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Abstract

The ruled surface is a typical modeling surface in computer aided geometric design.
It is usually given in the standard parametric form. However, it can also be in the
forms than the standard one. For these forms, it is necessary to determine and find
the standard form. In this paper, we present algorithms to determine whether a given
implicit surface is a rational ruled surface. A parametrization of the surface is computed
for the affirmative case. We also consider the parametric situation. More precisely, after
a given rational parametric surface is determined as a ruled one, we reparameterize it
to the standard form.

Key words: ruled surface, parametrization, reparametrization, birational
transformation

1. Introduction

Parametric and implicit forms are two main representations of geometrical objects.
In computer aided geometric design and computer graphics, people prefer the rational
parametric form for modeling design [12]. On the other hand, in algebraic consideration
of computer algebra and algebraic geometry; people usually use the algebraic form.
Since there are different advantages of parametric and implicit forms, a nature problem
is to convert the forms from one to another. Converting from the implicit form to
the parametric one is the parametrization problem. On the converse direction, it is
the implicitization problem. There were lots of papers focused on the implicitization
problem. Some typical methods were proposed using Grébner bases [4, 9], characteristic
sets [13, 30], resultants [10, 19] and mu-bases [5, 7, 11]. However, there still lacks of a
method having both completeness in theory and high efficiency in computation.

In general, the parametrization problem is more difficult than the implicitization
problem. Only some of the algebraic curves and surfaces have rational paramet-
ric representations. For the curves, people have proposed different methods such as
parametrization based on resolvents [14], by lines or adjoint curves [23] (see Chapter
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4) or using canonical divisor [27]. For a general surface, an efficient parametrization
algorithm has not been given yet. However, to meet the practical demands, people had
to design the parametrization algorithms for some commonly used surfaces. Sederberg
and Snively [21] proposed four parametrization methods for cubic algebraic surfaces.
One of them was based on finding two skew lines lying on the surface. Sederberg [22]
and Bajaj et al. [2] expanded this method. In [28], a method to parameterize a quadric
was given using a stereographic projection. Berry et al. [3] unified the implicitization
and parametrization of a nonsingular cubic surface with Hilbert-Burch matrices. These
methods were designed for some special surfaces. In [20], Schicho provided a general
algorithm that solved the parametrization problem. However, his contributions on the-
oretical analysis are more than those of practicable computations. Therefore, it is still
necessary to find the efficient parametrization algorithm for certain commonly used
surfaces.

The ruled surface is an important surface widely used in computer aided geometric
design and geometric modeling (see [1, 5, 6, 7, 8, 11, 15, 17, 16, 19, 24, 25]). Using
the p-bases method, Chen et al. [7] gave an implicitization algorithm for the rational
ruled surface. The univariate resultant was also used to compute the implicit equations
efficiently [19, 24]. For a given rational ruled surface, people could find a simplified
reparametrization which did not contain any non-generic base point and had a pair of
directrices with the lowest possible degree [6]. Busé and Dohm studied the ruled surface
using p-bases [5, 11] respectively. Li et al. [16] computed a proper reparametrization
of an improper parametric ruled surface. Andradas et al. presented an algorithm to
decide whether a proper rational parametrization of a ruled surface could be properly
reparametrized over a real field [1]. The ruled surfaces had been used for geometric
modeling of architectural freeform design in [17]. The collision and intersection of the
ruled surfaces were discussed in [8, 25]. And S. Izumiya [15] studied the cylindrical
helices and Bertrand curves on ruled surfaces. In these papers, the ruled surface was
given in standard parametric form Q(ty, ) = M(t1) + toN (t1) € K(t1,12)3. It means
the rational ruled surface was preassigned in the discussions. But in general modeling
design, such as data fitting, the type of approximate surface may be not known. Then
a problem is, for a given parametric surface not being standard form of the ruled
surface, how to determine whether it is a ruled surface. If the answer is affirmative,
the successive problem is then to find a standard parametric form. In this paper, we
would like to consider the determination and reparametrization of the parametric ruled
surface.

Go back to parametrization, the implicit surfaces are often introduced in the al-
gebraic analysis. And they can also come directly from modeling design since they
have more geometrical features and topologies than those of the parametric surfaces
(see [12, 26]). As we know, there was no paper discussing the parametrization of an
implicit rational ruled surface. Here, we would like to consider the parametrization
problem of the ruled surface. Precisely, for a given algebraic surface, we first deter-



mine whether it is a rational ruled surface, and in the affirmative case, we compute a
rational parametrization in standard form. Our discussion is benefited from the stan-
dard presentation of the rational ruled surface. Since the parameter t5 is linear, we
can construct a birational transformation to simply the given parametrization. By the
linearity again, t5 is always solvable such that we can project the surface to the rational
parametric curve. And these two principal techniques help us to give the determination
and (re)parametrization algorithms. The main theorems are all proved constructively,
and the algorithms are then presented naturally.

The paper is organized as follows. First, some necessary preliminaries are presented
in Section 2. In Section 3, we determine whether a given implicit surface is a rational
ruled surface, and in the affirmative case, we compute a rational parametrization in
standard form for it. In Section 4, we focus on the parametric surface, including
determination and reparametrization. Finally, we conclude with Section 5, where we
propose topics for further study.

2. Preliminaries on Ruled Surfaces

Let V be a ruled surface defined by the polynomial f(T) € K[Z], T = (21, 22, x3)
where K is an algebraically closed field of characteristic zero.

A standard parametrization of a rational ruled surface V is given by a parametrization
of the form

Q(%) = (ml(tl) + t2n1(t1)7 mg(tl) + t2n2(t1)7 mg(tl) + t2n3(t1)) S K(%)‘g, Z = (tl,tg)

(1)
where there exists at least one ¢ € {1,2,3} such that n; # 0 (otherwise, V degenerates
to a space curve). We refer to Q as the standard form parametrization of V.

Note that if n3 # 0, the surface V admits a parametrization of the form

P2(T) = (p13(t1) + taqus(tr), pas(t1) + tages(tr), t2) € K(7)?, (2)

where qrz = ng/ns # 0, for some k = 1,2. Such a parametrization is p obtained by
t2—m3(t1)>

performing the birational transformation (¢q,t5) — (tl, )

One may reason similarly as above, if n; # 0 or ny # 0. Thus, in the following, we
refer to parametrization P? as the standard reduced form parametrization of V.

Under these conditions, and taking into account that P? parametrizes the surface V
implicitly defined by the polynomial f(Z ), we distinguish two different cases:

o If nyngong # 0, then ¢3¢23 # 0, and

b p p
P3<t170) - <p137p2370>7 P? (th —£> = (071?23 - ﬁgzzz, —ﬁ> )
q13 q13 q13



p p p
P? (tl, —ﬂ) = (p13 - EQM,O, —ﬂ) :
423 423 q23

parametrize three rational planar curves with implicit equations as factors of the
polynomials

fo (w1, m2) = f(21,22,0), [ (w2, 23) = f(O, @9, 23),  fo* (21, 23) = f(a1,0, x3),
respectively. We denote by C¥ these rational curves, where ij € {12,23,13}.
e Let us assume that no = 0, and nynz # 0. Then,
Q) = (my(ty) + tany(ty), ma(ty), ms(ty) + tans(ty)) € K(T)3.
Since nz # 0,

P(T) = (p13(tr) + toqrs(tr), ma(tr), t2), 13 = 1 /ng # 0,

q13
equations as factors of the polynomials

JoP (@1, m0) = f(21,22,0),  f§ (22,25) = f(0, 22, 23)

respectively. We denote by C¥ these rational curves, where ij € {12,23}.

and P3(t1,0), P? (th _m> parametrize two rational planar curves with implicit

3. Implicitly Rational Ruled Surfaces

In this section, for a surface V by defined by a polynomial f(7) € K[Z ]| implicitly,
we analyze whether V is a rational ruled surface. In the affirmative case, we compute
a rational proper parametrization of V in the standard reduced form given by the
equation (2). For this purpose, we denote by numer(R), the numerator of a rational
function R € K(z1,xa,...,Zy,).

Theorem 1. A surface V defined by a polynomial f(T) € K[T] is a rational ruled
surface if and only if the following statements hold:

1. At least one of the three plane algebraic curves CV, ij € {12,13,23}, is rational
(see Section 2). Let ij = 12, and let P = (p1, p2) € K(t1)? be a rational proper
parametrization of the rational plane curve C'? defined by the factor of fi2.

2. Let g(xy, 29, x3,t2) = numer(f(pi(x3) + toxy, pa(x3) + toxe,ta)). There exist
(q1,q2) € K(t1)? and S € K(t1) \ K such that

P(t) = (p1(S(t1)) + taqi(t1), p2(S(t1)) + taga(t1), t2)

is a rational proper parametrization of V, where M(ty) := (q1(t1), ¢2(t1), S(t1))
is proper and g(M(t1),t2) = 0.



Proof. It is clear that if statements 1 and 2 hold, then V is a rational ruled surface.
Reciprocally, let V be a rational ruled surface. Then a parametrization of V' is given
by the standard form parametrization (1). That is,

Q(Z) = (ml(tl) + tgnl(tl),mg(tl) + tgng(tl),mg(tl) + tgng(tl)) - K(%)3.

We assume that ng # 0 (see Section 2 and Remark 1). Thus, Q(t;, —mg3/n3)
parametrizes C'2, and statement 1 holds. Let us prove that statement 2 holds. For this
purpose, we consider P12 = (p;,py) € K(¢;)? a rational proper parametrization of C'2.
In addition, since ng # 0, V admits a standard reduced form parametrization given in
the equation (2) (see Section 2). That is,

P3(1) = (pis(tr) + toqiz(t1), pas(te) + tagos(tr), t2) € K()°.

