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Package: mhsetup 2010/01/21 v1.2a programming setup (MH)
)
(/usr/share/texlive/texmf-dist/tex/latex/mathtools/mathtools.sty
Package: mathtools 2015/11/12 v1.18 mathematical typesetting tools

(/usr/share/texlive/texmf-dist/tex/latex/tools/calc.sty
Package: calc 2014/10/28 v4.3 Infix arithmetic (KKT,FJ)
\calc@Acount=\count110
\calc@Bcount=\count111
\calc@Adimen=\dimen115
\calc@Bdimen=\dimen116
\calc@Askip=\skip51
\calc@Bskip=\skip52
LaTeX Info: Redefining \setlength on input line 80.
LaTeX Info: Redefining \addtolength on input line 81.
\calc@Ccount=\count112
\calc@Cskip=\skip53
)
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsmath.sty
Package: amsmath 2016/03/03 v2.15a AMS math features
\@mathmargin=\skip54

For additional information on amsmath, use the `?' option.
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amstext.sty
Package: amstext 2000/06/29 v2.01 AMS text

(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsgen.sty
File: amsgen.sty 1999/11/30 v2.0 generic functions
\@emptytoks=\toks23
\ex@=\dimen117
))
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsbsy.sty
Package: amsbsy 1999/11/29 v1.2d Bold Symbols
\pmbraise@=\dimen118
)
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsopn.sty
Package: amsopn 1999/12/14 v2.01 operator names
)
\inf@bad=\count113
LaTeX Info: Redefining \frac on input line 199.
\uproot@=\count114
\leftroot@=\count115
LaTeX Info: Redefining \overline on input line 297.
\classnum@=\count116
\DOTSCASE@=\count117
LaTeX Info: Redefining \ldots on input line 394.
LaTeX Info: Redefining \dots on input line 397.
LaTeX Info: Redefining \cdots on input line 518.
\Mathstrutbox@=\box28
\strutbox@=\box29
\big@size=\dimen119
LaTeX Font Info:    Redeclaring font encoding OML on input line 630.
LaTeX Font Info:    Redeclaring font encoding OMS on input line 631.
\macc@depth=\count118
\c@MaxMatrixCols=\count119
\dotsspace@=\muskip11
\c@parentequation=\count120
\dspbrk@lvl=\count121
\tag@help=\toks24
\row@=\count122
\column@=\count123
\maxfields@=\count124
\andhelp@=\toks25
\eqnshift@=\dimen120
\alignsep@=\dimen121
\tagshift@=\dimen122
\tagwidth@=\dimen123
\totwidth@=\dimen124
\lineht@=\dimen125
\@envbody=\toks26
\multlinegap=\skip55
\multlinetaggap=\skip56
\mathdisplay@stack=\toks27
LaTeX Info: Redefining \[ on input line 2735.
LaTeX Info: Redefining \] on input line 2736.
)
LaTeX Info: Thecontrolsequence`\('isalreadyrobust on input line 129.
LaTeX Info: Thecontrolsequence`\)'isalreadyrobust on input line 129.
LaTeX Info: Thecontrolsequence`\['isalreadyrobust on input line 129.
LaTeX Info: Thecontrolsequence`\]'isalreadyrobust on input line 129.
\g_MT_multlinerow_int=\count125
\l_MT_multwidth_dim=\dimen126
\origjot=\skip57
\l_MT_shortvdotswithinadjustabove_dim=\dimen127
\l_MT_shortvdotswithinadjustbelow_dim=\dimen128
\l_MT_above_intertext_sep=\dimen129
\l_MT_below_intertext_sep=\dimen130
\l_MT_above_shortintertext_sep=\dimen131
\l_MT_below_shortintertext_sep=\dimen132
)
\l_EQ_equationtype_int=\count126
\l_EQ_alignmentmode_int=\count127
\l_EQ_totalwidth_dim=\dimen133
\l_EQ_displaywidth_dim=\dimen134
\l_EQ_temp_linewidth_dim=\dimen135
\EmphEqdelimitershortfall=\dimen136
\EmphEqdelimiterfactor=\count128
\g_EQ_toptag_height_dim=\dimen137
\g_EQ_bottomtag_depth_dim=\dimen138
\g_EQ_toprow_height_dim=\dimen139
\g_EQ_bottomrow_depth_dim=\dimen140
\g_EQ_widesttag_dim=\dimen141
\EQ_mathdisplay_box=\box30
\EQ_tag_box=\box31
\g_EQ_temprow_int=\count129
)
\@MarginSize=\skip58

