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EXTENSION OF METAPOST plain | ROZSZERZENIE METAPOST-owego
FORMAT (ver. 0.46) FORMATU plain (wer. 0.46)

if known plain_ez_ver: expandafter endinput else: plain_ex_ver := .45; fi
def killtext text t = enddef; /, absent from older versions of plain.mf

Knuthian tradition: | Knuthowa tradycja:

mm# = 2.84528; pt# = 1; dd# = 1.07001; bp# = 1.00375; cm# = 28.45276; pc# = 12;
cc# = 12.84010; in# = 72.27;

A patch for bugs in METAPOST Makra latajace wadliwe funkcjonowanie operacji
—turningnumber— functionality —turningnumber—

let original_turningnumber = turningnumber;
vardef straighten_path(expr r) =
for k = 0 upto length » — 1: point k of r -- endfor
if cycle r: cycle else: point infinity of r fi enddef;
vardef emergency_turningnumber primary r =
original_turningnumber (straighten_path(r))
enddef;
def use_emergency_turningnumber =
def turningnumber = emergency_turningnumber enddef;
enddef;
def use_original_turningnumber =
def turningnumber = original_turningnumber enddef;
enddef;

Loading a file optionally | Opcjonalne czytanie pliku

boolean maybeinput_ok; string maybedir;
vardef maybename(text name) =
if known maybedir: maybedir& fi if string name: name else: str name fi
enddef;
def maybeinput text name =
if (readfrom maybename(name)) = EOF":
message "PX: file," & maybename(name) & " cannot be read";
maybeinput_ok := false;
else:
closefrom maybename(name); scantokens("input, " & maybename(name));
maybeinput_ok = true;
fi
enddef;

A few colours more: | Pare dodatkowych koloréw:

color cyan, magenta, yellow; cyan = (0, 1, 1); magenta = (1,0, 1); yellow = (1, 1, 0);

A few functions more: | Pare dodatkowych funkcji:

vardef gen_whatever(text type) = save?; type,; ? enddef; } 1-argument func.
vardef whatever_pair = gen_whatever(pair) enddef; j, 0-argument function
vardef tand primary a = sind(a)/ cosd(a) enddef;
vardef cotd primary a = cosd(a)/ sind(a) enddef;
vardef signum primary z = if z > 0: 1 elseif z < 0: —1 else: 0 fi enddef;
primarydef Wdotnorm.z =
begingroup
save w*, 2*, lw*, [z*; pair w*, 2*;
lw* = abs(w); w* := wif w* > 0: /lw™ fi;
Iz = abs(z); z*:=zif 2" > 0: /Iz" fi;
(xpart w* * xpart z* + ypart w* * ypart z*)
endgroup
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enddef;

%

let ori_decimal = decimal,
def decimal primary n =

(

if path n:

for i* = 0 upto length(n) — 1: if * > 0: &","& fi
decimal(point i* of n) & "," & decimal(postcontrol i* of n) & ","&
decimal(precontrol i* + 1 of n) & "," & decimal(point * 4+ 1 of n)

endfor
elseif color n: ori_decimal(redpart(n)) & ","&

ori_decimal(greenpart(n)) & "u" & ori_decimal(bluepart(n))
elseif pair n: ori_decimal(xpart(n)) & "u" & ori_decimal(ypart(n))

else: ori_decimal(n) fi

)
enddef;

The definition of postdir and predir given below
is based on the following observation, being the
consequence of the de I’Hospital’s rule: consider

a Bézier segment a .. controls bandc .. d;
normally, the vector ab determines the “post”
direction at node a; if b coincides with a, then the
vector ac determines the direction; if also ¢
coincides coincides with a, then the last resort is
the vector a_éi; if even d coincides with a, the Bézier
segment is degenerated, and can be removed

(a similar argumentation can be provided for the
“pre” direction at node d).

Definicje makr postdir i predir wykorzystuja
nastepujaca obserwacje, bedaca prosta
konsekwencja reguty de 'Hospitala: rozwazmy
segment a .. controls b and ¢ .. d; w normalnej
sytuacji kierunek ,post” w punkcie a jest okreslony
przez wektor a_i); jezeli punkty a i b sie pokrywaja,
kierunek ,,post” w punkcie a jest okreslony przez
wektor ac; jezeli takze punkty a i ¢ sie pokrywaja,
ostatnia szansa na wyznaczenie kierunku ,,post”

w punkcie a jest wektor a_él; jezeli wszystkie punkty
a, b, ¢, i d sie pokrywaja, to oznacza, ze segment
jest zdegenerowany i moze by¢ w zasadzie usuniety
(analogiczna argumentacje mozna przedstawié dla
kierunku ,pre” w punkcie d).

% Previous, insufficiently robust definitions:

% vardef predir expr ¢ of p = (point ¢ of p) — (precontrol ¢ of p) enddef;
% vardef postdir expr t of p = (postcontrol ¢ of p) — (point ¢ of p) enddef;
% vardef udir expr t of p = unitvector(direction t of p) enddef;

% New, more general definitions:
vardef gendir expr t of p =

predir ¢ of p + postdir ¢ of pj/, direction-compatible definition

enddef;
vardef predir expr t of p =

save a*, b*, c*, d*, s*, t*; pair a*, b*, ¢*, d*; path s*; t* .= t;
if not cycle p: if t < 0: t* := 0; elseif ¢ > length(p): t* := length(p); fi fi

s* = subpath (ceiling t* — 1, t*) of p;

a* = point 0 of s*;

b* = postcontrol 0 of s*; 7, b* <> postcontrolt—1of p for t =0

c¢* = precontrol 1 of s*;

d* = point 1 of s*;
if d* <> c¢*: d*—c*
elseif d* <> b*: d* — b*
elseif d* <> a*: d* — a*
else: (0, 0)
fi
enddef;
vardef postdir expr t of p =

save a*, b*, c*, d*, s*, t*; pair ao*, b*, ¢*, d*; path s*; t* =t
if not cycle p: if t < 0: t* := 0; elseif ¢ > length(p): t* := length(p); fi fi

s* = subpath(t*, floor t* + 1) of p;
a* = point 0 of s*;
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b* = postcontrol 0 of s*;

c¢* = precontrol 1 of s*; // ¢* <> precontrol t + 1 of p for ¢t = length p
d* = point 1 of s*;

if a* <> b*: b* — a*

elseif a* <> ¢*: ¢* — a*

elseif a* <> d*: d* — a*

else: (0, 0)
fi
enddef;
% Definitions related to ‘‘pre-’’ and % Definicje jako$ zwigzane z ,,pre-’~’
‘‘post-’’: i ,,post-’"’:

vardef udir expr ¢ of p = unitvector(gendir ¢ of p) enddef;
vardef upredir expr ¢ of p = unitvector(predir ¢ of p) enddef;
vardef upostdir expr t of p = unitvector(postdir ¢ of p) enddef;
vardef pos_subpath expr z of p =
if not cycle p: subpath z of p else:
if xpart(z) <= ypart(z): subpath z of p
else: subpath (xpart(z), ypart(z) + length(p)) of p fi
fi
enddef’;
%
vardef posttension expr t of p =) ¢ ‘The METAFONTbook’’, ex. 14.15
save ¢*; path ¢*;
¢* = point t of p{direction ¢ of p} .. {direction ¢t 4+ 1 of p} point ¢ + 1 of p;
length(postcontrol 0 of ¢* — point 0 of ¢*)/
length(postcontrol ¢ of p — point ¢ of p)/ doesn’t work for
enddef;
vardef pretension expr t of p =7 ditto
save ¢*; path ¢*;
¢* = point t — 1 of p{direction ¢t — 1 of p} .. {direction ¢ of p} point ¢ of p;
length(precontrol 1 of ¢* — point 1 of ¢*)/
length(precontrol ¢ of p — point ¢ of p)% doesn’t work for ‘‘straight lines’’
enddef;

‘‘straight lines’’

The two macros below, path_eq and inside macros, Ponizsze dwa makra moglyby by¢ w zasadzie
might have been primitives. The macro path_eq is instrukcjami podstawowymi. Makro path_eq jest
obvious; a inside b returns true if the bounding box oczywiste. Wynikiem operacji a inside b jest ,true”
of a is inside the bounding box of b, which may be jezeli prostokat ograniczajacy a lezy wewnatrz
misleading; think, for example of: fullcircle inside prostokata ograniczajacego b, co moze dawaé
unitsquare shifted (— 1/, — 1/ ) scaled .9 rotated 45. | wynik mylacy, np. w wypadku fullcircle inside
For most curves occuring in fonts, however, one unitsquare shifted (— 1/, — 1/ ) scaled 9 rotated 45.
can safely infere that if a inside b holds, then a is Jednakze w wiekszosci sytuacji wystepujacych
inside b. fontach mozna $miato zaktadaé, ze z a inside b
wynika, iz a lezy wewnatrz b.

vardef path_eq(expr a, b) =
save i*, [*, r*; boolean r*;
r* := (length(a) = length(b)) and (cycle a = cycle b);

if r*:
i* := 0; I* := length(a) if cycle a: —1 fi;
forever:

r* := (point i* of ¢ = point i* of b); exitif not r*;
r* := (precontrol i* of a = precontrol i* of b); exitif not r*;
r* := (postcontrol i* of a = postcontrol i* of b); exitif not r*;
exitif incr * > [*;

endfor fi

,r.*

enddef;
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A
tertiarydef a inside b =
if path a: 7 and path b
(xpart llcorner b < xpart llcorner a)and
(xpart urcorner b > xpart urcorner a)and
(ypart llcorner b < ypart llcorner a)and
(ypart urcorner b > ypart urcorner a)
else: / numeric a and pair b
(a >= xpart b) and (a <= ypart b)
fi
enddef;

% Two convenient macros more: | % Jeszcze dwa wygodne makra:

vardef z_time expr x of p =7, obsolete
xpart(p intersectiontimes ((x, —infinity) - - (x, infinity)))
enddef;
vardef y_time expr y of p =J, obsolete
xpart(p intersectiontimes ((—infinity, y) -- (infinity, y)))
enddef;
vardef xtime expr z of p =), preferable alias
xpart(p intersectiontimes ((x, —infinity) - - (x, infinity)))
enddef;
vardef ytime expr y of p =), preferable alias
xpart(p intersectiontimes ((—infinity, y) -- (infinity, y)))
enddef;

A few figures more: | Par¢ dodatkowych figur:

vardef triangle =

(0, =12 ) -- (0.866, 0) -- (0, 12 ) -- cycleZ 1/ sqrt(3) ~ 0.866025 ...
enddef;
vardef vpolygon(expr n) =

for i := O upton — 1: (12 right rotated ((360/n) * (i + 1/2))) - - endfor cycle
enddef;

Nieco pokretna i niezbyt ogélna metoda
sprawdzania, czy parametr jest wyrazeniem typu
string czy sufiksem. (Uwaga: is_suffix((a)) badz
is_suffix(a + b) zwraca true, za$ is_suffix(((a)))
powoduje, ze METAPOST zglasza blad).

A method, entangled a bit and not particularly
robust, of testing whether a parameter is a string
expression or a suffiz. (Remark: is_suffix((a)) or
is_suffix(a + b) returns true; is_suffix(((a))) causes
METAPOST to report an error).

vardef is_suffix(text suffiz_or_not_suffix) =
save the_suffiz”; string the_suffiz™; is_suffix* suffiz_or_not_suffiz;
the_suffiz™ <> ""

enddef;

def is_suffix* suffix $§ = the_suffiz™ := str $; killtext enddef;

The macro && is to be used instead of the &
operator if the respective ends of paths coincide
only approximately; using .. instead would add
unwanted tiny Bézier segments. The macro is
somewhat “left-handed,” i.e., it does not consider
the expression that follow the macro, therefore, it
can be used before the ‘cycle’ command; if the
argument p of the macro amp_amp* is a pair, it is
just ignored which may be considered hardly
intuitive.