We assume w.l.o.g. that P3 is proper (otherwise, it can be easily reparametrized
using the results in [16]). Observe that P3(¢;,0) = (p13,pe3) € K(t1)? is a rational
parametrization of C'2. Then, since P'? is a proper parametrization of C'?, there
exists S € K(t;) \ K such that P2(S) = (pi(S),p2(S)) = (p13,p23). Thus, since P3
parametrizes properly V, we have that

P(t) = (p1(S(t1))+t2qi(tr), pa(S(t1))+tage(tr), t2) € K(£)?, where (q1,¢2) = (¢13, Go3)

is a proper parametrization of V (note that P = P3), and (qi,q2) € K(t1)?, S €

K(t1)\K satisfy that g(q1(t1), g2(f1), S(t1), t2) = numer(f (p1(S(t1))+t2q1(t1), p2(S(t1))+
toqa(t1),t2)) = 0. Observe that since P is proper, then M is proper. Indeed: if M is not
proper, there exists a(s;) € K(s1), a(sy) # s1 such that M(a(s1)) = M(s1) (K(sy) is
the algebraic closure of K(s1), and s; is a new variable). Then, P(a(s1), s2) = P(s1, $2)

and a(sy) # s1, which is impossible since P is proper ]

Geometrically speaking, conditions in Theorem 1 involve to determine a rational
planar base curve of the ruled surface with parameterization (p, p2,0) (see statement
1), and to compute the ruling direction of the ruled surface with parameterization
(q1,q2,1) (see statement 2). The function S is for coordinating the parameterization
of the base curve and the ruling direction so that the parameterization of the ruled
surface is in the required reduced form.

Remark 1. Note that in Theorem 1, we assume that C'? is the rational plane curve
satisfying statement 1. In addition, in the proof of theorem, when a rational ruled
surface is given, we consider a parametrization Q in standard form (1) such that
ng # 0 (from this assumption, we have that Q(t;, —ms/n3) parametrizes C1?).

Theorem 1 can be proved similarly if a different rational plane curve C¥ is considered
in statement 1, and a different polynomial n; satisfies that n; # 0 (see Section 2). In
addition, if ny # 0, we get that g(T ,ty) = numer(f(ta, p1(x3) + tax1, po(r3) + taxs)),
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and if ny # 0, we get that g(T , t2) = numer(f(p1(x3) + toxy, t, pa(x3) + ta12)).

In the following, we assume that n3 # 0, and then we are in the conditions of The-
orem 1. This requirement can always be achieved by applying a linear transformation
to V, and therefore it is not a loss of generality for our purposes since one can always
undo the linear transformation once P has been computed.

In Corollary 1, we prove that statement 2 in Theorem 1 is equivalent to check the
rationality of a space curve D, and to compute, in the affirmative case, a rational
proper parametrization of D.

Corollary 1. Let V be a surface defined by a polynomial f(T) € K[ZT| and such that
statement 1 in Theorem 1 holds. V is a rational ruled surface if and only if the coeffi-
cients of the polynomial g( T ,ts) w.r.t. the variable ty define a rational space curve D.
In this case, M(t1) := (q1(t1), g2(t1), S(t1)) € K(¢1)?, where S € K, is a rational proper
parametrization of D.

Proof. First, we write
9(T,t2) = ho(T) + ha(T )tz + - - - + ha(T )3,

and we prove that hg = 0, the only factor in K[t5] dividing g is ¢} for some r € N, and
there exist at least two different nonzero polynomials h; and h;. Indeed:

a. hg = 0: since ¢g(T,ty) = numer(f(pi(x3) + tozy,p2(x3) + taxe,tz)), and
f(p1(z3), p2(x3),0) = 0, we deduce that t5 divides g.

b. The only factor in K[ty] dividing ¢ is ¢}, r € N: let ¢ € K\ {0} be such that
9(T,c) = 0. Since g(T,tz) = numer(f(pi(zs) + tox1,pa(@3) + 2w, 12)), we
deduce that f(pi(x3) + cxy1, pa(x3) + cxo,¢) = 0, for every xq,x9. Then, V is the
plane defined by the equation x3 — ¢ = 0 which is impossible because we have
assumed that ng # 0.

c. There exist at least two different nonzero polynomials h; and h;. Let us assume
that this statement does not hold. From statement b, this implies that g( T ,ts) =
thh(T). In addition, reasoning as in statement b, we have that h # 0. From the
equality

9(T ,ty) = numer(f(py(x3) + toxy, p2(x3) + taxa, ta)) = tHh(T),
and deriving w.r.t. 1, zq, x3, we get that, up to factors in K[zs] \ {0},

Jor (p1(23) + taxy, pa(@3) + taws, ta)te = t5h,, (T),

Joo (P1(23) + Loz, pa(3) + tawa, ta)la = t5h,, (T ),
Jor (p1(z3)Ftomr, pa(23)+tama, to) P+ fu, (P1(23) +tox1, po(3)+taxa, ta)py = thhy, (T),
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where f,q. represents the partial derivative of a polynomial f w.r.t. the variable
var. Thus, up to factors in K[zs] \ {0},

hay (T )p1(23) + hay (T )P3(23) = tahey(T)
which implies that h,, = 0, and then h € K[z, z5]. Hence,

9(T ,t3) = numer(f(p1(x3) + tox1, p2(z3) + taxo, t2)) = thh(xy, x2).

Let 1, = (a;,b;) € K? be such that h(n;) = 0,7 = 1,2, and 1 # 1. Then,
g(a;, by, x3,ta) = numer(f(pi(x3) + taa;, pa(x3) + tab;,t2)) = 0, and thus Q; =
(p1(x3) +taas, po(x3) +12b;, ta) parametrizes V which implies that Q, (U, V) = Qs,
where (U, V) € (K(t;) \ K)>. Thus, V = 3 and 1, = 1, which is impossible.
Therefore, there are not two different points on the curve defined by h. Hence,
h € K\ {0} and then, up to constants in K \ {0},

g(f,tz) = numer(f(pl(:vg) + t2$1,p2({lf3) + tgl‘g, tg)) = t;.

This is impossible, because if we consider n := (ay,as,a3) € K3, az # 0, with
f(n) = 0 (observe that this point exists because n3 # 0, and then V is not

the plane z3 = 0), we have that f(p;(z3) + a3z?, pa(x3) + azxd, az) = 0, where
0

x3 = (a; — pj(x3))/as, j = 1,2. Thus, g(29, 29, r3,a3) = ay = 0 which is a

contradiction.

Now, we are ready to prove the corollary. First, if V is a rational ruled surface, s-
tatement 2 in Theorem 2 holds, and then g(M(t;),t2) = 0 and M is proper. Since
M(t1) € K(t1)® does not depend on to, we get hy(M) = 0,7 € {0,...,n} which im-
plies that M is a rational proper parametrization of the space curve D defined by
the polynomials h;, i € {0,...,n} (see statements a, b, ¢ above). That is, the co-
efficients of the polynomial ¢(Z,ts) w.r.t. to define a rational space curve D, and
M(ty) = (q1(t1), g2(t1), S(t1)) € K(t1)?, where S € K, is a rational proper parametriza-
tion of D.

Reciprocally, let (U(t1),V(t1), W(t1)) € K(t;)® be a rational proper parametriza-
tion of D. Then, h;(U,V,W) = 0,i € {0,...,n} which implies that
g(U(t1),V (t1),W(t1),t2) = 0. Hence, f(P) = 0, where

P(t) = (p(W(t1)) + t2U(t1), pa(W (1)) + 12V (t1), t2) -

Remark 2. From the proof in Corollary 1, we have that
9(T ta) = t5(h(T) + -+l (T)857), rom €N,

and there exist at least two polynomials, hs, h;, such that h; # h;. Under these condi-
tions, the space curve D is defined at least by the polynomials h; and h;. Taking into
account that any space curve can be birationally projected onto a plane curve, one may
apply the results in Chapter 6 in [23] to compute the rational proper parametrization

of D, M(t1) = (q1(t1), g2(t1), S(t1))-



In the following corollary, we prove that the properness of the output parametriza-
tion in Theorem 1 is equivalent to the properness of the parametrization of the space
curve in Corollary 1.

Corollary 2. Let V be a ruled surface defined by a polynomial f(T) € K[T|. Let P*
be the output parametrization of Theorem 2, and M*(t1) = (¢ (t1),¢5(t1), S*(t1)) a
parametrization of the space curve D (see Corollary 1). It holds that P* is proper if
and only if (R*, S*) is proper.

Proof. Since V is a ruled surface, we have that Theorem 1 and Corollary 1 hold. In
particular, P(t) = (p1(S(t1)) + taqi(t1), p2(S(t1)) + taga(t1),t2) is a rational proper
parametrization of V, and M(t1) := (q1(t1), q2(t1), S(¢1)) is a proper parametrization
of D. Since M* is a parametrization of D, there exists L € K(¢;) \ K such that
M*(t1) = M(L(t1)) and then, P(L(t1),t2) = P*(t1,t2), where P*(t) = (p1(S*(t1)) +
toqi(t1), p2(S*(t1)) + t2gs(t1), t2). Using this facts and that P is proper, we get that P*
is proper if and only if (L(t;),t2) is proper which is equivalent to L(¢;) is linear (see
Lemma 4.32 in [23]). Taking into account that M* = M(L) and that M is proper,
we get that L is linear if and only if M* is proper. Therefore, P* is proper if and only
if M* is proper. |

Taking into account Theorem 1 and Corollaries 1 and 2, one may check whether
V is a rational ruled surface, and in the affirmative case to compute a rational proper
parametrization in standard reduced form (2).

Algorithm 1: Parametrization of a Rational Ruled Surface‘

e Input: A surface V defined by an irreducible polynomial f(7) € K[Z|.

e Output: the message “V is not a rational ruled surface” or a prop-
er parametrization P of “the rational ruled surface V in the reduced
standard form”.

