«ch(9]5(ch[10],w,10>ch)59>ch o qgl1,4pg;1,2>pql«2 2pch o g}z

(r c)«rh{va{(we0,1a)/wyw,(~"1ew)/0,0} 2tar a rows and columns
(rw cl)<«rh{{wldwlYwvo,a}'r c

box



- -box-bt - -

(~(0,2orh)ec){ o draw left/right?
. (4a)¥[2]1(-22a)¥[2]wl;A(122rh),cl] a rearrange columns
Y(~(0,1orh)er){ o draw top/bottom?
: (ra)+[1]1(-220)+[1]JwlA(11orh) ,rw; ] A rearrange rows
H
: (h w)<(prw),pcl ¢ g<«h wplioch a size; special,
hz<(h,2>rh)p9=>ch @ horizontal and
vr<(rh{1],w)pl10>ch @ vertical lines
v/0e p'rw cl:(wshz),vrsq a one direction only?
gli1;1<«5>ch o gl;wl«6>ch o gl;1]1«<7>ch o glh;1«8>ch o end marks
. gli,h;1,wl«2 2pch ¢ (wshz),vrsq a corners, add parts
. } VA
¥
bsearch
bsearch<{ A Binary search: least n In range w with oo n.
T1<-/w:iltw+2-+/00 w a convergence: finished.
mid<[0.5x+/w n Mid point:
oo mid:v(14+w),mid @ 1: search lower half.
: V mid,1+4w a 0: search upper half.
b
bt
bt<{0I0 OML<«0 a Balanced Ternary Arithmetic.
monadic<«{ A oo w, where oo € +-x|
. fn<«oao{aa<ao ¢ o[CR'aa'}w a char rep of operand function.
'+'=fn:w a identity.
'-'=fn:-w A negative.
"x'=fn:14w A signum.
"I '=fn:wxow @ abs value.
'T'=fn:encode w @ encode BT from int.
'1'=fn:31Lw a decode int from BT.
: err'Can''t do: ',fn a - (
¥ a bt <« v bt
dyadic<{ A o oo w, where oo € +-x+|x* .,
. fn<«oao{aa<«ao ¢ o[CR'aa'}w a char rep of operand function.
'+'=fn:o add w A sum.
'-'=fn:o add-w a difference.
'x'=fn:o mul w a product.
'+'=sfn:norm 020 div w A quotient.
''|'=fn:o res w a residue.
'x'=fn:o pow w A power.
'<<=>>z'e~fn:a ao Ccmp w an relational.
"'|'=fn:(1+o50 add-w)>a o w A min.
'T'=fn:(1+20 add-w)>w o o A max.
'v'=fn:o gcd w n greatest common divisor.
"Al'=fn:o Icm w n least common multiple.
. err'Can''t do: ',fn a - (
¥ ) bt <« bt v bt

13



-bt

14

div<A{
: a=w:1 0
w Is O:err'Divide by zero'
“«w
part<(pa)lpw
0«
D S<+w
m<—x/3"p q
I<{(0<>a)Ara<cmp w}/p gx>q
~i:(a add m)v(p add-mxq)s
8=s:a p
: (a,0)v(tlz p,14s)(1+s)
Y(partta)(partya)

¥
res<{
o Is O:w
norm 1ow div o
¥
pow<{
: “1=obw:err'Negative power'
w Is 0:,1
w Is 1:0
w Is 1 "1:0 mul o
p+w add 1
g r<aev (T1+p)(1 add ~14p)
r mul q mul g mul q
b
gcd<{
w Is O:ax>0
: w V norm 120 diVv w
b
encode<{
digs<«1i+[3elf |w
enc<(digs/3)eT
tlz “1+enc 311+enc w
b
norm<{
2A.>|w:tlz w
. V "1++#1 0460 3T1+0,w
b

add<«{norm++o mat w?}
mul<«{norm+#(d1pa)daoc.x(0x14a),w}
Icm<{o mul norm O0>w div o gcd w}
cmp<«{aa{aoa/, (<\v\z4w)/w}roa mat w}
mat<{$+¢ 0 w}
tlz<{(-17T+/v\Ozw)+tw}

is<{A/=#a mat w}

err«<[JSIGNALo11

0=0NC'a':a0 monadic w
o oo dyadic w

D D D D D DD DD DO D» DO D

D D ® D D D D D D ® D O D D ® ©® D

D D ® D D

D D D D D ®D D D D ©®© ® D

o DO

quotient oa+w.

w+w - 1r0 (includes 03+0 - 1ro0).
+0 error.

named divisor (invariant).
dividend partition size.
result.

partitioned dividend.
multiple: "1, 0 or 1.

p In interval 0<p<gqg?

no: r+<«m ¢ p-<mxqg

s exhausted: quotient and remainder.
rx<3 ¢ p,< next digit.
partitioned dividend.

bt bt <« bt v bt

residue.

Olw - w

otherwise: remainder from o+uw.
bt <« bt v bt

power: oxuw.

no negative powers.

ax0 - 1

axl - o

a*x2 > oX0o

predecessor.

0 3Tw - quotient, remainder.
oxw > (o*x3|w)x{wxwxwlroxws+3

bt « bt v bt

greatest common divisor (Euclid).
ov0o - |o
wvw|o

bt « bt v bt

balanced ternary from integer.
number of ternary digits.
standard base-3 encode.
vector of bt digits.

bt <« v num

digit-overflow normalisation.

normal: done.

carry overflow and try again.
bt « v bt

sum.
product.

least common multiple.

relational functions.
right-aligned matrix.

without superfluous leading zeros.
comparison.

stop with error msg w.

monadic:
dyadic:



cache-cf

cache
cache<«{[ML<0 A Ref to space containing initialised cache.
vals keys«+@+{ a result values and keys.
(cw)(1Yw, 14w) a rslt - {larg) rarg rarg.
Y 14(<c0 0),w o Iinitial values of cache.
: OnvS'vals' 'keys' a unnamed ref containing cache variables.
}
cal

cal«{0OML 0I0<«1 Calendar.
o<1 Include year with month title.
cntr<{(rfo.s5x+/A\"'" '"=w)odw} centred text.

relative month or single year.
relative month.

each month for given year.
month joiner.

centred year header.

calendar for year w.

month or year.

day-of-week column headers.
1st quarter month names.

1=p,w:o V{
: 12>|w:o oo 0 1+0 12Tw+0 1210 ~1+240TS
year<4 3p0 oo w, 112
join<{®+(+Qa),"’ LY Quwd
head<cntr ~66+t7w
: heads,[12]1tjoin/year
Tw
dys<'Su' 'Mo' 'Tu' 'We' 'Th' 'Fr' 'Sa'
Qi1<«'January' 'February' 'March T

1 1
Q2<«'"April ' "May ' 'June [POAE T 2nd
Q3«'July ' 'August ' 'September'~"' ! ard
Qu<«'October' 'November' 'December '~"' ! Lth

month names for year.

year and month.

epoch day for 1st of month.
31 month and day numbers.
char-formatted day numbers.
start of month padding.

months<«Q1,Q2,Q3,Qu

YYyy mm<uw

day<days yyyy mm 1

mms dds<2+1vyQ@date day+ 1+131
fmts<«2 007 (mm=mms)/dds
pad<(7|day)+0+fmts

» » D D DD Db D DD D DD D DD DD D D® D

dmat<t+{a,' '",w}/dyss6 7p42+pad,fmts day matrix.
head<(mm>months),a/' ',3yyyy month [year] header.
. +(ccntr “20+head) ,y{(v/wz' '")4w)dmat calendar for month w.
¥
case
case<«{ a Select statement
~v/b«<\a:w @ none
T14b:rww w a last one
1 0=h:aa w a first of two
: (T1vDb)ao w a penultimate?
b
cf
cf<«{a<{w?} A Ratio of operand timings.
a<o ¢ f<«oao o geww o Wew ¢ t<{8p2+JAT-(ao/11+w){wr0AI}
: +/1{>V/a{(1000<+/w)¥(2xa)wr({a f wit a)({a g wit o)}l
b

15



cfract-cmat

cfract

cfract<«{
o<[CT ¢ [OCT<«o
real<w
&{
: whole part<0 1Tw
seg<o,whole
real=+o+/seq:seq
seq v+part

Continued fraction approximation of real number.
default comparison tolerance.

"real" number.

starting with null sequence.

whole and fractional part of number.

sequence extended with next term.

continued fraction approximates real: done.
otherwise: continued accumulation of terms.

D D D D D ® D O D

Tw

starting with real number.

chksum

chksum«{0I0 OML<O0

Simple o-digit checksum.

bvec<«{ a byte-vector.
. sub<{(pw)bvec,w) a bvec of sub-item.
Oepw:oa pref subow a null: prototypical item.
(=@ )Aisrefow:o a ref: ignored.
6=10|0DR w:o preft,/sub’w o nested: cat of sub-vectors.
11=0DR w:a pref w a boolean: items of array.
2|0DR w:o pref bytes w @ numeric: bytes of array.
A/ (,w)elAV:a pref [JAViw a classic: atomic vector indices.
: o pref bytes(e'lucs')w a unicode: unicode indices.
b
isref«{9=0ONC'w'} a namespace reference.
bytes<{256|83 DR w} n data bytes.
pref«{(bytes a, 1),w} a prefixed shape vector.
wsum<{w+.x1+1pw) n weighted sum.
: a<6 ¢ (10%*0) |wsum(pw)bvec,w a o-digit weighted sum of byte-vector.
b
cmat
cmat<«{[(ML<«2 a o-combination matrix of i1w.
+4(cc1 0p0){ o base-case: [0 w].
T1v4¢ a removing base case from,
(s/¢6{0I0,wI\1+a(4tw)),w @ accumulation of,
. Y/ w, o0 a sub- (o w-1) combinations,
. Y/ (10fTw-0),c(a<w){a wpitw) ¢+\apl a with base cases [o 0].
b

16



cmpx-cols - -

cmpx
cmpx<{ a Approx expression timings.
: l==,w:Vc,w a single expression: enclose.
1< a starting with one,
0p2v(ew)-0AT p time o expr-iterations.
Y{OI0 OML<0 n local sysvars (see Notes).
: times<o oo a time each expression.
o oo'{O0<w:Vw-1{a}("'",w,"'")oJAI}a" a execute expression in a-loop.
Y w a for each expression.
1000>+/times+p,w: (ax2)V w A too quick: reiterate x 2.
null<'"{0<w:Vw-{w}Y(1)o0JAI}o'" @ null loop for "control" time.
nett<«times-o oo null A times - null loop overhead.
hist«4u0{(LO0.5+axw+[/w)p 'O'}nett a simple histogram.
secs<«o{+6 “20% w+ax1000}nett o e-format seconds.
rels<[100x 1+nett+i[>nett an percentages relative to 1st.
sign«{(1+xw)>'- +"'} A sign: - +.
fpcs«d+{'%",¢d(sign w),s|lw) rels an formatted percentages.
diff«{w>'" *'"} 'x{wiw),ww w o result differences.
exps<«diff,' ',tw n exprs with diff markers.
pref<{too, yuw} a o-prefix of rows of matrix w.
cmps<' | 'pref fpcs,' ',hist a percents and histogram.
. exps,' - 'pref secs,(1l<p,w)/cmps a [x] expr - secsl | %s histogram].
< a right operand:
: ow A execute expr In its native envt.
: Yw a vector of subject expressions.
b
cols
cols<«{0OML<«0 A Multi-column display.
a<1 [OPW a default inter-column-gap and max-width.
split<«{(+/v\'" '"2¢w)+ vuw) m without-trailing-blanks-split (idiom).
l<ppw:o V split w A char matrix: use the split vector.
maxcols<{ @ maximum number of cols.
: w=0:0 A one or more items too wide: stop.
nr xs<|0 wTt-ni @ number of rows and excess.
xs2nr:v w-1 a one or more empty columns: ignore.
ms<w nrplens A matrix of sizes.
wid<(gapxw-1)++/[/ms an total width.
wid<max:w @ It fits: hurrah!
: vV w-1 a otherwise, try one less column.
b
reshape<{ A o-col reshape of w.
: a=0:tmax+ vcol w a item too wide: truncated single col.
nr<[niso o number of rows.
matr<o nrp(oaxnr)tw,o/' ! @ matrix blank-padded to whole no of cols.
pads<«+nr/ygap/"' ' a Inter-column padding.
. t{o,pads,w}/col ymatr a gap-spaced cols.
¥
col«%o{l==w:,[0]w © 4w} a formatted numeric or char-vecs column. <V»>

17



--cols-cx- -

gap max<2+to,0PW

ni<>pw

lens<(2xp,w)t,4p 7 w

ulim«[max+1ifgap+l/nitlens

(maxcols ulim)reshape w

D D ® D

Inter-column-gap and max-width.

number of items.
item-Ilengths.

cols:

upper limit for search.

multi-column display.

colsum
colsum«{a<10 a Sum of (default decimal) columns.
o{{(0=08puw)+wl+41 00,0 aTw)o=++w a repeat while overflow.
¥
cond
cond<«{ m proposition consequence alternative
0::00SIGNAL [EN
m q y<147036925 258147036 369258147
o<
0=qG: ({w)eao)w
o0=y: ({w)oww)w
oZm: .
g oo w:y oo w
- ({wroww)w
¥
cx

cx<{0I0 OML<0

18

monadic<{

'+'=aa:Cj w
'-'=ao:-w

+'=oa:rec w
'z=oo:exp w
"saoa:lgn w

*
®
|
['=aa:floor
r
o'soo:0w

1

1
1
1
1
1
1
1
1
'"1'=ga:fact w
. 1

b
dyadic<{

. +'=oo0:ot+w
-'=oo:o-w
x'=ooa:0 mul
+'=ao0:0 div
vi=aa:a gcd
Al=o0 Icm
*'=o0:0 pOW
®'=aa:0 log
| res
o
!
B

Q

'=ao:
'=ao:

QR Qe

1
1
1
1
1
1
1
1
1
1
1
1

)

=ao:-floor-uw

ESRR SR SER S S S

W

x'soo:w+j mag w

'=aa:(mag w)i O

BAD OPERAND'(JSIGNAL 11

circle w
'sao:o binom w
AD OPERAND'OSIGNAL 11

o B © B o B o B o I o B o B o T o B o B o i o

D D D D D DD DD DO D®D

Complex arithmetic.

scalar monadic functions:

+w
-w
X W
W
* W
®w
| w
Lw
[w
ow
Tw

scalar dyadic functions:

o+ w
o—w
o X W
o+ w
oavw
AW
oxw
08w
o | w
aow
o!lw

conjugate.
negative.
direction.
reciprocal.
exponential.
natural log.
magnitude.
complex floor.
complex ceiling.
pi-times.
factorial.

unexpected operand.

sum.
difference.
product.
quotient.
gcd.

Icm.
power.
log.
residue.
circle.
binomial.

unexpected operand.



cfns<{
12=a:(phs w)i O
ll=a:1xrxew
10=a:(mag w)i O

so:lxrx w

8=a:5qrt "1-rx w mul w
7=a:(exp w){(a-w)div oat+tw)exp-w
6=0:0.5x(exp w)+texp-w
5=z0:0.5x(exp w)-exp-w
b=o:sqrt 1+rx w mul w
3=o0:(sin w)div cos w

2=0:C08 w

l=a:51In w

Osoa:sqrt 1-rx w mul w
“l=ac:arcsin w
T2=0:arCCOSs w
“3=ac:arctan w
“Lh=o:Cc_ U4 w
“5=a:lIgn wtsqrt 1+rx w mul w
“6=o:arcosh w
“7=a:artanh w
“8=o:-sqrt "1-rx w mul w
"9=o0:w
T10=0:Cj] w

“1l=a:w mul 1+1ix wxO

“12=o:exp w mul 1+ix wxO0

"DOMAIN ERROR'(OSIGNAL 11
}

circle<{

Ir li<«v,[1vi1ppala

0eli=0:0SIGNAL 11

vi<,[1Vvippwlw

ul«vlr

msks<«Yyule.=1r

(pw)pt+/msks\"'ul cfns 'msks/ cvr
¥

C_Ub<{w mul sqrt 1-rx rec w mul w}

matdiv<{

: o<1l Oo.x=/411Vpw
tabl«(¢1l/1vpw),c¥y[0]w,a
soln«+telim/tabl

: (pa)p®+8(0 1x1¥pw)¥soln

b

elim<{

. mat<w
p<ot+{wi[/w}+/tavymat( ;o]
matlo p;l«matlp o;]
matlo;l«matlo;ldiv ' matla;ol
muls<«mat[;oalxaziopw

: mat-mulse.mul mat(lo; ]

¥

mul<{(-4oaxw)i+toaxew)

div<{((+foxw)i-Fwxea)+j chk++w*x2}

chk«{0ew:0SIGNAL 11 o w)

kel

D D D D D ® D D ©® ® D D

> D°

circular functions (scalar left arg).

120w phase w
l1iow iImaginary part of w
10ow magnitude |w
9ow real part of w
80w (T1-w*x2)*x+2
70w tanh w
6ow Ccosh w
50w Sinh w
bouw (1+w*x2)*x+2
30w tan w
20w COS w
low sin w
Oow (1-wx2)*+2
“1ow arcsin w
20w arccos w
“3ow arctan w
“Low (w+1l)x((w-1)+w+1l)*x+2
"Bow arsinh w
“6ow arcosh w
“7xw artanh w
“8ow - (T1-wx2)x+2
“9ow identity w
“10ow conjugate +w
“11ow Ojixw
T120w  *x0jilxw
unexpected left arg.

circle fns (heterogeneous left arg).
real and imaginary part of left arg.

non-real left arg: error.
complex-vector right arg.
unique left arg scalar items.
mask per unique left arg.

merge of operations on subarrays.

“Low: wx(l-wx 2)*x+2

matrix inverse/divide.
Identity matrix for inverse.
elimination/ --- 2 1 0 (w,a)
gauss_jordan elimination.
nested rslt-rank 3 array.

gauss-jordan.

name matrix for updating.
index of pivot row.
exchange aoth and pth rows.
reduce col diagonal to 1.
pivot row multiples.

col off-diagonals reduced to 0.

axw product.
o+w quotient.
o+0 check div by 010.

