
HAL Id: inria-00070028
https://inria.hal.science/inria-00070028v1

Submitted on 19 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

A Centaur tutorial
Ian Jacobs, Laurence Rideau-Gallot

To cite this version:
Ian Jacobs, Laurence Rideau-Gallot. A Centaur tutorial. [Technical Report] RT-0140, INRIA. 1992,
pp.102. �inria-00070028�

https://inria.hal.science/inria-00070028v1
https://hal.archives-ouvertes.fr


�

�

�������	�
��
���
�����
�������

����������������������� ������������ !�"�

�$#&%('()*'(+�'���,-'()/.0#&,-1
2�3 � 35476&39874:6;3
3 #<�=#�>?. 8(@ ,0'()/AB+ 3
3 ' 3 #<��+�'7. @ ,-'()/AB+ 3

�C.-D 6 )/,E��#B'()*DF.01*)/%
G�HI�JH!K5LNM

LPOBQ0O�K�RS,-1*TU.-#�# 3 � 3V2�39W
X 8 ,-# 4V3

� �3 1$HZY[MN\EO]Q_^P^_^P^

`ba&cdc�eUfhg0ikj�lnm-odpdq$rts�lni

uwv7x]y!x

z[{�|�}d{d~;����� �
���&�����F������� �J�������d���������P���t�P�&�������7���&�

����� ��P�d���w���;�!���P���P�

  ¡£¢¥¤�¦n§�¨�©«ªE¨�¦n¬�©U�§�®

¯�°-±�²N³�´�µ�¶¸·
¹t°-º�»7¼9±&½5¼¿¾�¯�ÀÂÁ�³�Ã

³�ÄtÅº;ÆÈÇ5ÉPÉ]Ê



� �������	��
����
������������

���������! #"%$'&��()*��+,)-"� /.10	2/�' #"%04365 7 ��0	3829�' #2:)<;>=?2@�@0	A�B�@CDCE"%5��()���+,F�"%G4H	;>�@AI+���56;EG'"%CD;J&
+*0	K%0'&�5ML/N?OPL/Q%Q%R



� �������	��
����
�	���������

������������ !�

"$#&%('�)�*+)�,.-�)/-0,�'1,.2&34'�30#/,6587�9/:<;&=/>�'1?@'�30,.AB30#/-DCFE/GF#H*I30E/30CF-1%(*KJML&,�'DNO-1%QP&%R2/GS30#/,TNO-0,�*+3�%RC�2HC+UV*+2W,.2/X
Y %Q-0CF2/AS,.2	3�UZCF-8*['1AH*KJ\J/J(*+2/GFE�*+G�,]C!U�AH*+30#/,.AH*!31%(N.*KJ@,O^/)/-0,�'0'_%RC�2�'8N.*KJ\JQ,�LW`�a/bdc�ef%Q30#W587F9/:+;&=/>VgF30#/,$E�'1,.-
AH*K?h%Q2&30,.-4*FNO3�% Y ,OJR?iGF,.2/,.-4*+30,�)/-0C�GF-4*+AjAk%R2/GlJ(*+2/GFE�*+GF,S,.2 Y %Q-0CF2/Aj,.2&34'.gm%Q2�NDJQE�L�%R2/Gn'130-0E�NO30E/-D,�L�,�L�%Q30CF-4'.g
L&,.P/E/GFGF,.-4'.g�%Q2&30,.-0)/-0,.30,.-O'.g/*+2�LjC�30#/,.-830C&C+J('.c�op2�3D#&%q'�30E/3DCF-1%(*KJpg	*KJ\JV)/#�*F'1,�'�C+UrJ(*+2/GFE�*!GF,s'�)�,�ND%\tMN.*+31%QCF2h*+-D,
NOC Y ,.-0,�Lru[30#/,jL&,�'v%QGF2wC!U830#/,H*+P�'13D-4*FNO36*+2�L�NOCF2�NO-0,.30,H'�?	2&34*K^hC+U[`�a/bW%Q2�xW7F:+;/yz*+2�L|{F}�~/gV30#/,�)/-0,.3D3_?
)/-1%Q2	31%Q2/G�-0E&JQ,�'�%Q2���b��8y	gd*+2�LW30#/,�'�,.AH*+2&31%(N.'$C+U8*+2�`�a/bS%Q2	30,.-D)/-0,.30,.-$%Q2�����b	�/y&c]"$#/,�30C&C+J('$GF,.2/,.-4*+3D,�L
P	?�587�9/:<;&=/>hP�*�'1,�L�CF2�3D#/,�'1,�'1)d,�ND%\tMN.*+31%QCF2�'6*+-0,6,.2/#�*!2�NO,�LhP&?�*�E�'1,.-�%R2&30,.-1Up*FNO,�P/E&%�JQ3[�$%Q30#�5�7F9/:+;	=/>
GF-4*+)/#&%(N6)/-�%RAk%R3�% Y ,�'.c