Makra && nalezy uzywaé zamiast operatora &
jesli konce Sciezek nie pokrywaja sie idealnie;
uzycie operatora .. zamiast & spowodowaloby
dodanie do $ciezki zbednych (matych) segmentéw
Béziera. Makro to jest nieco ,leworeczne”, tzn. nie
analizuje wyrazenia, ktére sie po nim pojawi,
dzigki czemu moze byé uzyte przed operatorem
,cycle’; argument p makra amp_amp* bedacy
punktem (pair) jest pomijany, co mozna uznaé za
zachowanie malo intuicyjne.

def && = amp_amp*whatever enddef;
tertiarydef p amp_amp* ¢ =
if not pair p:
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(subpath (0, length(p) — 1) of p) .. controls(postcontrol length(p) — 1 of p)
and (precontrol length(p) of p) ..
fi
enddef;

A few postfix and infix path operators: Pare postfiksowych i infiksowych operatoréw
Sciezkowych:

primarydef a mirr b = a reflectedabout(origin, b) enddef;
%
def store_prec_obj = store_prec_obj*whatever enddef;
primarydef a store_prec_obj* b = hide(def prec_obj = a enddef) enddef;
%
primarydef asubb =
if path a: (pos_subpath b of a) elseif string a: (substring b of «a) fi
enddef’;
%
def node = store_prec_obj node* enddef;
vardef node*Q# primary a =
if str Q# = "x": xpart(point a of prec_obj)
elseif str Q# = "y": ypart(point a of prec_obj)
elseif str Q# = "": point a of prec_obj
else:
errhelp "The operator, ‘node’ works only with,‘x’,,‘y’ or an empty suffixes.";
errmessage "PX: improper usage of ‘node’";
fi
enddef;
%
def first suffix $§ =
if str § = "at": % moves the first point of a path to a specified location
store_prec_obj prec_obj shifted —(point 0 of prec_obj)shifted
else: node $(0) fi

enddef;
def last suffix § =
if str § = "at": % moves the last point of a path to a specified location

store_prec_obj prec_objshifted
— (point if cycle prec_obj: 0 else: infinity fi of prec_obj)shifted
else: node $(if cycle prec_obj: 0 else: infinity fi) fi
enddef;
%
% node-governed flipping:
def nflipped = nflipped* whatever enddef;
primarydef a nflipped* b =
if cycle a: a
else: reverse(a reflectedabout(point 0 of a, point infinity of a))
fi
enddef’;
%
def xflipped = xflipped* whatever enddef;
primarydef a xflipped* b =
reverse(a reflectedabout
(/2 Nlcorner a, Ircorner al, /> [ulcorner a, urcorner al))
enddef’;
%
def yflipped = yflipped* whatever enddef;
primarydef a yflipped* b =
reverse(a reflectedabout
(/2 [llcorner a, ulcorner a], 1/» [lrcorner a, urcorner al))
enddef’;
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A
% node-governed rotating (infix operator):
primarydef a nrotated b =
if cycle a: a
else: a rotatedaround(1/ [point 0 of a, point infinity of al, b)
fi
enddef;
%
% center-governed rotating (infix operator):
primarydef a crotated b =
a rotatedaround(1/2 [llcorner a, urcorner aj, b)

enddef’;
Neat macros excerpted from John D. Hobby’s Zgrabne makra zaczerpniete z zestawu makr
boxes.mp macro package: boxes.mp Johna D. Hobby’ego:

% Find the length of the prefix of string s for which cond is true for
% each character c of the prefix
vardef generisize_prefix(expr s)(text cond) =

save ¥, ¢*; string c*;

i* = 0;

forever:

c* := substring(i*, i* + 1) of s;

exitunless cond; exitif incr i* = length s;
endfor
Z’*
enddef;
%
% Take a string returned by the str operator and return the same string
/4 with explicit numeric subscripts replaced by generic subscript symbols []:
vardef generisize(expr s) =

save res*, s*, [*; string res*, s*;

res* = ""; J, result so far
s* =s; 4 left to process

forever: exitif s* = "";
I* := generisize_prefiz(s*, (¢* <> "[")and ((¢* < "0")or (c* > "9")));
res* := res* & substring (0, I*) of s*;
s* := substring(I*, infinity) of s*;
if s* <> "
res* := res* & "[1";
I* :=if s* >="[": 1 4 generisize_prefix(s*, ¢* <> "1")
else: generisize_prefix(s*, (¢* =".")or ("0" <= ¢*) and (¢* <= "9")) fi;
:= substring (I*, infinity) of s*;

s*

fi
endfor

res™

enddef;
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The macro extrapolate computes a “superpath”
(as opposed to “subpath”) for a single Bézier
segment in such a way that the following identity
holds (for 0 < t1 <ty < 1):

Makro extrapolate wyznacza ,nadsciezke”

(w odréznieniu od ,,podsciezki”) dla pojedynczego
huku Béziera w taki sposéb, ze ponizsza réwnoéé
jest spelniona (dla 0 < t; <ty < 1):

subpath (t1, t2) of (extrapolate(t1, t2) of b) = b

Below, there are the results of the command
extrapolate(.3, .7) of p for three similarly defined
paths. The black line denotes the source path, the
gray one—its extrapolation.

p = (0,0){right} .. {up}(s, s);

J

_J

Ponizsza ilustracja przedstawia wynik polecenia
extrapolate(.3, .7) of p dla trzech podobnie
zdefiniowanych Sciezek. Czarng linia zaznaczona
zostata éciezka oryginalna, szarg — ekstrapolowana.

p = (0,0){right} .. tension3 .. {up}(s, s);

4

p = (0,0){right} .. tension.75 .. {up}(s, s);

Exercise 1. What happens if the relation
0 < t1 < tg <1isnot fulfilled? (Hint: there
are a few possible cases.)

Exercise 2. True or false:
point 1 of (extrapolate(t,, t) of b) = point

Exercise 3. Try to imagine the result of the
extrapolation for such weird (yet trivial) paths as:

(0, 0) .. controls(0, 0) and (100, 0) .. (100, 0)

or

Zadanie 1. Co by sie stato, gdyby warunek

0 < t1 < ta < 1 nie byl speliony? (Wskazéwka:

mozliwych jest kilka réznych przypadkéw.)

Zadanie 2. Prawda czy falsz:
1 of (extrapolate(ty, t) of b)

for t, <>t

Zadanie 3. Sprébuj przewidzie¢ wynik ekstrapolacji
dla tak dziwnych (chociaz trywialnych) $ciezek jak:

(0, 0) .. controls(100, 0) and (0, 0) .. (100, 0)

vardef extrapolate expr t of b =), t pair, b Bézier segment

clearxy:;

Casteljau(xpart(t)) = point 0 of b;

Casteljau(1/3 [xpart(t), ypart(t)]) = point /3 of b;
Casteljau(2/3 [xpart(t), ypart(t)]) = point 2/3 of b;

Casteljau(ypart(t)) = point 1 of b;
zp .. controls z; and zo .. z3
enddef;
%
def Casteljou(expr t) =
t[t[t[ZQ, Zl], t[Zl, ZQH, t[t[zl, ZQ], t[ZQ, 23]]]
enddef;
%

vardef elongation_to_times(expr ea, eb) =

% negative parameter values are admissible; they are meant for pen_stroke

(if ea < 0: — fil/(abs(ea) + 1), eb/(abs(edb) + 1))
enddef;

A numerical function ‘point_line_dist’ takes as

a parameter three pair expressions and returns
a (signed) value of the distance of the first
parameter from the line defined by the other two.
It is referred to in the ‘is_line’ function.

Funkcja ,point_line_dist’, zalezna od trzech wyrazen
typu pair, oblicza odleglé$é (dodatnia lub ujemna)
pierwszego z parametréw od linii okreslonej przez
dwa pozostate parametry. Do funkcji
,point_line_dist’ odwoluje si¢ funkcja ,is_line’.

vardef point_line_dist(expr a, b, ¢)
clearxy; save d*; d* = sqrt(length(b — ¢));
20 =a/d*; z1 =b/d*; z9 = c/d*;
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(2 — 1) * (Y1 — vo) — (z1 — T0) * (Y2 — v1)
enddef;

The following code (its idea is due to Dan
Luecking and Larry Siebenmann) computes the
area surrounded by a cyclic path.

Ponizszy kod (pomyst podsungli Dan Luecking
i Larry Siebenmann) oblicza pole obszaru
ograniczonego zamknieta krzywa Béziera.

newinternal area_scale;

area_scale := 1; ), decrease if the result is going to be too large

vardef area(expr p) =/ p is a Bézier segment; result =

save za, xb, zc, zd, ya, yb, yc, yd;
(za, 20ya) = point 0 of p;
(zb, 20yb) = postcontrol 0 of p;
(zc, 20yc) = precontrol 1 of p;
(zd, 20yd) = point 1 of p;
area_scale * (xb — za) * (10ya + 6yb + 3yc + yd)
+ area_scale * (zc — xb) * (dya + 6yb + 6yc + 4yd)
+ area_scale * (zd — xc) * (ya + 3yb + 6yc + 10yd)
enddef;
vardef Area(expr P) =7 P is a cyclic path
area(subpath(0, 1) of P)

Jydx

for t = 1 upto length(P) — 1: + area(subpath(t, t + 1) of P) endfor

enddef;

The idea of calculation of a turning angle between
two vectors, employed in the definition of the
function ‘turn_ang,’ is based on the following
observation:

Idea obliczania kata (skierowanego) miedzy dwoma
wektorami, wykorzystana w funkcji ,turn_ang’,
zasadza sie na nastepujacej obserwacji:

z reflectedabout(origin, right) = 1/z

for a complex number z such that |z| = 1; recall
also that multiplication of complex numbers
(‘zscaled’ operation) implies addition of their angle
arguments.

dla liczby zespolonej z takiej, ze |z| = 1;
przypomnijmy takze, ze mnozeniu liczb
zespolonych (operacja ,zscaled’) odpowiada
dodawanie argumentéow katowych.

vardef turn_ang(expr za, 2b) =

if (abs(za) >= /1000 ) and (abs(zb) >= /1000 ): % eps may be not enough
angle(unitvector(za) zscaled (unitvector(zb) reflectedabout(origin, right)))

else: whatever fi
enddef;

A Boolean function ‘is_line’ checks whether a given
Bézier segment is a straight line. For large segments
(fonts) it makes sense to specify a numerical
parameter is_line_off >= 0; it defines a maximal
acceptable distance of the control points of

a Bézier arc from its secant (which corresponds to
the distance between the arc and the secant circa
3/y is_line_off for a symmetric, inflexionless arcs).