1. Check whether any component of the curve defined by the polynomial féj , for
ij € {12,13,23}, is rational. In the affirmative case, assume that ij = 12 (see
Remark 1), and go to Step 2. Otherwise, RETURN “V is not a rational
ruled surface”.

2. Compute P2 = (p1,p2) € K(t1)? a rational proper parametrization of C? (see
Remark 4).

3. Let g(T,ty) = numer(f(pi(x3) + tox1, po(r3) + tawa, ty)). Check whether the
coefficients of ¢g(T,ty) w.r.t. the variable to define a rational space curve D.
In the affirmative case, compute M = (qi,q,S5) € K(t;)* a rational proper
parametrization of D (see Remark 2), and RETURN

P = (p1(S(t)) + taar (1), p2(S (1)) + taga(tr), t2) € K(1)°

8



“is a proper parametrization”. Otherwise, go to Step 1, and consider a dif-
ferent rational component, and apply again the algorithm. If there have no more
rational components, RETURN “) is not a rational ruled surface”.

Remark 3. If P2 and M have coefficients in a field L, then the output parametriza-
tion P also has coefficients in L. Then, in particular, if we compute the proper
parametrizations, P2 and M, in the smallest possible field extension of the ground
field (see Chapter 5 in [23]), the outpul parametrization P belongs to this smallest
possible field extension. For practical applications, we may consider a surface over the
real field R and to compute P with real coefficients, if it is possible. For this purpose,
we may apply the results in [23] (see Chapter 7), and compute P2 and M over the
reals (if it is possible). In this sense, we observe that we get a proper parametrization
in the standard reduced form over R (if it exists). Compare with the results in [1],
where an algorithm to decide whether a proper rational parametrization of a ruled
surface can be properly reparametrized over R is presented. The output in this paper is
not necessarily given in the standard form.

Finally we observe that if P'? and M are polynomials (see Section 6.2 in [23]), then
P is also polynomial.

Remark 4. Finding the rational parameterization of a plane algebraic curve or a space
curve s frequently involved in the main algorithms of the paper. In most of cases, we
are using the algorithms presented in [23] (see Chapters 4, 5 and 6). We explicitly
refer the algorithm used in each computation. However, alternative parametrization
algorithms can be constructed from different methods (see e.g. [14] and [27]). Some
references as well as a brief comparison of the existing methods can be found in [23].

In the following, we illustrate Algorithm 1 with two examples.

Example 1. Consider the surface V over the complex field C defined by the polynomial
f(T)=a%+ 23+ 22— 1. Let us apply Algorithm 1. For this purpose, we first observe
that f(xy,22,0) = 22 + 2% — 1 is a rational plane curve, and we compute a rational
proper parametrization of this curve

12 261 t1—1 )
7) (tl) = (pl(t1)7p2(tl)) = t%j, t%? c R(tl) .

Now, we compute the polynomial g( T ,t3) = numer(f(p1(x3) + tox1, po(x3) + tazs, ta)),
and we get

G(T ,ty) = to(20320 + tox3as + toxs 4 tomiws + dasx) + ty + tot + tows — 215).



The coefficients of the polynomial g(T ,t3) w.r.t. the variable ta, are
hi(T) = 2w9x3 + 4237 — 279, ho(T) = 2305 + x505 + 25 + 23 + 25 + 1.

Note that ged(hy, ho) = 1. These polynomials define implicitly the rational space curve
D. We compute a rational proper parametrization of D:

M(t1) = (1(t1), @2(t1), S(t1)) = <1(12;|—1t1)’ _12;: tl,‘“I:_J;tl)) € c(t)®.

Thus, P = (p1(S(t1)) + taqu(t2), p2(S(t1)) + taqa(t2), t2) =
I(1 =12+t +t2tf)’ —1-1—t +t2t§’t2 € c(T)?
2t1 2tl

“is a proper parametrization”. Taking into account Remark 3, we conclude that
V has not a parametrization over R in standard reduced form. However, one may apply
results in [1] to decide whether V can be parametrized over the reals and to compute,
in the affirmative case, a real parametrization.

Example 2. Let V be a surface defined by the polynomial

f(T) = —49z923 — T99x3297% + 20792? + 22222 + 980x373 — 2205237% + xdv) —
337502371 — 4002371 + 606237971 — BTy — 6873731 — 1747030001 — 257301 + X373 —
252252 + 1396x97% — 112022 — 4891524 — 519023 — 4237xox3s — 142323 € C[T].

Let us apply Algorithm 1. We observe that f}*(z1,12) = —x129(4923 — 202, — 22179 —
x5 + 5x9). The curve defined by the equation 49x3 — 20z, — 22109 — 3 + Hxo = 0 18
rational. We compute a rational proper parametrization of this curve,

—V2t (=5 4+t1) (50 4 5v/2)t1(—20 + 100v/2 + 49¢)
5(4t; — 10 + 5v/2) 1225(4t; — 10 4 5v/2) '
Now, we determine the polynomial g(T ,t) = numer( f(p1(x3) +tox1, p2(x3) +taxs, t2)),

and consider the space curve D defined by the coefficients of g w.r.t. ty. By Remark 2,
D is rational and then, we compute a rational proper parametrization of D:

25 — 6ty — 25V2+ 5V —9H(1+V2) )
U1 -

P2(t1) = (pi(tr), p2(t1)) = (

M(t1) = (qi(t1), g2(t1), S(t1)) = ( t T b+t

Thus, P(t) = (p1(t1) + taqi(t2), p2(t1) + taga(ta), t2) =
—5V2t3 4 /213 — 1050t9t, + 120t9t2 + 900tat;v/2 — 100t512v/2 4 2500t, — 1875t91/2
5t1(—4t; + 10 — 5v/2)

t1(15v/2t; — 100v/2 — 50t; + 103 + /2t — 180tat; — 180tat; /2 + 225t21/2) .
5(=5 +t1)(4t; — 10 + 5v/2) '

“is a proper parametrization over R”.

)
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3.1. Implicitly Rational Ruled Surfaces: A New Approach

In this section, we present a new result that characterizes rational ruled surfaces
defined implicitly. From this result, we obtain a new algorithm that allows to analyze
whether V is a rational ruled surface and in the affirmative case, to compute a rational
parametrization of V. In this new approach, instead to decide whether the polynomial
g defines a rational space curve D, we only need to decide whether a new polynomial,
constructed directly from two rational parametrizations of two plane curves, defines
a rational plane curve. That is, we do not need to work on the space. This new ap-
proach plays an important role to deal with surfaces defined parametrically in Section 4.

In the following new approach, we need to assume that V) is not the plane x; — ¢ =
0,c e C fori=1,2,3, and V is not a cylinder over any of the coordinate planes of
K?®. That is, deg, (f) > 0, for i = 1,2,3. If deg,,(f) = 0 (similarly if deg,, (f) = 0
or deg,,(f) = 0), we may compute a proper parametrization (p(¢1),¢q(t1)) of the plane
curve defined by the polynomial f(z1,x9) =0. Then, P(t) = (p(t1),q(t1),t2) € K(t)3
is a proper parametrization of V.

Under these conditions, and taking into account Section 2, we get that a proper
parametrization of a rational ruled surface V, that is not a cylinder neither a plane, is
given by the standard form parametrization given in the equation (1), where at least
there exist 4, j € {1,2,3},7 # j, such that n,n; # 0. We note that if we do not assume
that V is not a plane x; —c =0, c € C for = 1,2, 3, and V is not a cylinder over any
of the coordinate planes, we only can ensure that there exists i € {1,2,3} such that
n; # 0 (if ny = ny = ng = 0, then Q parametrizes a space curve).

In Theorem 2, we characterize whether a surface defined implicitly is a rational
ruled surface by analyzing the rationality of two plane curves defined directly from
the input surface. In addition, from the parametrization of these plane curves, we can
compute a rational proper parametrization of the ruled surface.

Theorem 2. A surface V defined by a polynomial f(T) € K[T] is a rational ruled
surface if and only if the following statements hold:

1. At least two of the plane algebraic curves C¥, ij € {12,13,23}, are rational (see
Section 2). Let us assume that C'* and C* are rational, and let P = (p1,ps) €
K(t1)%, P? = (p1, p2) € K(t1)? be rational proper parametrizations of C*? and C*3,
respectively.

2. If pr # 0, there exist (R(t1), S(t1)) € (K(t1) \ K)? such that one of the following

statements holds:

2.1. f(P) =0, where

N ., m(S(h)) P1(R(t1)) — p2(S(t1))
P(t)-(pl(S(tl)) t2p~—2(R(t1)),p2(S(t1))+t2 - ) ,t2)
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is a rational proper parametrization of V, and (R, S) is proper.
2.2. f(P) =0, where

DS (5.t

is a rational proper parametrization of V, and (R, S) is proper.

3. If py =0, there exist R(t;) € K(t1) \ {0}, and S(t1) € K(t1) \ K such that one of
the following statements holds:

3.1. f(P) =0, where

=y _ (1 a(S(t) R if PP = (q1,9), @2 £ 0 is a
P(t) = <t2 q2(5(t1))’R(t1> b2 ‘12(5(t1))’t2> " proper parametrization of C*?

if P = (t1,0) is a

parametrization of C'3

P(t) = (t25(t1), taR(t1),t2), R K

is a rational proper parametrization of V, and (R, S) is proper.

3.2. f(P) =0, where
P(t) = (t25(t1), R(t1),t2) € K(T)®, REK

is a rational proper parametrization of V, and (R, S) is proper.

Proof. It is clear that if statements 1 and 2 (or 3) hold, then V is a rational ruled
surface. Reciprocally, let V be a rational ruled surface. Then, a parametrization of V
in the standard form is

Q(%) = (m1<t1) + tgnl(tl),m2<t1) + tgng(tl),ng(tl) + tgng(t1)> c K(%)g.