easychair: Selecting A4 paper margin sizes.
(/usr/share/texlive/texmf-dist/tex/latex/geometry/geometry.sty
Package: geometry 2010/09/12 v5.6 Page Geometry
\Gm@cnth=\count130
\Gm@cntv=\count131
\c@Gm@tempcnt=\count132
\Gm@bindingoffset=\dimen142
\Gm@wd@mp=\dimen143
\Gm@odd@mp=\dimen144
\Gm@even@mp=\dimen145
\Gm@layoutwidth=\dimen146
\Gm@layoutheight=\dimen147
\Gm@layouthoffset=\dimen148
\Gm@layoutvoffset=\dimen149
\Gm@dimlist=\toks28
)
(/usr/share/texlive/texmf-dist/tex/latex/lastpage/lastpage.sty
Package: lastpage 2015/03/29 v1.2m Refers to last page's name (HMM; JPG)
)
(/usr/share/texlive/texmf-dist/tex/latex/fancyhdr/fancyhdr.sty
\fancy@headwidth=\skip59
\f@ncyO@elh=\skip60
\f@ncyO@erh=\skip61
\f@ncyO@olh=\skip62
\f@ncyO@orh=\skip63
\f@ncyO@elf=\skip64
\f@ncyO@erf=\skip65
\f@ncyO@olf=\skip66
\f@ncyO@orf=\skip67
))
(/usr/share/texlive/texmf-dist/tex/latex/base/inputenc.sty
Package: inputenc 2015/03/17 v1.2c Input encoding file
\inpenc@prehook=\toks29
\inpenc@posthook=\toks30

(/usr/share/texlive/texmf-dist/tex/latex/base/utf8.def
File: utf8.def 2015/12/03 v1.1r UTF-8 support for inputenc
Now handling font encoding OML ...
... no UTF-8 mapping file for font encoding OML
Now handling font encoding T1 ...
... processing UTF-8 mapping file for font encoding T1

(/usr/share/texlive/texmf-dist/tex/latex/base/t1enc.dfu
File: t1enc.dfu 2015/12/03 v1.1r UTF-8 support for inputenc
   defining Unicode char U+00A0 (decimal 160)
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AD (decimal 173)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0100 (decimal 256)
   defining Unicode char U+0101 (decimal 257)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+0108 (decimal 264)
   defining Unicode char U+0109 (decimal 265)
   defining Unicode char U+010A (decimal 266)
   defining Unicode char U+010B (decimal 267)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0112 (decimal 274)
   defining Unicode char U+0113 (decimal 275)
   defining Unicode char U+0114 (decimal 276)
   defining Unicode char U+0115 (decimal 277)
   defining Unicode char U+0116 (decimal 278)
   defining Unicode char U+0117 (decimal 279)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011C (decimal 284)
   defining Unicode char U+011D (decimal 285)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0120 (decimal 288)
   defining Unicode char U+0121 (decimal 289)
   defining Unicode char U+0122 (decimal 290)
   defining Unicode char U+0123 (decimal 291)
   defining Unicode char U+0124 (decimal 292)
   defining Unicode char U+0125 (decimal 293)
   defining Unicode char U+0128 (decimal 296)
   defining Unicode char U+0129 (decimal 297)
   defining Unicode char U+012A (decimal 298)
   defining Unicode char U+012B (decimal 299)
   defining Unicode char U+012C (decimal 300)
   defining Unicode char U+012D (decimal 301)
   defining Unicode char U+012E (decimal 302)
   defining Unicode char U+012F (decimal 303)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0134 (decimal 308)
   defining Unicode char U+0135 (decimal 309)
   defining Unicode char U+0136 (decimal 310)
   defining Unicode char U+0137 (decimal 311)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013B (decimal 315)
   defining Unicode char U+013C (decimal 316)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0145 (decimal 325)
   defining Unicode char U+0146 (decimal 326)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+014C (decimal 332)
   defining Unicode char U+014D (decimal 333)
   defining Unicode char U+014E (decimal 334)
   defining Unicode char U+014F (decimal 335)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0156 (decimal 342)
   defining Unicode char U+0157 (decimal 343)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015C (decimal 348)
   defining Unicode char U+015D (decimal 349)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+0168 (decimal 360)
   defining Unicode char U+0169 (decimal 361)
   defining Unicode char U+016A (decimal 362)
   defining Unicode char U+016B (decimal 363)
   defining Unicode char U+016C (decimal 364)
   defining Unicode char U+016D (decimal 365)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0172 (decimal 370)
   defining Unicode char U+0173 (decimal 371)
   defining Unicode char U+0174 (decimal 372)
   defining Unicode char U+0175 (decimal 373)
   defining Unicode char U+0176 (decimal 374)
   defining Unicode char U+0177 (decimal 375)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+01CD (decimal 461)
   defining Unicode char U+01CE (decimal 462)
   defining Unicode char U+01CF (decimal 463)
   defining Unicode char U+01D0 (decimal 464)
   defining Unicode char U+01D1 (decimal 465)
   defining Unicode char U+01D2 (decimal 466)
   defining Unicode char U+01D3 (decimal 467)
   defining Unicode char U+01D4 (decimal 468)
   defining Unicode char U+01E2 (decimal 482)
   defining Unicode char U+01E3 (decimal 483)
   defining Unicode char U+01E6 (decimal 486)
   defining Unicode char U+01E7 (decimal 487)
   defining Unicode char U+01E8 (decimal 488)
   defining Unicode char U+01E9 (decimal 489)
   defining Unicode char U+01EA (decimal 490)
   defining Unicode char U+01EB (decimal 491)
   defining Unicode char U+01F0 (decimal 496)
   defining Unicode char U+01F4 (decimal 500)
   defining Unicode char U+01F5 (decimal 501)
   defining Unicode char U+0218 (decimal 536)
   defining Unicode char U+0219 (decimal 537)
   defining Unicode char U+021A (decimal 538)
   defining Unicode char U+021B (decimal 539)
   defining Unicode char U+01E02 (decimal 7682)
   defining Unicode char U+01E03 (decimal 7683)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+2423 (decimal 9251)
)
Now handling font encoding OT1 ...
... processing UTF-8 mapping file for font encoding OT1