19



20

floor<{

. c<lw o d<«w-c
a<j 1s<+4d
b<0 1o.=<#£d

. c+axbhb

¥

res<{

Zz n«l1 0=cj O0A.=o
(zxw)+nxw-o mul floor w div a+z

>
exp<{
(1+rx w)w 21
a t n<o
tt«<t mul w+n
a=aa<a+tt:aa
. aa tt(n+1)v w
. } w
¥
sin<{
w w 1<
a t n<o
tt<t mul w+x/0 1+nx2
a=aa<«a+ttx 1xn:aa
. aa tt(n+1)v w
. Yw mul w
>
cos<A
(2 1/(1+rx Oxw)1){
- a t n<o
tt«t mul w+x/"1 0+nx2
a=aa<«a+ttx 1xn:aa
aa tt(n+1)v w
Yw mul w
¥
arcsin<{
aa«sqrt 1-rx w mul w
cjelgn aa+ecj w
¥
arccos<{
aa<«sqrt 1-rx w mul w
cjelgn w+ecj aa
¥

arctan<{
aa<sqrt rec 1+rx w mul w
cjelgn aa mul 1+rxecj w

}
arcosh<{
up<1l+rx w
dn< 1+4rx w
: Ign w+up mul sqrt dn div up
}

D D ® D

ke

D D D D D ® D D D D D D ® D

D D D D D ® D

D D ® D

Lw complex floor.

containing unit square and offset.
on N-E side of N-W\S-E diagonal.
towards N or E.

olw complex residue.
zero and non-zero o.
avoiding w+0.

w*0 wx1 w*2 w*3
*W == -—-—-— + ——-— + ——— + —--— +
1o 1 12 '3
a aa: old and new accumulated value.
t tt: old and new term.
n: 2 3 4
wx1 w*x3 w*x5 w*7
1ow == --- - ——= + ——— - ——— ¢+
1 '3 '5 17
a aa: old and new accumluated value.
t tt: old and new term.
n: 1 2 3
w*x0 w*2 w* 4 w*x6
20w == —--- - ——— 4+ -———- - -——— %
0] 12 Ty '6
a aa: old and new accumulated value.
t tt: old and new term.
n: 1 2 3
T1ow == 0] 1x®@(0jixw)+(1l-w*x2)x*x+2
L 59—
|
20w == 0j 1x@w+0jix(1-wx2)x+2
| L 59—
|
T30w == 0j 1x®(1+0jixw)x(+1+w*x2)x+2
aa
|
“6ow ==

ew+(w+l)x((w-1)+w+1l)*x+2
lup— | -

ldn |




artanh<{
aa<sqrt rec 1-rx w mul w
Ign(i+rx w)mul aa

b
pow<{
Z n«l 0=cj 0A.=0
: nxexp w mul Ign o+z
b

Ign<{(emag w)i phs w}
log<{(Ign w)div Ign o}

gcd<{

- o=o+to: | w
It ge<«1l O=cj(+4]la)<+#|w
min<(ltxa)+gexw
max<(gexa)+ltxw

. min V min res max

b

Icm<{o mul w div o gcd w}

fact<«{

. 1=ppw:,v,[0]w
i«w+[0]1 0
g«<0.5772156649015329
Z<lo,+14+110000
t<(exp z)div z+[0]1 0
c<(exp-gxi)div I
c multmul/<li1ppwlt

b

binom«{(fact w)div(fact aoa)mul fact w-o}

scalar<{

. (pa)=pw:0 oo w
(p(pa)~1)>p(pw)~1:0 0O~VV~uw
1v.#14vpa:JSIGNAL 5

: (&(pow)pla)ao w

¥

sepr<«{~o(c'"'), 1+ (1,wea)c"

join«{ta{o,a0,w)}/w}
trim<«{(-2¢éw=0)yw}

fmt<{
cmat<«+1/vy3w
0 2v 1¢6(~1 1entcmat="

'Lw}

')Y/cmat
}

cj+«x[0]e1 "1
mag<{ (++Awx2)*+2}
rec<{(cj w)+j chk+fwx2}

sqrt<{
Z n«l1 0=cj O0A.=w
nxexp 0.5xIgn w+z

D D D D D Jro i o B o i o B o B o B o i o} o D D D ® © D

D D ® ® D D

@(1+w)x(+1-wx2)*x+2
|

a*xw pOwWer.
zero and non-zero a.
power avoiding lIgn O.

®w natural log.
oew o-log.

avw greatest common divisor.
zero o: |w

a<w and o2w

item-wise minima.

item-wise maxima.

gcd in terms of residue.

orw least common multiple.

'w factorial.
complex scalar: use complex ravel.

gamma

@ o'lw binomial.

scalar extension.

identical shapes: continue.
lower rank switched to left.
length error.

reshape.

o-separation.

o-join

0jO0 - o

rough format.

char matrix.

without extra blank cols.

+w complex conjugate.
|w (real) magnitude.
+w reciprocal.

square root.
zero and non-zero w.
power avoiding Ign 0.
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--cx-cxdraw- -

phs<A{
: X y<c[1vippwlw
x0 xn<«1 0=c0=Xx

top«(x0x00.5)+xnx 30(|y)+x+x0

: (Ov.zw)x(1-2xy<0)xtop+ox<0
¥

l<—3[_+2]

j<—1 1o(o.x)

rx<{oa 0 aol[O0Jw}

1x<{0 o aolO0]w}

nlit<{
nvec<e 'jJ'esepr’' 'sepr w
l=pnvec:2+t>nvec
§+2+nvec

}

0::0SIGNAL UEN
cfn<«oa{aa<ooa ¢ >[0CR'aa'lw
mon<O0=[0NC'a' ¢ oa<«{w)}

'sl'scfn:fmt'j'join v otrim QyyQuw

'e'scfn:nlit w
'H'=cfn:o matdiv w
mon:cfn monadic w
o(cfn dyadic scalar)w

D D D D D

D ©® ©® D

D D ® D

Jro i o B o i o B o B o B o i o}

120w polar phase o 1>:201.
x and y coordinates.
points on/off y axis.
upper quadrants.

other quadrants.

oaiw.
wiw.

(real a)op(cmpx w)
(imaginary o)op(cmpx w)

numeric literal.
vector of r/i pairs.

1-literal:
otherwise:

scalar.
vector.

pass errors back to caller.
char rep of operand fn.
monadic call.

j-format to char array.
j-execute from char vector.
matrix inverse/division.
scalar monadic function.
scalar dyadic function.

cxdraw<«{UI0O OML<0

—_ Y x _ _*u
o<y Xx
a.onMouseMove<«'draw'(y x)
from<to(y x)
_<from poly blue
Into<range from
: coords+(y x)into
}

marks<{
_ Y x _ _*uw
_<y x mark 1 blue
Into<>vmap under zg 3 2py X
_<«into mark 1 red

: coords+(y x)into

}
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cxdraw
Complex function drawing.
default zoom: ~2j2..2j 2.

MouseMove callback.

mouse coords.

previous coords (default here).
starting coords for next segment.
domain endpoints.

blue domain line.

draw range line In segments.
update coords in form Caption.

double click: mark domain & range.
mouse pointer coords.

domain marker

maps_to (range) point.

range marker.

update coords in form Caption.



range<{

. dom«w[0;]1-0[12]7(0.01x1101)0
rng<map under zg dom
Iinto<+, 1 24rng
~le(lrng)er101:into
cut<«100<+#+/|2-/[114rng dom
~lecut:{into}rng poly red
eps<+{e2 2+ lew}
ltcut:vV eps 1 O+dom
“1tcut:v eps ~1 O+dom

. >¢voeeps (1,cut)cl[0]ldom

¥

compile<«{

. o<1
w='":0
fns<'+-x+|[L!*x@0A=v"
ch<«1tw

chefns:(a,'(',ch,'cx)')vV 1Yw

~che'"'",0D: (o,ch)V 1+}w
n<+/A\welD,' ejEJ .
exec<'(ecx''',(ntw),"'"")"

- (a,exec)V nduw

}

map<(compile w){
11::zg 1 "1
5::v under(+ol)w
a<«<{w} ¢ ¢oo

b

plane<{

: f«(ONEWc'Form'
f.(Posn Size)«(3 0)(60 u45)
f.Caption<«uw
f.onKeyPress<'keyp'

coo<«f.Coord
f.Coord<«'Pixel!
f.(Size<2pl/Size)
f.Coord<«coo

a<f.[ONEWec'Static'
a.(Posn Size)<«(0 0)(100 100)

line<{oa.0ONEW'Poly'w}

fmto«{'"Points'(+y+w)?
a.re<a linecfmto 50, 0 100
a.im<«a linecfmto 100 0, 50

posn<«'Points'(50-50+a o)
size<«'Size'(100+a o)

¥

down<A{
l=4ow:a.onMouseMove<~'draw'

: 2=4ow:(a a).Visible<0 1

¥

stop«{a.onMouseMove<«0}

keyp«{'EP'=25w:2 [ONQ a.##'Close'}

x—Fw

{aYa.uc<a.NEW'EIllipse'(posn size)

jroJ o i o T o B © B o B o B o B o B o B o §
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el

--cxdraw- -

draw range line iIn segments.
100 domain line segments.
corresponding range points.
final points for coords fn.

no range points visible: quit.
cut where red/blue slope > 100.
no discontinuity: draw red line.
endpoints of range.

first point is cut: ignore it
last point 1is cut: Iignore 1it.
draw both halves of lIine.

w-expression - cx-expression.
o Is accumulator.
no more Iinput chars: done.
primitive fns.
next Iinput char.
function: + - (+cx)
not a number: 'x' -»> 'x!
number (vector) length.
172 3j4 - (ecx'1j2 3ju')

for all chars in expr w.

complex function interpreter.

overflow: map to off-screen.

oo refuses array:

compiled expr of w.
cltl » cl]

complex plane.
containing form
top(ish) left.
ref to new form.
esc to quit.

store current prop.
change prop.

make form square.
reset prop.

white backdrop.
occupies whole form.

new line.

points property for gui.
real axis.
imaginary axis.

bounding
square of
unit "circle".

MouseDown:
1ft: start drawing.
rgt: clear screen.

MouseUp: stop drawing.
Esc key: quit.

try each point.
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--cxdraw-cxsh- -

cxsh

a.{
: fns«<'+-x+|[|Lxeoan=vi!"

' {Qtto . {o wr/(¥QP,¥Ra)##.LOTYRL,YQuwD

Ar<'{trao/<c[0iolw}’
ri<'{cli1vippwlwl}’
e«'c[0io]l"

d«'+[0io-+21]"
r<'{+{a+~0v.z2,w}/"',ri,"w}'
c«<'1 Qo ., x!

shp<«c,'p',e,'w'
rsp«d,'(',r,'a)','p',e,'w'
str<{(mon w)A dya w}

mon<«{d,w,e,'w'}
d}’a“{d,'(',r,'af)',ﬂhe,'w'}

p<{"{",(ifm a),w,"'}">
ifme{'0=0Onc''a'':",w,'0"'}

coords<{ a domain and range coords.
: nums<~o' '8 2037829 w a format of coords to 2 dec places.
glue«{+,0(ac,)/w} A a-join vector w.
text«' -> 'gluety'j'glue nums A 'fm -> to!
- a.##.Caption«'cxdraw ',text n display in Caption of Form.
}
mbrot<{ @ poor man's Mandelbrot.
_ _ Y X _ _*w a mouse pointer coords.
to«,maps10~zg+,¥vy X n after 10 iterations.
2n.2|to:y x mark O a In-bounds: mark point.
}
zg<+to((a+100+2 "2)ox)odo(-050)o000Q n scale: complex from gui coords.
under<{wwd 1 oo ww w) o aka "dual".
red blue<{'FCol'(w+255)}'3 ~3 o red and blue line colours.
mark<«{'a.'OWC'Marker'oa,w} o unnamed marker object.
poly«{'a.'OWC'Poly'a w) a unnamed poly object.
a<o planeo(SI n complex plane.

_<A{ a regular drawing or mandelbrot?
: 'o'ew:a.onMouseMove<'"mbrot' A expression of 'o': mandelbrot.
a.onMouseDown<«'down' n otherwise: regular drawing.

a.onMouseDblIClick«'marks' a double-click to mark.
' l1:a.onMouselUp<+'stop' n release to stop drawing.
Tw
0DQ a.## a await events.
cxsh<{ a Complex shell.
a<5 a round to {o<5} decimal places.
a(ONST 1) . { a operate in tmp space.
A

expression translation:

a operand functions.

A srce for a..w grid.
srce for ao/ reduction.

srce for real/imaginary split.
srce for enclose first axis.
srce for disclose first axis.
srce for (must be) real value.
srce for real-complex.

D D ® D ©® D

srce for monadic p shape.
srce for dyadic p reshape

> D

structural function: ,¢ey
monadic case.
dyadic case.

a monadic / dyadic.
srce for if-monadic guard.



--cxsh-date

try A o is accumulator.

: "=w:o @ no more Input chars: done.
ch<i4tw A next input char.
chefns:(o,'(',ch,'##.cx)'")V 1yw a function: + - (+cx)
ch="—":(a, )V 1vyw A grid: o..w.
ch="/":(a,AN)V 1Yuw a reduction: ao/
ch="p'":(a,shp A rsp)v 14w n p: shape/reshape.
che',¢0d':(a,str ch)vV 1Yw a structural functions.
~che'"'",0D: (o,ch)vV 1+}w @ not a number: 'x' -»> 'x!
n«+/A\welD,' ejEJ . o number (vector) length.
exec<'"(e##.cx'""',(ntw),"" ") A 172 3j4 > (e##.cx'"1j2 3ju4')

: (a,exec)V niuw A for all chars in expr w.

: Yoo '—r## . subs w a [—/..] input string.
H n complex expression evaluation:
. 0::##.lcase(JI0=-(ODM)~"'s" @ catch all errors.

rslt<soo w @ translate & execute.

'«'ew:0 0pO A assign: null output.

3=(NC'rslt':rslt @ function: return it.

rnd<{(10%x-a)x[0.5+wx10%0} a round to o decimal places.
. s##.cx{1l==,w:00 w ¢ V wla rnd rslt a array: format.
3 a evaluation loop:
- in<##.rmcm{a}<" ! A Input next string.

=/w Iin~""'" ':0 0p''"' a terminate if w.

'"'=in~' ':a V w a skip if all blanks.

O<«o oo In n display evaluation.

. o V w A and so forth.

. Tw a loop until w.
. Tw
>

dab

dab<{ @ Drop All Blanks.

OML<3 ¢ a<' ' o 1<=w:(ca)V w o nested?

12ppwW:w~o A vector

2=ppw:>(+w)~"ca @ matrix
. (T1dvpw){(o,1¥pw)pwlto V,[ 1vi1ppw]lw A array
¥

date

date<{[OML<«0 a 0TS format from day number (Meeus).
: o< 53799 a start of Gregorian calendar (GB).

gr<{cli+1ppwl(0,a)Tw} a quotient and remainder.

Z F«1 gr w+2415020 A

a<«|l(Z-1867216.25)+36524.25 A

A<Z+(Z20+2415021)x1+a-La+kh A

B<A+1524 A

C«l(B-122.1)+365.25 A

D« Cx365.25 A

E<|L (B-D)+30.6001 Q

dd df<«1 qr(B—D)+F—L30.6001XE A

mm<E-1+12xE>1Y4 A

yyyy<C-4715+mm>?2 a

part«60 60 1000 gqrl0.5+dfx86400000 a
: +[0I0-0.51yyyy mm dd, part )
b
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days

ddft

days-ddft- -
days<{ a Days since 1899-12-31 (Meeus).
: 0<«17520902 A start of Gregorian calendar.
yy mm dd h m s ms<7+c[1 1+ppwlw a Ots-style 7-item date-time.
D<dd+(0 60 60 1000L+h m s ms)+86400000 a day with fractional part.
Y M«yy mm+ 1 12xcmm<?2 @ Jan, Feb » month 13 14,
A«LY+100 A century number.
B<(a<0 100 100L1tyy mm dd)x(2-A)+LA+u a Gregorian calendar correction.
. T2416544+D+B+>+/1365.25 30.6xY M+4716 1 a (fractional) days.
}
ddft«{0I10 [OML<0 n Display derived function tree.
stick fork<«{ a one- and two-operand branch chars.
tl hz br bt tr sp<w A top left, horiz, bottom right
(sp t1 hz br)(sp hz sp tl tr bt) a ! ' r— i
Jwa L -rrrr vt ! a clunky or smooth chars.
trav<{ a traverse, accumulating subtrees.
~isderv w:leaf w a dfn: {o} {w}
(,2)=pw:mop Vv w a monadic operator.
(,3)=pw:dop vV w an dyadic operator.
leaf w a otherwise, format as leaf.
}
mop<{ a operator with one operand.
: land oper<y’w a split function.
pad<+/A\' '=>land a padding for top line.
topr<((pad+2)/' ')e, oper an tabbed operator.
. t+(topr,vpad 1 1 1/stick),land @ subtree matrix.
}
dop<A{ A operator with two operands.
: land oper rand<w A split function.
subs<«land mesh rand a merged subtrees.
tops<+ 140 1e' '#' ', ,oysubs A connections points.
xvec<{(2xw)++\w)tops @ character index vector.
tpos<{(1pw)=(w11)+L0.5x+/1=w)xvec a posn of t-piece.
head<(xvec+u4xtpos)> cfork n forked subtree joiner.
otab<«(~v\tpos)/' ' n operator padding.
. t(otabe, 'voper),vheadssubs a subtree matrix.
}
mesh<{ n meshed left and right subtrees.
. Ibr rbr<«c[1 2]+ (%a)w o sub branches with same no of rows.
1ft rgt<{+/A\' '=w} 1br rbr n left and rgt adjacent blanks.
gap<l/Ift+rgt A narrowest gap.
dpl«Iftlgap a chars to drop from left subtree.
dpr<o0lfgap-dpl ] .. .. right
lvec<«¢ "dply v1br an left rows.
rvec<dpry’! Yo, yrbr m right rows, padded with min gap.
trim<«{(~aA\Atw=" ")/w} a trim off outer blank cols.
: trim{¢oodoo w)tlvec, rvec n meshed subtrees.
}
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--ddft-decf

isderv<{ a is (Ucr of) a derived function?
1#zppw:0 a not a vector: no
2 3A.#zpw:0 @ not a 2- or 3-vector: no.
1<|=w:1 n deep: possibly.
(1ow)e'/\#£N. 028! m If primitive operator.
¥
leaf<«{ @ format leaf.
dots«{(wia)> cw, ' '} a dots for blanks.
{w dots(,w)~" '"YOFMT w @ char matrix.
b
: fn<«oo ¢ trav OCR'fn' a display operand tree.
¥
deb
deb<{ @ Drop Ending Blanks.
: o<' ' o 1<|z=w:(ca)V w o nested?
2<ppw: ( 1ypw){(o,1¥pw)pwro V,[ 1¥v1ppw]w an array
b<wea A mask
12ppw: ((A\D)%dA\OD) /w Q@ vector
: b<ntb o ((A\D)%dbaA\dbH)/w a matrix
¥
dec

dec<«{0OML 0I0<«0

®16116]'0123456789abcdef0123456789ABCDEF " 184w ]

b

@ Decimal from hexadecimal
array of char vectors.

decf

decf<{0OML OIO0O<0

. 1<ppw:4v Yw
Uotew: v {1y (w=" ")cw)' ', w
cols<{(((p,w)%a),a)pwl
XD«<'0123456789ABCDEF"!
xd<«'0123456789abcdef'!
ucase<«(XD,XD)[(XD,xd) 1w]
big«>83 [DR 256

big:o6u45 [ODR,&(4/2)TXDrucase
swap<«16 colse2 cols ucase
bits<1=(4/2)TXDiswap

5645 [ODR,[1 212 0 1]bits

jroJ o T o B o B o T o B o B o T o B © B o B o}

Numbers from hex of float.
vector-wise:
scalar-wise:

w reshaped to o cols.
upper hex digits.

lower hex digits.

upper case hex.
big-endian.

floating scalar.
byte-swapped hex chars.
Lxnx16 bit-array.
floating scalar.

27



defn-dfnscode - -

defn

defn<{0OML<0
: O«(~'«'ew)/w,

T

DFX(~'+'€w){

or<{ (oo w)vww wl}
gt<{wr 1owro{z\w=""""}
cm<v\e~o('a'ozor qgt)
dt<~o('-'ezor cm or qt)
zap«{(~ao w){oNo/w}rw}
ask<((~a)/" "Ne{(pa)+[{a)} <o, w}
put<{(dots w-a),a/'}'}
get<«dt zapeoask
sig<«cm or qt zap
dots<{,twpcl+' '}
part<{(0 1=cv\(sig w)ea)/ cw}
last<{(da\azdw)/w)
0 0(avc''")''{dp bk la ca<a

w='':dp 0(la,cca)''v get bk put dp
'sig w:dp 0 la(ca,w)v''!
head tail«'{}'part w
back«~1e':«'e'o'last sig head
'{'=otail:(ca,head,'{")v{
: la ca rem«(dp+1)0 Ia o oo w
dp=0:1+vla,cca
dp back la ca aoa rem
Yivtail
'Y'=otail:la(ca, head,
dp back la(ca,w)v''

T1=_o!