We assume that nyng # 0 (see Section 2, and Remark 5). Thus, Q(t1, —mi/n,)
parametrizes C**, and Q(t;, —m3/n3) parametrizes C'?. Hence, statement 1 holds. Let
us prove that statement 2 holds. For this purpose, we consider P2 = (py, p2) € K(1)?,
P2 = (p1,p2) € K(t1)? two rational proper parametrizations of C'? and C?3, respec-
tively. We distinguish two different cases depending on whether p; # 0 or p; = 0.

1. Let p; # 0. Thus, again we distinguish two cases:

a. Let no # 0. From the results in Section 2, the surface V admits a
parametrization in standard reduced form

P3(E) = (pia(ts) + taqua(ts), paa(ts) + tagoa(ty), t2) € K(T)?,

12



such that gj3 = n;/n3 #0,j = 1,2 (note that nynsng # 0). We assume that
P3 is proper (otherwise, it can be easily reparametrized using the results in
[16]). Observe that P?(t1,0) = (p13,p23) € K(t1)? is a rational parametriza-
tion of C'2. Then, since P'? is a rational proper parametrization of C'2,
there exits S € K(t1) \ K such that P*(S) = (p1(5), p2(S)) = (p13, p23). In
addltlon since P? = (p1,P2) € K(t1)? is a rational proper parametrization
of C?3 a

Pg(tb —P13/Q13) = Ps(tb —pl(S)/C]m) = (p2(5) - Q23p1(5)/CI13, —pl(S)/Ch:s)

is a rational parametrization of C?*, there exists R € K(¢;) \ K such that

P1(R) = pa(S) — quap1(S)/qu3, and  pa(R) = —p1(S)/qs.
Note that since p; # 0 and S, R € K(¢1) \ K, then ps(R) # 0. Then

s = —p1(5) ﬁl(R)—p2(S)
B (R pa(R)

Since P3 parametrizes properly V, we have that f(P) = 0, where P is the
proper parametrization (note that P = P3)

'P(f) — <p1(5(t1)) . t2231(5( )) P1 (R(tl)) pZ(S(tl)) t2) '

P2(R(t1)) P2(R(t1))

We observe that since P is proper, then (R,S) is proper. Indeed: if
(R,S) is not proper, there exists a(s;) € K(s1), a(s1) # s such that
(R(a(s1)),S(a(s1))) = (R(s1),S(s1)) (K(s7) is the algebraic closure of K(sy),
and s; is a new variable). Then, P(a(s1),s2) = P(s1,s2) and a(s1) # s,
which is impossible since P is proper.

and qo3 =

,p2(S(t1)) + ta

. Let ng = 0. From the results in Section 2, the surface )V admits a
parametrization

P3(T) = (prs(ty) + taqus(tr), ma(ty), ta),

such that 13 = ny/n3 # 0 (note that nyng # 0). We assume that P? is prop-
er. Observe that P?(¢1,0) = (p13, m2) € K(t1)? is a rational parametrization
of C'2. Then, since P'? is a rational proper parametrization of C'2, there ex-
ists S € K(t1) \ K such that P'2(S) = (p1(9), p2(S)) = (p13, m2). In addition,
since P% = (py1, P2) € K(¢1)? is a rational parametrization of C?* and

P3(t1, —p1s/@s) = P*(tr, —p1(S)/qus) = (p2(S), —p1(S) /qu3)

is a rational parametrization of C*, there exists R € K(¢1) \ K such that
pi(R) =p2(S), and pa(R) = —pi(S5)/qs.
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Note that since p; # 0 and S, R € K(¢1) \ K, then ps(R) # 0. Hence,

—p1(5)

p2(S) =pi(R), and q3= (R

Since P? parametrizes properly V, we have that f (P) = 0, where P is the
proper parametrization (P = P3)

,pz(S(tl)),h) :

s )
P(t)= (pl(s(tl)) t2j§2(R(t1))

Finally, reasoning as in statement a above, we prove that (R, S) is proper.

2. Let p; = 0. From the above proof, we have p; = p13 = 0, and the surface V
admits a proper parametrization

PA(T) =

n n; .
(taqiz(t1), pas(t1) + tagos(ti), ta) € K(1)*, @iz = g i=1,2, q13 #0.
3

We assume that P? is proper. Under these conditions, we distinguish two different

cases.

a. Let mg # 0. Then g3 = no/ng # 0, and P3(ty, —pas/qe3) =
(—q13p23/qo3, —P23/q23) € K(t1)? is a rational parametrization of C'3. Let
P = (q1,q2) be a rational proper parametrization of C'3. Thus, there
exists S € K(¢1) \ K such that

a.l.

a.2.

7313(5> = (¢1(5), @2(5)) = (—q13P23/G23, —P23/ q23)-
If go # 0, since S € K we get that ¢o(S) # 0, and then

_als)
Q13—q2(5),

D23
32(S)

Since P3 parametrizes properly V, we have that f(P) = 0, where P is
the proper parametrization (P = P?)

L) R(t) _
()= (5 Sy R0 = e,

Note that R # 0 because V is not the plane zo = 0 (see Section 2).
Finally, reasoning as in statement 1, we prove that (R,.S) is proper.

and o3 = —

R(t1) — to

If ¢» = 0, then py3 = 0 and since P3 parametrizes properly V, we have
that f(P) = 0, where P is the proper parametrization

P(t) = (t2S(t), t2R(t1), t2) EK(T)?, S :=qu3, R = qo3.

Note that S, R ¢ K since V is not a cylinder over the coordinate planes
(see Section 2). Finally, reasoning as in statement 1, we prove that
(R, S) is proper.
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b. If ny = 0. Then g3 = ny/nz = 0, and since P? parametrizes properly V, we
have that f(P) = 0, where P is the proper parametrization

7)(%) == (tQS(tl), R(tl),tg) c K(E)?), S = ({13, R = P23.

Note that S, R € K since V is not a cylinder over the coordinate planes, and
V is not the plane xo —c = 0, ¢ € K (see Section 2). Finally, reasoning as in
statement 1, we prove that (R, S) is proper.

O

Geometrically speaking and similarly to Theorem 1, conditions in Theorem 2 in-
volve to compute two planar parametrizations (see statement 1) that will be used to
determine a rational planar base curve of the ruled surface and to compute the ruling
direction of the ruled surface (see statement 2). The functions S, R are for coordi-
nating the parameterization of the base curve and the ruling direction so that the
parameterization of the ruled surface is in the required reduced form.

Remark 5. Theorem 2 can be proved similarly if a different pair of rational plane
curves CY are considered in statement 1, and if a different pair of polynomials n;, n;
satisfies that nyn; # 0 (see Section 2).

In the following, we assume that nyng # 0, and that C*? and C* are the two rational
plane curves satisfying statement 1 in Theorem 2. This requirement can always be
achieved by applying a linear transformation to V without loss of generality.

In Corollary 3, we prove that statements 2 and 3 in Theorem 2 are equivalent to
check the rationality of a plane curve, and to compute, in the affirmative case, a rational
parametrization. For this purpose, we use the notion of content and primitive part of a
polynomial. More precisely, given a nonzero polynomial a(z1,...,x,) € I[xy,..., 2z,
where [ is a unique factorization domain, the content of a w.r.t. T := (z1,...,2;), 7 <
n is the ged of all the coefficients of a(7Z) w.r.t. Z. We denote it by Contentz (a).
Observe that Contentz (a) divides the polynomial a. In addition, we denote by pp (a)
the primitive part of @ w.r.t. T. We have that a(Z) = Contentz (a) ppz(a), and it
holds that the ged of all coefficients of pp (a) is 1 (see [29]).

Finally, using the notation introduced in Theorem 2, we consider the polynomials
Ni(x1,z9) = Contenty,(g;), ¢ € {1,...,5}, where

p1(72) P1(71) — pa(72)
ﬁ2($1)’p2(x2> e Pa(z1) ’tQ)) 7

g1(x1, 9, ty) = numer (f (pl(xg) — 19

92(@1, T2, t2) = numer (f (Pl(fm) - t2§:gj§7m($2)atz>) ,
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g3(x1, x2,ty) = numer (f (t2(h($2)71'1 — tQL);tQ)) ;

C_I2($2) Q2($2
9a(T1, 0, t3) = f (tawa, oz, ta), and  gs(z1, 22, t2) = f (tawa, x1,1a) .

Under these conditions, we prove the following corollary.

Corollary 3. Let V be a surface defined by a polynomial f(T) € K[T| and such that
statement 1 in Theorem 2 holds. V is a rational ruled surface if and only if for some
i € {1,...,5}, there ezists a factor of N; defining a rational plane curve Cy,. In this
case, (R(t1),S(t1)) € K(t1)?, where S € K, is a rational proper parametrization of Cy;,.

Proof. Let us prove that statement 2.1 in Theorem 2 is equivalent to the existence of
a factor of Ny defining a rational plane curve Cy,. For this purpose, we write

91(21, 22, t3) = ho(x1, x2) + hi(z1, 2)ts + - - - + hp (21, T2)15.

Observe that since

gi(x1, o, t2) —numer( <p1 . —t2ﬁ2gij§,p2<x2>+t2 (I;;Q(OCSQ(M)JQ)),

and f(p1(z2),p2(xs),0) = 0, then ¢y divides g;. Thus, hg = 0.
First, we note that if f(P) =0, where

. . p(S(n) 51 (R(1)) — palS(1)
P(t)—(p1<s<t1>> A e t)
(t

then there exists (R(t1), S(t1)) € (K(¢1) \ K)? proper such that g;(R(t1), S(t1),t2) = 0.
Since (R(t1),S(t1)) does not depend on ¢y, we get that h;j(R,S) =0,j =1,...,n
Then, h(xy, o) divides Ny(z1,x2) = ged(hy, . .., hy), where h is the implicit polynomial
defining the curve parametrized by (R,S). Therefore, Ni(R,S) = 0 and (R, S) is
a rational proper parametrization of the plane curve Cy, defined by a factor of the
polynomial V.