Boole’owska funkcja, ,is_line’ sprawdza, czy dany
segment Béziera jest linia prosta. Dla duzych
segmentéw (fonty) moze mieé sens zadanie
parametru numerycznego is_line_off >= 0; okresla
on maksymalne dopuszczalne odchylenie naciagdéw
krzywej Béziera od siecznej (co odpowiada
odleglosci krzywej od siecznej wynoszacej

ok. 3/y is_line_off dla symetrycznych lukéw bez
punktéw przegiecia).

vardef is_line(expr B) =
save r*; boolean r*;
if known is_line_off:
save a*;
a* = length((point 1 of B) — (point 0 of B));
r* = (—a* + arclength(B)) <= (a*/infinity);
if r*:

*

r* = (is_line_off >= abs(point_line_dist(

postcontrol 0 of B, point 0 of B, point 1 of B)))and

(is_line_off >= abs(point_line_dist(
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precontrol 1 of B, point 0 of B, point 1 of B)));
fi
else: /, backward compatibility
save a*, b*, c*, d*;
a* = length((point 1 of B) — (point 0 of B));
b* = length((postcontrol 0 of B) — (point 0 of B));
c* = length((precontrol 1 of B) — (postcontrol 0 of B));
d* = length((point 1 of B) — (precontrol 1 of B));
r* = (—a* + 0" + ¢* + d* <= a* /infinity);
fi

*

r
enddef;

Abbreviations for a few simple yet useful phrases: | Skréty dla kilku prostych acz przydatnych fraz:

def xyscaled primary p = xscaled xpart(p) yscaled ypart(p) enddef;

def yxscaled primary p = yscaled xpart(p) xscaled ypart(p) enddef;

primarydef a xscaledto b =
hide(lastscale := b/(xpart(urcorner(a)) — xpart(llcorner(a))))
a xscaled lastscale

enddef;

primarydef a xyscaledto b =
hide(lastscale := b/(xpart(urcorner(a)) — xpart(llcorner(a))))
a scaled lastscale

enddef’;

primarydef a yscaledto b =
hide(lastscale := b/(ypart(urcorner(a)) — ypart(llcorner(a))))
a yscaled lastscale

enddef;

primarydef a yxscaledto b =
hide(lastscale := b/(ypart(urcorner(a)) — ypart(llcorner(a))))
a scaled lastscale

enddef;

%

pair lastshift;

primarydef q llshiftedto b =

hide(lastshift := — llcorner(a) + b)a shifted lastshift
enddef;
primarydef a Irshiftedto b =

hide(lastshift == — lrcorner(a) + b)a shifted lastshift
enddef;
primarydef a urshiftedto b =

hide(lastshift := — urcorner(a) + b)a shifted lastshift
enddef;
primarydef ¢ ulshiftedto b =

hide(lastshift == — ulcorner(a) + b)a shifted lastshift
enddef’;
primarydef a ccshiftedto b =

hide(lastshift := — center(a) + b)a shifted lastshift
enddef;

Joining two paths at their intersection point: | Laczenie dwoch sciezek w punkcie ich przeciecia:

tertiarydef a intersection_join b =7 like softjoin
begingroup save t*;
(tf, t3) = a intersectiontimes b; a sub (0, ;') && bsub (&5, infinity)
endgroup
enddef;
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Changing locally non-internal variables (sometimes Lokalna zmiana wartosci zwyktych zmiennych
we want to set locally not only numeric variables): (czasami zachodzi potrzeba lokalnej zmiany nie
tylko zmiennych numerycznych):

def local suffix s =
begingroup

save local_stack_value™, local_stack_name”™;
if pair s: pair local_stack_value™; fi
if path s: path local_stack_value™; fi
if picture s: picture local_stack_value™; fi
if string s: string local_stack_value™; fi
if color s: color local_stack_value™; fi
local_stack_value® = s; def local_stack_name* = s enddef;
local™

enddef;

def local® expr x = local_stack_name* := x enddef;

def endlocal = local_stack_name™ := local_stack_value®; endgroup; enddef;

The following abbreviation is roughly equivalent to Ponizszy skrot jest z grubsza réwnowazny

the Knuthian of-the-way function, namely, to the Knuthowej funkcji w-pdt-drogi, tzn. operatorowi
whatever|z1, zo] operator; observe, however, that whatever|zy, zs]; odnotujmy wszakze, ze

this construction requires that both z; and 25 konstrukcja ta wymaga, by zaréwno z1 jak i z9
should be known, while z; the in the construction byly znane, natomiast konstrukcja z; T zo pozwala,
z1 T 22 can be unknown. by z1 bylo nieznane.

primarydef a T b = a + whatever x b enddef;

The macro ‘leg’ computes the leg of a right-angled Makro ,leg’ oblicza przyprostokatna trojkata
triangle, given a hypotenuse (vector, parameter c) prostokatnego przy zalozeniu, ze znana jest
and a length of one leg (parameter b). przeciwprostokatna (wektor, parametr c)

i przyprostokatna (parametr b).

primarydef clegb =
begingroup save a¢*; pair a*;
a* + b/(length(c) +—+ b) % (a* rotated —90) = ¢; % (length(c) +—+ b) = length(a*)

*

a
endgroup
enddef’;
This extremely simple macro is particularly useful To prosciutkie makro jest szczegélnie uzyteczne
for constructing sloped objects. Assume, for przy konstruowaniu ukoénych obiektéw. Zatézmy,
example, that we want to draw the following ze chcemy narysowaé nastepujacy rownolegtobok:
parallelogram:
2 1
< A\
w
3 0
(given h, w and b). This is exactly the situation, dla zadanych wielkosci h, w i b. To jest wlasnie
where the macro ‘leg’ comes handy in. Given zy ta sytuacja, w ktérej makro ,leg’ okazuje sie
and 23, the remaining points z; and z3 can be uzyteczne. Majac dane punkty zg i 2o, punkty 23
easily determined from the following relations: i z3 wyznaczy¢ mozna z relacji:

z1 = zo + whatever * ((z2 — 20) leg (=0));  y1 = y2; 21 — 22 = 20 — 23;
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Note the minus preceding the second argument
to the ‘leg’; the positive value means “leftwards,”
negative—“rightwards” (with respect to
hypotenuse vector).

Odnotujmy obecno$¢ minusa przed drugim
argumentem makra ,leg’; warto$é dodatnia oznacza
,Do lewej”, ujemna — ,,po prawej” (wzgledem
wektora przeciwprostokatnej).

The macro quicksort sorts Q#s; ... Q#s; along
with @Q#.8; ... @Q#.3, for § € ¢, using Tony
Hoare’s “quick sort” method; suffix s must must

not occur in the ¢ list (no checking is performed); if

both s and ¢ are empty, ¢ is ignored.

e Remark 1: the algorithm has no explicit
recursion, because of METAFONT/METAPOST
limits on recursion level.

e Remark 2: the algorithm is not stable, i.e., it
does not preserve the order of equal items.

e Sample usage: quicksort A(1,100)()(x, y) will
sort Ay, Ag, ..., Aigo (comparing A; with A;)
and, moreover, Awl, Ayla ey AleOa AleO will
be reordered simultaneously.

Makro quicksort sortuje Q#s; ... Q#s; wraz

z Q#.3, ... Q#.$; dla § € ¢, z uzyciem algorytmu

“quick sort”, ktérego autorem jest Tony Hoare;

sufiks s nie moze wystapi¢ w lidcie ¢ list (zalozenie

to nie jest sprawdzane); jesli parametry s it sa
réwnocze$nie puste, parametr t ignorowany.

e Uwaga 1: algorytm nie korzysta z jawnej rekursji
ze wzgledu na ograniczenia implementacyjne
METF\FONT/METHF’OST.

e Uwaga 2: algorytm jest niestabilny, tzn. nie
zachowuje kolejnosci rownych obiektow.

e Przykladowe uzycie: quicksort A(1,100)()(x, y)
posortuje Ay, As, ..., Ajgo (poréwnujac A;

Z Aj), ponadto A:cl; Ayla ey AxlOOa AleO
zostana réwnoczesnie odpowiednio przestawione.

vardef quicksortqy(expr i, j)(suffix s)(text t) =

save i*, 7%, k*, I*, cell*, stack™, incl_t*; boolean incl_t*;

pair stack™[ ]; stackj,, := 0; stack™[incr stack].,] := (4, j);
1* :=0; for § :=¢t: 3* :== ¢* +1; endfor) ‘‘measure’’ t-list
incl_t* ;= (str s <> "")or ((str s = "") and (4* <> 0));

forsuffixes $ := s if incl_t*: , t fi:
if numeric Q#4[i]: numeric cellg;
elseif string Q#¢|i]: string cellg;
elseif boolean Q#g[i]: boolean cellg;
fi

endfor

forever:

exitif stackj,, <= 0;

numeric i*, j*; (i*, j*) = stack™[stack],,); stack],, := stackj,, — 1;

if it < j*:

forsuffixes $ := s if incl_t": , t fi: celly := Q#4[i*]; endfor

I* =%
for k* := i* + 1 upto j*:
if is_less(Q#,[k*], cell?):
forsuffixes $ := s if incl_t™: , t fi:

Qiffg[1*] := Qfg[k*]; Q#g[k*] := Qiffg[l™ + 1];

endfor
*=0r+1;
fi
endfor
forsuffixes $ := s if incl_t™: , t fi: Q#g[l*] := cellg; endfor
stack™[incr stack],,] := (i*, I* —1); stack™[incr stackj,,] = (I* + 1, j*);
fi
endfor
enddef;

vardef is_less(expr a, b) = (a < b) enddef;
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The macro soften_path rounds all corners of a path
p; 7 is the radius. Use soften_nodes for rounding
corners at a given set of nodes; its text parameter ¢
is a comma-separated list of either numbers or
pairs: a number means the number of a node, a
pair means the number of a node and a local
radius, to be used instead of r; prior to insertion
the list of nodes is sorted.

Macro soften_path zaokragla naroza $ciezki p;

r oznacza promien. Aby zaokragli¢ naroza

w wybranych wezlach nalezy uzy¢ makra
soften_nodes; parametr tekstowy t tego makra jest
lista (separowana przecinkami) liczb lub par: liczba
oznacza numer wezla, para — numer wezta i lokalny
promien zaokraglenia (zamiast r); lista wezléw
przed wstawieniem jest sortowana.

vardef soften_node(expr p, r,t) =% path, radius, node (i.e., time)

save ¢*; path ¢*; interim join_radius := r;
if cycle p:

q* = (subpath(t — 1, t) of p) softjoin (subpath(¢, ¢ + length(p) — 1) of p) & cycle;
(subpath(1 — ¢, 1 + length(¢*) — t) of ¢*) & cycle re-position origin
else: (subpath(0, ¢) of p) softjoin (subpath(t, length(p)) of p) fi

enddef;

%

vardef soften_nodes(expr p, r)(text t) =
save 7%, n*, p*, r*, t*; path p*; p* :=p;

t* := 0; for i* :=t: (n*[incr ¢*], r*[t*]) = if pair i*: i* else: (i*, r) fi; endfor

quicksort(1, t*)(n*)(r*);

*

j* = —1; for i* := luptot*: p
p*

enddef;

%

vardef soften_path(expr p, r) =) path, radius
save p*; path p*; p* = p;
if r>0:

*

:= soften_node(p*, r*[i*], n*[i*] 4+ incr j*); endfor;

for i* := if cycle p: 0 else: 1 fi step 2 until 2(length(p) — 1):

*

p* = soften_node(p*, r, i*);
endfor;
fi

*

p
enddef;

The macro insert_nodes inserts additional nodes at
given non-integer non-repeating times ¢ into a
given path p. The code would be a bit longer
without ‘arclength’ and ‘arctime.” The macro can
be useful in some cases in the context of finding
the envelopes of pen-stroked paths (avoiding
inflection points—see below).