(/usr/share/texlive/texmf-dist/tex/latex/base/ot1enc.dfu
File: ot1enc.dfu 2015/12/03 v1.1r UTF-8 support for inputenc
   defining Unicode char U+00A0 (decimal 160)
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00AD (decimal 173)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0174 (decimal 372)
   defining Unicode char U+0175 (decimal 373)
   defining Unicode char U+0176 (decimal 374)
   defining Unicode char U+0177 (decimal 375)
   defining Unicode char U+0218 (decimal 536)
   defining Unicode char U+0219 (decimal 537)
   defining Unicode char U+021A (decimal 538)
   defining Unicode char U+021B (decimal 539)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
)
Now handling font encoding OMS ...
... processing UTF-8 mapping file for font encoding OMS

(/usr/share/texlive/texmf-dist/tex/latex/base/omsenc.dfu
File: omsenc.dfu 2015/12/03 v1.1r UTF-8 support for inputenc
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
)
Now handling font encoding OMX ...
... no UTF-8 mapping file for font encoding OMX
Now handling font encoding U ...
... no UTF-8 mapping file for font encoding U
Now handling font encoding PD1 ...
... no UTF-8 mapping file for font encoding PD1
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2423 (decimal 9251)
))
(/usr/share/texlive/texmf-dist/tex/latex/base/fontenc.sty
Package: fontenc 2005/09/27 v1.99g Standard LaTeX package

(/usr/share/texlive/texmf-dist/tex/latex/base/t1enc.def
File: t1enc.def 2005/09/27 v1.99g Standard LaTeX file
LaTeX Font Info:    Redeclaring font encoding T1 on input line 48.
))
(/usr/share/texlive/texmf-dist/tex/generic/babel/babel.sty
Package: babel 2016/02/24 3.9q The Babel package

(/usr/share/texlive/texmf-dist/tex/generic/babel-english/english.ldf
Language: english 2012/08/20 v3.3p English support from the babel system

(/usr/share/texlive/texmf-dist/tex/generic/babel/babel.def
File: babel.def 2016/02/24 3.9q Babel common definitions
\babel@savecnt=\count133
\U@D=\dimen150
)
\l@canadian = a dialect from \language\l@american 
\l@australian = a dialect from \language\l@british 
\l@newzealand = a dialect from \language\l@british 
))
(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/amssymb.sty
Package: amssymb 2013/01/14 v3.01 AMS font symbols