� �T�������F�	�$�$
T�d�F�0������
��F����M��d�������d�8�	��
�

���� �+���B��

�6*+2�'�NO,)�*+)&%Q,.-�g&2/CFE�' )/-D,�¡'1,.2&30CF2�'¢JR,['1?@'�3�£,.Aj,[587�9/:<;&=/>�¤FE&%r,�'138E/2WCFE/31%\J�%Q2&30,.-4*FNO3�%�U�L&,[G ¡,.2$¡,.-4*+31%QCF2
Lr¥¦,.2 Y %Q-0CF2/2/,.Aj,.2&34'[L&,[J(*+2/G	*+GF,�'�L&,6)/-0CFGF-4*!AjAH*+31%QCF2Vg&N+¥¦,�'13�£*�L�%Q-0,�L&,�'H¡,�L�%Q30,.E/-4'$'13D-0E�NO30E/-/¡,�'.g/L&,�'�%Q2	30,.-DX
)/-�£,.30,�'�gF,.3Lr¥§*+E/30-D,�'8C�E/31%\Jq'�L&,TA�%('1,¨*!EH)dC+%Q2	3�c�©CFE�'�L8¡,�NO-1% Y C�2�' J(*jNO-/¡,�*+31%QCF2WLr¥¦E/2H,.2 Y %R-DCF2/2/,.Aj,.2&3)�CFE/-
E/2�)�,.31%Q3�J(*+2/G	*+GF,�Lr¥¦,O^/)/-0,�'0'v%QCF2�'�AH*!30#]¡,.AH*!31%(¤FE/,�'�*+)/)�,OJ.¡,ª`�a/bdc�"mCFE/30,�'sJR,�'n¡,.34*+)d,�'6L&,h'1)$¡,�ND%\tMN.*+3�%RC�2
L&E�J(*+2/G	*!GF,H'1CF2&3¨)�*!-4NOCFE/-0E/,�'.uIJ(*h'1)$¡,�ND%\tMN.*+31%QCF2�L&,jJ(*h'�?	2&34*K^/,H*+P�'13D-4*K%Q30,j,.3�L&,jJ(*h'�?	2&34*K^/,HNOCF2�NO-�£,.30,
L&,�`�a/bF,.2�xW7F:+;/y�,.3�,.2�{F}d~@g¢JR,�'k-�£,.G+JQ,�'�Lr¥§*K«�N0#�*+G�,H,.2���bF�8y&g ,.3�Jq*i'	¡,.AH*!2	31%(¤�E/,zLr¥¬E/2B¡, Y *KJQE�*+30,.E/-
Lr¥¦,O^@)/-D,�'0'v%QCF2�'�,.2�� ��b&�/y	cn�[,H)&JQE�'.g�JQ,�'�CFE/31%\J('SG¢¡,.2$¡,.-@¡,�'['1CF2&3�%R2&3/¡,.GF-/¡,�'6L/*!2�'�E/2/,W%Q2	30,.-�U*FNO,W#/CFAjAS,.X
AH*FND#&%R2/,�NOCF2�'130-DE&%R3D,z£*�)�*+-D31%Q-TL&,�'$)/-1%QA�%Q31% Y ,�'[GF-O*+)/#&%(¤FE/,�'[L&,�587F9/:+;&=/>Vc

®



���������	����


��������������

� ��� ���������  +����� � �
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® c ® c/. 0[-4*+)/#&%(N�%Q2	30,.-�U*FNO,1"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ®

® c)( 2$,�'1CFE/-ONO,�'3"�"�"$"�"�"%"�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ®
® c), "$#/,�4�,.2	34*!E/-],.2 Y %R-DCF2/Aj,.2&35"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" (

® c6,/c ® "$#/,¨NO3D,�L�%R3�"�"%"�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" (
® c6,/c)( "$#/,¨NO3 Y %Q,.� "%"�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" (
® c6,/c),  �-0-0CF-$#�*+2�L�J\%Q2/G "$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ,
® c6,/c/. * *+-O'1,.-4' "�"�"%"�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ,

® c/. * -0,.)�*!-4*+31%QCF27"�"$"�"�"%"�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ,
® c8.�c ® "$#/,$ ¢^@)hL�%Q-0,�NO3DCF-0?#"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ,
® c8.�c)( ov2&%R3�%q*<J�%:9�*+3�%RC�2 "�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ;
® c8.�c), 4]*<J�J\%Q2/G<48,.2	3O*+E/-="$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ;