Reciprocally, let Q(t;) = (U(t1),V(t1)) € K(t1)* be such that N;(Q) = 0 and Q is
proper. Since N; divides ¢;, we deduce that g,(U(t1),V (t1),t2) = 0. Hence, f(P) =0
where

,p2(S(t1)) +to

N L, n(V(t)) (U(tl)) p2(V (1))
P(0) = (V100 - BV ) 4 w2 ).

One reasons similarly to prove that statement 2.2 in Theorem 2 is equivalent to the
existence of a factor of Ny defining a rational plane curve Cy,, that statement 3.1 in
Theorem 2 is equivalent to the existence of a factor of N3 or N4 defining a rational plane
curve Cy, or Cy,, and that statement 3.2 in Theorem 2 is equivalent to the existence
of a factor of N5 defining a rational plane curve Cy;,. o
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In the following corollary, we prove that the properness of the output parametriza-
tion in Theorem 2 is equivalent to the properness of the parametrization of the plane
curve in Corollary 3.

Corollary 4. Let V be a ruled surface defined by a polynomial f(T) € K[T|. Let P*
be the output parametrization of Theorem 2, and (R*,S*) € K(t1)?* a parametrization
of the corresponding plane curve Cy,, i € {1,...,5} (see Corollary 3). It holds that P*
is proper if and only if (R*, S*) is proper.

Proof. Since V is a ruled surface, we have that Theorem 2 and Corollary 3 hold. We
assume, that statement 2.1 in Theorem 2 holds (we reason similarly for the other cases).

: : — s 51 (R(t1))—p2 (S
Thus, in particular, P(t) = (pl(S(tl)) — tz;;((R((Z))g,pQ(S(tl)) + £, 2L (;;)(g(ff)() (tl)),t2>

is a rational proper parametrization of V, and (R,S) is a proper parametrization
of Cy,. Since (R*,S*) is a parametrization of Cy,, there exists L € K(t;) \ K
such that (R*(t1),5*(t1)) = (R, S)(L(t1)) and then, P(L(t1),t2) = P*(t1,ts), where

PH(T) = (pl(S*(tl)) _ t2p1(5*(t1)) po(S* (1)) + t2ﬁ1(R*(t1))—p2(S*(t1))’t2> . Using this fac-

P2 (R (1) B2 (R (11))

t and that P is proper, we get that P* is proper if and only if (L(1),t2) is proper
which is equivalent to L(t;) is linear (see Lemma 4.32 in [23]). Taking into account
that (R*,5*) = (R, S)(L) and that (R, S) is proper, we get that L is linear if and only
if (R*,S*) is proper. Hence, P* is proper if and only if (R*, S*) is proper. ]

From Theorem 2 and Corollaries 3 and 4, we derive the following algorithm that
decides whether V is a rational ruled surface and in the affirmative case, it computes
a rational proper parametrization of V.

Algorithm 2: Parametrization of a Rational Ruled Surface‘

e Input: A surface V defined by an irreducible polynomial f(7) € K[Z].

e Output: the message “V is not a rational ruled surface” or a prop-
er parametrization P of “the rational ruled surface )V in the standard
reduced form”.

L. If deg,,(f) = 0 (similarly if deg, (f) = 0 or deg,,(f) = 0), compute (p(t1), q(t1))
a parametrization of the curve defined by the polynomial f(zq,22) = 0, and

RETURN P(t) = (p(t1),q(t1),t2) € K(1)® “is a proper parametrization’.

2. Compute the polynomials féj (x;, z;), and check whether there exist two rational
plane curves C¥ and C* defined by a factor of féj and fF¢, respectively, for
ij # k¢, and ij, k¢ € {12,23,13} . In the affirmative case, assume that ij = 12,
and k¢ = 23 (see Remark 5) and go to Step 3. Otherwise, RETURN “V is not
a rational ruled surface”.
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3. Compute P = (p1,p2) € K(t1)?, and P* = (p1,p2) € K(t1)? rational proper
parametrizations of C'2 and C?3, respectively (see Remark 4). If p; # 0 go to
Step 4. Otherwise, go to Step 6.

4. Check whether there exists a rational plane curve Cy, defined by a factor of the
polynomial Ny(xy,z5) = Contenty,(g;), where

pi(2) Pi(z1) — pa(z2)
ty) = L t t .
91(1, 2, t2) = numer (f <p1(x2) 2]32(x1)’p2(x2>+ 2 Fo(71) s 12
In the affirmative case, compute (R(t1),S(t1)) € (K(t;) \ K)? a rational proper

parametrization of Cy,, and RETURN

o\ . ni(S(t) P1(R(t1)) — p2(S(t1))
P(t) = (m(s(0)) ~ 20 () + D S ),

“is a proper parametrization”. Otherwise, go to Step 5.

5. Check whether there exists a rational plane curve Cy, defined by a factor of the
polynomial Ny(z1,x2) = Content,,(go), where

92(1, 9, 1) = numer < f (pl(@) - tz%, pal2), t2>) ,

In the affirmative case, compute (R(t1),S(t1)) € (K(t1) \ K)? a rational proper
parametrization of Cy,, and RETURN

P(T) = (p1<s<t1>> - m%,mw(mm)

“is a proper parametrization”. Otherwise, go to Step 2, and consider differ-
ent rational components and apply again the algorithm. If there have no more
rational components, RETURN “) is not a rational ruled surface”.

6. Check whether the plane curve C'? is rational. In the affirmative case, compute
P = (q1,92) € K(t1)* a rational proper parametrization of C'* (see Remark 4)
and go to Step 7. Otherwise, go to Step 8.

7. 7.1. If g2 # 0, check whether there exists a rational plane curve Cy, defined by
a factor of the polynomial N3(xy,z2) = Contenty, (gs), where

g3(x1, x9,t5) = numer (f (tQQI(SC2>,.T]_ - tgL,t2)> )
QQ(l’z) QQ(l’z)

In the affirmative case, compute (R(t1),S(t1)) € K(t1)>, R # 0, S € K, a
rational proper parametrization of Cy, and RETURN

o als)
P(E) = <t2q2<s<t1>>’
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“is a proper parametrization”. Otherwise, go to Step 2, and con-
sider different rational components and apply again the algorithm. If
there have no more rational components, RETURN “} is not a rational
ruled surface”.

7.2. If go = 0, check whether there exists a rational plane curve Cy, defined by
a factor of the polynomial Ny(x1,x2) = Contenty,(g4), where

Ga(x1, 9, t0) = f (taxe, toxy, ta) .

In the affirmative case, compute (R(t1),S(t1)) € (K(¢1) \ K)* a rational
proper parametrization of Cy, and RETURN

P(%) — (th(tl), t2R<t1), tz) 5

“is a proper parametrization”. Otherwise, go to Step 2, and con-
sider different rational components and apply again the algorithm. If
there have no more rational components, RETURN “) is not a rational
ruled surface”.

8. Check whether there exists a rational plane curve Cy, defined by a factor of the
polynomial N5(x1,x2) = Contenty,(gs), where

g5(21, T2, t2) = [ (taxa, 21, 12) .

In the affirmative case, compute (R(t1),S(t1)) € (K(¢t;) \ K)? a rational proper
parametrization of Cy, and RETURN

P(1) = (t25(t1), R(t1),ta) ,

“is a proper parametrization”. Otherwise, go to Step 2, and consider differ-
ent rational components and apply again the algorithm. If there have no more
rational components, RETURN “) is not a rational ruled surface”.

Remark 6. Remark 3 can be stated similarly in this new situation to the rational
parametrizations P12, P23 P8 (R, S), and the output parametrization P.

In the following example, we illustrate the performance of Algorithm 2.

Example 3. Consider the surface V over C introduced in Erample 2, and defined by
the polynomial

f(T) = —49z92% — 799230207 + 207927 + 22327 + 980x3x? — 22052327 + x3x —

33750z32z; — 4002371 + 606237971 — Hr3T) — 68137571 — 1747230001 — 2573571 + T35 —
252373 + 13962973 — 112023 — 4891525 — 519023 — 4237x9xs — 14323 € C[T].
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Let us apply Algorithm 2. For this purpose, we first observe deg, (f) > 0, fori=1,2,3.
Then, in Step 2 of the algorithm, we compute

fom(xl, T9) = —x1x2(49xf — 2021 — 27179 — x§ + 5xg),

f3(zo, x3) = (1425 + 519023 + 112023 + 4891523 — 1396593 + 252523 + 423720003 — ).

The plane curves defined by the equations 4923 — 20z, — 2x179 — X3 + 529 = 0, and
1423 + 519022 + 1120z3 + 4891525 — 1396x9x3 + 267373 + 4237Tw073 — 25 = 0 are
rational. These curves are denoted as C'? and C?3, respectively.

In Step 3 of the algorithm, we compute a rational proper parametrization of C'2,

120,y [ =2t (=5+1) (50 + 5v2)t1(—20 + 100v/2 4 491, ,
PR = ) = (5(4151 —10+5v2)° 1225(4t1 — 10 + 5v/2) ) < R(h)"

and C?3,
o 2(—378367¢2 + 10410900¢; — 142098075 + 4102¢3)
23 t — t t — 1 1
Prt) = (i(h), pa(t)) 1241(£3 — 25¢2 — 4237¢, — 48915) ’

2(20322550 — 513355t; — 2812 + 49¢3) € R(ty)?
1241(3 — 25¢2 — 42371, — 48915) Y
Since p1 # 0 we go to Step 4 of the algorithm, and we check whether there exists a ra-

tional plane curve Cy, defined by a factor of the polynomial Ny(x1,x2) = Contenty,(g1),
where

v (1 ) i )

We have that

Ni(z1,29) = (733971 — 255575 + 2482391/2 + 18675 — 4150v/2 — 3153, + 70/ 221 ) (429 —
10 + 5v/2) (1 — 35 + 34v/2)% (=1 + 35 + 34v/2)3 (2, + 45)°.