Macro insert_nodes wstawia w Sciezce p dodatkowe
wezly w punktach odpowiadajacych czasom ¢
(niecatkowitym, niepowtarzajacym sie). Bez funkeji
,arclength’ i ,arctime’ kod bylby nieco dluzszy.
Makro to moze by¢ przydatne przy wyznaczaniu
obrysu pidrka (unikanie punktéw przegiecia —

p. nizej).

vardef insert_nodes(expr p)(text t) =
save j*, p*, s*, t*; path p*; p* := p;
t* = 0;
for i* :=t:
if round(4*) <> i*: /| ignore integer times

t*[incr t*] = arclength(subpath (0, i* mod length(p*)) of p*);

fi
endfor
for i* := 1 upto t*:
s* := arctime ¢*[i*] of p*;

if abs(round(s*) —

s*) > eps: % ignore repeating times; is eps OK?

p* := (subpath(0, s*) of p*) && (subpath(s*, length p*) of p*)

if cycle p*: & cycle fi;
fi
endfor;



14 PLAIN_EX

15:56 6 XII 2009

*

p
enddef’;

The macro delete_nodes removes, as the name
suggests, selected nodes from a given (cyclic) path.
The macro can be useful for removing superfluous
nodes, e.g., in case of improving fonts converted
from PFB to METAPOST. The nodes can be
removed in three possible ways: with both control
nodes, with the precontrol node, or with the
postcontrol one. During the process of removal,
additional control nodes may be removed. More
precisely: given a path p, let z*[i*] denothes its
i*-th node, z*[i*]b—the respective precontrol node
(“before”), z*[i*]a—the respective postcontrol
node (“after”). Macro delete_nodes removes
elements (by assigning an undefined value) from
the tables z*[ |, 2*[ ]b and 2*[ ]a in such a way that
the following invariant holds for the main loop: for
any pair of consecutive known nodes z*[i*] and
z*[§*], i* < j*, there exist exactly two indices u*
and v* such that i* <= u* < v* <= j* and both
z*[u*]a and z*[v*]b are known; moreover, z*[w*]a
and z*[w*]b are unknown for the remaining indices
w*, 1" <= w* <= j5*. The resulting path is
constructed from the elements that remain in the
table.

Nodes to be removed are passed as the list of pairs
(text parameter node_list): (index, kind), where
index denotes the time of the path corresponding
to a given node, and kind is a number. If kind = 0,
both control nodes are to be removed; if kind < 0,
a precontrol node is to be removed; if kind > 0,

a postcontrol node is to be removed.

The figure below shows the results of the
delete_nodes applied to a sample path p

(p = fullcircle): the topmost picture depicts the
source path and the numbering of nodes, the left
lower picture is the path returned by
delete—nOdes(p)((L 71)7 (37 71)7 (57 71)3 (7v *1))
middle lower one—by

delete_nodes(p)((1, 0), (3, 0), (5, 0), (7, 0)), right
lower one—by
delete_nodes(p)((1, 1), (3, 1), (5, 1), (7, 1)).

Makro delete_nodes, jak sama nazwa wskazuje,
usuwa wskazane wezly z danej (cyklicznej) Sciezki.
Makro moze sie przydaé¢ do usuwania zbednych
weztéw, na przyklad przy poprawianiu fontéw
zamienionych z postaci PFB na postaé
METAPOST-owa. Wezly sa usuwane na trzy
mozliwe sposoby: wraz z obydwoma przylegtymi
naciggami, z poprzedzajacym lub z nastepujacym
naciagiem. W kazdym z przypadkéw moga zostaé
tez usunigte sasiadujace naciagi. Dokladniej: dla
danej $ciezki p niech z*[i*] oznacza i*-ty wezel,
z*[i*]b — jego naciag poprzedzajacy, z*[i*]a — jego
naciag nastepujacy. Makro delete_nodes usuwa
elementy (poprzez nadanie wartosci nieokreslone;j)
z tablic 2*[ ], 2*[ ]b 1 2*[ Ja w taki sposéb, by
zachowany byl nastepujacy niezmiennik: dla
dowolnej pary sasiadujacych wezldéw z*[i*] i 2*[j*],
1% < j*, istnieja dokladnie dwa indeksy u* i v*,
takie ze ¥ <= w* < v* <= j* i zaréwno z*[u*]a,
jak i 2*[v*]b sa znane; ponadto z*[w*]a i z*[w*]b sa
nieokreslone dla pozostatych indekséw w*,

1* <= w* <= j*. Z elementéw, ktore pozostaja

w tablicy, budowana jest Sciezka wynikowa.

Wezly, ktére maja byé¢ usuniete, sa podawane jako
lista par (parametr tekstowy node_list):

(indeks, rodzaj), gdzie indeks oznacza czas
odpowiadajacy danemu wezlowi na Sciezce,

a rodzaj jest liczba; jesli rodzaj = 0, to usuwane sa
oba naciagi, jesli rodzaj < 0, to usuwany jest
naciag poprzedzajacy, jesli rodzaj > 0, to usuwany
jest naciag nastepujacy.

Efekt dzialania makra dla przykladowej Sciezki p
(p = fullcircle) jest przedstawiony na ponizszym
rysunku: gorna ilustracja przedstawia Sciezke
zrodlows z numeracja weztéw, lewa dolna
ilustracja to rezultat uzycia operacji
delete—n()des(p)((la *1)7 (3’ 71)7 (57 71)7 (77 71))
$rodkowa dolna — operacji

delete_nodes(p)((1, 0), (3, 0), (5, 0), (7, 0)), prawa
dolna — operacji
delete_nodes(p)((1, 1), (3, 1), (5, 1), (7, 1)).
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vardef delete_nodes(expr p)(text node_list) =% p is cyclic
save o, i*, j*, j**, I*, n*, 2 pair 2° ], 2* Ja, 2| |
n* = length(p);
for i* := 0 upto n™:
2*[i*] := point i* of p;
z*[i*]a := postcontrol i* of p;
2*[i*]b := precontrol i* of p;
endfor
for I* := node_list:
/% here the above-mentioned invariant holds (the result may depend
7 on the order of the nodes to be deleted, if neighbouring nodes
7 are being deleted)
i* := xpart({*) mod n*; 4 to mod or not to mod?
% to ignore (with a message) or to apply the mod operation?

z*[i*] := whatever_pair;

if ypart(I*) = 0: / delete predecessing b-node and successing a-node
j* = 1*; forever: exitif known z*[j*]b; j* := (j* — 1) mod n*; endfor
2*[j*]b := whatever_pair;
j* = 1*; forever: exitif known z*[j*]a; j* := (j* 4+ 1) mod n*; endfor

2*[j*]a := whatever_pair;
elseif ypart({*) > 0: % delete successing a-node and b-node

j* = 1*; forever: exitif known z*[j*]a; j* := (j* 4+ 1) mod n*; endfor
2*[j*]a := whatever_pair;
j*:=1%; forever: j* := (j* 4+ 1) mod n*; exitif known 2*[j*]b; endfor

2*[j*]b := whatever_pair;
else: 7 ypart({*) < 0; delete predecessing a-node and b-node

j* :=1*;, forever: j* := (j* — 1) mod n*; exitif known z*[j*]a; endfor
z*[j*|a := whatever_pair;

j* :=1*; forever: exitif known z*[j*]b; j* := (* — 1) mod n*; endfor
2*[j*]b := whatever_pair;
fi
endfor
i* := 0; forever: exitif known z*[i*]; i* := i* + 1; endfor; o* := i*;
for i* := o* upton®™ — 1+ o™:

hide(j* := i* mod n*; j** := (¢* + 1) mod n*)
if known z*[j*]: 2*[j*] i
if known z*[j*]a: .. controls z*[j*]a fi
if known z*[j**]b: and 2*[j**]b .. fi
endfor z*[0*] & cycle
enddef;
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The macros insert_extreme and insert_extremes Makra insert_extreme i insert_extremes wstawiaja

insert additional nodes at extremes into a given dodatkowe wezly w ekstremach w $ciezce p. Makra

path p. They make use of unslant_stroke robi uzytek z operacji unslant_stroke aby

operation in order to provide valid extremes after zapewnié¢ wlasciwe potozenie ekstrméw po

slanting the path p. The first parameter (optional, pochyleniu séiezki p. Pierwszy, opcjonalny

of type text, i.e, it the list of numbers or pairs) parametr (typu text; tzn. jest to lista liczb lub

defines either the minimal acceptable length of par) pozwala podaé dlugo$¢ minimalnej

a resulting subpath (if its value is of the numeric akceptowalnej (wynikowej) podsciezki oraz

type) or a subpath to be excluded from the process | podsciezki nieuwzgledniane przy wstawianiu

of the insertion of extremes (if its value is of the ekstremow; decyduje o tym typ wartosci

pair type). parametru: integer oznacza dlugosé, pair —
podsciezke.

vardef insert_extremes(text opt)(expr p) =) far from being optimal...
save p*; path p*;

p* := insert_extreme(opt

p* := insert_extreme(opt

)(
)(lef
p* = insert_ extreme(opt)(down)(p*);
insert_extreme(opt)(right)
enddef;
A
vardef insert_extreme(text opt)(expr d, p) =
save ignored_size™, ignored_segments™, a*, b*, found®, p*, t*, t**; path p*;
ignored_size™ 1= ignore_nib_limit;
for opt* := opt:
if numeric opt*: ignored_size™ := opt*; fi
if pair opt™:
* .= floor(xpart opt*); b* := ceiling(ypart opt*) — 1; if b* < a*: b* := o*; fi
for t* := o* upto b*: ignored_segments™[t*] := 1; endfor
fi
endfor
for ¢t* := 0 upto length(p) —
hide(found™ := whatever)
if unknown ignored_segments™[t*]:
hide(p* := subpath(t*, t* 4+ 1) of p)
if arclength(p*) > ignored_size™:
hide(t** := directiontime d unslant_stroke of p*)
if (arclength(subpath (0, t**) of p*) > ignored_size™)and
(arclength(subpath (¢**, 1) of p*) > ignored_size™): hide(found™ := 1)
fi
fi
fi
if known found™: ((subpath(0, t**) of p*) && (subpath(t**, 1) of p*)) else: p* fi
&
endfor
if cycle p: cycle fi
enddef;
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A MODULE THAT FINDS AN OUTLINE
FOR A SINGLE (SELF-INTERSECTING)
CYCLIC PATH OR A PAIR
OF CYCLIC PATHS

MODUE ZNAJDUJACY OBWIEDNIE
POJEDYNCZEJ SCIEZKI CYKLICZNEJ
(SAMOPRZECINAJACEJ SIE) LUB
PARY SCIEZEK CYKLICZNYCH

The problem can be stated as follows: two paths
are given (precisely: expressions of type path);
assume that the positively directed (anti-clockwise)
path accomplishes filling, and negatively directed
(clockwise)—erasing; the task is to find the outline
of the resulting (visible) figure. Such a task is
known as “removing overlaps” which seems too
narrow for such a complex operation. Actually, the
basic macro of that part, i.e., ‘find_outlines,’
accomplishes set-theory operations: sum, difference
and product, depending on the turning number of
the input paths. The illustration below
demonstrates the results yielded by the macro
‘find_outlines.” There are four cases since there are
four combinations of turning numbers for two
“regular” paths. Each case shows the initial
situation (left) and the resulting one (right).
Filling is omitted, the outline colour shows the
turning number: blue—positive, red—negative.

A single (cyclic) curve can be supplied as an input

>
argument to find_outlines; in this case it should
have self-intersections. Depending on the
orientation of the input path, there are possible
two sets of resulting paths:

Q.

Problem mozna postawi¢ w nastepujacy sposéb:
dane sa dwie $ciezki (dokladniej wyrazenia typu
path); zakladamy, ze dodatnio skierowane Sciezki
(przeciwnie do ruchu wskazdéwek zegara)
zaczerniajg obszar, a ujemnie — odczerniaja. Nalezy
znalezé obwiednie tak powstalej (widocznej) figury.
Operacja ta nosi nazwe ,usuwanie czesci
wspolnej”, co niezbyt dobrze oddaje ztozony
charakter operacji. W istocie podstawowa operacja
tego modulu, tj. ,find_outlines’, realizuje operacje
teoriomnogosciowe: sume, iloczyn i réznice,

w zaleznosci od kierunkéw wejéciowych $ciezek.
Ponizsza ilustracja przedstawia wyniki dziatania
makra ,find_outlines’. Kazdy z czterech
przypadkéw pokazuje stan poczatkowy (lewa
strona) i koficowy (prawa strona). Wypelnienie nie
zostato naniesione, zaznaczony jedynie zostal
kierunek Sciezek: kolor niebieski — kierunek
dodatni, kolor czerwony — kierunek ujemny.