"Y')(1vtail)

D-fine function.

default: prompt first line.
fix accumulated lines.

this or that.

mask of quoted strings.

mask of line comments.

mask of white dots.

blank w where a.

guote-quad prompt.
dot-indented prompt.

dot-free input.

significant tokens.

white-dot tabs.

partition at first a.

last a-separated segment.
depth exdent and accumulators.
empty: prompt for next line.
no significant chars:continue.
split at dfn start or end.

not guard or assign: exdent.
new dfn: Input Inner dfn.
Inner dfn and remaining chars.
return from depth 0: done.
continue with outer level.
line[0] chars, eg: {0io<«o0.

end of dfn: acc and remainder.
prompt exdented If no more.

» » D ®» D D0 DD DD p Db D)y b b D DD Db D ®» D D®» D

}( ~a)/w from initial first line.
: Yw, (~'<tew)/T<{" starting 'fn<{'.
¥
det
det<{010 OML<0 @ Determinant of matrix w.
1< @ Iinitial accumulator.
. 0 O=pw:o @ null matrix: finished.
(ooxow)V 1 1yw-wl[3;0]o.xw[0;]+>w e accumulator v sub-matrix.
. Tw
b
dfnscode
dfnscode<{(JI0 [OML<«1 @ Formatted dfns code.
pairs<{(w~"'" "'")(804 0ONR w)} vONL 3 U4 an (name code) pair for each fn/op.
0<8 6 ¢ mMino minw<o @ min orphan and widow Iines.
fmt<{ a format source code with title.
ttl«<(-cols)+(cols/'—"),aqa A title: —- - -—name
ttl'',vydotstw @ titled lines of code.
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collect<«® 804

. pages page<o
O=pw:pages,cpage
sep<«(page=8)+c'!
xpage<page,sep,>u
Ipp2pxpage:pages xpage V 1+tw
mino>Ipp-ppage: (pages,cpage)d VvV w
head tail«page split sep,>w

. (pages,chead)® v(ctail),1tuw

;

split<{

: gaps<a/(tw)e' - !
rem<Ipp-po
spts<gaps/ipgaps
msko<«mino<spts
mskw<minws< (pw)-spts
mskl<spts<Ilpp-pa
mask<«mskoamskwamskl
spt«l/mask/spts
lemask: (o, 1¥spttw) (sSptyw)
xpa:a{oa w}(~a\gaps)/w

. (Ipptw) (Ippyw)

¥

heads<{

(_ I1t)(mf mt)(rf _)<«w

1ft rgt<(Ilt mt="mf rf)/"c' -
this<«4+{o,'-",w}/uvmf mt
Ift,this,rgt

Y o{¥RtT1 0 19 Tcwyo{

. o<«® & ¢ heads name<o
O=pw:heads

page<ow
hips<~o'—!'"('—1=5"page)/page
fm<>('—'=oopage)dname(>hips,cname)

to<>d(cname),hips
. (heads,cfm to)to v 1+tw
b
aligne{(ipw){(colsx1-2x2|a)tw) w}
sort<{wl (' '",04)Aucase+>"wl}
even<{w,(2|pw)/c0pc''}

ul«{(ap' "o, " {"=-"3"\w w}
cntr<{yot(-(pw)+l(a-pw)+3 2)+w}

Ipp cols<w 80-3 0

ttl<«'Functions and Operators'

tpg<c(lpp cols+2 0)cntr box' ',e2+'ttl

rvec<lpp+collecttfmt/ sort pairs
hvec«i1tvalign heads(c''),rvec

pnos<alignve, 1ptpg,rvec

1:_ <47 (tpg,hvec{a'',w}Y rvec),oc pnos

o J o i o T o B © B o B o B o B o T o B © B o jroJ o T o B o B o B o B o B o B o)

» D D D D DD DD DD DD

D ©® ® D D

> DO

--dfnscode

collect into pages.

completed and current pages.

no more: collect final page.
separator.

extended page.

enough space: accumulate fnop.
near end: form-feed.

split next fnop.

accumulate part fnop and spill.

split fnop over page.

gaps - good places to split.
remaining lines.

split points.

avoiding too-small orphans.
avoiding too-small widows.
avoiding too many lines per page.
Intersection of restrictions.
largest split point.

split at best point.

no split point: skip to new page.
and break at max lines per page.

--from-to-- page headings.
previous and following page names.
left and right continuation dots.
name or name pair.

page heading.

3-item moving window.
accumulation and current name.
done: from-to vector.

next page.

header lines In page.

“from" name.

"to" name

for each page.

odd-even page alignment.
case-insensitive alpha-first sort.
pad to even no. of pages.
underlined text.

centred title.

lines and cols per page.
title

page.

raw pages vector.
aligned from-to page headings.

aligned page-numbers.

page matrices with tops & tails.
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dfnsnotes - -

dfnsnotes

dfnsnotese{DIO DML«i @ Formatted dfns notes.
fnops<~o' '"yONL 3 U4 a fns/ops in dfns workspace.
0«8 6 ¢ mino minw<o @ min orphan and widow lIines.
Ipp cols<«w 80-1 0 A (lines cols)-per-page.
cont<4y ' {(' '"=5"w)/w}Yltov notes.contents am contents page.
split«{(0 1=cv\'a'=w)/"cw} cont n split-off comments.
nvec<~o' '"“ynotes.[ONL 2 A notes vector
cvec<nvecu=nvecn~{(ow)~" -'}"split A in contents page order.
nfmt<{ a format of dfns notes pages.
segteeo{ A segment.
Ipp2pw:o w am w fits Iin current page: done.
t1b«{(v\~wec'")/w} a trim leading blank lines
then<«o{(aoa,cotw)ww tIb avwl}Vv A Issue current page & continue.
cols<doop (Ipp+1)tw m cols per line in next page.
~0ecols:Ipp then w @ no nice break: chop at rows.
take<1+Ipp-colsi10 a nice chunk for this page.
take<mino:Ipp then w n too small: page break.
tail< 2+taketw a last two lines in chunk.
intro«{(oa=''")A':"'=0déw}/ @ stand-alone introducer.
intro tail:(take-2)then w a defer introducer.
. take then w @ otherwise: issue chunk.
}
foldl<«{too=/(dw),ca) a Fold (reduce) from the left.
trim<{ A notes ~ trailing index lines.
rmdx<{(~(64"w)e'Index'o, ":3")/w} o without Index lines.
rmtn<{(¢v\d~wec'")/w} m ~ trailing null lines.
rmtn rmdx I1tov notes.s¢w a index lines removed.
}
dict pages page<& & &{ n dictionary and notes pages.
(dt pages page)(tag lines)<o w a pages done and current page.
mino>lpp-ppage:dt(pages,cpage)® V w a page break for new note.
sepr<c(-cols)+(cols/'="),tag A note separator.
this<sepr,lines,'' '! @ note header.
dict<«dt, (oppages)dent tag lines an extended dictionary.
(cdict),¢{pages,wr\dsegt page,this n note pagination.
}foldl{ a left-to-right accumulation.
_ Vals+¢Q¢w Ap remove "See: " notes.
. (1<2e0p”'vals)/w @ filter out 1-liners.
bRt a left-to-right accum of pages.
w(trim w) @ note lines.
Y 'w~c'contents' o contents handled elsewhere.
: (udict){a w)pages,cpage a dictionary and complete pages.
¥
cnos<{ a contents page numbering.
- hd tl1«(0 1=cv\'a'=w)/ cw n before and after comment.
name<hd~"'- ! A note reference,
page<pageno name A note.pageno
head<name page subs hd ] substituted for name.
pad<(u4-,+4-/p head hd)p' ' a compensatory padding.
. head,pad,tl @ amended content line.
}
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xfmt<A{

: head tags<i®tw
hwid<1+,4[/p head
pad«hwidp24' "'
brk<«{[/{w/1pw}Ycolstw=" "'}
tIb<{(v\' "zw)/w}

4+, /head{

. head<«oa, (pa) ¥pad
line<head, +{a,"’
cols>pline:cline
take<brk line
(ctake+line){

next<pad,w
cols>pnext:o,cnext
take<brk next

',w}/pageno w

(a,ctaketnext)v tlb takevynext

Ytlb takevline

. Y} tags
¥
dent<«{
: tag lines<uw
head«(A\~linesec'')/lines
mvec<'##.'oe head
~letmvec:ctag o
refs<«+,/mvec{

{3y (A\~we'!
} "head
(refs,ctag){a w)} o

)" ) /w) acw
¥
fnopx<A{

: fns<pageno sort w
mask«§(lcase>"'fns)o
rod<{ox[w+oa}
sep<2
tab«sep+o¢ptfns
epl<«l(cols-1+sep)+tab
t{a,(c""),w)/A{

lines<«{,+tabt " w} (0IO=epl|ipw)cw
chars<(plines)+c(sep+il)tucase>>w

,/®+chars lines
Y ' (v(v/mask)+mask)/ cfns

.=(1case [OA)uvlAV

}

also<«'See also:'o{
: msk<> yaetw

~1lemsSKk:w
sepr<{~e' '"(w=' '")cw)
join«{a,' ',w}

refs<sepre((pa)oy) msk/w
lines<«acjoin {4+join/pageno w} refs
. (1+msk)mesh w(msk\lines)
¥
dict npages<nfmtucvec
fpe2+{2x[w+2}[ (2pcont)+1pp

xpnd<' 'o,oe€o0(2047)
sttl<«{vat(-(pw)+L(a-pw)+3 2)+wroboxoxpnd
even<{w,(2|p,w)/cO0pc' '}
split<{(0I0=a|t1pw)cw)
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--dfnsnotes - -

index pages format.

head word and note refs.

head word column width.
padding.

line-break column number.

trim leading blanks.

padded head word.
page-numbered note refs.
all fits in one line:
line-break column.
accumulated wrapped lines.
padded continuation line.
fits in one line: done.
next line break point.
wrap following note refs.
spill-over notes refs.

for each note ref.

dictionary entry.

note title & head lines.
head lines.

masks of ##.func.

none: note title only.
func refs in head lines.
funcs staring ##. - -

for each head line.
(name page)

func/op index.
func.page
selection mask.
round up to a.
entry separation.
tab stops for max fn name.
entries per line.
collection of
lines per initial char.
Iinitial char and

lines.
functions per a-z.

page number See also: items.
mask of "See also:" lines.
none: done.

separate at blanks.
join with blanks.
page references.
augmented lines.
updated page.

n page index and note pages.

kel

D D ©® D

page no of first note.

.e.X.p.a.n.d.

section title page.

pad to even no. of pages.
split every o cols.

done.
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--dfnsnotes-dice

ssplit<{a<#®

: 0OZPW:O0, W
msk«(toatw)a,.=" !
~1emsk: (a,coa0tw)A aoyw
td<[ /msk/1pmsk

: (a,c 1¥ytdrw)v tdvyw

b

splits<«{a{1+y (o=w)cw}lo,>w)

valu<«{fm to<o ¢ (fmicw)>to,cw}

sort<«{wlAlcase+>"wl)

pageno«(+8+{a,'.",sfp+twr\"dict)evalu

pgno<{w,c(colsx1-2x2|a)+%al

cpages<lpp ssplit cnos’'cont

ul<«{(ap' "o, {"="3"\w w}

tx px ax<«noteseindex ':;='

ct«'Contents'

nt«<'Notes'

pt<'Person Index'
ft<'Function/Operator Index!'
tt«'Topic Index'

D D ® D D D

ke > D D ® D ® D

D D D D D

smart split.

trailing lines: done

mask of blank lines.

none: chop at oo Iines.
take/drop.

next page and trailing rows.

split every o-character.
association list look-up.
case-insensitive sort.
note.page from dictionary.
page numbering.

content pages.

underlined text.

topic, person & alias indices.

contents section title.
notes section title.
person index title.
function index title.
topic iIndex title.

sees<{c'see ',w}\ ' '>'splits ax o alias lines.
tndx<«lpp split(0 ul tt),xfmt sort sees,tx A topic index pages.
pndx<«Ilpp split(0 ul pt),xfmt px n person index pages.
fndx<Ipp split(3 ul ft),fnopx fnops a funop index pages.
pvec<+t,/ct nt pt ft tt{ A section titles
even(clpp cols sttl ao),w A o-section.
} 'cpages(also 'npages)pndx fndx tndx m section pages.
: 1:_<«(vppvec){tcols+”o pgno Ipptw} pvec a numbered pages.
}
dfspan
dfspan<{ a Depth-first spanning tree: graph o from vertex w.
tree<{ 2} a @ Initial tree: all unvisited vertices.
graph<o m o Is graph vector.
{tree} 1{ @ return final value of tree.
. “2#w>tree:0 @ vertex visited: backtrack.
treelwl<«a a backlink vertex.
@=w>ograph:0 A no exits: backtrack.
w Vv w>graph a follow vertices in order.
: Yw n from starting vertex.
}
dice
dice<{ o Interpret a throw of dice.
: w=6 6:'Box Cars'
w=1l 1:'Snake Eyes'
=/w:'Pair'
7=+/w:"'Seven'
. 'Unlucky'
}
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disp- -

disp<{0I0 OML<0

0«8 ¢ opt Idr ctd<«3ta,3/1

ul uc ur<lIdro¢! L
ml mc mr«ldr:¢'E9' I
11 Ic Ir<Idro¢! LR
vt hz<ldrs'|-' '|-=!

box<A{
. isor w:UFMTcw
12 |=w:o0pen [OFMT open w
subs<«expand v 'matr open w
odec+«(shape w)outer subs
idec<«inner w
: (odec, idec)collect subs
¥

expand<«{

: rows cols<seprp w
sizes<«([/rows)e.,l[#cols
ctd=0:s5izes+ " w
v h<sepr[0.5xt(p w)-sizes

: ve 'h¢ 'sizestw

¥

outer<{

. sizes<1 0{>+(&%a)w) seprp w
sides<sizes/ vt hz
bords<«1+"ml uc glue“’sides

. 4,7/ (ul'"" Yo bords(l1 ur)

¥

Iinner<A
deco«{(type w),shape w}
sepr deco 'matr open w

¥

collect<{
Ift top tt vv hh<a
boxes<vv right(tt hh)lower w
Ift,topst5#,/0pen boxes

¥

lower<{
bot«{ws(-1opw)to split w}
split«<{(( 2+1>pw)/hz)glue a}
(matr+, /o)bot 'matr w

¥

right<{

: types<21 ' (1pw)=c 1+pw
chars<mc mr lc Ir[types]
rgt<{w,( 2+2pw)1l 1/vt,a}

. ((matr o), chars)rgt w

¥

» ® » o
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disp
Boxed sketch of nested array.

o: decorated, box chars, centred.
upper

left
middle XL:;;ntre

lower—! L—right
vertical and horizontal.

Recursively box nested array.
Oor: 'vname'.

simple array: format.

expanded boxed sub-arrays.

outer type and shape decoration.
Inner type and shape decorations.
collected, formatted sub-arrays.

Align and centre sub-arrays.
sub-array dimensions.

expanded sub-array sizes.
top-left alignment.

vertical and horizontal rotation.
centred expanded sub-arrays.

Quter decoration.

row and col sizes of sub-arrays.
vert and horiz cell sides.
joined up outer borders.
vertical and horizontal borders.

Inner sub-array decorations.
type and shape decorators.
decorators: tt vv hh

Collect sub-arrays.

array and sub-array decorations.
cells boxed right and below.
completed collection.

Border below each sub-array.
lower border.

decorators split with horiz line.
cells bordered below.

Border right each sub-array.

right border lower corner types.
.. .. . chars.

form right border.

cells bordered right.
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--disp-display

type<{
opt<|=w:hz
isor w:'v'
sst<{
O=optxppw:hz
(Dwel_l ,DD):"#"'
Yow

O==w:SSt w
. {(1=pw)>'+'w})vu,sstopen w
b

shape<{

. O=optxppw:vt hz
cols<(x 14pw)>te~!
rsig<(xx/ " 1vpw)>"dy"'
rows<( 1+3lppw)>vt rsig'y'

. rows cols

¥

matr<{+,vwl

sepr<{+/ 1ctw}
open<{16::(1[pw)pc'[ref]"
isor<{1 8=(=w)(pw)Y}
glue<{to{a,00,w)/w)

o (1lpw)pw)

box w

D D D D D D jroJ o T o B o B o B o B o B o B o)

D D D D D®

Type decoration char.

nested: '—!'

Oor: 'v!

simple scalar type.

undecorated or scalar sw: char,
otherwise, number or space ref.
¥ distinguishes type of scalar.
simple scalar: type.

array: mixed or uniform type.

Row and column shape decorators.
scalar or no decoration.

zero or more cols.

Zero or more rows.

high rank decorator overrides.
shape decorators.

Matrix from non-scalar array.
Vec-of-mats from mat-of-vecs.
Stretch to expose nulls.

Is Oor of object?

Intersperse w with as.

recursively box array.

display<{0I0 OML<+0

34

traror o [

o<1 ¢ chars<«a>'.. i

tl tr bl br vt hz<chars

box<A{

. vrt hrz<( 1+pw)p vt hz
top«(hz,'e>"'")["1ta],hrz
bot<«(oa),hrz
rgt<«tr,vt,vrt,br
lax<(vt,'"d+")["1¥1val, ‘cvrt
Ift<§tl,(+lax),bl

. 1ft,(topswsbot),rgt

b

deco<{oa<~type open w ¢ o,axes w}

axes<«{(-2lppw)ti+xpuw}

open«{16::(1lpw)pc'[ref]"

trim«{(~1 1ertw=" ")/w}

type<{{(1=pw)>"+'w}u,char w}

char<«{e=pw:hz o (owe' '",(OD)>'"#~"'}07%

o (1lpw)pw)

{

. O==w:' 's(open OFMT w)5(welAV)>'
1 8=(=w)(pw):'V' 0 0 box OFMT w
l1==w:(deco w)box open [OFMT open w

. ('e'deco w)box trim [OFMT v open w

Tw

1

display
A Boxed display of array.

A o 1-smooth.

0-clunky,

a Top left, top right,

Box with type and axes.
Vert. and horiz. lines.
Upper border with axis.
Lower border with type.
Right side with corners.
Left side(s) with axes,

and corners.
Fully boxed array.

Jro i o B o i o B o B o i o Bl o}

Type and axes vector.
Array axis types.

Expose null axes.

Remove extra blank cols.
Simple array type.
Simple scalar type.

D D ® D ©® D

Recursively box arrays:
Simple scalar.

Object rep: [OR.

Simple array.

Nested array.