To find (R,S) € (C(t1) \ C)2, we consider the plane curve defined by the irreducible
polynomial T3xyx1 — 255525 + 248229/2 + 18675 — 4150v/2 — 31521 + 70v/2xy, and it
defines a rational plane curve Cy,. Then, we compute a rational proper parametrization
of Cn, as

5(—9 4 2v/2)(—415 + Tt;)
73(t; — 35 + 34v/2)

(R(t1),5(t1)) = (tl,— ) € (R(t1) \ R)%

Then,

P = (st - 2200

) )

I ) (3 220)
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where

q11 = (—9+2v/2)v/2(—490t3 +280t2 45133550t —2032255004-392t2/247186970+/2t, —
28451570002 — 686t3v/2 + 6205t5t7 + 8687tyV/2t3 — 155125t5t7 — 217175t5t3/2 —
262905855t — 36806819t,v/2t; — 303517575t — 424924605t51/2),

Qo = T3(—415 + Tt,)(—4866 + 106t; — 4199v/2 + 17+/2t1)(t; — 35 + 34+/2),
o1 = 206827212 — 544956812t , + 33170412\/2 — 87398734+/2t, + 6381213 + 10234131/2 +

11741634840 + 18830923802 + 78183t5/2t3 — 10107945t5t2\/2 + 239474529t5/2t, +
4874941513 — 63026010t,12 + 14931941225t + 5038391745t51/2 + 3141585441015,

a2 = 146(t, + 118)(—4866 + 106t; — 4199v/2 + 17+/2t1)(t; — 35 + 34/2)

“is a proper parametrization of the rational ruled surface V in
standard reduced form”.

Observe that since P2, P% and R, S have coefficients in R, then P also has coefficients
in R (see Remark 6).
4. Parametrically Ruled Surfaces

In the following, we consider a surface V defined by a parametrization (not neces-
sarily proper) over K,

I

M(t) = (ma(T),ma(t),ms(1)) € K(2)".

In this section, we analyze whether V is a ruled surface, and in the affirmative case
we compute a proper reparametrization in standard reduced form. More precisely, the
idea is to check whether there exists a proper parametrization of the form

P(E) = (pi(ts) + taaqr (t1), p2(t) + taga(tr). t2) € K(T)°,

(where p;, ¢; are given in Theorem 2), and (U, V') € (K(?)\K)? such that P(U,V) = M.
Observe that from this equality, we get that V = msg.

A direct approach to this problem could consist in implicitizating the parametriza-
tion (see e.g. [19]) to apply afterwards the algorithms developed in Section 3 to the
implicit equation. This solution might be too time consuming and then, we would
like to approach the problem by means of rational reparametrizations which involves
more satisfactory running times (compare Theorem 4, with Theorem 10 in [19]).
With rational reparametrization we basically mean without implicitizating, or more
formally, by finding a linear parameter transformation to reparameterized the given
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parametrization. Note that any reparametrization of a rational parametrization is
again a parametrization of the same variety.

To start with the problem, we first assume that ) is not a plane. Note that
this assumption is not a loss of generality, because one can easily deduce whether
a parametrically given surface is a plane.

Now, we deal with the cylinder case. In order to analyze whether V is a cylinder
over any of the coordinate planes of K*, we apply the following result presented in [19]
(Theorem 5).

Theorem 3. (Cylinder criterion) Let H;(%, h) = numer(m;(%) —m;(h)), where h =
(h1, ha) are new variables, and i € {1,2,3}. Then, V is a cylinder over the x;x;-plane

if and only if gcd(H;, H;) # 1.

If V is a cylinder over the xjxo-plane and f(x1,22) € K[z, x| is the implicit
equation defining V, we consider a € K such that (my,ms)(a,ts) € K2, and we get
that, up to multiplication by non-zero constants,

f(z1,22)" = Resy, (G1(a, ta, x9), Go(a, ta, x2)), where r €K and

Gi(t,x;) = numer(m;(t)—x;), i = 1,2 (see Theorem 8 in [19]). Then, one computes a
proper parametrization (p(t1), ¢(t1)) € K(¢;)? of the plane curve defined by the equation
f(x1,29) = 0, and we get that P(#) = (p(t1), q(t1), t2) is a proper parametrization of V.
One reasons similarly if V is a cylinder over a different plane.

Once the plane case and the cylinder case are analyzed, we assume that V is neither
a cylinder nor a plane. As we stated above, we are interested in applying Theorem 2.
For this purpose, first we need to compute a rational proper parametrization of C'2
and C* (see statement 1 of Theorem 2). We also need to determine a rational proper
parametrization of C'3, if we are in statement 3 of Theorem 2.

Since we do not have the implicit equation defining the surface V, we have to
compute the polynomial f¢(z;, ;) defining implicitly the plane curve C¥, i < j,i,j €
{1,2, 3}, using the input parametrization M. For this purpose, we use Theorem 10
in [19], and the fact that if o € K? is such that m;(#¢) —x1 = m;(to) —x2 = mg(to) =
0, for k € {1,2,3}, k # i, k # j, then (xy,75) € C¥. For this purpose, in order to
apply Theorem 10 in [19], we need assume that none of the projective curves defined
by each numerator and denominator of m;, ¢ = 1,2,3 passes through the points at
infinity (0 : 1 : 0) and (1 : 0 : 0), where the homogeneous variables are (¢;,%2,w).
Note that this requirement can always be achieved by applying a linear change of
variables to M. This assumption implies that each numerator and denominator of m;
has positive degree w.r.t. ¢;, and then its leading coefficient w.r.t. ¢; does not depend
ontj,i # j,4,j € 1,2. Thus, for k =1,2,3, and i # j, i,j € 1,2, deg, (Gi(t,x1)) >
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0, and the leading coefficient of Gy(t,xy) w.r.t. t; does not depend of ¢;, where
Gr(t,2;) = numer(mg(t) — xx). Finally, since V is neither a cylinder nor a plane, we
may assume that for every i, j € {1,2,3}, with i < j, the gradients {Vm;(t), Vm;(t)}
are linearly independent.

Under these conditions, Theorem 4 shows how to compute the polynomials
fo (xz,x]) The theorem is obtained from Lemmas 12, 13, 14, 15, and Theorem 10
n [19].

Theorem 4. [t holds that for j <k,i# j,i#k, and i,j,k € {1,2,3},
(féj(xj, xy))" = pprk(Content{z,w}(Rest2 (T(ty, z;), K(te, Z, W, zj,21)))) € Klxj, zg],

where r € K, and

1. K(t2, Z,W,x;, ;) = Resy, (S(t1,%;), Gzw
2. Gzw(t,Z, W,z x) = Ge(t,xr) + ZG,( T,
3. S(t1, x ) :ppxj(Restz(Gi(t,O) i(t,2))),
4. T(tz, ;) = pp,, (Resy, (Gi(t,0), G;(1, 75))).

Z7 W7 'rjwrk))a
0) + WG,(T, ),

Under these conditions, we apply Theorem 2, and we obtain a procedure that
computes a proper reparametrization of a given parametrization M, if it is a ruled
surface. More precisely, if V is a rational ruled surface, then there exists a proper
parametrization given in standard reduced form

P(t) = (p1(t1) + taqu (tr), p2(tr) + t2ga(tr), t2) € K(T)?

(see equation given in 2), where p;, ¢; are given in Theorem 2. Thus, we only have to
check whether there exists (U, V) € (K(t)\ K)? such that P(U,V) = M. Observe that
from this equality, we get that V = mg.

To start with, we prove the following theorem that is equivalent to Theorem 2
and Corollary 3, but for the parametric case. Similarly as in Theorem 2, Theorem 5
involves to compute two planar parametrizations (see statement 1) that will be used
to determine a rational planar base curve of the ruled surface V', and to compute the
ruling direction of V (see statement 2). The functions S and R are for coordinating the
parameterization of the base curve and the ruling direction so that the parameterization
of V is in the required reduced form.

Theorem 5. A surface V defined by the parametrization

),ms(%)) € K(T)*

1s a rational ruled surface if and only if the following statements hold:

I

M(T) = (ma (), ma(
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1. At least two of the three plane algebraic curves CY, ij € {12,13,23}, are rational
(see Section 2). Let us assume that C'* and C?* are rational, and let P*? =
(p1,p2) € K(t1)?, P? = (p1,p2) € K(t1)? be rational proper parametrizations of
C'2 and C*®, respectively.

2. If p1 # 0, there exists (£, T) € K(t)\K such that one of the following statements
holds:

2.1. ;(T) — mgg;((z;; —my =pa(T) + mg% —my = 0. In this case,

(5(t)) Pi(R(t)) — p2(S(t)) )
S 0 (S(t)) + ¢ 1 s ),
SO By "
is a rational proper parametrization of V, where (R,S) € (K(t1) \ K)? is
a rational proper parametrization of the curve Cy, defined parametrically
by (L, T).
2.2. pi(T) —msZ ((B —my = po(T) —mo = 0. In this case,

P2

p1(5(t))
P2(R(t))
is a rational proper parametrization of V, where (R,S) € (K(t1) \ K)? is

a rational proper parametrization of the curve Cy, defined parametrically

by (L, T).

3. If py = 0, there exists L € K(t)\ {0}, and T € K(t) \ K such that one of the
following statements holds:

P(T) = (m(sm)) 4, ,p2<s<t1>>,t2>

3.1.
Z'fplg = (QIJQQ>7 q2 # 0isa

proper parametrization of C'3

q1(T)

e — e Lo
ms (T myp = L ms mo 0,

q2(T)

if P13 = (¢1,0) is a

mgT —my = m3£ — My = 07 E ¢ K parametrization Of Cl3

In this case,

, 13 _ .
P(1) = (t a(S) Ry g, By ) | ifPB = (q1,¢), 2 £ 0 is a

242(S(01))° @2(S(tr))? 72 proper parametrization of C'3

if P13 = (¢1,0) is a
parametrization of C*3

P(t) = (t2S(t1),t2R(t1),t2), RZ K
is a rational proper parametrization of V, where (R,S) € K(t1)?, S € K is a
rational proper parametrization of the curve Cn, or Cy,, defined parametri-

cally by (L,T).
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3.2. m3T —my = L —mg = 0. In this case, P(t) = (t25(t1), R(t1),t2), is a
rational proper parametrization of V, where (R, S) € (K(t1)\K)? is a rational
proper parametrization of the curve Cy, defined parametrically by (L,T).