[
I

-——»

gD
O o

Argumentem wejSciowym makra find_outlines
moze by¢ pojedyncza (cykliczna) Sciezka; w takim
przypadku powinna ona mie¢ samoprzeciecia.
Makro find_outlines — w zalezno$ci od kierunku
wejSciowej $ciezki — znajduje dwa mozliwe zestawy
$ciezek wynikowych:

-——»

-

vardef feasible_cross(suffix p, q, v)(expr ¢, s) =
if v[c]: (s * turn_ang(gendir p[c] of p, gendir ¢[c] of ¢) > 0)

else: false fi

enddef;

%
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vardef recombine(expr self_intersection)(suffix p, r) =
save s*, e*, v*, n*; boolean v*[];
if not path ry: scantokens("path,," & generisize(str r) & "[1"); fi
if not numeric 7,,,,,,: scantokens("numeric,," & generisize(str rpu.m,); fi

Tnum = 0;

s* := if self_intersection: 1 else: turningnumber(p; ) * turningnumber(p2) fi;
for i* := 1 upto ppum: v*[i*] := true; endfor
forever:
save c*; c¢* := 0;
forever:
c* = c* 4 1; exitif ¢* > ppum; exitif feasible_cross(pi, pa, v*, c*, s*);
endfor
exitif ¢* > pnum;
e* =1
rliner rpym) =
forever:
hide(e* := 3 — e*; v*[c*] := false;

if self_intersection: ), identify the same crossings as ‘‘visited’’
for i* := 1 upto prum:
% intersectiontime is not a comutative operation:
if abs(p[e*][c*] — p[3 — e*][*]) <= 16epsilon: % lepsilon? 2epsilon?

v*[i*] := false;
fi
endfor
fi
n* := next_time(p[e*])(c*))
(pos_subpath(p[e*][c*], p[e*][n*]) of ple*])hide(c* := n*)&&

exitif not v*[n*];
endfor
cycle;
endfor
enddef;
%
vardef next_time(suffix p)(expr t) =
save c*;
for i* := 1 upto puum:
if (p[s*] > plt]):
if known c*: if p[i*] < p[c*]: ¢* = i*; fielse: ¢* :=i*; fi
fi
endfor
if unknown c*:
c¢* =1; for i* := 2upto pum: if p[i*] < p[c*]: ¢* := i*; fi endfor
fi

c*

enddef;

%

vardef feasible_time(suffix p)(expr t) =
save b*, i*; boolean b*; b* := true; i* := 0;
forever:

=0+ 1

exitif (unknown p[i*]) or (not b*);

b* := b* if (abs(p[i*] — t) < 1) or (abs(p[i*] — t) > length(p) — 1): % optimization?
and (arclength(pos_subpath(p[i*], t) of p) > acc_eps)
and (arclength(pos_subpath (¢, p[i*]) of p) > acc_eps)

fi;

endfor
b*
enddef;
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%

vardef intersect_curves(expr self_intersection)(suffix p) =

save [*, p*; [* := 0;
for i* := 0 upto length(p;) — 1:
for j* := 0 upto length(py) — 1:

/% if a curve is being self-intersected, we demand that its neighbouring
7 Bézier segments do not intersect (could be circumvent at the cost

% of the increased complexity of computation):

if if self_intersection: (abs(i* — j*) mod (length(p1) — 1)) > 1 else: true fi:

for k* := lupto

intersect_segments(subpath (i*, i* 4+ 1) of p;, subpath(j*, j* + 1) of p2)(p*):
7 assuming that there are no self-intersections of single Bézier segments,

% it suffices to check feasibility only for p;:

if feasible_time(p1, p}[k*] +i*):

piliner '] = pi[k*] + 0% po[l”] = p3[k7] + 7%

fi
endfor
fi
endfor
endfor
Prum ‘= Plnum ‘= D2num = I*;
enddef;
YA
vardef intersect_segments(expr a, b)(suffix p) =
save ta*, tb*; (ta*, tb*) = a intersectiontimes b;
if ta* >=0:
pi[l] = ta*; po[l] := tb™

save tc*, td"; (tc*, td™) = reverse a intersectiontimes reverse b;

if length(1/ [point ta* of a, point tb* of b]

— 1/ [point tc* of reverse a, point td* of reverse b]) > acc_eps:

p1[2] ;=1 —te*; pof2) :=1—td™; 1+ fil
else: 0 fi
enddef;

newinternal acc_eps; acc_eps := .5;

As was mentioned, the input argument to
‘find_outlines’ can be either a single path or a pair
of paths. The paths must comply with the
following assumptions:

e paths are cyclic;

e if two paths are passed as an argument, each of
them should contain no self-intersection;

e if a single path is passed as an argument, its
adjacent segments do not intersect;

e no tangent touching occur;

e 1o inflection points occur (because the applied
algorithm assumes that two Bézier segments can
cross at at most two points)

e segments are long enough (minimal length of a
segment after the process of intersection is
controlled by the variable acc_eps—see above).

Jak zostalo wspomniane, wejéciowym argumentem
makra ,find_outlines’” moze by¢ albo pojedyncza
Sciezka, albo para $ciezek. Nastepujace warunki
musza by¢ spelnione:

e Sciezki powinny by¢ cykliczne

e jesli argumentem jest para Sciezek, zadna z nich
nie powinna mie¢ punktéw samoprzeciecia;

e jesli argumentem jest pojedyncza Sciezka, to jej
sgsiednie segmenty Béziera nie powinny sie
przecinad;

e nie powinny wystepowaé punkty stycznosci;

e nie powinny wystepowaé¢ punkty przegiecia (gdyz
zastosowany algorytm zaktada, ze dwa segmenty
Béziera przecinaja sie co najwyzej w dwdch
punktach);

e poszczegblne segmenty powinny byé dostatecznie
dlugie (minimalna dlugo$é segmentu po procesie
znajdowania przecieé jest okreslona przez
zmienna acc_eps — p. wyzej).



20 PLAIN_EX 15:56 6 XII 2009

Further improvements: Przewidywane udoskonalenie:

e intersection points nearly coinciding with nodes e jesli punkt przecigcia niemalze pokrywa sie
should be replaced by the nodes, i.e., by an z weztem ktorejs z krzywych, to do obliczen
integer time. powinien by¢ brany tenze wezet.

vardef find_outlines(text a)(suffix r) =% a -- input, r -- output
save auto™*, i*, ¢*;

boolean auto*; numeric ¢},,,; numeric ¢*[ ][ ]; path ¢*[];
1% = 0;
for a* := a: ¢*[incr i*] := a*; endfor

if ¢* > 2: ) presumably, a user never tries to intersect no paths
errhelp "I°11 ignore superfluous paths.";
errmessage "PX: too many paths, (" & decimal(i*) & ")";

fi

auto®™ := unknown ¢3; if auto™: ¢ = ¢f; fi;

intersect_curves(auto*, q*);

if ¢} ,m = 0: 7 emergency?
if not path r[0]: scantokens("path," & generisize(str r) & "[1"); fi
if not numeric 7,,,: scantokens("numeric,," & generisize(str rpym); fi
if auto™: rpum == —1; 1= ¢
else: rpum == —2; 1 = ¢f; 2= ¢5; i

else: recombine(auto*, ¢*, r); fi

enddef;
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A MODULE THAT FINDS
AN ENVELOPE OF A PATH BEING
DRAWN WITH AN ELLIPTICAL OR A
ONE-DIMENSIONAL (“RAZOR”) PEN

MODUL ZNAJDUJACY OBRYS
OBSZARU ZAMALOWYWANEGO
PRZEZ PIORKO ELIPTYCZNE LUB
JEDNOWYMIAROWE (,,ZYLETKOWE”)

The following macros approximate the envelope of
an elliptical or a razor pen. The exact solution is
impossible—in general, the envelope is not a Bézier
curve, therefore some heuristics is, in general,
unavoidable. We assumed that the backbone of a
figure is such that the envelope does not form loops
at smoothly joined nodes. Moreover, all Bézier
segments appearing in the process should not
contain inflection points (the reason for this
limitation is the method of finding an
approximation of a pen envelope). If the latter
condition is not fulfilled, one may expect weird
results (see the usage of the ... operator in the
code of pen_stroke_edge).

Ponizsze makra przyblizaja brzeg $ciezki kreslonej
eliptycznym lub ,zyletkowym” piérkiem. Dokladne
rozwiazanie nie jest mozliwe — w ogélnosci brzeg nie
jest krzywa Béziera, zatem heurystyki w ogdlnosci
uniknaé sie nie da. ZatozyliSmy, ze szkielet figury
jest tak skonstruowany, ze przy gladko potaczonych
weztach krawedz pidrka nie rysuje petli. Ponadto
krzywe pojawiajace sie w trakcie przetwarzania
nie powinny mieé punktéw przegiecia (co wiaze
sie z zastosowanym sposobem aproksymacji obrysu
pidrka). Jedli to zalozenie nie jest spelnione, mozna
oczekiwaé dziwacznych efektéw (p. uzycie
operatora ... w kodzie makra pen_stroke_edge).

We assume that slanting should not distort a pen.
Therefore, if a glyph is to be slanted after
expanding a stroke, which usually is the case, the
envelope should be constructed with an unslanted
pen. Macros slant_stroke, unslant_stroke, and
unslant_angle are devised to facilitate handling this
situation. These macros refer to the variable
slant_stroke_val; it should be assigned a definite
value prior to expanding stroke.

Zakladamy, ze pochylenie (slanting) nie powinno
wplywaé na ksztalt piérka. Zatem jesli obrys
konstruujemy w taki sposob, ze pochylenie jest
wykonywane po wyznaczeniu obrysu piérka, co
zwykle ma miejsce, to obrys powinnien by¢
znajdowany dla piérka poddanego pochyleniu
odwrotnemu (unslanting). Makra slant_stroke,
unslant_stroke oraz unslant_angle zostaly
wprowadzone po to, aby utatwi¢ obstuge takiego
zabiegu. Zmiennej slant_stroke_val, do ktérej te
makra sie odwoluja, nalezy nadaé stosowna
wartos¢ przed wyznaczaniem obrysu piérka.

def slant_stroke =

if known slant_stroke_val: slantedslant_stroke_val fi
enddef;

def unslant_stroke =
if known slant_stroke_val: slanted — slant_stroke_val fi

enddef;

vardef unslant_angle(expr a) = angle(dir(a) unslant_stroke) enddef;

Macro fiz_nib returns a path. If y_diam parameter
is 0, a “razor” pen (a segment) is returned,
otherwise it is an approximation of an ellipse. We
do our best to avoid unnecessary nodes, hence the
approximation is somewhat complicated; another
reason for the complication is that interpolation
and affine transformations do not commute,
therefore the appropriate nodes are found for the
untransformed pen, and only then the pen is
transformed. Note: So far, there is no explicit
relation between a built-in METAPOST pen
mechanism and the fiz_nib operation, in particular,
beginfig does not alter the setting of default_nib.
Needs rethinking.