D D D D D



displayr-displays

displayr
displayr«<{0I0 [OML<O a Boxed d
o<1 ¢ chars<oa>'..'"'""[-1T ' U— A a: 0-cl
tl tr bl br vt hz<chars a Top lef
box<A{ A Box wit
. vrt hrz<("1+pw)p vt hz a Vert. a
top«(1+phrz)+(=( 1ta)0hz,'e',c5 141>50a),hrz a Upper b
bot«(ptop)+(>2+¥a),hrz a Lower b
rgt<«tr,vt,vrt,br @ Right s
Jax< (27 (T1434a)0 7 (-17 "1+pioa)+(cvt,'d'), "cos 7140,125a), cvrt a Left si
lax<(cil+pvrt)+ (lax~"<c' '), vt o Pad and
1ft<§tl,(+lax),bl A and
. Ift,(topswsbot),rgt @ Fully b
b
deco<{oa<~type open w o (ppw),(cpw),a,axes w} o Type an
axes<{(-2lppw)+l+xpw} a Array a
open<{16::(1[pw)pc'[refl' o (1lpw)pw} a Expose
trim«{(~1 1lertw=" '")/w} a Remove
type<{{(1=pw)>'+'w}u,char w} a Simple
char<«{6=pw:hz o (owe' '",(JD)>"#~"'}07% a Simple
{ an Recursi
. O==w:' 's(open OFMT w)5(welAV)>' - a Simple
1 8=(=w)(pw):'""(0 0)'V' 0 0 box OFMT w a Object
1==w:(deco w)box open' ',OFMT open w @ Simple
. ((cv=w)deco w)box trim' ',0FMT v open w a Nested
. Tw
¥
displays

displays<{0I0 OML<O0
a<l o chars<a>'..'"tr|-t 1 Ut
tl tr bl br vt hz<chars
box<«{
: shp w<open\w
vrt hrz<( 1+pw)p vt hz
top«(hz,'e>')["14al,hrz
ok« (pshp)<phrz

top«(ptop)+(2+top),(ok/shp),(2+okxpshp)+top

bot<«(>a),hrz
rgt<«tr,vt,vrt,br
lax<(vt,"d+")[ " 1¥1val, ‘cvrt
Ift<§tl,(+1lax),bl

: Ift,(topswsbot),rgt

¥

deco<{a<~type open w o a,axes w}

axes<{(-2lppw)+l+xpw}

open<{(1lpw)pwl

trim«{(0>w) ((~1 1eat(12w)=" ")/ (1>w))}

type<{{(1=pw)>'"+'w}u,char’w}

char<«{6=pw:hz o (owe' '",[JD)>'"#~"'}07%

gfmt<«{(%poa) (OFMT open w)}

{

: ' 'S (OFMT w)s(wed4AV)>' -t

:(deco w)box open w gfmt w
deco w)box trim w gfmt v open w

~kr R o

m @ n
- mn e

Tw

(zw)(pw):'Vv' 0 0 box(,hz)(OFMT w)

» » ® o
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Boxed display of array.
o: O-clunky, 1-smooth.
Top left, top right,
Box with type and axes.

Vert. and horiz. lines.
Upper border with axis.

Lower border with type.

Right side with corners.

Left side(s) with axes,
and corners.

Fully boxed array.

Type and axes vector.
Array axis types.

Expose null axes.

Remove extra blank cols.
Simple array type.
Simple scalar type.

Recursively box arrays:
Simple scalar.

Object rep: [OR.

Simple array.

Nested array.
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dlb-dscan

d1b
d 1b<{ a Drop Leading Blanks.
. oa<' ' o 1<|=w:(ca)V w @ nested?
2<ppw: ( 1¥pw){(o,1¥pw)pwlto V,[ 1v1ppw]w A array
12ppw: (+/A\wea) yw A vector
. (v\v4~weo)/w a matrix
¥
dmb
dmb<«A{ @ Drop Multiple Blanks.
: o<' ' o 1<|z=w:(ca)V w @ nested?
2<ppw: (" 1¥pw){(a,1vpw)pwlo V,[1v1ppwlw n array
2>ppw: (2v/(~wea),1)/w A vector
. (2v/(,vt~wea),1)/w o matrix
¥
do
do<{ a Apply no-result function "en passant".
- ¢'oo w O w' © aoa
¥
dots
dots<{ a Show dfn with "white dots".
. a<! ! a white dot.
kwds<':E'" ':C' ':U'€ cuw a end of ctrl paragraph keywords.
ends<«+v/kwds,cw="}" a end of cstructs and dfns.
spcs<+A\' '=uw a leading spaces.
xdents<endsal1,0 ~1+spcs n leading exdents.
flood<«(,[08]11 2){ a flood upwards into blanks. <V»>
hits<«oew a 1s above 2s
~lehits:w @ none: done.
o V hits+w a try again with 1 2 - 2 2.
}spcs+2xxdents a spaces 'n braces.
dmask<«,2=flood-xdents A mask vector for white dots.
crep<«w @ name canonical rep to
crepldmask/,1pwl«a n place dots in char matrix,
. crep @ and return.
¥
draw
draw<{ a Draw over 'x's,
: OI0«1 ¢ oa<'x! a index origin, default marker
rh<«(x/"1vypw), 14+1,pw a result shape
che'|———| | tH{ a line drawing characters
zZ<," 's("'" ', (rhpw),"' ')s' ! @ matricise, add blank frame
bv<«zeo o ix<bv/ipbhv a hit indices
in<{21bv[((-w), 1 1,w)e.+ix]1}2+2>rh @ moves 4,<,> and +
z[(xin)/ix]«ch[in~0] n replace with approp char
. (pw)pl 1¥y 1 " 1¥(rh+2)pz A remove frame, original shape
¥
dscan
dscan<A{ a Divide scan
a<fpdippw A o is axis (default last).
: x\[aJwx[a](a>pw)pl,-1
b



dtb-else
dtb
dtb<{ a Drop Trailing Blanks.

. oa<' ' o 1<|=w:(ca)V w @ nested?
2<ppw: ( 1¥pw){(o,1¥pw)pwlto V,[ 1v1ppw]w A array
12ppw: (-+/A\dwea)yw A vector

: (~dA\drtwea)/w A matrix

¥

dxb
dxb<A{ @ Drop eXtraneous Blanks.

. a<!' ' o 1<|=w:(ca)V w a nested?
2<ppw: ( 1ypw){(o,1¥pw)pwro V,[ 1¥v1ppw]w an array
b<wea A mask
12ppw: (14b)y(ba1vb,1)/w A vector

: b<artb o (0,14Db)y(bal¥b,1)/w A matrix

¥

easter

easter<{ n Easter Sunday in year w.

: G<1+19|w a year "golden number" in 19-year Metonic cycle.
C+1+lw+100 Century: for example 1984 - 20th century.
X<712+[Cx3+k a number of years in which leap year omitted.

Z< 5+ (5+8xC)+25 synchronises Easter with moon's orbit.
S<(L(5xw)+4)-X+10 a find Sunday.
F<30|(11xG)+20+2-X a Epact.
F<E+(E=24)v(E=25)AG>11 a (when full moon occurs).
N« (30xF>23)+4uy-F find full moon.
N<«N+7-7|S+N advance to Sunday.
M<3+N>31 @ month: March or April.
D<N-31xN>31 A day within month.
: 410000 100 1+.xw M D A yyyymmdd.
b
efract
efract<«{ a Egyptian fractions: Fibonacci-Sylvester algorithm
(OML<«3
e{
: (p gl<ws(tw){w=0:]a o w V wla)r+dw
p=1:0,q
r<plq ¢ s<«(g-r)=p
(a,s+1)v(p-r)(gxs+1)
- Yo w
¥
else
else<«{ @ Condition f else g ...
0:00 W a True: apply left operand.
. ww w a False: apply right operand.
¥
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enlist-esh- -

enlist
enlist«{[OML<0 a List o-leaves of nested array.

a<0 a default: list O0-leaves.

a2 1+ |=w:,w @ all shallow leaves: finished.

. 144,/ (ccoow),a V ,w m otherwise: concatenate sublists.
¥
enss
enss<{ a Emulate (ea)<w.
. OML<2 A (e is enlist).
2>=a:(pa)pw A simple: shaped values.
gee{(pew)t1} a a nested: partition vector.
. a V (pa)p(~e0epTa)\ge(pg)pw an substitute partitioned values.
b
esh
esh<{0I0 OML<«0 @ Shell for Eide-number sums.

lToop+{ a prompt/eval/display loop.

: buff<rmcm ask' ! a prompt and input next line.
chars<buff~"' ! a without blanks.
chars=s,"')"': A ')': quit.
chars="'"':v w a Ignore blank line.

'{'=ochars:vV w base chars a {base}: base change.

: V w put w ratsum sum buff n otherwise: eval/display

¥ A v {base}

base<«A{ a base change: {--0--%

. xchars<'" {Y[1()<>\|/,:." a excluded chars.
digs null<24'}{'sepr 1éuw a '{base}' - 'base' '!
~'"'=null:o put'bad {}s' a bad base: }012
ledigsexchars:oa put'bad char' @ bad base: {0.12}
~'0'ew:o put'missing O a bad base: {123}
~w=Vw:o put'duplicate digits' a bad base: {010}

: digs a good base.

¥ ) base « v {base}

sum<A{ @ sum of numbers: n m ...

: nvec< (' 'sepr'0 ',w)~c'! o blank-separated numbers.
negs<'~'=>"nvec a negative numbers.
vals<nvec~"'7" a abs values of numbers.
Oenchk™'.'=vals:'bad number' a check for, say, 1212..
Imrs<joine'<>'o(ifmt mirr) 'vals A 123.499.. > <0|123.4|9>
':'etlmrs:'bad number' a error signalled from ifmt.
11::>0DM a trap and report errors.

: ao ofmttoa/negs oo pow Ilmrs A pair-wise sum of numbers.

} a Imr < base v [num]

nchk<{ a check .. syntax.

: A w:0 A no digits: bad .
1<+/0 1 0€0,w,0:0 a too many radix pts: bad 1.2.3
~1€el lew:1 @ no double-dots: ok 12.3
1€e0 1 1 Oew:0 a enclosed double-dots: bad 12..3
~1 1="24w:1 A no trailing ..s: ok. .11

: 1€e0 1 Oew A no radix point: bad 12..

¥ ) ok « vV numb
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1fmt+{

b

(cw)e'<>":14w
L'=24wi "0, w
tail«( 2x',.'="
,otalil{

: iseq<«2xl+1pw
reps<«iseqgp ,\w
mask«repselseqf"cw
~lemask:"'|:!
rseq«(f/mask/tpmask)a,\w
rseq,'|",

}(—ptall)+2+w

~ 1

tw)tw

ofmte{

}

Iru man rru<'|'sepr w~'<>"
~lru=,'0':'"" ",V oo w
lft+(~lruz,'O')/'..',lru,lru
rgt<«(~rru=,'0")/rru,rru,'..’
dot<«(rru=,'0')+'.'~man
Ift,man,dot,rgt

put<{o{a)<w,>¢0TC}
ask<{[{a}«w}?

mirr<{oodaodwl}

rmem<{ (A\wz'a')/w)
sepr<{(p,a)+y a{(oew)cwlo,w}
join<{ta{o,0a,w}/w}

pow<{ (a0da)w}

digs<''base w join'{}'

D » D D D DD DD DO D® D

D ® ©® D D> ©® D D D D D D ® ©® D

kel

-esh-factorial

Input formatting.
<1|2[3> » 1]2]3>

12 > 012
trailing dots.
abcd -

2 4+ 6 8

aa abab abcabc abcdabcd
repeated seqs in w.
can't parse: 0.1234..
longest repeated sequence.
lru|man
lrulman <« v
llm|lr <« v num

.man

output formatting.
lru man rru.
<9|9]0> » "1
<lru| - ..lrurlu|
|rru> <« |rrurrud..
separating dot.

.lru man rru...

Imr.. <« v <1l|m|r>

show w, return o.
Input from keyboard.
apply mirror-wise.
char.

up to 'a'

w split at separator string o.

w joined with separator ao.
explicit function power.

check initial base.

digs="'": a base bad: give up.

: loop digs an base ok: loop until ")".

}

exit<{ a Return to calling environment.

: log«<0SE.OWG'Log' n session log with trailing nulls.
sos ipt<'Dyalog APL' ' ! A start of session marker and prompt.
take<«{otw,1+0AV ) n distinguishes '' from '
indx<{((pw)take o)icw} o index of first w Iin o
hits<(cblog)indx ipt sos a indices of input prompt and banner.
off«(>/hits)/'OOFF" a 'JOFF ' unless iIinteractive session.

. off," '",3w @ return vector for .

}

factorial<«{

o<1

w=0":
(axw)V w-1

o

@ Tail recursive factorial.

exit

factorial
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factors-filefind

factors
factors<«{[OML [0IO0O<«1 @ Prime factors of w.
. wq a note: [Owa>(w*+2)x2*Y4,
. W, (a+rx/w)~1 a append factor > sqrt(w).
Yew{ A concatenated,
(0=(w*x1lwea)la)/w A powers of each prime factor.
Y eq a remove multiples:
. nxt<ow a next prime, and
msk<«0znxt | w A mask of non-multiples.
A/1¥msk:o, w m all non multiples - finished.
: (o, nxt)v msk/w A sieve remainder.
}w{ a from,
(O0=wla)/w a divisors of w in:
. }2 (142x1[0.5xw*+2) ,w A 2,3 5 .. sqrt(w),w
b
fibonacci
fibonacci<{ @ Tail-recursive Fibonacci.
a<0 1
w=0:8pa
. (1Yo ,+/a)V w-1
¥
file
file<«{ n Apply operand function to native file tie.
tie<«w UONTIE O n open file.
rslt<oo tie A operate on file.
. {rslIt}YONUNTIE tie a close and return result.
¥
filefind
filefind<{ @ Find 'string' w In component file a.
(~(ca)eDFNUMS) a V{ n left arg not a tie number: try to tie.
emsg<«%'Can''t open ',o a bad file error message.
0::emsg USIGNAL UEN A tie failure:: complain.
tie<a OFSTIE 0 o shared tie number for file.
: (OFUNTIE tie){w}tie oo w @ find & untie file.
Yw ) search 'string'
read<[FREADo (o0, ) n read file component.
~00{ n disregarding no-hit components.
a=0:0 @ (null file).
ox{ML<2 A comp no or 0.
: (sa)>=,w:leea V cu a too nested: try each sub-array.
leweo A string found in
: Yow read o @ ... oth component.
Yow 4{ an applied to each item of
(o-0I0)+11+w-o a vector of file comp nos.
. }Y/0 T1+2+0FSIZE o a first and last comp nos.
¥
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find-fk_

rr<o ww w result of f02

o oo w rr

D ® ©® D

pass ra and rr to left fork.

find
find<{0I0 OML<0 a Lines containing string(s) w.
a<[(THIS an Search current space by default.
aq A Avoid name clashes by executing
: oo e w A expression In target space out-
bRt a side main code body.
. €XeCc+oo a External execute.
names<«~o' '“yexec'ONL 2 3 4! a Names of vars, fns and ops.
O=pnames:0 2pc'’ a Empty namespace: finished.
format<{ a Format name-value rows.
' mask«matchtw A string matches.
linos<mask/i1pw a matching line nos.
bkt<«{'['",w,"']"}ow @ format line no: [n].
tags<(tag a)e,obkt " linos a full line tag: #.nameln]
trim<{(v\' '"zw)/w} n Remove leading blanks.
both<{daadac w} o Apply from both ends of vector.
: trim both '§+tags(mask/w) an tagged lines containing string.
}
lines<{ @ Lines from named object.
gname<"'"'"' g, """ A quoted name.
2=exec'(ONC' ,gname:{ a variable: simple-array-wise.
12| =w:v0OFMT w n simple: variable lines.
144,/v7" 1w a nested: lines from sub-arrays.
Yexec w a value of variable.
vOFMT exec'OCR',gname @ function: lines of function.
}
match<«w{ a Matching function.
l==,00:v/00€cw A simple match.
v/wwet~o0 Vrww+.xaoe <w n nested match.
Y(1+1pw) A1 2
tag«(exec'soo'){oo,"'.",w) an Space-tagging function.
- t+s/names formatelines names a For each name in space.
Tw
fix
fix<{ a Fix function/operator rep.
O=ppw:0FX w a Hor: trad/dynamic fn/op.
1:name<+{ @ (name [or): name is shy result.
o{ a Oor (operand to inner operator).
: oW, '<ao o w' a name derived/primitive/system function.
. oo a (dummy oo forces class).
- Tw @ name for assignment.
Y/ dw a split (Oor name) pair.
fk_
fk _«{ Fork right.
a<{wl} ambivalent

b1



fnarray-fnrefs- -

fnarray
fnarray<{ a Array of functions.
t<OnNs' an temp space.
t.f<«oao a name operand function in space.
: t,w a accumulate function array vector.
¥
fndiff
fndiff<{0OML<«0 Defined function differences.
: a<'!' o { diffs between two functions.

mats<+0 1{+~/adw} cw
cols«|l0.5xOPW-1
size«([/oep 'mats)cols
t{o, [, wr/A{
mask<,(w="'" '")a(pw)pcolspl+1
mat<w o {mat}y(mask/,mat)<"'-
Y 'sizeo+ 'mats
a'lea)o{
o=0 O:w
cm<{/ocwAn\(wz'a')vz\"""1=y})
sp<{(v\' "#w)/w}
a{w~(2a)/c' Yoo
. a=1 1:¢spdésp cm w
a=0 1:¢spécm w
code<cm w
cmnt<(pcode)Yw
(¢spésp code),cmnt

y(!

_ "
Yo{ .
: split«{(1 0=cédv\' '"=bw)/ cw}
trim<{(v\' '"zw)/w}{daadao w}
wsid fnid<trim’split trim w
""z=wsid~"'" '":ONR fnid
base«{(dA\bw=z'.")/wrfnid
copy<'fnid o.lcy wsid'
srce<'o.(nr base'
0O::('Can''t copy:
(ONS''"){ew}copy,'o!',srce

',w)OSIGNAL [EN

line differences.

cols per half-screen.

padding size.

aligning dots.

blanks every 4 cols,

Inject into char mat.

split screen output.

trim white space exclusions.

neither excluded: continue.

remove unquoted comments.

remove leading blanks.

with/out blank lines.

remove blanks and comments, or
comments & trailing blanks.

uncommented code.

comment from code.

before and after blanks removed.
from each function lIine.

copy IiIn function I1If remote.

split vector at rightmost blank.

remove leading/trailing blanks.

wsid / fnid.

function iIn current ws.

base name of function.

command: copy remote function.

command: return function lines.

abort if copy fails.

copy and return function lines.
for each function.

» ®» D ®» D ®»®» D DD D p Db oD PO pp»)p oo O ®»®» D ®D» D O D®» D D

fnrefs

fnrefs<{0I0 OML<1

cmat<{
rmgt<{(~z\w="""")mcomp w}
rmem<{(A\'"a'zw)mcomp w}
mcomp«<{(pw)p(,a)\(,0)/,w)
rmcm rmgt w
YOCR w
alph<0A,0=,'_aa#0",26+17v0AV
xalph«alph,'.',0D

sntx<«xalph,'a ()<'

cvec<«,cmat,'a'

42

D D ® D D

External refs from function w.

Canonical rep of function w.
Quoted strings removed
Comments removed

Matrix compress

Cleaned canonical rep.

Word alphabet.

+ non-leading chars.
+ assignment syntax.
'an' delimiter.

Corresp. vec with



--fnrefs-for
words<{[ML<3 a Segment into 'words'
comp«~0 Oego n Compression mask.
(comp/a)ccomp/w n Word segments.
b
head<«{ a Header line (for trad fns).
: (wexalph)words w
Ycmat([1;]
labs<«{ @ Labels.
segs«(wexalph)words w a Names, sysnames and numbers.
labs«(':'€e 'segs)/segs a Labels and keywords.
{(A\wz':")/w) labs
Ycvec
names<u{ @ Names referenced from function.
segs«(wexalph)words w n Word segments.
(~(3"segs)eDD,'.D:')/segs @ Without numbers & system names.
Ycvec
vars<{ a Names assigned in function.
- segs<+(wesntx)words w n Possible assignment segments.
asegs<('<«'e''segs)/segs an Assignment segments.
trimd<{(~" 'ew)/w} asegs an Superfluous blanks removed.
Ivals<{(A\wz'<")/w} trimd n left of assign arrow.
t,/{(wexalph)words w} 'Ivals a Split into words.
Y'<',cvec
. names~vars, head, labs a Approx external references.
¥
fnrepl
fnrepl<{ a Function string replacement.
a<[(THIS an default current space.
1:shy<{w~c'"}a.{0OML<3 a shy rslt: changed function list.
(+0ONL 3 4){ a target space, names of fns (and op
(ONR o) { a function source lines.
' o=w: "' A no change: ignore.
{w)}OFX w a name of changed fn.

