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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 169
Number of operators 58

Total lines of code 5694
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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
o<« (NS ") . ## 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.



sp<+/A\hd=" !
larg tail«' ('split sp+vhd
fix(spp' '),'{',larg,"}',tail

Y VYOFMT A w

--ambiv-assign- -

leading spaces

larg

{larg}

. attributes.
¥
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: solution.

next step: 4.



-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)

D D D D D D D D
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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-big- -

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

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

@ Iinstruction decode S:0-4 PI:13-15

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

-factor<10

-dyadic<«{ A
- '+'=fn:o add w

'-'=fn:o sub w

'x'=fn:o mult w

's'=fn:o div w

"|'=fn:o mod w
'<<=>>z'e~fn:a ao compare w a
'"ER?'OSIGNAL 16

}
addsub<«{ n parallel binary adder/subtractor.
: C<0 0o W a carry bits.
~lecC:o ww w A no carry bits: done.
(azw)V 0, 14cC a shift & add/sub carry bits.
}
add<aaddsubv n parallel binary adder.
sub<«<addsub> n parallel binary subtractor.
inc<{(wa~A\w)v<\~w} a binary successor.
dece{(wa~<\w)va\~w} a binary predecessor.
neg«<{(w<v\w)v<\w} a 2s complement negation.
a<«0A2ttw n A and CI initially 0 by default.
04 a CI increment.
. A CI_ M<w @ Acc Ctrl-Instr Store-Matrix.
CI<«o add inc CI_ a address of next Iinstruction.
S _ PI <«decode M fetch CI a decode of next instruction.
0 0 0sPI:0 v A(M fetch S)M A jmp: CI <«STORE[S]
1 0 0=sPI:(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) p sto: STORE[S]<A
0 0 1=PI:0 V(A sub M fetch S)CI M a sub: A-<«STOREL[S]
1 0 1=PI:0 V(A sub M fetch S)CI M a sub: . ..
0 1 1=PT:({0}\¢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.
big
big«{0I0 OML<+1 O© n Arithmetic on large integers.
- fn«ao{aa<«ao ¢ &plCR'aa'lw @ character rep of operand fn.
digits<1

dyadic functions.

Note: dyadic & compare are ops



-monadic<{ @ monadic functions.

t<oo

n makes it an op; might need it later

'+'=fn:ident w
'-'=fn:neg w
'x'=fn:signum w
"|'=fn:abs w
'+'=fn:0SIGNAL 11

'Eh?

add<{

'"OSIGNAL 16

————————————————————— Arithmetic functions

sign<signum o w

a w<abs o w
evalAsIs<n/sign=0
negSumOfAbs<«a/sign="1
useSignAlpha<a>big w
useSignOmega<i

evalAsIs:o+add_or_sub w
negSumOfAbs:-big a+add_or_sub w
useSignAlpha:signl1lshowsign a sub w
useSignOmega:signl2lshowsign w sub a

¥
sub<«{

sign«signum o w

mustCommute<«a<compare w
evalAsIs«a/signz0
addOpposite<«1

mustCommute:neg w sub

Q

evalAsIs:o-add_or_sub w

b
mult<{

addOpposite:o add neg

I

signex/signum o w

a< 1
w< 1

+0D1 (Fa)~"""
+0D1 (Fw)~"""

t<+4( " 1+1pw)d((2ppw)p0),0Wo0 . %x8a

¥
div<A{

divi

sign showsign format check/t

«{ @ quotient < dividend div divisor
a 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<vw
Q@ R d<«af
(1<]|=a):0 @ 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<«i+d a bring down next digit from dividend
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a find next digit in the quotient
Q,+va{o w{

(w mult 1oo)s<compare 2>a:w A Is guess too bigz?
o V w-1
YL(e(digits+1)tw)+edigitsta a guess next digit
}R
R(-big)<a mult>4Q a multiply & subtract

a Finish or find remaining digits Iin the quotient
Oepd:trim Q

Q Rd v a
} .o
(x/signum o w)showsign(abs o)divi abs w
¥
mod<{
- o=compare 0:w A Olw - w
o=compare w:0 A wlw -> 0
w=compare 0:0 A al0 > 0
d<«~w div o
t«w sub d mult o
=/signum’o t:t
o add t
b
compare<{
compareParts«{
a w<partition w
i<((execa)zexec 'w)i1
oo/exec i>a w
b
signesignum o w
a w<abs o w
(=/'0 'otrim'oa w):1 oo 1 a identical; compare small some small
A/sign=1:00 compareParts a w a both positive; compare partitions
#/sign:>aa/sign 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
n anomalies with <> because if the numbers are equal, we won't get
a this far.
t«oo compareParts a w a work on abs value
(1 oo 2)="1 oo 2:t a this compare fcn doesn't flip for
. ~t a this compare fcn does flip for neg
¥
ident<{
trim w
b
neg<«{
: (-signum w)showsign abs w
¥
signum<{
w<trim w
'"'=41ow: 1xV 1yw @ recursive call accounts for 0
w=,'0":0
. 1
b
abs<«{
(trim w)~"'""
¥



--big-box- -

A m e mm e m - 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
box<«{ n Box the simple text array w.
(0I0 OML)«1 3 ¢ oa<«® & 0 o ar<«{w,(pw)+y® & 0}{2>=w:,c,w ¢ wla a controls
che{w: "++++++++-|+' o ' 5 U H—|+'r1=32ar a char set
z<,[1ppw],[0.1]Jw © rh<«pz A 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

11
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