Makro fiz_nib zwraca Sciezke. Jesli parametr
y_diam jest rowny 0, zwracane jest piérko
wzyletkowe” (odcinek), w przeciwnym razie
wynikiem jest (przyblizona) elipsa. Poniewaz
chcemy w miare mozliwosci unikaé¢ zbednych
wezléw, konstrukcja przyblizenia jest nieco
skomplikowana. Dodatkowym czynnikiem
komplikujacym jest to, ze interpolacja nie jest
przemienna wzgledem przeksztalcen afinicznych,
dlatego najpierw wyznaczane sg stosowne wezly na
niezdeformowanym piérku, a dopiero potem piérko
jest przeksztalcane. Uwaga: Nie ma bezposredniego
powiazania miedzy operacja fiz_nib a wbudowanym
w METAPOST-a mechanizmem piorek,

w szczegdlnosci beginfig nie zmienia ustawienia
default_nib. Rzecz wymaga przemyslenia.
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vardef fix_nib(expr z_diam, y_diam, rot_angle) =
if (z_diam <> 0) and (y-diam <> 0): fix_elliptic_nib(x_diam, y_diam, rot_angle)
elseif (z_diam <> 0) and (y_diam = 0): fix_razor_nib(z_diam, rot_angle)
elseif (z_diam = 0) and (y_diam <> 0): fiz_razor_nib(y_diam, rot_angle + 90)
else:
errhelp "I°11 use the default pen, but,I’d suggest to cancel the job.";
errmessage "PX: jthe null jpen;is not alowed";
default_nib
fi
enddef;

vardef fix_razor_nib(expr z_diam, rot_angle) =
(=1 z_diam, 0) -- (12 z_diam, 0)) rotated rot_angle unslant_stroke
enddef;

vardef fix_elliptic_nib(expr z_diam, y_diam, rot_angle) =
save p*; path p*;
% construct a temporary ellipse:
p* = fullcircle
xscaled x_diam yscaled y_diam rotated rot_angle unslant_stroke;
% construct an elliptic pen path having
% 4 or, if necessary (heuristic), 6 nodes:
(for d = up unslant_stroke, left,
if (y_diam/z_diam < 1/ ) and (abs(rot_angle mod 90) > 5):
left rotated rot_angle unslant_stroke,
fi
down unslant_stroke, right,
if (y_diam/z_diam < 1/3 ) and (abs(rot_angle mod 90) > 5):
right rotated rot_angle unslant_stroke
fi:
(point (directiontime d of p*) of fullcircle)
{direction (directiontime d of p*) of fullcircle} ...

endfor cycle) xscaled z_diam yscaled y_diam rotated rot_angle unslant_stroke
enddef’;

Arcs of a pen shorter than ignore_nib_limit will be Fuki piorka krétsze niz ignore_nib_limit zostana
joined together to form larger ones. Remember to potaczone w wieksze segmenty. Nalezy pamietac
adjust the parameter ignore_nib_limit if the size of 0 zmianie parametru ignore_nib_limit przy

default_nib is significantly changed. znaczacej zmianie rozmiaru pidrka (default_nib).

newinternal ignore_nib_limit; ignore_nib_limit := 5;

path default_nib;
default_nib := fiz_nib(50, 50, 0); % hundred times as large as a default plain pen

newinternal default_elongation, default_join, default_cap;
default_elongation := /5 ;
default_join := 1;

% 0 —-— tip, default elongation used

%4 1 -- pen join, default elongation ignored

% 2 -- tip, default elongation ignored, elongation=0 used
default_cap := 1,

4 0 —— cut 90 rel

%4 1 -- pen end

tangent_point, pen_join, pen_stroke_edge™, and tangent_point, pen_join, pen_stroke_edge®

pen_stroke_edge are auxiliary macros, exploited by i pen_stroke_edge to makra pomocnicze, uzyte

the main macro, i.e., pen_stroke. w gléwnym makrze, tj. pen_stroke.

vardef tangent_point(expr d, nib) =7, d -- direction of pen movement
save a*;
point if cycle nib: (directiontime d of nib) else:



| 15:56 6 XII 2009 PLAIN_EX

23

hide(a* := turn_ang(d, (point 1 of nib) — (point 0 of nib)))
if abs(a¢* mod 180) < .1: 1/ / emergency
elseif a* < 0: Oelse: 1 fi
fi of nib
enddef;
%
vardef pen_join(expr a, b, ¢, nib) =
% deleting superfluous nodes is based on the arclength operation
% which, obviously, is not preserved after slanting, but let’s hope
% it does not matter (too much)
save t*, m*, m**, ta*, tb*, p*; path p*;
m* := infinity; 4 will be the minimal length of nib’s segment
for ¢t* := 0 upto /> length(nib) — 1:
m** := arclength(subpath(¢*, t* + 1) of nib);
if m** < m*: m* .= m**; fi
endfor
if m* < ignore_nib_limit:
message "PX: jthe shortest nib segment < ignore_nib_limit, ("&
decimal(m**) & " <" & decimal(ignore_nib_limit) & ") ";
fi
p* = nib shifted ¢;
if cycle nib:
ta* = directiontime a of p*; tb* = directiontime b of p*;
p* := pos_subpath(ta*, tb*) of p*;
if arclength(p*) > ignore_nib_limit:
for i* := 0, 0:
p* = reverse p*; J, short segments may appear at both ends
if length(p*) > 1: 4 optimization
if arclength(subpath(0, 1) of p*) < 1/4 ignore_nib_limit:
%4 cf. the comment concerning /4 ignore_nib_limil in
% pen_stroke_edge below
p* := (point 0 of p*) .. controls(postcontrol 1 of p*)and
(precontrol 2 of p*) .. subpath(2, infinity) of p*;

fi
fi
endfor
else:
p* := (point 0 of p*){a} ... {b}(point length(p*) of p*);
fi

else: / razor nib
p* 1= tangent_point(a, p*) - - tangent_point(b, p*);
fi

*

p
enddef;
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The finding of a pen envelope for a given Bézier
segment, defined by nodes a, b, ¢, and d, begins
with the placing the pen at the ends of the Bézier
segment (i.e., at the points a, d) and finding the
corresponding points @’ and d’ where the pen
outline is parrallel to the direction of the original
path at these points. Then, the outline is
constructed. For pen_stroke_method = 0 (default),
the envelope segment is constructed by setting the
beginning and final directions (optionally, the
direction at a given node can be ignored); for
pen_stroke_method = 1 or 2 an alternative (more
elaborate) procedure is involved which explicitly
computes control nodes b’ and ¢’ of the resulting
path basing on a heuristic assumption that
length(b' — a’)/ length(b — a) ~

length(¢’ — d’)/ length(c — d) =~

length(a’ — d’)/ length(a — d).

The default method never produce concave edges
because the operator ... is used always; the
alternative methods employs the operator
force_conver_edge instead; for

pen_stroke_method = 1 the convex edges are forced
(i-e, inflexion points are being removed), for
pen_stroke_method = 2 no forcing of convex edges
takes place.

Wyznaczanie brzegu obszaru rysowanego piérkiem
dla segmentu Béziera okreslonego przez wezly a, b,
c i d, rozpoczyna sie od umieszczenia piérka

w wezlach kohcowych (tj. a i d) znalezienia
odpowiadajacych im punktéw a’ i d’ w ktorych
obwiednia piérka jest rownolegta do oryginalnej
Sciezki. Nastepnie konstruowana jest krawedz
brzegu obszaru rysowanego piérkiem. Dla metody
domyslnej (pen_stroke_method = 0) $ciezka jest
budowana na podstawie kierunku poczatkowego

i koncowego. Dla metody alternatywnej
(pen_stroke_method = 1 lub 2) Sciezka jest
wyznaczana przez jawne wyliczenie naciagbéw

(t/ 1 ¢') na podstawie heurystycznego zalozenia
length(d’ — a’)/ length(b — a) ~

length(¢’ — d’)/ length(c — d) ~

length(a’ — d’)/ length(a — d).

Pierwsza z metod (tzn. domy$lna) nie daje

w wyniku $ciezki wklestej, gdyz uzywany jest
zawsze operator ... ; w wypadku metody
alternatywnej stosowany jest operator
force_convex_edge, ktéry wymusza wypuklodé (tzn.
usuwa punkty przegiecia) dla

pen_stroke_method = 1, natomiast nie wymusza dla
pen_stroke_method = 2.

vardef extrapoline expr t of B =), the result may be not a single segment

save [*, t*;
(tr, tF) =t % 0 <= ta* < tb* <= 1!
I* = arclength(B) /(& — t3); I¥ = 1* = ¢},
if t¥ > 0: ((point 0 of B) — I *
B
if tf < 1:-- ((point 1 of B) + [} *
enddef;
%
vardef force_conver_edge(expr za, zb, zc, zd) =
save a*, b*, c*, d*, z*;
= length(zd — za); b* := length(zb — za); ¢
if (—a* + 0* + ¢* + d* > a*/infinity):
if pen_stroke_method = 2:
za .. controls zb and zc .. zd
else:

=

(upredir

= length(zc — 2b); d*

* (1= 14);
(upostdir 0 of B)) --fi

lof B))fi

= length(zd — zc);

1f(a > 0.01) and (b* > 0.01) and (¢* > 0.01) and (d* > 0.01): 4 no degeneration. ..
a* = signum((za — zd) rotated —90dotnorm(zb — za));

)

b* := signum((zb — za) rotated —90dotnorm(zc — 2b));
¢* = signum((zc — 2b) rotated —90dotnorm(zd — zc));

d* := signum((zd — zc) rotated — 90d0m07"m(za — zd)

if ((a* <> b*)or (b* <> ¢*))and (a* = d*):

numeric b*, ¢*; pair z*;
z* = b*[za, 2b] = c*[zd, zc];

za .. controls

if b* < 1: z* else: zb fiand if ¢* < 1: z* else: zc fi

. zd
else:

za .. controls zb and zc .. zd
fi
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else:
za .. controls zb and zc .. zd
fi
fi
else:
za -- zd
fi
enddef;
%
vardef pen_stroke_edge* (expr b, b_nib, e_nib) =% b -- Bézier segment

save pa*, pb*, qa*, gb*, ra*, rb*, sa*, sb*;
pair pa*, pb*, qa*, gb*, ra*, rb*, sa*, sb*;
pa* = point 0 of b; ra* = (postcontrol 0 of b) — pa*; sa* = postdir 0 of b;
pb* = point 1 of b; rb* = (precontrol 1 of b) — pb*; sb* = predir 1 of ¥;
qa™ = pa* + tangent_point(sa*, b_nib);
gb™ = pb* + tangent_point(sb™, e_nib);
if pen_stroke_method = O:
qa*{sa*} ... {sb™}¢qb”
elseif (pen_stroke_method = 1) or (pen_stroke_method = 2):
save Ip*, lg™; Ip* = length(pb™ — pa*); lg* = length(¢gb™ — ga*);

if 2Ip* < l¢*: % heuresis -- too close nodes
qa*{sa*} ... {sb"}qb*

else:
force_convex_edge(qa*, qa* + lg* /Ip™ * ra*, qb* + lg* /Ip™ * rb*, qb*)

fi

else:

errhelp "Only the values 0,1, and 2 ,for,‘pen_stroke_method’ are admissible. "&

"Better stop now.";