Y(ONR o){ @ function lines.

: fm to<w an target and replacement strings.
cvex<«{(+\fmew)cw})fm,a @ partitioned at find points.
(pto)ve{to,(pfm)+w) cvex n collected with replacements.

} cw a each line of,

. Y cw a each function.
. Y, Tw o find and replace vectors.
¥
foldl
foldl<«{OML<«0 a Fold (reduce) from the left.
rtoo=</(dw),co
¥
for
for<{ a Multiple selection of function list.
(T1va)aa{lzpa:o oo w a next left
. >{w}oaa/(11ta),cw a if last call and first o:oo w <V>
. Yo{wroww/ (1 14a),cw a if last o:ww w <V>
¥
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from-getfile

from

from<{OML<0

~(p,a)=ppw:0SIGNAL 4
indx<o-[00I0 ¢ [JI0<«0
axes<+\0, 1¥{2ppw) o
+{
: indx axis<o

indx=,c@:w
vec«c[(1ppw)~axis]lw
sel<«+indx>"cvec
pos<axis+ippindx
(pos,(i1ppsel)~pos)ysel
}/¢(cw) ¥§+indx axes

skip:

o o i © i o B o B © B o B o B o T o B o B o

Select

(1vpw)-cells from array w.
check index length.

easier In origin O.
cumulative selection axes.
selection using simple index.
index and axis for selection.
select all items.
vector along given axis.
selection from vector.
selection axis positions.
simple selection.

select along leading axes.

gauss_jordan<«{UOML 0I0<«0

elim<{

- mat<w
p<ot+{wil/w}laymatl[;al
matlo p;l«matlp o;]
matlo; ]J+<matlo;al

mat-(matl;alxaziopw)o.xmatlo;]

0::(0SIGNAL [EN
o<=/41pw

(pa)p (0 1xpw)vtrelim/(di1l/pw),cw,o

D D D ® © D

gauss_jordan
Gauss-Jordan elimination.

elimination of row/col o.

name matrix for updating.
Iindex of pivot row.

exchange ath and pth rows.
reduce col diagonal to 1.
reduce col off-diagonals to 0.

pass back error to caller.
id matrix for monadic case.

elimination/ 21 0 (w,ao)

gcd
gcd<«A{ n Greatest common divisor.
w=0:|a
: w V wla
by
getfile

getfllee{DIO OML<0

Wy

o<0,0DR" !

stops ctype<2to,(p,a)+0,0DR" !
22::(>0DM)OSIGNAL QEN

tie<«w [NTIE O

cvec<[NREAD tie ctype,ONSIZE tie
_<[NUNTIE tie

1f cr<2+4+04V
split<«{{w~cr 1f}"(1,
stops=0:split cvec
tabs nabs<1 O=ccvece9>0A4AV
sync<tabsvcvec=1f

segs<« 1+ 2-/"1,sync/ipcvec
pads<0[stops-stops|(sync/tabs)/segs

“1yw=I1f)cw}

split(nabs+tabs\pads)/nabs\nabs/cvec

o J © I o T o B © B o B o B © I o B o B o B o B o Bl © B o)

Get text file w as nested vector.
default: no tabs, narrow chars.
tab stops and char type.

trap bad file name.

file handle.

read contents of file.

release file.

linefeed carriage-return.

split file at <Ilf> char.

no tab expansion: nested vector.
masks of tabs and non-tabs.

sync at tab and end of lIine.
inter-tab segment lengths.
padding lengths.

padded char vector.



hex-hexdump- -

hex
hex<{0I0<«0 a Hexadecimal from decimal.
o<2x[2@2[16@01+[ /|, w o default width.
. y[0]'0123456789abcdef'[(a/16)Tw] @ character hex numbers.
¥
hexdump
hexdump<{0OML 0I0<«0 a Hex dump of native file.
: o< A o Is input stream.
w='':o V'nul' a '' > null file.
a{
. {'"" ""}Mlea,(2w),'?',(260TC)~a a error msg operand for:
I a command stream Iimport.
: 220NCow:0 oo w A not a var name: stop.

cmds rem«d{wroe\dw @ nameclash-free execute.

1z=,cmdS:o o0 W @ not simple: error.

1#zpp,cmds:o oo w a not vector: error.

' '"#50pcmds:o oo w @ not chars: error.

' cmds rem a subscript and remainder.
H
. loop<+{ @ loop until ')'.

: cmd rem<oa next w a command and remaining script.
isnum cmd:rem V base+num cmd A A hex set file position.
'#'scmd:rem Vv w+bxg'dw' A a next row.
'"\'=cmd:rem V w-4xqg'dw' A X previous row.
'+'=cmd:1p rem+rarg w An  + hex Increment.
'-'=cmd:1lp rem-rarg w an - hex decrement.
'x'=cmd:1lp remxrarg w apn  x hex multiply.
'+'=cmd:1p rem{los+ilw)rarg w an + hex Integer divide.
'%e'=cmd:Ip rem|~rarg w apn % hex integer remainder.
'"'('=cmd: (orem vV call w)v w an ( call.

"Y'=cmd:rem w aA ) return.

'x'=cmd:rem V base+>w read 1 AR X get word from file.
'«'=cmd:1p rem write rarg w apn <« hex put word to file.
'1'=cmd:rem V w{o}Ybaseo<«w AaA L set base address.
"!'=cmd:rem vV w-base Y- absolute position.
':'=cmd:rem vV case w an : case select case.
"'"'"'=cmd: (rem msg w)v w ap ! display message.
'?2'=cmd:rem v w{o}put ch,help>(SI ap  ? help.

'<'=scmd: (exec rem)vV w AR < var include subscript.

. rem v w{a}put ch,cmd,'?’ A unrecognised command.

} a cmds posn < cmds posn

next<{ a next item from input buffer a.

. '""=(lws o)to:(ask depth inpt w)V w ~n empty: ask for more.
cmd rem<word o a first word and remainder.
cmd=eom:rem V pOp w n end of macro: pop w-stack.
cmd=nl:rem V w+icole<0 n skip newline.
cmd='T':rem V wxtcz<1 ap T trace on/off.
cmd="a': ((v\a=nl)/a)V w Ap A comment .
icol+<«p,cmd a track input col for < cmd.

(I« (>0 upto nl)trace hex w a output trace.
'=t'=orem~' ':(0 mdef vex o)V w QA name = niladic macro.
'w='=24rem~' ':(1 mdef vex o)V w aa name w = monadic macro.
'w'=cmd:hex fst tos rem a replace w with value.
(ccmd)e>"mtab: (cmd rem mexp w)v w a replace macro name with value.
. cmd rem @ command and remainder.
¥ a cmd cmds <« cmds posn
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mdef<{

. rows<+/A\('="1<ow)<Ilwst+iyw
name row<{(1+wi'=")yw}\wordow
trim«{(L/Iwstw,' ")+ w}

body<«vec rmcm” (crow),trim rowstitw
rem< 1Yyvec 1Yyrowstw,c''!
defn<body,(nl=>¢ébody)+nl
. {rem}Ymtab,=<cname(defn o(>tos 0))
b
mexp<{
name rem<o
body adic wval<«mval name
adic=0:body,eom,rem push wval
body,eom,>rem push rarg w

b

call<«{
save<«base depth mtab tc
rem<o oo w{aYdepth+<«1
{rem}Ybase depth mtab tco<«save
¥

case<{
: toks<rmix sigs o
cons<A\~toks=")"
clns<consatoks="':"
~0econs:((v\clns)/o)oo w-1
segt<consa(wl+/clns)=+\clns
cmds<{(':'=bw)yw}rsegt/a
. ('")',cmds,1¥(~cons)/a)ao w
¥
rarg<{
. cmd rem<o next w
isnum cmd:rem(uns w oo num cmd)
'"('#zemd: ' " (w{a)put cmd,'?")
depth++<1
rem val<rem loop w
depth-+1
. rem(uns w oo val)
¥
word<{
(ow)edD:w all xd
(ow)eac:w all ac,0D
(ow) (1¥w)
Yo{(icol+<«Iws w)vw}

D D D D D D D ® D ©® D D D ® D D D O D® D
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macro definition: name=value.
number of trailing macro rows.
macro name and first row.

left justify of macro body.
(uncommented) macro body.
remainder of script.
terminated definition.

prefix defn to symtab.

cmds < term :: [cmds]

macro expansion.

name and remainder.

body, arity and defn w-val.
niladic: body, remainder.
monadic: collect right arg.
cmds < name rem :: cmds

recursively call command loop.
save state variables.

call with extra paren depth.
restore state variables.

cmds <« (loop ::) cmds

select case.

significant tokens.

mask for complete construct.
mask for colons.

no closing ")": skip 1 case.
mask for selected case.
selected case.

continue with selected segt.
cmds (loop ::) index

right arg from rem.

next command and remainder.
all hex: apply fn, continue.
not parenthesised: error.
parens: Iincrease call depth,
evaluate rarg,

restore depth.

apply fn and continue.

rem val <« cmds (Aval ::) posn

next word from buffer.

starts with 0-9: hex number.

starts with alpha: name.

otherwise: single char token.
removing leading blanks.



ask<{close w diff get w}
get«{0{a}0«(ch~<«ch),w}

diff«{w take-/s0p" 0o w}
take«{((0Tw)(0=w)/"'X4"'),(0lw)ta}
alab«{(hex a),': ",w,(xpw)/" '}
inpt«{(w alab hex w read g'dw'),a/':
close«{open w:V w,nl,get'' o w}
open«{2[+/''""'=5igs w}

sigs<{vec rmcm vex rmgt w}
trace<«{tc/(ch~<«tc/ch),w,tee o,nl?}
tee<{'T-',(depth/"'-"),w}
put<{che<nl~>¢[l«w}

"}

write<{>repl\a,wacc/int w}e{wchk end w}

wchk«{w{a}<«(~wacc)/ch,'«?"',nl}
read<«{end 'uns [ONREAD tie 323,w,f_1 o}
uns<(2x32)o |
Iint«<(2x32){(oo|ww+w)-ww}(2%x31)

f 1«{w-w="14+2%32}ouns

repl<{w ONREPLACE tie o 323}

hex<«{ 1+,xd[&(8/16)Twl," '}
num«<{161xdiw}

isnum«{An/wexd}

help<+{vec('a' 'an'etw)xcom w)eo[NR
xcom<{2+ (v/a)/(+/A\~a)¥ w}

all<{(1 0=caA\(rmgt a)ew)/ ca}

upto<«{a all JAV~w}

zap«{ (oo w){oN\o/wlw}
rmix<{02(")"=w)+-#£A+\"() "o
rmcm<{A\'"a'2zrmgt w)zap
rmgt<«{~wA0, 1ywro{z\""""=y}rzap

vex<{1+ (1,w=nl)cnl,w)}
vec«{+{a,nl,w}/w}
to<{dAVI++/{1-w-13\-\0JAV1ia wl}
Iws<{+/A\we' '}

msg<«{+{w{iva}rput a}/a upto''''}
exec<«ao{t,/dent fst ch ao word w}
dent<{vec(icol/'" '")o, ' vex w}
fst«{d{w}roaal\dw}

Ip«{cmds posn<+w ¢ cmds loop posn}
mval<«{tw{(atcaa)>w}/¥R+mtab}

g<«{+{2¢w eval a,'!)'}/1 0 1/mval'll',w)
eval<«{pop w loop notc 0 push o}
notc<«{t<«tc o tco<«0 ¢ (tco<«t){w}o ao wl}
end«{q'be':25610(4/256)Tw © w}

.=w}tzap

push<{o{a)_wstke<w _wstk}
pop<{w{a) _wstke<«>d_wstk}
tos<{(>_wstk)w)

ch<0/nl<>¢0TC
xd<«<'0123u456789abcdef’
ac<«+,/'Oad_r'to" '0zz_"
eom<>[AV

wacc<«'<«'=ogq,

base depth tc icol _wstk<0

mtab<{(sw),0 0}\'°{
w,c'0dw' u3}{
w,c'0be' 0}8

» » D ®»» ®»O®HD »»PDoppopop®»»»bh vy vy B  » ©v2DhDho»n o oo»vy»>r o»»™M™o oO»»» O p »ODp®»DOD ®» D D D® D

ke

A pop

el
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prompt for more commands.
quote-quad prompt and input.
prompt-return size difference.
insert \ # for <bs> <er>.
label with offset.

Iinput prompt.

prompt for closing quote.
unclosed quote?

filter out significant tokens.
traced output.

IT...

quote-quad output.

write word to file,
read-only warning.

read w file words from o.
32-bit unsigned.

32-bit signed.

avoiding file posn ~1+2x32.
replace word w on file at a.
hex char string from number.
number from hex char string.
i1s a hex number.

help from function comments.
extract double-a comments.
o, split after all w.

o, split at first w.

clear w according to ao.
remove inner expressions.
ignore comments.

clear quoted text.

split at newlines.

join with newlines.
character range.

leading white space.

display message.

Include external script.
Iicol-indent of subscript.
apply to 1st item of pair.
tail-recursive call of loop.
macro value.

system value [w.

evaluation of token string w.
without a trace.

endian switch.

push w-stack; return o.
w-stack; return w.
top of w-stack stranded w.

(pending) newline.

hex digits.

alpha chars.
end-of-macro-body marker.
write access.

state variables.

system definitions.
Odw = display width 0-8.
Obe big-endian 0/1.

b7



-hexdump-html - -

22::w
open o:(a,nl,get'")v w
1000:

1o
s !

¢ tie<«w [ONTIE 0,64+2xwacc

:o0 V w{a}YONUNTIE tie{a}put ch

1:rem<(0ONUNTIE tie){w}(wacc+ta)loop O

Tw

D D ® D

share-tie file.

unclosed quote: get more.
restart on interrupt.
loop until quit.

hexf

html

hexf«{DIO OML<o n (big-endian) hex display of float array.
1<ppw:+v Yw A vector-wise:
cols<{(((p,w)+a),a)pwl @ w reshaped to o cols.
doub _<«(0DR w)é645 0ODR w a forced to IEEE 64-bit floating.
bits<«11 ODR doub n 64-bits per number.
digs<«16 cols 2184 cols bits an base-16 digits.
hex<«'0123456789ABCDEF'[digs] a chars 0-F.
big<+>83 [DR 256 m this machine is big-endian?
big:1+v,' ', hex a big-endian: blank-separation of numbers.
: 1v,' ',e16 colse2 cols hex A little-endian: byte-flipped.
}
html<{ Export this WS to w\x*.htm.

48

{e2w){exec<«oo o IO OML<«O
font<+'font class="apl"'
content<«{

fm<+/A\we' !
to«(fmyw)r"' '

head ref tail<fm to part w

. head, (nlink ref),tail
b

llnk«{
lines<hypeo(xcharseoxlate)  w
head body<«(linesic'')part lines
st«c'See:' 'See also:' 'Quod vide:
. tseelink”/st,c(hlink” head),body
}
hllnk«{
fme+/A\~"##.
fm=pw:w
to<«+/A\~(fmyw)e' ){!'
head ref tail<fm to part w
: head, '"##.',(clink ref),v tail
}

seellnke{
mask<oew
~lemask:w
skip«(pa)+maskil

(skiptw),slinks skiptuw

1

exec avoids name clashes.
a net-friendly font,

content page.

first non-white char.
function name.
partition line.

tag note.

D D ® D D

embed hyper-1links in note.
»ref« links to note.
header and body of note.
"see" tags.

header and See links.

D D ® D D

header links to code.
posn of code ref.

no code in line: skip.
function name end.
split line.

link line to code.

D D ® D D D

"See also:" line.
Introducer.

not In this line: sKip.
leading intro chars.

link each ref.

D D ® ® D



slinks<{
. O=pw:w

' l'=ow:!' ",V 14w

ref rem<(wi1' '")part w
. (note then nlink ref),v rem
¥
hype<{
. fm to<«l “T14+-Z\wi'!as<!

to<0:w

head ref tk tail<fm to 1 part w
. head, (note then nlink ref),tk,v tail
¥
tlink<{
: ~le'Alpha test'''ew:w

fm<l+wi '

to«(fmyw)1 """

head ref tail<fm to part w
. head,('s_'tag ref),tail
b
wsnew<{

date name tail<«12((12+yw)r1' '")part w

date,(nlink name),tail
¥

indx<{
name<«+wrap/'td'font,cco
ents<twrap/'td'font,cnlink™w
+,/'tr'wrap name,t{oa,' ',w}/ents
¥

putfile<{
ntie<{

22::w [ONCREATE 0

0 ONRESIZE w UONTIE O
Yfid o
xold<«xvec [ONXLATE ntie
bann<'Dyalog APL',('m'e>ow)/' -!
page<'title'wrapcbhann,comm>ouw
head<«'head'wrap page, (csheet),style
foot<«''dyalog''trouble
body<«+wrap/'body' 'pre'font(w,foot)
html<'html'wrap head,body
cvec<+,/html, <c24+¢0TC
size<cvec [NAPPEND ntie,[JDR cvec
o{fid o}YUNUNTIE ntie

> D > D D ® © D D D ®D ©®© D D D ® D D

D ©® ©® D

o J o i o S o B © B o B o B © I o B o B © B o B o Bl © B o

"See also:" 1links.

none left: done.
leading blank: skip.
split off ref.

link ref and remainder.

embedded hyper-1link.
split at o delimiters.
no-go: skip.

partition line.

tag if ok.

script test link.
not sub-script: Iignore.

start of sub-script name.

end of ditto.
split at name.
link to sub-script.

link name in wsnew list.
partition at name.
link name to note.

index entry.
head word.
links.

index table row.