(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/amsfonts.sty
Package: amsfonts 2013/01/14 v3.01 Basic AMSFonts support
\symAMSa=\mathgroup5
\symAMSb=\mathgroup6
LaTeX Font Info:    Overwriting math alphabet `\mathfrak' in version `bold'
(Font)                  U/euf/m/n --> U/euf/b/n on input line 106.
))
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amscd.sty
Package: amscd 1999/11/29 v2.0 AMS Commutatitive Diagrams
\athelp@=\toks31
\minaw@=\dimen151
\bigaw@=\dimen152
\minCDarrowwidth=\dimen153
)
(/usr/share/texlive/texmf-dist/tex/latex/stmaryrd/stmaryrd.sty
Package: stmaryrd 1994/03/03 St Mary's Road symbol package
\symstmry=\mathgroup7
LaTeX Font Info:    Overwriting symbol font `stmry' in version `bold'
(Font)                  U/stmry/m/n --> U/stmry/b/n on input line 89.
)
(./parsetree.sty
Including style file `parsetree.sty'.
\pthgap=\dimen154
\ptvgap=\dimen155
\ptnodestrutbox=\box32
\ptleafstrutbox=\box33
\ptdepth=\count134
\ptn=\count135
\ptm=\box34
\ptmx=\dimen156
\pta=\box35
\ptax=\dimen157
\ptb=\box36
\ptbx=\dimen158
\ptc=\box37
\ptcx=\dimen159
\ptx=\box38
\ptxx=\dimen160
\pted=\count136
\ptedm=\count137
\pteda=\count138
\ptedb=\count139
\ptedc=\count140
\ptedl=\count141
\ptedh=\count142
\ptedhs=\count143
\ptedvs=\count144
\ptedtemp=\count145
) (/usr/share/texlive/texmf-dist/tex/latex/floatflt/floatflt.sty
Package: floatflt 1997/07/16 v. 1.31
\c@OptionTest=\count146
\figbox=\box39
\tabbox=\box40
\pagebox=\box41
\ffigcount=\count147
\ftabcount=\count148
\fftest=\count149
\hangcount=\count150
\nosuccesstryfig=\count151
\nosuccesstrytab=\count152
\figgutter=\dimen161
\tabgutter=\dimen162
\htdone=\dimen163
\pageht=\dimen164
\startpageht=\dimen165
\tabbredd=\dimen166
\floatfltwidth=\dimen167
\fltitemwidth=\dimen168
\outputpretest=\toks32
)
(/usr/share/texlive/texmf-dist/tex/latex/graphics/epsfig.sty
Package: epsfig 1999/02/16 v1.7a (e)psfig emulation (SPQR)
\epsfxsize=\dimen169
\epsfysize=\dimen170
) (./deduc.sty
Package: deduc 95/12/18 v0.974 deduc (Denis Roegel)

Package: deduc 0.974 <95/12/18> (Denis Roegel)
\seqleftI=\dimen171
\seqrightI=\dimen172
\seqtmpdima=\dimen173
\seqtmpdimb=\dimen174
\seqtmpdiml=\dimen175
\seqtmpdimr=\dimen176
\seqbarlength=\dimen177
\seqskiptoI=\dimen178
\seqskiptobar=\dimen179
\seqskiptoII=\dimen180
\seqskiptoleft=\dimen181
\seqlastlinewidth=\dimen182
\seqdelta=\dimen183
\seqwidth=\dimen184
\seqbarthickness=\dimen185
\seqspacing=\dimen186
\seqscratchboxI=\box42
\seqscratchboxII=\box43
\seqscratchboxIII=\box44
) (/usr/share/texlive/texmf-dist/tex/latex/pgf/frontendlayer/tikz.sty
(/usr/share/texlive/texmf-dist/tex/latex/pgf/basiclayer/pgf.sty
(/usr/share/texlive/texmf-dist/tex/latex/pgf/utilities/pgfrcs.sty
(/usr/share/texlive/texmf-dist/tex/generic/pgf/utilities/pgfutil-common.tex
\pgfutil@everybye=\toks33
\pgfutil@tempdima=\dimen187
\pgfutil@tempdimb=\dimen188