Proof. It is clear that if statements 1 and 2 (or 3) hold, then V is a rational ruled
surface. Reciprocally, let V be a rational ruled surface. Then, statement 1 holds (see
statement 1 in Theorem 2), and some of the statements, 2 or 3, of Theorem 2 holds.
Let us assume that statement 2.1 holds (one reasons similarly if a different statement

holds). That is,

N AN CA) B (1))~ pa(5°(1)
Pt = (5700~ 6 2 sy

is a proper parametrization of V, where (R*,S*) € (K(¢;) \ K)? is a rational proper
parametrization of the curve Cy, (see Corollary 3). Since M is also a parametrization
of V, there exists (U,V) € (K(7) \ K)? such that P*(U,V) = M. From this equality,
we get that V' = mg, and

,p2(57 (1)) + t2

\ n(s*(U)) _ ; (R (U)) —p(S*(U)) _
p1(S7(0)) _m3m =m1, pa(ST(U)) + ms (B (0)) = my.
That is,
p(T) — 32%2—)) —my = pa(T) +m3p (£22z£1;2(7'> mg = 0,

where (£, T) := (R*(U), S*(U)) € (K(t)\K)?. Observe that since (R*, S*) is a rational
parametrization of Cy,, then (£, 7) also parametrizes Cy; .

Now, we consider (R(t1),S(¢1)) € (K(t1) \ K)* a new rational proper parametrization
of Cn,, and

;p2(S(t1)) + t2

pi(S(t)) pi(B(t)) — pa(S(t)) t)
Pa(R(t)) Pa(R(t)) )

Since (R*,S*) and (R,S) are both rational proper parametrizations of Cy,, there
exists r € K(t;) \ K,deg(r) = 1, such that (R*,S*) = (R(r),S(r)). Then,
P(r(t1),ta) = P*(t1,t2) which implies that P is a rational proper parametrization of
V (note that (r(t1),t2) and P*(t) are both proper, and thus P(t) is also proper). O

Pty ty) = (m(S(m) 1,

In Theorem 5, one important task is to solve (7,£) from the equation systems.
The systems appearing in the statements 2.2, 3.1 and 3.2 are clearly zero dimension-
al. We now study the system of the statement 2.1, it is defined by the equations

pi(x) — mapi(x)/P2(y) — m1 = pa(x) + ms(P1(y) — pa2(2))/P2(y) — me = 0. We show
that the system is zero dimensional if M (%) defines a ruled surface in the following
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proposition. Hence, the computations of (7,£) € K()? are not difficult (see state-
ment 2 in Remark 7).

To prove the proposition, we consider the equations
er(z,y, 1) = pra(@)p2a(y) — ms(T)pri(@)pa2(y) —ma(E)p1a(r)pa(y)
e2(r,y, 1) = p2,1(x)P21(Y)P1,2(y) + ms(8)P22(y) (P22(2)Pr11(y) — P21 (2)Pr2(y))—
Mo (1 )p2,2(2)P2,1(Y)P1,2(y),

where p; = pi1/pi2, Pi = Pi1/Di2, ged(Din, Pi2) = ged(pin,piz) = 1, for i =
1,2. Observe that the system defined by pi(x) — mapi(x)/pa(y) — m1 = po(x) +
ms(p1(y) — p2(x))/Pa(y) — mg = 0 is equivalent to the system defined by e; = es = 0.
In addition, we note that pi(x),p2(y) are not both constant (otherwise, P would
parametrize a plane, and this case is excluded). Similarly, ps(x), (p1(y) — p2(x))/D2(y)
are not both constant.

Since the systems in Theorem 5 are in the implication from that V is a ruled surface,
we can assume the V has a rational proper parametrization of the form M(t) =

(aq(t1) + taby(t1), as(t1) + taba(t1),t2). Under these conditions, we have the following
proposition.

Proposition 1. For the ruled surfaces, the system defined by the equations e; = e = 0
w.r.t. the variables {x,y}, is zero dimensional.

Proof. We distinguish two cases depending on the form of the parametrization M.
1. Let M(t) = (a1(t1) + t2b1(t1), aa(t1) + taba(t1), t2) be proper, and let

H(z,y, t):=ged(er, e2) € K[, y, t].

We assume that p; € K, and py ¢ K. Otherwise, the system defined by the
equations e; = e; = 0 w.r.t. the variables {z,y}, is clearly zero dimensional.
Similarly, we assume that py(z) € K, and (p1(y) — p2(x))/D2(y) € K. Under these
conditions, the following properties hold:

o If deg,,(H) = 0, then deg, (H) = 0. Otherwise, there exists a € K(z,y)
(K(z,y) is the algebraic closure of K(z,y)) such that e;(x,y, o, t2) = 0 (note
that ged(pii,pi2) = 1,4 = 1,2). Then, (pi(z),p2(2)) = (a1(a),az(a))
which implies that @ € K(z) \ K (note that p; ¢ K). Furthermore,
(=p1(2)/P2(v), (P1(y) —Pz(f))/ﬁz(( y)) = (b1(@), bo(ar)) which is impossible

since o € K(z) \ K and pi(2)/5(9), (F1(y) — po(2))/aly) & K. Thus, we
conclude that H € K[z, y| or H € K[z, y, t] Wlth degt (H) >1,i=1,2.

e It holds that Cj(z,y,t;) := Contenty,(e;) € K[z, y], j = 1,2. If deg, (C1) >
1, there exists a € K(z,y) such that pi(x) = ai(«), pi1(z)/p2(y) = b1(c)
which is impossible since p;(x) € K and ps(y) € K. Thus, C; € K[z, y].
Reasoning similarly and taking into account that ps(x) ¢ K, and
(p1(y) — p2(x))/D2(y) € K, we conclude that Cy € K[z, y].
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Under these conditions, let us assume that the system defined by the equations
e; = e; = 0 w.r.t. the variables {x,y}, is not zero dimensional. Then, we may
write e; = H(x,y, t)C;(z,y), j = 1,2, with deg,,(H) =1 (note that deg,, (e;) =
1), and deg, (H) > 1. Hence, e;Cy — e2Cy = 0 which implies that a; = as, by =
bs. Thus, V is a plane which is impossible.

2. Let M be some rational parametrization of V, and we consider f;(z,y,t) :=
ei(x,y, t)/C(x,y), C = ged(Cy,Cy), i = 1,2. Observe that if C'(a, 3) = 0, the
(o, 8) € K% Indeed: let (o, ) € MQ be such that C(a, ) = 0 (K(s) is the
algebraic closure of K(s), and s is a new variable). Then, e;(a, 8, t) = 0 (note
that C divides ged(eq, ez)). Since pig # 0, we get that pi(a) = paa(8) = 0
which implies that («, 3) € K. Thus, the system defined by e; = 0,7 = 1,2 is
equivalent to the system defined by f; =0, 7 =1,2.

Let M* be a proper parametrization of V with the form of statement 1, and
such that M*(U, V) = M, where (U,V) € (K(t) \ K)? (M* exists because of the
results in [16]). We denote by ij*, j = 1,2, the equations f; constructed from
M* | and ij, J = 1,2, the equations f; constructed from M. From statement 1,
we have that R*(y, t) # 0, where R*(y, 1) := Res,(f{*"", f*"). Let R(y, t) :=
Res, (fM, f1). Taking into account the properties of resultants (see [29]), it holds
that R*(y,U(t),V (%)) =l(y,U, V) R(y, 1), k € N, where £(y, t;,t) denotes the
leading coefficient of f{*!" w.r.t. x (note that ¢(y, U, V) # 0). Since R*(y,U, V) #
0, we conclude that R(y, t) # 0 and then, ged(f{*, f1) = 1. ]

From Theorem 5 and Proposition 1, we obtain the following algorithm that decides
whether a rational surface defined parametrically by a rational parametrization M is
ruled. In the affirmative case, it computes a rational proper reparametrization.

Algorithm 3: Reparametrization of a Ruled Surface‘

e Input: A surface V defined by a rational parametrization

I

M(T) = (ma(T),ma(1),ms(1)) € K(2)".
e Output: the message “V is not a ruled surface” or a proper parametriza-
tion P of “the ruled surface ) in the standard reduced form.”

1. Check whether V defines a plane. In the affirmative case, compute a proper
parametrization of V. Otherwise, go to Step 2.

2. Compute the polynomials H;(%, h) = numer(m;(f) — m;(h)), where h =
(h1,hy), and ¢ € {1,2,3}. Check whether gcd(H;, H;) = 1, for i,5 € {1,2,3}
and 7 < j. In the affirmative case, go to Step 3. Otherwise, if gcd(Hy, Hy) # 1
(similarly if ged(Hy, Hz) # 1 or ged(Hs, H3) # 1) do:
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2.1. Consider a € K such that (my,ms)(a,ts) € K>.
2.2. Compute

f(@1,22)" = Resy, (G1(a, t2, 72), G2(a, ta, ¥2)), where r €K, and

Gi(t,z;) = numer(m;(t) — z;), i = 1,2 (see Theorem 8 in [19)]).
2.3. Determine a proper parametrization (p(t1), q(t;)) € K(¢1)? of the plane curve
defined by the equation f(z1,z5) = 0.