Put rows to text-file.

handle on null file.
~exists: create.
exists: truncate.

full file name.

set translate vector.

banner.

page title.

head lines.

footer lines.

body Iines.

html lines.

collected lines.

write lines to file.

return file name.
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tag«{(o,w)href w)

href<«{+,/('a href="",a,'.htm""')wrapcw}
wrap<{(cbrkt o),w,cbrkt'/',(at' ')ta)}
brkt<«{'<'",w,'>"}
test«{w,''(('s_'",a)href'test script')}
back<«{w,''((natlow),+href/a)}
natl<{(1e'Roman'ew)>'Back to: ' 'Retro: '}
fid«(w,'/")o{a,w,'.Atm'?}
part<{(+\a){(0,a)+ (a,pw)t cwlwl
then<«{(wwo(>00 w))w) conditional application.
note<«2o=onotes.[NC there is a note for w.

n qualified link.
=]
[&]
[&]
A
A
A
=]
[&]
[&]
A
code<«3 Lo(v,.=)o[INC @ there is code for w.
A
=]
[&]
[&]
A
A
A
=]
[&]
[&]
A

link to o with caption w.
'txt'wrap'htag ...'
angle-bracket.

link to test script.

back Iink to a.

national language xlate.
file id.

partition w Into o-segs.

nlink<note then('n_'eotag) link to note.
clink<code then('c_'otago(3c+)) link to code.
xlate«{t+subs/a,cw} translate special chars.
text<«{{1+y (wecr)cw)cr,exec a,'."',w} text from o.w.
rmdx<{(~(64"w)e'Index'o, ":3'")/w} without Index lines.
fw<to(,/)o(fontewrap) font-wrap.
rmtn<{(¢v\d~wec'")/w} ~ trailing null lines.
rmx<rmtnormdx index lines removed.
srce<«{xcharsexlate exec'Unr'''",w,'' "'} function source code.
comm<{(1+wit'a')Jyw} line comment.
script«{tlink“xcharsexlate 'scripts'text w} test script lines.

el

xvec<{16L (0D, 'abcdef') 1841+ (' '"=w)cwl}{ AplSans font xlate vector.
' b7 b7 0a 0d 20 b7 b7 b7 b7 b7 a7 cf 25 27 b8 be',w)}{
' 5f 61 62 63 64 65 66 67 68 69 6a 6b 6C 6d 6 B6f',W}{
''70 71 72 73 74 75 76 77 78 79 7a b7 b7 af 2e do',wl}{
' 30 31 32 33 34 35 36 37 38 39 b7 ak a5 24 a3 az2',wlr{
' 91 41 42 43 44 45 46 47 48 49 La U4b Uc u4d Ye Lf',wlr{
' 50 51 52 53 54 55 56 57 58 59 5a b7 b7 fd b7 7f',wr{
' 8f c4 b7 b7 b7 b7 b7 b7 b7 b7 b7 b7 b7 b7 b7 b7',w}{
' b7 b7 b7 b7 b7 b7 b7 b7 b7 b7 b7 7b a4 7d 81 b7',w}{
' a8 b7 c4 c5 c6 fe c9 d1 d6 d8 dc df e0 el e2 eh',wlt{
' e5 e6 e7 e8 e9 ea eb ed ee ef f1 5b 2f 9a 5c 99',wl}{
' 3c 88 3d 89 3e ac 9f 5e 2d 2b f7 d7 3f b9 bd 7e',w}{
' 86 87 bc b1l 2a 97 98 92 b0 28 9b 9c 9d 9e 83 82',wlr{
' 7c 3b 2c 8P 8a 94 93 b3 b2 b4 b5 8e 21 95 96 90',w)r{
' ae a6 bb f3 fu f6 f8 22 23 b7 26 1c d9 cc da cO0',w}{
' ¢f ce ¢c3 dd c1 c2 db 40 f9 fa fb 5e fc 60 1d b6',wl}{
' 3a ba bf al aa 84 85 a9 29 5d b7 b7 a7 8c 8d ff',w}'!

xchars<{'&",w,";"I\"'{ n special chars xlate.
w,ct<' VIE'Y{
w’cl>| Igtl}ll

style<'style type="text/css"'wrap¢dth{

w,c'<!-- "
w,c' @font-face { '}
w,c! font-family: APLSans; '}{
w,c! font-style: normal; '}
w,c! font-weight: normal; '}
w,c! src: url(aplsansO.eot); '}{
w,c! ¥ "o
w,c'-——> Ty

sheet<«'<link rel="stylesheet" type="text/css" href="apl.css">'
dyalog<«'Back to: <a href="http://www.dyalog.com">Dyalog APL</a>'
trouble<'Trouble seeing APL <a href="n_aplsans.htm">font</a>?'
cblink«<'n_ ' '',"c'contents' o contents back link.
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x_put<«{content link'notes'text w}
n_put<«{cblink back link rmx'notes'text w}
c_put<«{('n_',w)'notes'back w test srce w}
s_put«{('c_',w)'code'back script w}

bs 1f cr<QTC
n_list<«(~o' '“"ynotes.ONL 2)~c'contents'
c_list<«~o' '"“yexec'ONL 3 U4

s_list<«~o' '""yscripts.ONL 2
wosnew<«wsnew Yeexec'attrib [ONL 3 u4'
wosttl«'New and Recently changed:' '
snxttl«'Topic Index' '!'

pnxttl<'Person Index' ''

D D ® D

--html-

Index put.
notes put.
code put.

script put.

line terminators.

notes 1list.

code list.

scripts 1list.

what's new?
title.

topic title.

person title.

ixtab«{'table'wrap+ indx/ w}
TLwd\e {1y T ("> =w)cwro{ "

also<«{c'see

alias<also notes index's'

merge<«{wlhAlcase+>"wl}
snx«<ixtab merge alias,notes index':'
pnx<ixtab notes index';'

x<c'n_contents'putfile x_put'contents'
n<{('n_',w)putfile n_put w} ' n_list
c«{('c_'",w)putfile c_put w) 'c_list
s«<{('s_'",w)putfile s_put w) 's_1list
w<«c'wassup'putfile wosttl,wosnew
sx<«c'sindx'putfile snxttl,snx
px<c'pindx'putfile pnxttl,pnx

1:fids<x,n,c,s,w,px,Sx

index table.

alias entries.

see also entries.
merge entry lists.
topic index.
person index.

,Dw}“

D D D DD D DD DD O D®» D D

contents.
notes.

code.
scripts.
what's new?
topic index.
person index.

write
write
write
write
write
write
write

jroJx o i o B o B B o i o}

@ file names.

. Tw

¥

htx<{0OML<0 Extract html segments.

- 1z=,w:a V4{o,' '",w}/w accept vectors of vectors.
xtags<{seg sep cmb vec w} an extract tags, where:
seg<«{(0I0=2|1pw)/w} n segment with leading tag.
sep«{((fmew)vtoew)cw) a html separated at tags.
cmb<«{(~" 'ew)/w) a compressed multiple blanks.
vec<{(~welTC){o\o/w)w) @ blanks for newlines.
rlt<{(1++/A\">"zw)dw} n remove leading tag.
att<«{w,to,'>"'} a append trailing tag.
fm to«'<' '</",Tco~"<>! a opening and closing html tags.
'<'=>sqg:att xtags,w a --tagged segments.

: rlt’xtags,w a untagged segments.

b

htx

htx
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index-invr

index
index<«{OML<0 a w-index of notes in space a.
tags<w, '|" a search for lines starting 'Index',w.
@ vector of name,entry pairs:
pairs<+,/(~o' ""yo.ONL 2){ o names of all notes in a.
O=pw:w @ no index entry: null.
+,/a0{ @ collection of all,
ae{w a)oedxbhb 1+ (wetags)cuw a name, index-entry pairs,
. Y w o for each Index line.
Yo{f a from:

((6+"w)e(c'Index"'), tags)/w a lines starting Index,w.
Yoltovia.(e vONL 2) A vectors of all notes in a.
O=ppairs:0pc''(0pc'") @ no hits: null result.

A returns a vector of pairs from
(yQ@tpairs)e{ ) a 2-vector of
notes entries<o A names and entries.
w{o w}(notesecw)/entries A name, entries pertaining to name.
. Y {wlAdlcasetw]}u>"pairs a case-insensitive sorted names.
b
inslink
Iinslink<{ n Insert edge w in graph a.
graph<o ¢ fm to<w graph and edge.
: {graph}(fm>graph)<«(fm>graph)vto overwrite vertex with new edge.
b
insnode
Insnode<{ a Insert vertex w Iin graph a.
(wlpa)to,wpce n extend graph with sufficient nulls.
b
int
Int<{ a Signed from unsigned integer.
tw{(o|wtao)-w}r/2*x0-0 1
b
inverse

invr

inverse<«{oa<{w} a General function inverse.
0::'no inverse'lSIGNAL OEN o Give up after trying an
O::oc00 INVE w A <iterative method>, after trying to find an
. o oo Invs w A <explicit iInverse function>.
}
Invr<{ n Approx inverse of real-valued function.
0::'no inverse'ISIGNAL OEN o pass back domain error.
a<«1+0CT+0xw A Iinitial guess - slightly more than 1.
Ax<[(CT*+2 a Increment delta-x.
—owooo{ a Newton-Raphson: find root of oo(x)-w = 0.
Ww w:w am all items within Oct of inverse: finished.
Y yb<oo 0 AX+cw a f(x) f(x+AXx)
V W-yxXAXTyA-Y a refined estimate.
: Y(we=oaa)a a starting from best guess.
}
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invs - -

invs

invs<«{o<«{w}
: QML [(OML<[OML 0

pfn minv linv rinv axis<{

split<{1+7 714 ("] '=w)cw}

rmbs<~o' 7

yQtrmbsesplit dw

[&]

A |pfn minv |linv rinv

A oo ooV W OoOOMW | oo wRo
. A
Y{w,c' |+ + -= -
Y{w,c' |- - - +
Hw, <! =
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Hw, <!
Y{w, <! +.ox=
Hw,c' | {a) {a}
How,e" | {w} {w} {w}
Y{w,e' [ {a wl {2¢w) |{>a}
Hw,e" | {w w) {=w} {2w}
e | | |

Symbolic inverse.

save and set migration level.
function vectors.

split at '|' char.

remove blanks.

for each string.

D D D ® © D

Table of:

L]

pfn: primitive function.
minv: monadic Inverse ¥.

linv: left dyadic inverse -¥%.
rinv: right dyadic inverse ¥%<.
sinv: inverse for scan.

X
X
|
l
[

axis type:
s: scalar function.
l: default last axis.

» D D D DD DD D DO®D

+—000+

~ 0 — ~

|
®
* xo0+
o

I O & * — ¢

*
o
|
N hhhhhnh h ©h

{U,w) |{pa}

y~op~ y~o0-o0p
Zo-Z |4rrto=
eZo-Z |oérrte=

o o
©
l
o
|
l
My~

\ ¢rex
X +rcx
/ drex=
7&
T
L

Mo~ My~

+rcx=

"{0I0>wda}QML>1
"{0I0>wdo}QML>1
"{0I0>wda}QML>1

U n <« —>
n u - <«

“'{DIODw¢a}QML>1

> <« N v

{o} {w}
{o} {w}

ettt H I NU><~AF A& NN 0O6+ O~ N I

[E le < & &

"{0I0>wda}QML>1
"{0I0>wdo}QML>1

" A{w {tw} |{twl

" {o w}| | {tow)]|{ta}
w}

Inner Iinverse.

{a) {w} {o w}

defined fn: no symbolic inverse.
operand(s) and operator.

inverse vectors.

inv<{o<{w}
"{Teaa:a((c(,0a)~"fnc ")VV ww)w
2=ppooc:err 11
land oper rand<3too
1l ri<ww

D ©® ® D D

53



.. Iinvs - -

54

}

1=p,aa:o{
ifns<(0I0+x0ONC'o')ominv 11
ifn«(pfnic,land)>ifns,c'!
ifn='"':err 11
o<{w} ¢ o(eifn)apply w

Tw

""t=oper:oa(land inv 1i ri)’w
"Zt'=oper:a(land inv ri li)=w

'ol'=oper:a{a<~{w}
case<isfn’land rand

1 1=case:of{

. Ift<land inv Ii ri
rgt<«rand inv Ii ri
0=0NC'o':rgtolft w

: rgte(a'e'land inv 1i ri)w

Tw

0 1=case:land(rand inv 1i ri)w
1 O=case:w(land inv ri li)rand

err 2
Tw
'o,"=]land oper:oa{
o=0NC'a':err 2
0=14(pa)epw:err 5
Ishp<«(ppa)¥pw
(8pa)(rand inv 1i ri)ishppuw
Tw

"['=oper:a{a<+{w}
ax<«>(pfnic,land)>axis,c''
iderv<«land inv 1i ri
's'=ax:o1

0=(NC'a':err 2
~(pa)=,rand>"cpw:err 5
(a+[randloxw) iderv w
Tw
last<{+c[rand]w}
rest<«we{+[rand-0.5]c[>d1ppalw}
'I'=ax:rest o iderv last w
'f'=zax:restfo iderv®last w

err 11
Yw
iscan<{
x(QNC'a':err 2
ifn«(pfnic(,land)~" '")olinv,c'!
ifn='':err 11
t(eifn){o,aa/(da),cwlr=/(dw),co
b

"\'=oper:a iscan w
'\'=oper:Qa Iscaniuw

err 11

rex<{+a/,¥[oaatppw]l](wea)rwz c>0pw}
rrt<{titel=ow (1200pw)ww col

D D ® D D©

D D D D D ® D

> D D ® D D D D ® D ® D D D ® D D D o DO

D ©® ® D D

primitive function:

monadic % or right %<« Iinverse.
Inverse function.

no inverse.

monadic or right Inverse.

each: ao’ ¥ => oo0¥%
commute: oo~ %<« => ao->¥ ~
compose: 3 cases:

function operands
{o}oooww w:
left component.
right component.
aooww ¥ w => ww¥o( o) w
o ocooww ¥ w => ww¥o(oocoo¥) w

aoww ¥ w => o ww ¥ w
aoow ¥<0 => w 00>¥ o
oow: syntax error.

outer product:

no larg: syntax error.

axes don't fit: length error.
shape of inverse.

o o.00 ¥ w => (8pa) oo ¥ IShppw,
where: ishp = (ppa)ypw.

axis:

axis type.

derived inverse.

scalar fn with axis:

no larg: syntax error.
conformance prob: length err.
Inverse / conformable arrays.

put axislrand] last.

restore axislrand].

default last axis: ¢ / \.
default first axis: e # X.
no axis with this function.

inverse scan.

a+\w: syntax error.
inverse function.
no inverse.

scan inverse.

scan along last axis.
scan along first axis.
bad operator.

right inverse for / # \ X.
right inverse for rotate ¢ e.



--Invs-just

isfn«{(ispfn w)visderv w} a function?

ispfn«{(<(,w)~" ")epfn} A primitive?

isop<{we' "Zo\X.["} A operator?

isderv<{(2 3v.=p,w)Aisop 8pl+t,w} a derived?

apply<{oa<{w) o OML<QML o o oo w} a apply fn at caller's [OML.

err<'no inverse'o[SIGNAL a helpful error message.

crep<«aa{fn«ao o OCR'fn'}uw @ char rep of fn.

0::err [EN n catchall: pass back error.

rslt<oa(crep inv linv rinv)w A attempt inverse.

: w=o, oo apply rslt:rslt o err 11 a check and return inverse.
¥

Iotag
iotag<«{OML<«3 A Generalized 1.

AlphaInterval<{w="' "':"" A 1' ' Is empty vector.

. a<[JAVi'a0A=" a Indices of alOA=.
k<(I0+a+.<i<1+0AVw a Find starting point.
a<AVIalk-11]] an Default left argument.
</1i,j<0AVia:ow Vv o a If w before o, reverse.

. (j-010)+v(1i-010)+04V a Truncate [AV.

¥

aInterval«{a+0,+\(|d)pxd<«w-o} @ Interval Function.

Interval<«{s<x/1Yw, (a>tw)/ "1 a Calculate step size
o-sxJI0-1l1-(a-tw)+s} a Generate Interval

IndexOf<«{i<1vi1ppa n Enclose left arg axis.
j«(1-ppa)tippuw a Enclose right arg axis.
m<(pa)lill(pw)lj] a Pad both arguments.
(clilm4lila)rcljlm+(jlw n Get index.

¥

ischar«<{0 2e~10|0DR w} A type € 82 80 160

m<«0=[NC'o" p Monadic?

mAal=ppw:te.,/V w a Vector right argument

maischar w:AlphalInterval w n Alpha Monadic.

m: (xw)x1|w a Integer Monadic.

s<«0=ppo a Scalar Left Argument?

snischar w:o AlphalInterval w a Alpha Interval.

s:o Interval w @ Numeric Interval.

' o IndexO0f w a Dyadic.
¥

isdfn
isdfn<«{ a Test for D function.

3.2=ONCcw

¥
just
just<{ a Justify text array.
: a< 1 n left justify by default.
oa="1:(+/A\" '"=w)dw a | left

a=1:(-+/A\" '"=bw)odw Q right

. (T0.5x(+/A\" "=w)-+/A\"'" '"=bw)dw A centre
¥
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justify-ksphere

justify
]ustlfye{DIO OML<0 1 n Justify line-vector to width o.
segs<{ 1+w{(w,pa)-"1,wlw/1pw} n l-separated segment sizes.
split<{((wla)>tw)+la+1lw} m o split up w ways.
I1f sp<(3+5+0JAV)=cuw @ <LF> and <SP> chars in line-vector.
sizes<+segs If a line sizes.
a<l/sizes a default width is longest line.
blanks<segs~(1lfvsp)/sp @ original number of blanks per line.
required<blanks+a-sizes a required .
breps<«required split”blanks an blank repllcatlon vectors.
last<1[ 1+psizes o last line split point.
brep<«e(last+breps),xlastybreps o blank replication vector.
: ((~sp)+sp\ebrep)\uw A o-justified line-vector.
}
kball
kball«{0OML<3 n Relationship between point and k-ball.
a<«l o r<ta © p«i/w a Default is ball w/radius 1 at origin.
c«(tpp)+ita @ Remaining coordinates are center.
: x>-/(8p-[0I0Ic)r+.x"2 a Perform signum difference.
}
kcell
kcell«{DMLeS n Relationship between point and k-cell.
oa«(+p1/w)/2 1p0 1 a Default is unit k-cell.
b<,[(2=ppa)/0I0]a @ Bounds of k-cell.
p<((2lppa)¥l 1,pw)pw a Points to evaluate.
d<>, ‘aatx-b,.-p n Apply operand to signum difference.
. oa/0:/d o 518d a Result is {71,0,1) or integer.
}
key
key<«{ a key operator
(co)oo{oo ww/~cecwlrw Vo
A o keys
a oo monadic function
A w list
A <« oo per selection of w corresponding to unique items of o
}
ksphere
ksphere<«{ n Surface area of k-sphere.
: n<o+1 a dimension of enclosed k-ball.
pi<«(o1)*xn+2 A power of pi.
. nx(wxa)xpi+ln+2 n k-sphere surface area.
}
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kt-limit

kt
kt<{0OML<«0 a Knight's Tour Chess Problem.
o<1l ¢ sreg<o ¢ nsgs<x/w A no. of solutions required, default: 1.
kdef«,0 10.¢1 "1o0.,2 "2 A vector of relative knight's moves.
net<(c,tw)n"y(1w)o.+kdef an absolute moves from each square.
1o (1w) "48¢{ a Initially empty placement vector.
: sreg=pw:uw a found required no. of solutions: stop.
path<«aa, co n extended placement vector.
nsgs=ppath:w,cpath a solution: accumulate.
nxt<(co)oww a moves from current square.
O=pnxt:w a stitched: back out.
net<«ww~'cco an compressed net.
ord«<nxt[y+p netlnxt]] an tightest-rightmost order.
' tpath vV net/ord,cuw A pursue remaining possibilities.
. Ynet/(d,1w),c0pcod a from each starting position.
}
Icase
Icase<«{ @ Lower-casification,
Ic<'abcdefghijklmnopgrstuvwxyzdddaaeégu' n (lower case alphabet)
uc<' ABCDEFGHIJKLMNOPQRSTUVWXY Z Ak0= EENG( a (upper case alphabet)
. (Ic,04V)[(uc,04V)1w] a of simple array.
}
lex
lex<{OML<0 n Lexicographical comparison of arrays o and w.
: 11 16::0SIGNAL OEN a can't do space refs or [ORs for the nonce.
o=w:0 oo O a identical: compare.
encl<{c[1+vi1ppwlw} n trailing axes enclosed.
lel<tpop’ o w:v/encl o w n high rank array: compare vector of subarrays.
vecs<, o w A vectors:
=/vecs:(oppo)aodppw a identical: vector trumps scalar.
elts<«,+p‘vecs o number of items in each vector.
=/(lL/elts)+ vecs:an/elts n prefixes match: shorter is lesser.
rows<(1[l/elts)+ vecs a same-(non-0)-length rows.
diff«(100=44rows)> rows o first different item pair.
1z=diff:v/diff n some depth: recursive comparison.
nums<«0=>50pcdiff A simple scalars: numeric?
A/nums:oo/diff n both: compare numbers.
v/nums:oo/dnums @ either: char trumps number.
: ao/0AVidiff n neither: compare AV positions.
}
life
life<{ a John Conway's "Game of Life".
+1 wv.A3 4=+/,71 0 10,61 0 1o.¢écw n Expression for next generation.
}
limit
ITimit<{ A Function power limit (fixpoint).
w oo{ a 'old' value:
o=w:w A old matches new: finished.
w V oo w A otherwise: try new value.
. Yoo w @ 'new' value.
}
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list
list<A{ a List from vector w.
: {0 w}/w, "o A with 'o' as null.
b
lof
lof<{ a List of functions.
a<{w} @ ambivalent.
. (o0 000 W),C0 WWw W a one at a time.
¥
logic
logic<{ a Logical function array.
>5(0 1 2 3=+/0 o w)v.a{
cli+i1ppwl2 2 2 27w
. Yo oo w
¥
Itov
Itov«{OML<0 @ Lines to nested vector.
oa<{0::8p3+yJAV o «'JUCS 13 133'}8e a version-proof newlines. <V>
1+ af a remove leading separators.
(wea)cw a split at separator.
. Y 1ow, (~(T14tw)ea) /110 a ensure trailing separator.
b
Itrav
Itrav<{ @ List traversal.
w='o':o @ null: accumulator.
head tail<w @ head and tail of 1list.
: (o oo head)v tail A accumulated result with tail.
¥
mac

mac<«{0OML [OIO0<«1 O

mexp<«{

A

Oee™w
dd(a(b uu))<«w

a='\'":o0 v(dd b)uu
b='='":a v defn w
aeoo:o V dref w
as='(':oo VvV oo vV dd(b uu)
as')':dd(b uu)

o v(dd a) (b uu)

}
defn<«{
dd (name(eq uu))<w
val uuu<o body'('uu
: (a,Zoc " name val)ao dd uuu
}
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Simple macro processor.

macro expansion.
uncomment to trace.

moving window on token stream.