(/usr/share/texlive/texmf-dist/tex/generic/pgf/utilities/pgfutil-common-lists.t
ex)) (/usr/share/texlive/texmf-dist/tex/generic/pgf/utilities/pgfutil-latex.def
\pgfutil@abb=\box45
(/usr/share/texlive/texmf-dist/tex/latex/ms/everyshi.sty
Package: everyshi 2001/05/15 v3.00 EveryShipout Package (MS)
))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/utilities/pgfrcs.code.tex
Package: pgfrcs 2015/08/07 v3.0.1a (rcs-revision 1.31)
))
Package: pgf 2015/08/07 v3.0.1a (rcs-revision 1.15)

(/usr/share/texlive/texmf-dist/tex/latex/pgf/basiclayer/pgfcore.sty
(/usr/share/texlive/texmf-dist/tex/latex/pgf/systemlayer/pgfsys.sty
(/usr/share/texlive/texmf-dist/tex/generic/pgf/systemlayer/pgfsys.code.tex
Package: pgfsys 2014/07/09 v3.0.1a (rcs-revision 1.48)

(/usr/share/texlive/texmf-dist/tex/generic/pgf/utilities/pgfkeys.code.tex
\pgfkeys@pathtoks=\toks34
\pgfkeys@temptoks=\toks35

(/usr/share/texlive/texmf-dist/tex/generic/pgf/utilities/pgfkeysfiltered.code.t
ex
\pgfkeys@tmptoks=\toks36
))
\pgf@x=\dimen189
\pgf@y=\dimen190
\pgf@xa=\dimen191
\pgf@ya=\dimen192
\pgf@xb=\dimen193
\pgf@yb=\dimen194
\pgf@xc=\dimen195
\pgf@yc=\dimen196
\w@pgf@writea=\write3
\r@pgf@reada=\read1
\c@pgf@counta=\count153
\c@pgf@countb=\count154
\c@pgf@countc=\count155
\c@pgf@countd=\count156
\t@pgf@toka=\toks37
\t@pgf@tokb=\toks38
\t@pgf@tokc=\toks39
 (/usr/share/texlive/texmf-dist/tex/generic/pgf/systemlayer/pgf.cfg
File: pgf.cfg 2008/05/14  (rcs-revision 1.7)
)
Driver file for pgf: pgfsys-pdftex.def

(/usr/share/texlive/texmf-dist/tex/generic/pgf/systemlayer/pgfsys-pdftex.def
File: pgfsys-pdftex.def 2014/10/11  (rcs-revision 1.35)

(/usr/share/texlive/texmf-dist/tex/generic/pgf/systemlayer/pgfsys-common-pdf.de
f
File: pgfsys-common-pdf.def 2013/10/10  (rcs-revision 1.13)
)))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/systemlayer/pgfsyssoftpath.code.
tex
File: pgfsyssoftpath.code.tex 2013/09/09  (rcs-revision 1.9)
\pgfsyssoftpath@smallbuffer@items=\count157
\pgfsyssoftpath@bigbuffer@items=\count158
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/systemlayer/pgfsysprotocol.code.
tex
File: pgfsysprotocol.code.tex 2006/10/16  (rcs-revision 1.4)
))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcore.code.tex
Package: pgfcore 2010/04/11 v3.0.1a (rcs-revision 1.7)