® c); �[,�'v%QGF2&%Q2/Gz*�Jq*!2/GFE�*+GF,>"�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ?
® c6;/c ® @ P�'130-4*�NO3�'�?	2&34*K^ "�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ?
® c6;/c)( AªC/L&E&Jq*!-TL&,�'v%QGF2B"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" C
® c6;/c), Aª,.34*KJVCF- & L�U "�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" D
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(/c ® * -0,.)�*!-4*+31%QCF27"�"$"�"�"%"�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" O
(/c)( "$#/,�*!P�'130-4*FNO3'1?&2&34*K^ "�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" O

(/c6(/c ®  �L�%R3�%RC�2 "�"�"%"�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ®F®
(/c6(/c)( 48C�Aj)&%\J�%Q2/GW30#/,�*!P�'130-4*FNO3'1?&2&34*K^ "$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ® (

(/c), "$#/,�NOC�2�NO-0,.30,¨'1?&2	3O*K^ "�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ® ,
(/c6,/c ® 48C�Aj)&%\J�%Q2/GW30#/,�NOC�2�NO-0,.30,¨'1?&2	3O*K^ "$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ® C

(/c/. "$#/,¨)�*!-4'1,.-="�"�"$"�"�"%"�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ® D
(/c8.�c ® "$#/,$P�E&%\J(L�t/JQ,#"�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ® D
(/c8.�c)( "$#/,63DCRQF,.2Wt/JQ,S"�"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ® D
(/c8.�c), & 34*!-031%Q2/Gj30#/,6)�*+-O'1,.-T"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ® O
(/c8.�c/. Aª,.34*KJ�*+2�LW?&*FN.NU"$"�"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ® O
(/c8.�c); 2$,�*�L�%R2/G�*+2V ¢^@)�)/-0C�GF-4*+A "$"�"�"$"�"�"%"�"�"$"�"%"�"�"$"�"�"$"�"�"%"�"�"$"�"�" ( ®
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,/c ® *�-0,.)�*+-4*+3�%RC�2 "�"�"%"�"�"$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" (R(
,/c)( "$#/,¨'�30-0E�NO30E/-0,6C!U�*+2 & L�U8)/-DCFGF-4*+A "�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" (R(
,/c), & CF-D34''"$"�"�"$"�"�"%"�"�"$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" (R,
,/c/. 48C�2	30,O^/30X UZ-0,., & ?	2&34*K^ "$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" (R,

,/c/.�c ® *�-0C@L&E�NO3�%RC�2h-0E&JQ,�'7"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" (R,
,/c/.�c6( @ '0'1C/ND%(*+31% Y %Q31? "$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" ( .

,/c); *�-1%QCF-1%Q31%Q,�' "$"�"�"%"�"�"$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" (R;
,/c)? �r,O^&%(N.*KJ & ?	2&34*K^ "%"�"�"$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" (R?
,/c C �8*+-�%q*!P&JR,�' "$"�"�"%"�"�"$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" ( C
,/c)D "$#/,¨NOC�Aj)&JQ,.30, & L�U]L&,Ot�2&%Q31%QCF2 "�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" ( C
,/c)O 48C�Aj)&%\J�%Q2/GW30#/, & L�U8'1)d,�ND%�tMN.*!31%QCF2#"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" (RD
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.�c ® *�-0,.3031?j)/-1%Q2&30,.-4' "%"�"�"$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" (RO
.�c)( * *+3D30,.-02�'>"�"$"�"�"%"�"�"$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" (RO

.�c)(/c ® *�-1%Q2	3TL&,.)/3D# "�"$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" , ®
.�c), P�CK^@,�' "�"�"$"�"�"%"�"�"$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" ,R(
.�c/. "$#/,6)/-D,.3031?H)/-1%Q2&30,.-AH*!2�*+GF,.- "�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" ,R;
.�c); "$#/,$*�)/A�JVt/JQ, "�"%"�"�"$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" ,R;
.�c)? @ )/-0,OJ\%QA�%Q2�*+-0?h)/-D,.3031?j)/-1%Q2	3D,.-UZCF-= ��* "�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" ,R?
.�c C 48C�Aj)&%\J�%Q2/G * )/A�J "�"�"$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" ,RD

.�c C	c ® *�-0,.)�*+-4*+3�%RC�2 "�"$"�"�"%"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" ,RD
.�c C	c6( "$#/, ������������� P/E/303DCF2 "$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" ,RO
.�c C	c6, "$#/,������! �"$#&%�')(*#�t/JQ,7"�"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" ,RO
.�c C	c8. *�-0,.3031?j)/-1%Q2&30,.-TASC@L&E&JQ,�'%"$"�"�"$"�"�"%"�"�"$"�"�"%"�"�"$"�"$"�"�"%"�"�"$"�"�"%"�" . (
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