\ escape next token.

= defn: accumulate.

o name: expand.

( new block: expand.

) end of block: done.
move token downstream.

extension of macro defn table.

name from token stream.
macro body.
extended association vectors.



body<«{
: dd(a(b uu))<«w
aeoo:o V dref dd(a(b uu))
ae' )',nl:dd(b uu)
a='\':0 v(dd b)uu
as'("':a vV o mexp dd(b uu)
o v(dd a)(b uu)

¥
dref<«{
. names vals<«a
dd(name uu)<w
val«<(namesiname)ovals
ddd n<«dd number 1
. o oo ddd(val(n copy)uu)
b
number<<{
dd d<o
~dedD:o 0
ddd n<«dd v wx10
ddd (n+wx[dD1d)
b
copy<A{
. a="'(":w
VV V<o
v='/':vv V41ist oo 1/w
: VV V V w
¥
nl<«3-0A4V

list<{a w}/

147 2ve''8 mexp'(',1ist w,')’

D D ® D D D ©® ® D ©® D D D D D D ® D

D D D D D®

--mac-mayan- -

macro body.

next tokens and remainder.
expand name at defn time.
end of macro body: done.
escape next token.

Inner block:

a-extended word.

name replaced with its definition.
association vectors.

name and remaining tokens.

value corresponding to name.
numeric parameter from downstream.
expanded macro insert.

number for / replication.
remaining and least sig. digits.
not a number: O.

value of digits to left.
downstream tokens and number.

splice macro body upstream.
start of value: done.

v iIs next value token.

/ replicate token upstream.
copy token upstream.

newline char.
list from vector.

macro-expanded code.

mayan<{

‘ o<1
snail dot bar<' _@/' 'e' '{!'
base<«o{

(w/20)-2¢0wr2xa
Y1+l 181w

A Mayan numbers.

20 20 20.
20 18 20.

o<0:
o<1:

regular base
calendar base

graphics for digits.
encoding base:

20 20 (18 or 20) 20
generous number of digits.

mayan
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L[] T50(¢ n column of blank-separated digits: <V>
. w=0:1 5p' ',snail,' ! @ 0: snail.
comp part<0 5Tw a complete and partial rows.
top«dot{ n dots spread mayan-style.
: w=0:0 5p'"' a multiple of 5: no dots.
w=1:0 0 1 0 O0\a a centred dot,
w=2:0 1 0 1 0\a n split pair,
w=3:0 1 1 1 0\a n centred triple,
' w=4:1 1 1 1 0\a a uncentred quadruple :-(
Ypart a dots in top row, followed by
: topycomp 5pbar a complete Iines below.
Y { a for each digit.
: (=1T+/v\w=0)tw a remove surplus leading zeros.
: YbaseTw a encoded number.
}
maze

maze<«{UI0 OML<«O0
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a<1

Init<«{

}

fill

b

path

o smooth [RL<2+o,2>0AT

indx<i11+2xuw

nmat< 1+xx/""(w+1)o| T 1w+2
cells<a/+2]|indx
types<®218+2| 2+ indx
cmat<«(cells+types)>c'+-]o !
ports<indxe{w((pindx)-w+1)}~(pw)+1
node targ<«1[0 1xccuw

ctrl<nmat++1 2+.x(c12+w)e node targ
disp<ports mesh cmat'+'

(ctrl disp)(node targ)

<A

nmat cmat<w

free<0 cells nmat

O=pfree:nmat cmat

node<«crand free

ctrl<(nask node)mesh nmat o
(a+1)Vv o path(ctrl cmat) (cnode)

<{
fm to<«a
mats(node targ)<w

matz(next home)<«(mats fm)extend node

home:matz
to fm v matz(targ next)

o J o i o B o B © B o B o B o i o B o B o i o

D D D D D D D D

jroJux o i o B o B B o i o}

Kidz maze.

O:clunky, 1:smooth; 0Orl.
make nmat and cmat.

Iindex set for maze.

nmat: O-free ~1-edge.

mask of cell positions.
character types.

initially closed cells.
entry/exit ports.

start at entrance and exit.
ctrl array.
display array.
Iinitial arrays.
(c d)(fm to)<«:: size
connect remaining cells.
ctrl arrays and free cells.
remaining free cells.

no free cells: finished.
select cell at random.
fuller control array.
control and display arrays.
(c d)<tag (c d)

dig path through maze.

current state and end points.
extend current tree.

paths meet: finished.

extend other path.

(c d)<«tag (c d)(fm to)



--maze-mdf

md

extend<«{ a extend path from posn w.

: (nmat cmat)tag<«a a ctrl arrays and path colour.
tags<«(c w+incr)> cnmat a neighbouring cell tags.
poss<~tag{(~tagsea ~1)/w}w+incr a possible nodes.

O=pposs:o Vcrand tag cells nmat A none: restart at random cell.
next<crand poss A select node at random.
home<xnextonmat A set connection flag.
ctrl«(nask next)mesh nmat(w>nmat) a new control array.
dmsk<«dask(next-w)+ 1+2xuw an display mask.

disp+dmsk mesh cmat' ' a new display array.

. (ctrl disp)(next home) a new node and connection flag.

¥ A (c d)(fm to)<«(c d)tag path

fold<{ n Nial-type folding of array.
22ppW: W a matrix or lower: done
nxt<«voe (++4) " 1c[0]w am vectorize along first axis.
dep<«|=nxt a depth
0=2|dep:nxt a even depth: done
spc<c(ldep+2)1p"' ' a sub-array vert spacing.

. so(spcos) /40,04 nxt n sub-arrays down the screen.

}

Ildc<{ @ conv to line draw chars.

: 1<|=w:V w a nested: conv simple arrays.
M<(1+pw)tw A extra row col for rotate.
R<(1 “1¢7cM),1 “1ecM a rotations of char mat.
N«(M='+"'")x>51 2 4 8+ .,xRz' ! a each neighbour of each +.
Idcs«N>"c' .—| 7| UL H4! an line drawing chars.
S<(xN)mesh M lIldcs @ subs corner chars.

. T1 T14 (21 2+.xSe="'"-|'")mesh S'—' '|! o subs horiz and vert.

}

mesh«{a>"4, /w} a o-enmesh items of vector w.

nask<(i12+w)oe a control array mask.

dask<(11+2xw)oe n display array mask.
rand<{(?pw)>w} @ random pick from vector.
cells<(,12+w){(,a=w) /o) a coords of a-cells.
incr<{(1=+/"|w)/w),40.,/{71 0 1} w a Incremental steps.
ctrl disp<«3 fill 1 2 path init w a randomly excavate maze.
wrap<«fold disp a fold to fit across page.
: smooth:ldc wrap o wrap A smooth/clunky output.
}
md f<{ @ Monitor D function.

a<{wl} a optional larg.

_mdf_ f<«oo a rename operand function.

mdf_c<«{0) 'ONR' mdf_ f' a Iinitial line hit count.

{0YOFx{ am refix copy of function.

. le' mdf_ f<«'ew:w @ ignoring first line,

' mdf c[0io+ep0dIlc]l+<«10o',w a prefix line with monitoring code,

Y ONR' mdf_f': a for each line in subject function.

{0Ye'a mdf f w': a apply function, ignoring result.

_mdf_ f<«oo A restore original operand function.

mdf_c,0CR{ @ monitor information, then source of,
O0I0>w/=(1+0ONR' mdf f')o{ a function whose trailing lines,

a=1+[NR w a match those of the operand function.

. Y w o for each function,

. Y(~o' 'YONL 3)~c' mdf_ [ an from all fns iIn namespace.
}
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mean-morse - -

mean
mean<{ a Arithmetic mean.
sum<+/w
nuUm<pw
. sum+num
¥
memo
memo<<{ a Function memoization.
a<{wl} a ambi-valent.
(coo w w)eww.keys:ww.((keysico w w)>vals) a arg(s) known: fetch result.
. t8pww.(vals keys),oc<«(o oo w)(oa w w) a otherwise: calc & extend cache.
b
merge
merge<{ a Suggestion for a merge operator.
ww='o':a(ao VV(ippo))w a default to all axes.
0::0SIGNAL QOEN n pass errors back to caller.
. A<o o {AY(ocollwwlAd)<«w a merge using selective specification.
b
mesh
mesh<{ @ a-mesh of items of vector w.
‘ wsh LT
b
mmI1nd
mmind<{ @ Mastermind or "cows and bulls".
Tx v, z(pw)tde'x+"/Zw{(a+.=w),a{+/2L/+/ (cva)o.="(azw)e/ o wiw):V w
b
mns
mns<{ @ Make NS from association list w.
: a<NS'! n default new space.
O=pw:o a list exhausted: finished.
name class value<[I0>w a first triple.
class=2:0 V 1Yyw{al}name o.{eo,'«w'}value A var: assign.
classe3 4:o0 V 1vw{oaloa.dFX value n fn or op: fix.
class=9:a VvV 1yw{oa}tname V a.{ a space: recursively process,
(2o, '<[JNS &')oo w A in new sub-space,
Yvalue ) the sub-1list.
: "ER? '"OSIGNAL 11 a unrecognised class: abort.
¥
morse
morse<{ @ Conversion to/from Morse code.
P M<{w~"" "I\¢®4+{ n plain-text and Morse codes.
(IAI 1 _ l)(IBI 1 _ l)(ICI 1 —_  _ l)(IDI 1 _ '),W}{
(IEI 1 l)(IFI 1 — l)(IGI 1 - — l)(IHI 1 '),W}{
(III 1 l)(IJI 1 - — — l)(lK! 1 - - l)(ILI 1 .- '),W}{
(IMI 1 - — l)(lNl 1 - l)(IOI 1 - — l)(IPI 1 - — '),W}{
(IQI 1 - —  — l)(lRl 1 - l)(lSl 1 l)(lTl 1 - '),W}{
(IUI 1 — I)(IVI 1 — I)(lwl 1 - — I)(IXI 1 — — l)’w}{
(IYI 1 _ — _ l)(IZI 1 — _ '),W}{
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(lol 1" l)(lll 1 R I)(I2| 1 s —— l)(lal 1 e e —— l)’w}{
(L L L N -1 L I L - L L I G AL L LD B
(I8! 1 -——— . I)(lgl 1 — — — '),N}{
(I.I 1 - .= .- l)(l,l 1 - .- l)(l 1 1 - — '),W}{
(l?l 1 - — l)(llll 1 —_—— — — l)(l_l 1 - - l)’w}{
(l/l I_._. I)(I(l l____l)(l)l I____l)’w}{
(I"I 1 e e — . l)(l@l 1 _ _ _ l)(I:I 1 _ _ '),W}{
wyet v v /0 n blank / inter-word separator.
1=|=,w:M[PiwnP] @ plain text to Morse.
. 2=|=,w:P[MiwnM] a Morse to plain text.
¥
mp3
mp3<A{
a| Create playlist(s) for mp3 directories w.
Al a: playlist types: a = asx
a | b = bus
al m = m3u (default)
Al p = pls
a | w = wpl
Al switches: D = delete the old ones
Al F = playlist file name = the folder name
al P = files with full path name
al S = no sub directories
al music file types: M = .mp3 (default)
Al 0 = .o0gg
Al W = .wma
al b = .m4a
a| shy result: created lists.
(OML JI0)«3 1 o a<«'! a APL2
(_dl _pl _pt _su)<'DFPS'ean a switches
fit<«({~v/w:1 0 0 0 o w)'MW4O'eoa)/'mp3' 'wma' 'm4a' 'ogg' o included music f
typ<{Oepw:'m' o wloan'abmpw' o tab<10>04V n playlist file ty
Adlr«{ n directory reader
Afi<Anx<«pAex<+ ¢ a<0 ¢ Sw<o A o=0: file names

g<'>{I4 {U4 U4} {U4 U4} {U4 U4}y U4 U4 U U T[260] TL1u4]1)"'
_<'"Afi'0ONA'I4 kernel32.C32=FindFirstFiled <0T ',q
<'anx'0ONA'U4 kernel32.C32=FindNextFiled I4 ',q
<'pAex'[OJNA'kernel32.C32=FindClose Iu'

(An p)<«Afi{(d m)<{2>=w:w'x.x' o 24wlw o (d,('\'~4¢d),m)0}w
""{1ztw:0{aYrex hAn o g+c{( 1+wi1+0AV)+w}r9>+¢w

~ (a{w>ge, " ,\"..":a,g © a}sw=28>(32p2)T++¢w)V Anx hn O
Y(0<+hn)p

b
Atag<{(c'<',a,'>"),w,c"</", ((T1+at' '")ta),'>"} A tagger
Aget<{nn<[0NNUMS o 0::{€)}YONUNTIE ONNUMS~nn a playlist reader

{(ONUNTIE w){w){(w=z2>07C)cwy{w~320TCY (1+0TC,23120A4AV){(-+/A\dwea)+w}ONREA
Yw ONTIE 0}
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--mp3-mtrim

Aput<{
a=Aget w:z<«'' o _<«1 Adel w

A

playlist writer:

tn<w [ONCREATE 0 o w{ca)}ONUNTIE{tn}(ea, <1+[OTC)ONAPPEND tn

b

Adel<{~a:'" o 0::''" o w [ONERASE w UONTIE 0)
Alst«{woe{_pt:o,w ¢ w) +,/we{0 Adir a('x.',w)} fit}
Anok<«{(0epw)v82z[0DR w)

A
A

playlist eraser
list of music f1i

Afnm<{~aoaetyp:'' o fn«w,'.',0o ¢ g«_dIl aAdel fn ¢ _dl:q o Oepww:'"' o fn}

Aasx<{fn<«'asx'('a'Afnm oa)w ¢ Anok fn:fn
ti<«,/'title'atagce' playlist
ti,«c'<param Name = "AllowShuffle" Value = "yes"/>!'
el«{'<entry> <Ref href="',w,'"/> </entry>'} a
('asx version="3.0"'Atag tab, 'ti,el)aput fn}

AbYUs<{fn«'buUs'('b'Afnm a)w ¢ Anok fn:fn

A

A

asx playlist cre

bu4s playlist cre

ti«c'<?xml version="1.0" encoding="UTF-8" standalone="yes"7?>'

ls«{b«w="8" o ~v/b:w o g<«w o (b/g)«c'&' o eg} o

el«'<entry Playstring="file:'o{(a,w,'">"'"),' </entry>'}'ls
pl<('playlist num_entries=""',(%pa),'" label="Playlist"')atag tab, el

(ti,'WinampXML'atag tab, pl)aput fn}
Am3u<{fn«'m3u'('m'Afnm o)w © Anok fn:fn ¢ o Aput fn}

Apls<{fn<«'pls'('p'Afnm o)w ¢ Anok fn:fn
oz<'[playlist]'('NumberOfEntries=",%pa)'Version=2"
(oz,(1pa){'File',(%a),"'=",w} a)Aput fn}

Awpl<{fn«'wpl'('w'Afnm o)w © Anok fn:fn
ti<c'<?wpl version="1.0"2>"
hd<'head'atag tab, c'title'Atag'Playlist"
Is<«{b<w="&" o ~v/b:w o g«w o (b/g)«c'&' ¢ €gl} a
bd<'body'astag tab, 'seg'stag tab, ('<media src="')o{a,
(ti,'smil'atag tab, hd,bd)aput fn}

"1"{0epw:z<a
dr<{w, '"\'~4+owrtw ¢© Is<«Alst dr
dr,«_pl{oa:w ¢ 'playlist'}{(+dAhw="\")vw) 1vdr
dt<,ls anasx dr o dt,«ls Ab4s dr ¢ dt,<«<ls am3u dr
dt,«ls Apls dr o dt,«ls Awpl dr o (o,dt)v 1+uw
e
. _Su:w o Oepw:o ¢ Oeptw:1+w o di<«{w,'\"'~+dwlrtw
(a,cdi)v({Oepw:'" o die, w}1l aAdir di),1+w
Y{1<=w:Vw ¢ ,c,wliw

Al VMJ | 2.51

W,

A

m3u playlist cre

pls playlist cre

wpl playlist cre

't/>1}y"Is

loop through all
and create/dele
playlist files

which directorie

¥
mscan
mscan<{ a Minus scan.
a<8pdippw A o Is axis (default last).
: +\[oJwx[al(a2pw)pl,-1
¥
mtrim
mtrim<A{ a T'rim off trailing blank cols,
(dv\odvAwz' ') /w a from simple character matrix.
¥
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nats - -

nats

nats<«{0I10 [OML<O

arith<{

. fn<«oao{aa<«ao ¢ o[0CR'aa'l}w
'+'=fn:ndn 0,+40 MIiX w
'-'=fn:nup-/4dck o mix w
'x'=fn:o mul w
'x'=fn:o exp w
's'=fn:oa div w
"<<=»>z'e~fn:oo Ccmp o MiX w
"I'sfn:(>cmp o mIiX w)> 0 w
'"['=fn:(<cmp o mMix w)>o0 w
''|'=fn:o res w
'v'=fn:o gcd w
'"A'=fn:o Icm w

. err'Can''t do: ',fn

¥

mu l<{
dlz ndn 0,+w{

digit take<a
: +4w mix digitxtaketao
Y/ (o, (pw)+dipa),c,0

¥

exp<«A{

- =cmp w mix,0:1
=cmp w mix,1l:o
hlf<{dlz ndn(lw+2)+0, 1+ (rx+2)x2|w)
evn«dlz ndn{w mul w}Yndn o V hIf w

. 0=2| 14w:evn ¢ o mul evn

b

div<A{
wA.=0:a{aAr.=0:1 ¢ err'Div by 0'}w
svec<(pw)+10[1+(pa)-pw
rwA{

. r p<w
g<otoo
DpPgg<«rx182 24p mix q
ra<p g{
. (p q)(lo hi)<ao w
lo=hi-1:p{
. (2cmp o mix w)>lo hi
YdIlz ndn 0,hixqg
mid<«[0.5x1o+hi
nxt<dlz ndn 0,gxmid
gt<«>cmp p mix nxt
. o V gto2,/lo mid hi
YLO 1+4+/ppgg+(0 1)(1 0)
mpl«dlz ndn 0,gxra
pa«dlz nup-+p mix mpl
(r,ra)pa
Y/svec,co o
b

gcd<{0A.=w:a © w Voo div w}
Icm<{o mulow div o gcd w}
res<{oAa.=0:w ¢ oéw div o}

D D D DD Db DD DO D®» D D

D D ©® ®© D

D ©® ® D ©® D

» D D ®» D D DD D DD D oD DD D DD D D

Natural number arithmetic.

o oo W, where oo € +-x+...
char rep of operand function.
sum.

difference.

product.

exponent.

qguotient.

relational.

min.

max.

residue.

greatest common divisor.
least common multiple.

i (

product.

normalised vector.
next digit and shift.
accumulated product.
digit-shift pairs.

exponent.

ax0 > 1

oaxl > o

quick Lws2.

even power

even or odd power.

quotient.

o+0

shift vector.

fold along dividend.

result & dividend.

shifted divisor.