2.4. RETURN P(t) = (p(t1),q(t1),t2), “is a proper parametrization’.

. Compute the polynomials féj (74, 7;) (apply Theorem 4), and check whether there
exist two rational plane curves C¥ and C* defined by a factor of féj and fF¢,
respectively, for ij # k¢, and ij, k¢ € {12,23,13} . In the affirmative case,
assume that ij = 12, and k¢ = 23 (see Remark 5) and go to Step 4. Otherwise,
RETURN “V is not a ruled surface”.

. Compute P = (p1,p2) € K(t1)?, and P* = (p1,p2) € K(t1)? rational proper
parametrizations of C'? and C?3, respectively. If p; # 0 go to Step 5. Otherwise,
go to Step 7.

. Check whether there exists (£, T) € (K(%) \ K)? such that

p(T) _ o DL —p(T)
pi(T) _m3ﬁ2(£) =my, po(T) +ms3 (L) 2.

In the affirmative case, compute (R,S) € (K(¢;) \ K)* a rational proper
parametrization of the curve Cy, defined by (£, 7 ), and RETURN

o n(S(0) BL(A(1)) ~ pa(5(1)
7D = (st~ s + 2L ).

“is a proper parametrization”. Otherwise, go to Step 6.

. Check whether there exists (£,T) € (K(f) \ K)? such that

pl(T) - m3]31 (T) =my, p2(T> = Ma.

In the affirmative case, compute (R,S) € (K(¢;) \ K)* a rational proper
parametrization of the curve Cy, defined by (£, 7 ), and RETURN
(1))

- p1(S(t1)
P(t) = (m(s(e) - 2000
P2(R(t1))
“is a proper parametrization”. Otherwise, go to Step 3, and consider differ-
ent rational components and apply again the algorithm. If there have no more
rational components, RETURN “) is not a ruled surface”.

,p2(S(t1)), tz)
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7. Check whether the plane curve C'? is rational. In the affirmative case, compute
P = (q1,92) € K(t1)? a rational proper parametrization of C3, and go to Step
8. Otherwise, go to Step 9.

8. 8.1. If g3 # 0, check whether there exists (£,7T) € K(t)?, T & K such that

¢ (T) L
=my, L— = my.
0(T) ' M ™
In the affirmative case, compute (R,S) € K(t;)?, S ¢ K a rational proper
parametrization of the curve Cy, defined by (£,7T), and RETURN

- (i 18 )

“is a proper parametrization”. Otherwise, go to Step 3, and consider
different rational components and apply again the algorithm. If there have
no more rational components, RETURN “V is not a ruled surface”.

8.2. If o =0, let £ = my/mg3, and T = my/mg3, and compute (R, S) € (K(t1) \
K)? a rational proper parametrization of the curve Cy, defined by (£, T),
and RETURN

ms

P(T) = (t55(t1), taR(t), t2)

“is a proper parametrization”. Otherwise, go to Step 3, and consider
different rational components and apply again the algorithm. If there have
no more rational components, RETURN “V is not a ruled surface”.

9. Let £ = my, and T = my/mg, and compute (R,S) € (K(¢;) \ K)? a rational
proper parametrization of the curve Cy, defined by (£, 7). RETURN

P(t) = (t2S(t1), R(t1), t2),

“is a proper parametrization”. Otherwise, go to Step 3, and consider differ-
ent rational components and apply again the algorithm. If there have no more
rational components, RETURN “) is not a ruled surface”.

Remark 7. 1. Remark 3 can be stated similarly in this new situation to the rational
parametrizations P2 P? PB (R, S), and the output parametrization P.

2. The systems appearing in Steps 6, 8 and 9 are clearly zero dimensional. The
system in Step 5 is equivalent to the zero dimensional system defined by the
equations fi = fo = 0 w.r.t. the variables {x,y} (Proposition 1 implies that
[i(T,L,t) = 0,5 = 1,2; note that C(T,L) # 0). In order to find (L, T) €

(K(t) \ K)?, one may use, for instance, univariate resultants. Once (L,T) is
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determined, one computes the implicit equation of the rational plane curve Cy,
defined by (L,T) as the square free part of

Contenty, (Resy, (numer(L — z1), numer (7 — x2))) € K[x1, 2]

(see Section 4.5 in [23]). Afterwards, we parametrize Cn, by applying for instance
the results in Sections 4.7 and 4.8 in [23].

3. If the system appearing in Steps 5 is not zero dimensional, then according to
Proposition 1, the input surface is not a ruled surface. And we need not to solve
the system.

4. Note that in this case, we can not apply Theorem 1. More precisely, if V is a
rational ruled surface, by Theorem 1, there exists a parametrization of the form

P*(1) = (p1(S*(t)) + tag; (t1), p2(S*(t1)) + t2g5 (1), t2) € K(T)?

where (¢5,q5,S*) is a rational parametrization of a space curve D (see Corol-
lary 1). Reasoning as in Theorem 5, we have that P*(U,V) = M, where
(U, V) € (K(t)\ K)2. From this equality, we get that V = mg, and

p1(S*(U)) +maqi(U) = my, p2(S*(U)) +msq5(U) = ma.

That s,
p1(T) +msLly —my = po(T) +taLly —mo =0,

where (L1, L2, T) == (¢;(U),q5(U), S*(U)) € (K(t) \ K)3. Observe that we have
two equations, and three unknowns L1, Ly, T. So, we have a consistent indepen-
dent system.

In the following example, we illustrate the performance of Algorithm 3.

Example 4. Consider the surface V defined by the parametrization

25t + 106363 + Stot] — Ttat? — 5t3 — i3ty + Tty — 3
to(—t3 — 2t1ty + 13) (13 + 3) ’

M(E) = (my, ma, ms) = <_

—to(— 141342 + 4t] + A3t — 1483ty + 912 + 181ty — 93 tity — 1 € (7Y’
(—t3 — 2t1ty + 13)(t3 + tHta T3+ t2 '

Let us apply Algorithm 3. We first observe that V is neither a cylinder nor a plane (see
Steps 1 and 2 of the algorithm). In Step & of the algorithm, applying Theorem 4, we
compute the polynomials fi’ (x;, x;) and get

fo? (w1, 09) = 4927 — 2021 — 20109 + 51y — T3,

[ (29, 23) = a5 — 1425 — 25w325 + 13962379 — 112073 — 42372575 — 519025 — 4891573,
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define implicitly two rational plane curves C*2 and C**. Thus, in Step 4, we compute

P12 _ (o) = ( V2t (=5 +t) (50 + 5v2)t; (—20 + 100v/2 + 49t1)> C (1)

5(4t; — 10 + 5v/2) 1225(4t, — 10 4 5v/2)

and

(—378367¢2 + 10410900¢, — 142098075 + 4102¢3)
1241(3 — 25¢2 — 4237t; — 48915) ’

P = (hi(tr), Po(tr)) = (2

2(20322550 — 513355, — 2863 +496) ) _ "
1241(3 — 25¢2 — 4237¢, — 48915) '

rational proper parametrizations of C'2 and C?3, respectively. Hence, we go to Step 5
of the algorithm, and we check whether there exists (L, T) € (C(t)\ C)? such that

—m m ]51(/:) —Pz(T) —m
=my, p2(T) + ms3 (L) 2.

We obtain

514 5V2)t
Ot + 4t11/2 — 5ta/2 + to

(L,T) parametrizes the rational plane curve Cy, defined by the equation

4158, — 2361,
U+ Tty

L(1) T(1)
—315z; + 18675 + 70V 2z, — 415072 4 248229V/2 + 7391 — 255515 = 0

(see statement 2 in Remark 7). We compute a rational proper parametrization of Cy;,,
and we get

(R(t1), S(h)) = (tl, —5(-9 +2v2)(7t, “”5>> € R(t)?.

73(34v/2 + t; — 35)
Therefore, we RETURN the proper parametrization of the ruled surface V given by

p1(R(t1)) — p2(S(t1)) _
,p2(S(th)) + L2 pa(R(t1)) ’t2) B

where

a1 = V2(=9 + 2v2)(5 + TV/2)(—40645100 + 1026710¢; + 5612 — 98t3 + 1241¢3t, —
31025121, — 525811715 — 60703515t,),
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qua = T3(Tty, — 415)(—4199v/2 4 106t; — 4866 + 17t,/2)(34v/2 + t; — 35),

Qo1 = T8183L513\/24+6381213 +-48749413 1, +1023413 /2433170412 /2 — 10107945t t51/2 —
630260103, + 2068272t7 — 87398734t,\/2 — 544956812t + 239474529t5t1v/2 +
1493194122t 1t + 11741634840 + 5038391745t51/2 + 31415854410t + 1883092380+/2,

Qoo = 146(34v/2 + t; — 35)(—4199v/2 + 106t, — 4866 + 17t,/2)(118 + t;).

Observe that since P2, P? and (R,S) have coefficients in R, then the output
parametrization P also has coefficients in R (see statement 1 in Remark 7).

5. Conclusion

The parametrization of an implicit surface is a basic problem in algebraic geometry.
In this paper, we focus on the problem of rational ruled surface, since the ruled surface
is an important modeling surface. By the linearity of one parameter in the standard
form and the birational parameter transformation, we can get a simple expression
which can be projected as a planar curve. Therefore we reduce the problem to that
of curve parametrization. The algorithms to determine and parameterize the implicit
rational ruled surfaces are then proposed. We also have considered the determination
and reparametrization for the parametric ruled surfaces not being in the standard form.
More precisely, we can distinguish whether a given rational parametrization (not nec-
essarily proper) defines a ruled surface, and in the affirmative case, we reparameterize
it properly to the standard reduced form.

Besides the ruled surface, there are some other basic modeling surfaces such as
sphere-swept surfaces and cyclides. They have special geometric features for modeling
design. And these features are also reflected in the algebraic expressions. According to
the well investigation, one can find some algorithms to determine the types of surface
from a given algebraic surface, further, find a parametrization. As the further work,
we would like given more discussions for those modeling surfaces.
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