errmessage "PX: junknown pen, stroke method (" &
decimal(pen_stroke_method) & ") ";
fi
enddef;
YA
vardef pen_stroke_edgeq 4 (expr p) =
save e*, [* i*, **; path e*[|;
I* := length(p);
for i* := Oupto I* — 1:
e*|i*] = pen_stroke_edge™ (subpath(i*, i* 4+ 1) of p,
% local_nibgy (%), local_nibgy (i* +1)); % a nasty bug removed 20.08.2009
local_nibg y (i*), local_nibgy ((4* + 1) if cycle p: modl* fi));
endfor
for i* := 0 upto [* if cycle p: —1 else: —2 fi:
i** = (¢* + 1) mod I*;
save t*;
t* := turn_ang(predir 1 of ¢*[i*], postdir 0 of e*[i**]);
if if known ¢*: abs(t*) > 1 else: false fi:
save t*; (tr, t)) = e*[i*] intersectiontimes e*[i**];
if 12 > 0:
e*[i*] := subpath(0, t}) of e*[i*];
e*[i**] := subpath(#, 1) of e*[i**];
elseif known local_tipg .y (i**):
save tr*, ty*, b*, b**, ei*, ei**; path ei*, ei**, ei*[], ei**[];
(tz*, ty*) = local_tipg .4 (i**);
ei* = if is_line(e*[i*]):
(point 0 of e*[i*]) --
(1/ abs(tz*))[point 0 of e*[i*], point 1 of e*[i*]]
elseif tz* < 0: hide(b* := 1)extrapoline(0, abs(tz*)) of e*[i*]
else: extrapolate (0, abs(¢z*)) of e*[i*] fi;
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ei** = if is_line(e*[i**]):
(1/(1 — abs(ty*)))[point 1 of e*[i**], point 0 of e*[i**]] --
point 1 of e*[i**]
elseif ty* < 0: hide(b** := 1)extrapoline(abs(ty*), 1) of e*[i**]
else: extrapolate(abs(ty*), 1) of e*[i**] fi;
% clumsy HEURESIS (choosing an optimal intersection point, if there are
7 more intersections):
save t*; (t¥, length(ei**) — ¢) = ei” intersectiontimes reverse ei**;
if t7; > 0:
et} := if (known b*) and (¢}, > 1):
force_convex_edge(point 0 of e*[i*], postcontrol 0 of e*[i*],
precontrol 1 of e¢*[i*], point ¢}, of ei*)
else: subpath (0, t},) of ei* fi;
et**; := if (known 0**) and (¢; < 1):
force_convez_edge(point ¢}, of ei**, postcontrol 0 of e*[i**],
precontrol 1 of e*[i**], point 1 of e*[i**])
else: subpath(t},, infinity) of ei** fi
(length(ei™) — £y, t,) = reverse ei” intersectiontimes ei**;
if length((t},, &) — (t2s, tiy)) > eps:
eiy := if (known b*) and (¢}, > 1):
force_convex_edge(point 0 of e*[i*], postcontrol 0 of e*[i*],
precontrol 1 of e*[i*], point ¢, of ei*)
else: subpath (0, t7,) of ei* fi;
et**y := if (known b**) and (¢, < 1):
force_convez_edge(point ¢}, of ei**, postcontrol 0 of e*[i**],
precontrol 1 of e*[i**], point 1 of e*[i**])
else: subpath(t},, infinity) of ei** fi;
if arclength(ei]) + arclength(ei**;) > arclength(eis) + arclength(ei**3):
ei] = eiy; ei**y 1= ei**g;
fi
fi
e*[i*] == ei}; e*[i
fi

**] = ei**1;
fi
fi
endfor
for i* := Qupto I* — 1:
hide(i** := (i* — 1) mod I*)
if cycle por (i* > 0):
if length((point 1 of e*[i**]) — (point 0 of e*[i*])) > /4 ignore_nib_limit:
%4 the constant 14 ignore_nib_limit plays a similar role
% to that of the SNAP_TO_NODE variable in pf2mtl.awk
(point 1 of e*[i**])
if known local_tipg ., (i*): -- else:
&& pen_join(predir 1 of e*[i**], postdir 0 of e¢*[i*], point i* of p,
local_nibg 4 (i*))&&
fi
fi
fi
% reconstruct e*[i*] (possibly ignoring direction(s)):
(point 0 of e*[i*])
if is_line(e*[i*]):
the using of -- circumvents METAFONT/METAPOST instable behaviour:
the operator ... may cause that a control point and a node
(nearly) coincide (note that this is feature, not a bug);
thus, it is advisable for pen_stroke_method = 0; supposedly,
it is also adequate for pen_stroke_method = 1:

SRR S\ e W
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else:
if pen_stroke_method = 0:

if not ignore_dir*(i*): {postdir 0 of e*[i*]} fi ...

if not ignore_dir™ (i*

+ 1): {predir 1 of e*[i*]} fi

elseif (pen_stroke_method = 1) or (pen_stroke_method = 2):
.. controls(postcontrol 0 of e*[i*]) and (precontrol 1 of e*[i*]) ..

fi
fi
endfor
if cycle p: cycle else: (point 1 of e*[I* —1]) fi
enddef;
newinternal pen_stroke_method;

Macro pen_stroke performs an operation known
as “expanding stroke”; we’ll call the result of the
operation a “pen envelope” (for a given path). The
macro has one optional parameter, opts (text),
and two obligatory ones: input path p (expr) and
a result (suffix). A user has an access to subpaths
of the envelope, namely: result, is the right edge of
the envelope, result;—its left edge, result,—is a
fragment of the pen outline joining left and right
edge of the envelope at the beginning node of the
path, result.—is a similar fragment at the ending
node of the path (see the picture below). If the
path p is cyclic, then result, and result, are
undefined, otherwise the variable result contains
additionally the complete expanded stroke.

result; p

resulty,

For finding an envelope, a default path
(default_nib, returned by fiz_nib) is used except
nodes for which the parameter opts sets another
pen. Mastering the usage of the parameter opts
allows a user to achieve nontrivial effects. The
parameter opts is a list (space-separated or
semicolon-separated) of the following operators:
(1) nib, (2) cut, (3) tip, and (4) ignore_directions.

Makro pen_stroke realizuje operacje znana jako
sekspansja $ciezki” (expanding stroke); wynik tej
operacji bedziemy okresla¢ mianem ,obrysu
piérka” (dla danej $ciezki). Makro pen_stroke ma
jeden parametr opcjonalny opts (typu text) oraz
dwa parametry obowiazkowe: Sciezke wejsciowa p
(typu expr) i wynik result (typu suffix).
Uzytkownik ma dostep do podéciezek obrysu,
mianowicie: result, to prawa krawedz obrysu,
result; — lewa, result, — fragment obwiedni piérka
taczacy lews i prawa krawedZ w poczatkowym
punkcie Sciezki, result., — analogiczny fragment na
konicu $ciezki (p. rysunek ponizej). Jesli Sciezka p
jest zamknieta, to result. oraz resulty sa
niezdefiniowane, jesli otwarta — zmienna result
zawiera dodatkowo kompletny obrys Sciezki.

result,

result,

Do wyznaczenia obrysu wykorzystywane jest
pidrko default_nib (zdefiniowane za pomoca makra
fiz_nib), za wyjatkiem weztéw, dla ktérych
parametr opts definiuje inne piérko. Biegle
wykorzystanie parametru opts pozwala na
uzyskiwanie nietrywialnych efektow. Parametr opts
jest lista nastepujacych polecen (separowana
spacjami lub érednikami, jak kto woli): (1) nib,

(2) cut, (3) tip oraz (4) ignore_directions.
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Ad 1. The macro nib has two parameters:
nib(pen)(list_of_nodes), where “pen” is a path
returned by macro fix_nib, and “list_of_nodes”
contains comma-separated numbers (times) of the
nodes of the path p at which a given pen is to be
used. If needed, the outline is complemented at
corner nodes with a fragment of a pen path. Such a
join corresponds to the setting linejoin := rounded
in METAPOST. If the path p is non-cyclic, its ends
are also complemented with appropriate fragments
of a pen path (the setting linecap := rounded).
Such a method of joining is also applied by
pen_stroke to nodes not mentioned in the
parameter opts. The result of the following
statement

Ad 1. Wywolanie makra nib ma postaé
nib(piorko)(lista_wezléw), gdzie ,piérko” jest
$ciezka zdefiniowang za pomoca makra fiz_nib,

a lista_weztéw” zawiera rozdzielone przecinkami
numery (czasy) weztéw $ciezki p, w ktérych dane
piérko ma by¢ uzyte. W punktach naroznych obrys
jest w razie potrzeby uzupelniany fragmentem
$ciezki pidrka. Odpowiada to METAPQOST-owemu
ustawieniu linejoin := rounded. W przypadku
$ciezki otwartej takze jej konce sa uzupelnianie
fragmentem piérka (linecap := rounded). Taki
sposob laczenia stosowany jest réwniez przez
makro pen_stroke w wezlach niewymienionych
w parametrze opts. Wynik uzycia polecenia

pen_stroke (nib(default_nib xyscaled (1, 2))(infinity))(p)(q)

that changes the pen at the last node of the path,
is shown in the following picture:

Ad 2. The call of the macro cut has the form:
cut(angle, pen)(list_of_nodes) or

cut(pen, angle)(list_of_nodes), where “pen” and
“list_of_ nodes” are defined as previously. The pen
parameter can be omitted which means using a
default pen (default_nib). The macro replaces a
default pen with a special “razor” pen at specified
nodes. More precisely, it is a projection of a given
pen in the direction of the path p at a given node
onto a straight line going through this node under
the angle specified in the respective parameter of
the macro. Ufff. .. The angle of the straight line
can be defined either absolutly (with respect to the
axis ) or—by adding a prefix ‘rel'—relatively to
the direction of the path at a given node. From the
point of view of a user, the result of the macro cut
is “cutting” the expanded stroke with a straight
line. This operation is particularly useful at the
ends of a path and corresponds to the setting
linecap := butt in METAPQOST, except that in
METAPOST one cannot specify angles. The result
of the statement

powodujacego zmiane piorka w ostatnim wezle
Sciezki przedstawia ponizszy rysunek:

Ad 2. Wywotanie makra cut ma postaé cut(kat,
pidrko) (lista_weztéw) lub

cut(pidrko, kat)(lista_wezléw), gdzie ,piérko”

i ,lista_weztéw” sa zdefiniowane jak wyzej.
Parametr okreslajacy piérko mozna pominaé, co
oznacza uzycie piérka domyslnego (default_nib).
Makro powoduje uzycie w zadanych punktach
specjalnego piérka ,zyletkowego”, bedacego rzutem
danego piérka w kierunku zgodnym z kierunkiem
sciezki p w danym wezle na prosta, przechodzaca
przez ten wezel pod katem okreslonym przez
parametr  kat”. Ufff. .. Kat prostej moze by¢
okreslany wzgledem osi z, lub — po dodaniu
przedrostka ,rel’ — wzgledem kierunku $ciezki

w danym wezle. Z punktu widzenia uzytkownika
efektem dzialania makra cut jest ,przeciecie”
obwiedni w danym wezle zadana prosta — jest to
uzyteczne gtéwnie na koncach $ciezki. Makro to
odpowiada METAPOST-owemu ustawieniu
linecap = butt, z tym ze METAPOST nie pozwala
na dowolne zadanie kata Scigcia. Wynik uzycia
polecenia

pen_stroke (cut(45)(0) cut(default_nib xyscaled (1, 2), rel 90)(infinity))(p)(q)

that cuts both ends and, moreover, changes a pen
at the ending node is shown in the figure below (at
the beginning node, the absolute angle of 45
degrees is specified, at the ending one—the relative
angle of 90 degrees):

definiujacego Sciecia na koncach Sciezki wraz ze
zmiang piérka w punkcie koficowym przedstawia
ponizszy rysunek (w punkcie poczatkowym zadany
jest kat bezwzgledny 45 stopni, w koncowym —

90 stopni wzgledem kierunku $ciezki):
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Ad 3. The call of the macro tip has the form
tip(pen, pre_elongate, post_elongate)(list_of_nodes),
where “pen” and “list_of_nodes” have the same
meaning as previously. In particular, a pen can be
omitted. At corner nodes specified in the list of
nodes, the consecutive elements of the outline are
not joined with an appropriate subpath of a pen;
instead, they are elongated (extrapolated) until
they intersect. This process corresponds (roughly)
to the METAPQOST setting linejoin := mitered:

The illustration above is the result of the following
call of the macro pen_stroke (the macro tip is
invoked with default settings, only the number of a
node is specified):

pen_stroke (tip()(

The optional parameters pre_elongation and
post_elongation define how far the consecutive
edges (segments) should be elongated in order to
make them intersect each other (the measure is the
time). If one parameter is omitted, both will
receive the same value; if both are omitted,

a default value, (0.5, 0.5) (it corresponds to
elongation by circa 50%), will be used. The precise
meaning of the pre- and post-elongation is defined
as follows: for a given pre-edge ey, post-edge es,
pre-elongation vy and post-elongation vs, the paths
extrapolate(0, 1/(1 + v1) of e; and
extrapolate(vy/(1 + v2), 1) of ey are computed
(i-e., for the default elongation:

extrapolate(0, 2/3 ) of s; and

extrapolate(l/s3, 1) of sy, respectively). If
elongated curves do not intersect, the terminal
nodes of the consecutive segments are joined with
a straight line. The latter property can be used to
obtain a result corresponding to the METAPOST
setting linejoin := beveled: it suffices to apply

a null elongation, i.e., tip(0)(list_of_nodes).
Changing the first (empty) parameter of the tip
macro in the previous example would yield the
following result:

Ad 3. Wywotlanie makra tip ma postaé tip(pidrko,
przed_wydluzenie, po_wydluzenie)(lista_weztéw),
gdzie ,piérko” i ,lista_weztéw” maja postaé jak
w poprzednich makrach, w szczegdlnosci pidrko
rowniez mozna pominaé. W weztach naroznych,
wyspecyfikowanych za pomoca tego makra,
sasiednie segmenty nie sg laczone fragmentem
$ciezki piorka, tylko sa przedtuzane
(ekstrapolowane) i jest znajdowany ich punkt
przeciecia. Procedura ta odpowiada z grubsza
METAPOST-owemu ustawieniu linejoin := mitered:

Powyzsza ilustracja to rezultat wywotania makra
pen_stroke w nastepujacy (uzycie makra tip
bazuje na ustawieniach domyslnych,
wyspecyfikowany jest jedynie numer wezla) sposéb:

3))(p)(q); draw g;

Parametry opcjonalne ,,przed_wydluzenie”

i ,po_wydtuzenie” okreslaja, jak daleko maja by¢
przedluzane krawedzie (segmenty) — miarg jest tu
czas — aby mozna bylo wyznaczy¢ ich punkt
przeciecia. W przypadku pominigcia jednego

z tych parametréw oba otrzymuja te sama wartoscé;
jesli oba zostana pominiete, uzyta bedzie wartosé
domyélna, tj. (0.5, 0.5), odpowiadajaca wydluzeniu
mniej wiecej o 50%. Scigle biorac: dla danej
wprzed-krawedzi” ey, ,po-krawedzi” es,
»wprzed-wydtuzenia” vy oraz ,po-wydluzenia” vs
wyznaczane sa Sciezki

extrapolate(0, 1/(1 + v1) of e; oraz
extrapolate(vy/(1 + v2), 1) of ey

(tzn. dla wydluzenia domyslnego odpowiednio
extrapolate (0, 2/3 ) of s; oraz

extrapolate(l/3, 1) of s3). Jesli przediuzenia

nie przetna sie, wezly obrysu taczone sa odcinkiem
prostym. Ostatnia wlasnos¢ umozliwia osiagniecie
efektu analogicznego do skutkéw ustawienia
linejoin := beveled. W tym celu nalezy uzy¢
zerowego wydluzenia: tip(0)(lista_wezléw). Uzycie
w poprzednim przykladzie zera zamiast pierwszego
(pustego) parametru makra tip daloby
nastepujacy efekt:
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Ad 4. The macro ignore_directions has a different
character. It is invoked with one parameter being a
comma-separated list of nodes:
ignore_directions(list_of_nodes). The numbers must
be followed by sufixes [ or . The macro causes
that, at specified nodes, the direction of the outline
is not forced to be parallel to the direction of the
path p (which is the default); instead, the direction
is calculated by METAPOST. Suffixes determine
whether the direction is not to be forced at the
right (r) or the left (1) edge (with respect to the
direction of the path p). This heuristic trick can be
used to improve the appearence of the outline if
the “inner” part of the envelope has too tight arcs.

Ad 4. Wywolanie makra ignore_directions ma
postaé ignore_directions(lista_wezlow), gdzie ,lista
weztéw” zawiera rozdzielone przecinkami numery
(czasy) wezldéw Sciezki p z obowigzkowymi
sufiksami [ albo r. Makro to spelnia nieco inng role
niz poprzednie — powoduje mianowicie, ze

w zadanych weztach kierunek krzywej tworzacej
obrys nie jest wymuszany (normalnie jest on
rownolegly do kierunku $ciezki p

w odpowiadajacym punkcie). Sufiksy okreslaja,
czy niewymuszanie kierunku ma dotyczy¢

prawej (r) czy tez lewej (1) strony obrysu (patrzac
zgodnie z kierunkiem $ciezki). Taki heurystyczny
zabieg poprawia na og6l wyglad obrysu, gdy jego
swewnetrzna” cze$¢ ma zbyt ciasne tuki.

vardef pen_stroke(text opts)(expr p)(suffix result) =

forsuffixes $ =, r, [, b, e:

if not path results: scantokens("path," & generisize(str results)); fi

endfor

save a*, a**, d*, i*, k*, n*, p*, z*, norm*, norml”, normr*, normlr®,
fiz_opts™, ignore_dir*, ignore_dir**, local_nib*, local_nib**,

local_tip™, default_tip*, local_tip**,% internal

all, rel, last, nib, cut, tip, ignore_directions, current_node; J, exported
numeric ignore_dir**[ |; pair default_tip*, local_tip**| |;

path local_nib**| |;
pair o*, d*, z*[ ]; path p*;
vardef norm* primary n =

if cycle p: n mod last else: if n < 0: 0 elseif n > last: last else: n fi fi

enddef;

vardef norml* primary n = — norm* n — 1 enddef;
vardef normr* primary n = norm* n + 1 enddef;
vardef normlr* @Q# primary i = if str Q# = "1": — norm*(last —i) — 1 else: i + 1 fi enddef;
last = length(p);
vardef rel primary a =
angle((gendir current_node of p) slant_stroke) + a
enddef;
def all =
hide(% locally we use the prefix rather than postfix noitation;
% a trick due to the suffix parameter of the allcont™ macro
vardef [ primary n = (norml* n, 0) enddef;
vardef r primary n = (normr* n, 0) enddef)allcont™
enddef;
def allcont™ suffix $§ =
$o for i* := 1 upto last if cycle p: —1 fi: , $;,_ endfor
enddef;
vardef fizopts™ (suffix optname)(text nodes) text val =
save [, r, lcont™, rcont™;
def | = lcont*whatever enddef; primarydef alcont* b = (norml* a, 0) enddef;
def r = rcont*whatever enddef; primarydef a rcont* b = (normr* a, 0) enddef;
for n* := nodes:
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if numeric n*:
current_node := norm™ n*;
optname[norml* n*] := optname[normr* n*]
else:
current_node := abs(xpart n*) — 1; % the inverse of both norml* and normr
optname[xpart(n*)]
fi := wval; 7 val may depend on current_node
endfor
enddef;
def nib(text nib™)(text nodes) =% nib and node list
fizopts™ (local_nib**)(nodes)
begingroup
p* := default_nib; for k* := nib™: p* := k*; endfor p*
endgroup;
enddef;
def cut(text nib_and_ang)(text nodes) =% angle, nib and node list
fizopts™ (local_nib**)(nodes)
begingroup
p* := default_nib;
for k* := nib_and_ang:
if numeric £*: o* := dir(unslant_angle(k*)); else: p* := k*; fi
endfor
d* := gendir current_node of p;
27 = whatever x a* = tangent_point(d*, p*) + whatever x d*;
25 1= whatever x a* = tangent_point(—d*, p*) + whatever x d*;

*

a -z
endgroup;
enddef;
def tip(text nib_and_lim)(text nodes) =% 1imit(s) and node list
i* := 0; for n* := nib_and_lim: if numeric n*: i*[incr ¢*] := n*; fi endfor

fizopts™ (local_tip**)(nodes)
elongation_to_times(if i* = 0: default_elongation, default_elongation
elseif * = 1: 4, if else: if, i3 fi);
fizopts™ (local_nib**)(nodes)
begingroup
p* := default_nib; for k* := nib_and_lim: if path k*: p* := k*; fi endfor p*
endgroup;
enddef;
def ignore_directions(text nodes) =J node list
fizopts™ (ignore_dir**)(nodes)1;
enddef;
if default_cap = 0:
if not cycle p: cut(rel 90)(0, last); fi
elseif default_cap = 1: // do nothing
else:
errhelp "Admissible values are 0, 1; ,continue, I’11l use the value 1.";
errmessage "PX: improper  ‘default_cap’ value, (" & decimal(default_cap) & ")";
fi
opts;
7%
if default_join = 0:
default_tip* := elongation_to_times(default_elongation, default_elongation);
elseif default_join = 1:  no tip setting, do nothing
elseif default_join = 2:
default_tip™ := (1, 0); % (1, 0) = elongation_to_-times(0, 0)
else:
errhelp "Admissible values are 0,.1,,2; continue,  I’11 use the value 1.";
errmessage "PX: improper  ‘default_join’ value,, (" & decimal(default_join) & ") ";
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fi
vardef ignore_dirg 4 (expr i) = known ignore_dir**[normlr* Q#,] enddef;
vardef local_tipg , (expr i) = if known local_tip**[normlr* Q#,]:
local_tip**[normlr* Q+#,] else: default_tip* fi enddef;
vardef local_nibg 4 (expr i) = if known local_nib** [normlr* Q,]:
local_nib** [normlr* Q#,] else: default_nib fi enddef;
result, := pen_stroke_edge,.(p);
result; := pen_stroke_edge,(reverse p);
if not cycle p:
resulty := pen_cap(predir infinity of result;, postdir 0 of result,,
— postdir 0 of p, point 0 of p, local_nibj (last), local-nib(0));
resulte := pen_cap(predir infinity of result,, postdir 0 of result;,
predir last of p, point last of p, local_nib} (last), local_nib; (0));
result := result, && result, && result; && resulty && cycle;
fi
enddef’;

vardef pen_cap(expr a, b, ¢, p, niba, nibb) =
if path_eq(niba, nibb): pen_join(a, b, p, niba)
else: pen_join(a, c rotated 90, p, niba) -- pen_join(c rotated 90, b, p, nibb)

fi
enddef;
Sometimes the results yielded by find_outlines W niektérych przypadkach wyniki generowane
can be further improved, although it is not przez makro find_outlines mozna nieco poprawic,
advisable to relay on fully automatic approach. aczkolwiek nie nalezaloby polegaé¢ na w pelni
Macro correct_close_triplets replaces three close automatycznym przetwarzaniu. Makro
nodes by a single (central) one: correct_close_triplets zastepuje trzy bliskie wezly
pojedynczym (centralnym):
[e)
o
o
o o
while macro correct_close_doublets replaces two natomiast correct_close_doublets zastepuje dwa
close nodes by a single one (of two nodes of the bliskie wezly jednym (pozostawiany jest ten koniec
short segment remains the node at which the krétkiego segmentu, w ktorym Sciezka zmienia
change of direction is less abrupt): kierunek mniej gwaltownie):
0]
) o
Red colour denotes the points that are being Kolor czerwony oznacza punkty usuwane;
removed; filled circles denote nodes, outlined wypelnione kétka oznaczaja wezly, natomiast
ones—control points. obrysowane kétka — naciagi.

vardef correct_close_triplets(expr p, acc) =
save i*; * := 1;
forever:
if arclength(subpath(i* — 1, i* + 1) of p) <= acc:
(point i* of p) ..
controls(postcontrol incr(i*) of p) and (precontrol incr(i*) of p) ..
else:
(point i* — 1 of p) ..
controls(postcontrol i* — 1 of p) and (precontrol i* of p) ..
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fi
exitif incr(i*) = length(p) + 1;
endfor
(point length(p) of p) & cycle
enddef;

A
vardef correct_close_doublets(expr p, acc) =
save p*, was_item™; path p*; p* := p;
p* = delete_nodes(p*)(
for i* := 0 upto length(p) — 1:
if arclength(subpath(i*, i* + 1) of p) <= acc:
if known was_item™: , fi(i*, 1)hide(was_item™ := 1)
fi
endfor);

*

p
enddef’;

%

endinput