2 most sig digits of p & q.
next rx-digit of result.
div and high-low test.
convergence:

low or high.

multiple.

mid-point.

next multiplier.

greater than:

choose upper or lower interval.
lower and upper bounds of ratio.
multiple.

remainder.

result & remainder.
fold-accumulated reslit.

greatest common divisor.
least common multiple.
residue (0|lw - w).
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rx<«10xpx<6 a radix for arithmetic.
dlz<{(0=>w)Yw) a drop leading zero.
dlzs<«{(v\wz0)/w} a drop leading zeros.
zro<{ (1l pw)tw} a 0 for o.
ndn<«(rx-1){oaorn.2w:w © V+4#1 000 rxTtw) @ normalise down: 3 21 - 5 1
nup«<{0A.<w:w © V w++#0 1¢érx ~1o.xw<O0)} @ normalise up: 3 71> 29
mix<«{+(-(pa)lpw)+’a wl a right-aligned mix.
num<{dlzs rep ODichkwsw} a vector of rx-digits.
chk«{A/wellD:w ¢ err'Bad number: ',w) @ check raw no. not to big.
dck<«{(2 1+(2cmp w)d0 ~1)Fw} a difference check.
rep<{101w{8wp(-x/w)ta} (I (pw)+px),px} a radix rx rep of number.
fmt<{0D[zro dlzs,®(pxpl1l0)Twl)} @ vector of chars.
cmp<{aa/, (<\zfw)/w} a compare first different digit.
err«[JSIGNALo11 A stop with error msg w.
: fmt(num o)oo arith num w @ char vector result.
¥
nc
nc<{0ML<«0 a Extended [ONC for objects named in w.
Oepw:0ONC w
1< 24pw:V ¥ (7241 1,pw)pw
(=20nC w){
. o="1:5((cw~"' "Ye, " t#' '0OSE' 'Ose' '0OSe' 'OsE')¢ 1 90
a=2:2(1 0=(=sw),ppew)d20 21 @ 20:Normal variable/
0€ld3 4:0 101a, (OVR,w){ @ 30:fn or 40:0p + su
0=poa:1+3x0=024[JAT w p l:locked/4:external
1<|=a:2 A 2:assigned (fn)
0z27JOR w:?2 a 2:assigned (fn)
h<af{ @ header name or sub-
. ~'v'leve(dv/dvz"' ") /v<(A\~ae';a' "' ,O07C)/0:2 a no Vv then 2:assigne
(w=0 0 0)A'<«'ev:3 a pre v9 only 3:dynam
T«~1'{} " "{} tlec(ve' {}'")/v«(v\~ve'V ')/v a bracket pattern in
(0#252¥w)v(w=1l "2 0)A>l:3xA/1,1 ~2=2%w @ O:normal op/3:dynam
w="1 "2 0:(dA\dVz'YI")/V @ shy-ambivalent else
. ((~(c24w)e0,”0 1)x1++/A\vz' }<'[2 "21251+w]l)+
YoUAT w
O0=e>h:h A 2:assigned/3:dynami
: 2x(n,"' ")Y#(1+pn<' "~Z(da\dwz'.')/w)4+h a comp names O:normal
Tw
a=9:{a«>((cw OWG'Type')e'Namespace' 'Root' '[OSE')$91 90
'8'=52>"' '"OWG'APLVersion':a @ 90:namespace/91:GUI
u+{u+{(3w)e'#D'- @ prefix w with full
(ny 14 (dv\dw=".")/w)=(nes('"#'=0a)odé4 2)va<«>(NSI:(nta,'."'),w
. a,'.",w
Tw
(~'"."€ea):0 a ref ns if path mism
2x (azFow)v (o, ' . ##"')ze 14y (dv\ba="'.")/a @ OR parent.ns.##=par
. Jw~"' !
Tw
. o
Y, w
a  result <«- IV
@ 1:Iinvalid, O:unused, 1:label
a Variable: 20=normal, 21=[0R
A Function: 30=normal, 31=1locked, 32=assigned, 33=dynamic, 34=external
) Operator: 40:normal, 4i=1ocked, 43=dynamic
. A 90=Namespace # [OSE, 91=GUI object, 92=Ref to namespace, 93=Ref to GUI
¥
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ncpath
ncpath«{0ML<+0 a Opath-aware [nc.
. o<« 1VOTHIS, «JPATH,' #! n default left arg is [Opath.
. {2(wn3 4),0) " ¥v84(,a).0NCcw o fns and ops along path a.
¥
nicediv
nicediv<«{ am w similar integers with sum o.
g«wploatw A quotient.
d<+\(wl|lo)+wpw a residue spread in w decimal steps.
i«2</0,L0.5+d n residue spread in w integer steps.
: g+i
b
nspack

nspack<«{0OML 0OCT 0OI0<«0

a<0,1, 1,2 &'" ' !

{OWA-w+92
Yo OWA{
. ow
H
. seed wsavalill<o
refs<«{
lew=a:0
w.(4voee=/d(ca,w),yONL 9)
¥
pack<{0cT OML [OI0<0
6210 |0DR w:w
atoms<vo{
a>|=w:8
a=|=w:cw
6210 |[0DR w:®
+,/,0 Vi (1Tpw)4w
Tw
share<{
(atomsticw)oatoms,cw
b
a{
. o> |=w:w
o=|=w:share w
6210 |0DR w:w
. o Veshare w
. Tw
Y/ (dil=w),cw

o J © R o b o B © B o B o B o T o B © B o T o B © B o B o B © B o B o B ¢

Share arrays across space tree.
seed with common literal values.
rslt: reclaimed workspace bytes.
execute avoiding name clashes.
seed values and starting Owa.

sub-space references for w.
already been here: quit.
traverse any sub-spaces.

Save WS by sharing sub-arrays.
start and stop depth.
simple: done.
extract a-atoms.
ignore (<o)-atoms.
o-atom.
simple: ignore
nested: a-atoms from subarrays.
for each o-atom in w.
share atom.
share with atoms vector

i1f possible.
array with shared a-atoms.
(<a)-atom: copy
o-atom: share with atoms vector.
simple: copy (will share later).
nested: a-atoms from subarrays.
for each o-atom in w.
collect at depths 0, 1,
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--nspack-osc

rvec<e refs w A vector of refs.
mask<xx/+rvec ao c'pa.0dnl 2! am spaces with variables.
~lemask:wsavail A no vars: quit.
vars<mask/rvec A spaces with vars.
vals<«vars oo c'o.(e +0nl 2)° a values of all vars.
packs<1l+vpack(cseed),vals a packed vars.
names<vars oo <'o.Onl 2! o variable names.
discs<(1=o0p 'names)/ " 'o! a discloses for single names.
astat<«{'"{a.('",o,'")«<",w,'w}/a'} n make assignment statement.
nvect<{1+y(~" 'ew)/wYe{,"' '",uw} a blank-separated names.
stats<(nvect names)astat discs a assignment statements.
. {wsavail}(¥®+vars packs)au"stats A reassign vars per space.
: Yw a for given starting refr.
¥
of
of<«A{ A Pick of F of G of H ... arg.
indx rslt<oof{ a 'countdown' and received result.
2=[NC'ao':00 w n left leaf of tree: pick-index and arg.
'int'oao w @ Intermediate level: recur left.
Tw
next«(wwo(0I0O=indx))rslit a apply ww If at right level.
a<'top' A missing o => top level.
o='top':next a top level: return result.
. (indx-1)next A otherwise: index and rslit.
b
or
or<{ a Sequential test.
oo w:l © ww w
b
osc
osc+A{ a Oscillate - probably returns 1.
1=w:1
2lw:V 1+3xw
: V w+2
¥
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pack
pack<«{0cT OML [OI0<«0 n Save WS by sharing sub-arrays.
- +{ a start and stop depth.
. 6210 |[0DR w:w A simple: done.
atoms<vo{ a extract o-atoms.
o> |=w:8 A Ignore (<o)-atoms.
o=|=w:cw A a-atom.
6#10|0DR w:® n simple: ignore
. ry/,0 Vi (1Tpw)tw a nested: oa-atoms from subarrays.
Tw @ for each o-atom in w.
share<{ a share atom.
(atomsicw)oatoms,cw A share with atoms vector
} ] if possible.
o { n array with shared a-atoms.
- a>|=w:w A (<a)-atom: copy
oa=|=w:share w A a-atom: share with atoms vector.
6210 |[JDR w:w A simple: copy (will share later).
o Voshare w a nested: a-atoms from subarrays.
. Tw a for each a-atom in w.
. Y/ (d1]l=w),cw a collect at depths 0, 1,
b
packB
packB<«{I0+0 n Pack a simple array.
cmp<A{
. U<y, w A unique elements
i<ui,w © w<[2®pu @ indices, max. bit width
b«1,22/1 n repeats (rle coding)
j<Oov,(wp2)Th/1i @ binarise to max width
. ((ppw),(pw),u)b j o (rank, shape, uniques)(rle)(coded indices)
b
exp<{
: g<«0>w ¢ S<0>q n get rank,
r<splyg ¢ u<(s+1)+yq n shape and unique elements
w<[2epu the bit width
e«{ 2-/w/1pw)(1low),1 an expander
I<21w{(o,L(pw)+a)pw}r2ow a decode indices
. roule/1i] here we go!
¥
. o<l ¢ o:Cmp W © €Xp w a compress or expand.
b
packD
packD<{ a Pack char array to boolean vector.
(0o OML)<«1 3 the environment
key<t,/{y(1w)oe.>1w) 123 generate the keys (up to 276), they

cmp<A{
. dt<,w o k<1, key
u<«{wi{alVwl}{+/w=dt} wrudt
ug<«,®(8p2)T 1+ (pu),04Vu
rk<,(4p2)Tppw

D D D D D D D D

start with ones and end with zeros.
compress:

vectorise items, separators to keys
sort uniques according to frequencies.
shape then uniques fit to eight bits.
rank fits in four bytes
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packH

sh<e{ o shape is a trickier one
. Oepw:o @ all done?
n<i+l2e1ftw n how many bits are needed for represent
g<(,(5p2)Tn),,(Nnp2)T4w @ n should fit to five bits (2%x2%5 -> 4@
: (a,gq)Vv 14w @ add binarised figure to the result
Touw
rk,sh,ug,eklui1dt] A join the result with binarised data
}
unc<< A uncompress:
rk<2i1b4pw @ rank's easy
(sh x)«6& 4 rk{ n shape needs more treatment
. (s n r)<«o n deliver args
r=0:s n a all done: return shape and offset
g<215pw a how many bits?
d<21gp5+w A -> dimension length
: (5,d)(n+q+5)(r-1)v(g+5)+w a next
TUhvw
n<i1+218px+yw a how many uniques?
u<JAV[1+,21.8n 8p(nx8)+(x+8)yw] n -> make the list
dt<«(x+8xn+1)+w @ rip the data part
p«dts< 140,dt @ binary partitioner (first 1's)
: shpulkeyi1pedt] a reconstruct
}
: o<1l ¢ o=1l:cmp w ¢ uUnNc w a which way to go?
}
packH<{0I0 0OMIL<+0 1 A Huffman packing.
compress<{ A compression.
: shape<pw ¢ vect<,w a shape and items of array.
unig<vvect A unique items.
freg<«+/uniqge.=vect a frequency of occurrence.
tree<{ @ Huffman tree.
1=pw:>douw a list exhausted: done
nxt<wl244>w] n next two lowest frequencies,
fregs items<+¥§tnxt n and corresponding items.
. V(w~nxt),c(+/freqs),citems o collect 2 most infrequent items.
Y¥®+freq uniq a tree from frequency-item pairs.
Iitems csegs<+8+68{ a Dictionary: items <- code-segments.
f=pw:cw o a all done: item and binary code.
4,/ (ao,”0 1)V w n extended codes for sub-trees.
Ytree a from frequency tree.
bits<+ecsegslitemsivect] A bit string of tree indices.
leaves depths<yQttree{ a tree leaves and depths.
f=po:co w a leaf: leaf and depth.
: A, /0 Vil+w a branch: traverse deeper sub-branches.
}o0 a starting at depth 0 for the root.
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expand<«{

shape leaves depths bits<«w

el

- -packH-packN

expansion.
compressed structure.

packn

tree<8 0 1>o5¢ @ reconstituted Huffman tree.
(oa)#>ow:(ca) , w a distinct adjacent depths: continue.

. (d{ow-13\d¥Qta(ow))V 1vyw a Iidentical . coalesce.

Y/ (¥etdepths leaves), 1 a depths, leaves with trailing dummy.

pDicks<e{ @ tree index vectors.

. 8=pw:co a leaf: done.
+,/ (e, 0 1)V w @ visit each branch,

Ytree A of the tree.

maxd<|=tree a max depth.

dict<+,/{ @ lookup dictionary.

Item<wotree a next tree leaf.
IindI<0>pw a trailing index length.

. (2+*maxd-indl)pcindl item a extended pick vectors.

Y 'picks A for each index vector.

Iwin<«imaxd a Input Iindex window.

obuff«,shapepleaves a Initial output buffer.

ibuff<bits,maxdpO a padded iInput buffer.

shapep{ A restore original shape.

: IX OX<+w @ Input and output indices.
ox=pobuff:obuff @ end of output, done
nxt«21ibufflix+iwin] n next dictionary index.
skip item<«nxtodict o number of bits and output item.
obuffloxl«item n paste item into output buffer.

: Vv wtskip 1 an traverse input and output buffers.

: }0 A Initial input/output buffer indices.
b
. o<1l ©o o:compress w ¢ expand w A compress or expand.
¥
packN<{ a Null packing.
cmp<A{
mask<«,w#z14+0pw a mask of non-nulls.
(pw)mask(mask/,w) shape mask non-nulls.
b
exp<{
shape mask items<w
shapepmask\items
b
. o<l © o:CmMp W © €Xp w n compress or expand.
¥
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packq

pack@<{ n Assorted uniQues packer.
(0o OML)<«1 3 @ environment.
key<+,/{+y(1w)o.>1w}r 123 o binary keys (up to 276 uniq elts).
cmp<A{ A compress:
dt<,w A vectorize.
u<«{w{alVwl}{+/w=dt} wyudt a sort uniques according to frequency.
k<1, key ¢ d«ekl[ui1dt] n replace with keys.
u((ppw),pw)d @ uniques (rank, shape) binary data vector.
}
unc<{ A uncompress:
' (u g d)<w a split the argument.
s«<(tg)plig A shape.
p«d< 140,d a split with first 1's.
: spulkeyi1ped] A reconstruct the result.
}
' o<1l ¢ o=1l:cmp w ¢ UnNC w a choose the tool.
}
packR
packR<{ A Run Length Encoding (RLE packing).
cmp<A{ A compress:
: shape<pw ¢ vect<,w an shape and items of array.
runs<1i,2z/vect a mask of start of runs.
repls< 2-/{w/1pw}runs,1 am replication count.
solos<runs/vect A non-repeated items.
' shape repls solos a compressed structure.
}
exp<{ a expand:
shape repls solos<w A compressed structure.
shapeprepls/solos m reconstituted array.
}
: o<l © o:Cmp W © €Xp w n compress or expand.
}
packs

packS<{010 OML<+1 3

cmp<A{

@ Shannon-Fano packing

u<«u,w o b<«u{+/a=w}'c,w o i«ybh o uv<uli] o b<b[i]

bv<«{(wz2)cw}ed{

1=p,w:2,a ¢ a<(ca), O

2=pw:a V w

n«{1l+/0=((+/w)<2x+\w)}w ¢ a v (ntw)(n+w)

yb

z<(p,w)pbv[1l] o g<«,w

{0Y(1vuv){((a=q)/z)«cw) 1yvbv:

(pw)uv(ep ' bv)(0Ov(ebv),ez)
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exp<{

b

(r uv 1v d)<w
bv<«(1lv/i1plv)c(+/1v)+d

r—pll{
Oepw:o

- -packS-packT

i<1{g<a>bv ¢ g=(pg)tw:o ¢ (a+1)V wlw

. (o, Iouv)vV(piobhv)tw
Y(+/1v)yd

a<l ¢ o:Cmp w ¢ eXp w

packT«{(0I0 OML)<«1 3

cmp<A{

ec<{

. c<1o0A4V ¢ n<«+/w=c ¢ n=0:cC
d<«2>0AV o o«+/w=d ¢ 0=0:d
e<3>0A4V o p<«+/w=e o p=0:e

: m<L/n o p ¢ (c d e)ln o p

Y, w

}

lv<1,22z/,w ¢ e<ec=,w
((e<7141 0 0 1elv,1)/1dlv)«1
((e<71v1 0 1elv,1)/1dlv)«1
In«{ 2-/(w,1)/11+pw}lv

(Iv/1Iv)<«<1+l In+256

In«e{w<257:w
g«256|w ¢ n«lw+256
{
: 3< 1tw:w

(T2%w), "4 4+ 24w
}(n/256),w-nx256

Y 'In

g<lv/,w

b« (1In>3)v{(4w),2</wrg=ec
(b/q)«(b/g){ec,a,wr OAV[b/In]
ec,eq

exp<{
ec<4tw
~ecelyw:14Vw
bv<{(tw),2</wllyw=ec
In<«~bv
((72¢bv)/1In)<o0
((T16bv)/In)<UAV1( 2¢bVv) /1w
. In/1vw
b

a<«l o o:Cmp w ¢ €xp w

D ©® ©® D

D ©® ® D ©® D el

D ©®© ® D

> D

> D D ® D

Simple text vector packager.

find the suitable esc character

repeat lengths
remove 2's and 3's

packables
ad just for 256 length
now we have to adjust the long

sequences so that the last
sequence will be

properly done, ie:
257 -> 252 5,
NOT 256 1.

reduce data
find places where

to put pack sequences
remove nesting

"esc"
packed?

reduce vector

lengths (remove escs)
remove ascs

lengths of characters
do it!

compress or expand.

packT
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packU-packX

packU
packU«{0I0<«0 @ Unique packer.
cmp<A{
U<y, w
(pw)u(ur,w)
}
exp<«A{
(02w)p(12w)[2>w]
}
: o<l ¢ a:Cmp w © €Xp w
}
packX
packX<{ n TeXt packer.
(OML 0I0)<«2 0 @ environment
cmp<A{ a packer
: U<y, w @ unique items, odd or even
p<¥{((f0.5xpw),2)pw},w n divide into pairs
je,ue.,u a unique couples
b«jep o g<«b/j an take only the needed pairs
I<gip a indices
w<[2epg a bit width
g<O0ovbh,,(wp2)T1I a bits to bitvec
. u( (ppw),pw)q a return uniques, shape, bits
}
unc<{ @ unpack
. (u d a)<«w a handle arg
s<0>d ¢ r<spivd a shape
j«,uo.,u A unique pairs..
p<((pj)ta)/j a ..used couples
g<(pjlva @ Indices
w<[2epp a bitwidth
I«<21w{(o,L(pw)+a)pwlqg @ calc indices
: rpepli] a return array
}
: o<1l ¢ o=1l:cmp w ¢ UnNcC w a pack/unpack
}
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