(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmath.code.tex
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmathcalc.code.tex
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmathutil.code.tex)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmathparser.code.tex
\pgfmath@dimen=\dimen197
\pgfmath@count=\count159
\pgfmath@box=\box46
\pgfmath@toks=\toks40
\pgfmath@stack@operand=\toks41
\pgfmath@stack@operation=\toks42
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmathfunctions.code.tex
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmathfunctions.basic.code
.tex)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmathfunctions.trigonomet
ric.code.tex)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmathfunctions.random.cod
e.tex)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmathfunctions.comparison
.code.tex)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmathfunctions.base.code.
tex)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmathfunctions.round.code
.tex)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmathfunctions.misc.code.
tex)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmathfunctions.integerari
thmetics.code.tex)))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmathfloat.code.tex
\c@pgfmathroundto@lastzeros=\count160
))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcorepoints.code.te
x
File: pgfcorepoints.code.tex 2013/10/07  (rcs-revision 1.27)
\pgf@picminx=\dimen198
\pgf@picmaxx=\dimen199
\pgf@picminy=\dimen256
\pgf@picmaxy=\dimen257
\pgf@pathminx=\dimen258
\pgf@pathmaxx=\dimen259
\pgf@pathminy=\dimen260
\pgf@pathmaxy=\dimen261
\pgf@xx=\dimen262
\pgf@xy=\dimen263
\pgf@yx=\dimen264
\pgf@yy=\dimen265
\pgf@zx=\dimen266
\pgf@zy=\dimen267
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcorepathconstruct.
code.tex
File: pgfcorepathconstruct.code.tex 2013/10/07  (rcs-revision 1.29)
\pgf@path@lastx=\dimen268
\pgf@path@lasty=\dimen269
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcorepathusage.code
.tex
File: pgfcorepathusage.code.tex 2014/11/02  (rcs-revision 1.24)
\pgf@shorten@end@additional=\dimen270
\pgf@shorten@start@additional=\dimen271
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcorescopes.code.te
x
File: pgfcorescopes.code.tex 2015/05/08  (rcs-revision 1.46)
\pgfpic=\box47
\pgf@hbox=\box48
\pgf@layerbox@main=\box49
\pgf@picture@serial@count=\count161
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcoregraphicstate.c
ode.tex
File: pgfcoregraphicstate.code.tex 2014/11/02  (rcs-revision 1.12)
\pgflinewidth=\dimen272
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcoretransformation
s.code.tex
File: pgfcoretransformations.code.tex 2015/08/07  (rcs-revision 1.20)
\pgf@pt@x=\dimen273
\pgf@pt@y=\dimen274
\pgf@pt@temp=\dimen275
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcorequick.code.tex
File: pgfcorequick.code.tex 2008/10/09  (rcs-revision 1.3)
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcoreobjects.code.t
ex
File: pgfcoreobjects.code.tex 2006/10/11  (rcs-revision 1.2)
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcorepathprocessing
.code.tex
File: pgfcorepathprocessing.code.tex 2013/09/09  (rcs-revision 1.9)
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcorearrows.code.te
x
File: pgfcorearrows.code.tex 2015/05/14  (rcs-revision 1.43)
\pgfarrowsep=\dimen276
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcoreshade.code.tex
File: pgfcoreshade.code.tex 2013/07/15  (rcs-revision 1.15)
\pgf@max=\dimen277
\pgf@sys@shading@range@num=\count162
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcoreimage.code.tex
File: pgfcoreimage.code.tex 2013/07/15  (rcs-revision 1.18)

(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcoreexternal.code.
tex
File: pgfcoreexternal.code.tex 2014/07/09  (rcs-revision 1.21)
\pgfexternal@startupbox=\box50
))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcorelayers.code.te
x
File: pgfcorelayers.code.tex 2013/07/18  (rcs-revision 1.7)
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcoretransparency.c
ode.tex
File: pgfcoretransparency.code.tex 2013/09/30  (rcs-revision 1.5)
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/basiclayer/pgfcorepatterns.code.
tex
File: pgfcorepatterns.code.tex 2013/11/07  (rcs-revision 1.5)
)))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/modules/pgfmoduleshapes.code.tex
File: pgfmoduleshapes.code.tex 2014/03/21  (rcs-revision 1.35)
\pgfnodeparttextbox=\box51
) (/usr/share/texlive/texmf-dist/tex/generic/pgf/modules/pgfmoduleplot.code.tex
File: pgfmoduleplot.code.tex 2015/08/03  (rcs-revision 1.13)
)
(/usr/share/texlive/texmf-dist/tex/latex/pgf/compatibility/pgfcomp-version-0-65
.sty
Package: pgfcomp-version-0-65 2007/07/03 v3.0.1a (rcs-revision 1.7)
\pgf@nodesepstart=\dimen278
\pgf@nodesepend=\dimen279
)
(/usr/share/texlive/texmf-dist/tex/latex/pgf/compatibility/pgfcomp-version-1-18
.sty
Package: pgfcomp-version-1-18 2007/07/23 v3.0.1a (rcs-revision 1.1)
)) (/usr/share/texlive/texmf-dist/tex/latex/pgf/utilities/pgffor.sty
(/usr/share/texlive/texmf-dist/tex/latex/pgf/utilities/pgfkeys.sty
(/usr/share/texlive/texmf-dist/tex/generic/pgf/utilities/pgfkeys.code.tex))
(/usr/share/texlive/texmf-dist/tex/latex/pgf/math/pgfmath.sty
(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmath.code.tex))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/utilities/pgffor.code.tex
Package: pgffor 2013/12/13 v3.0.1a (rcs-revision 1.25)

(/usr/share/texlive/texmf-dist/tex/generic/pgf/math/pgfmath.code.tex)
\pgffor@iter=\dimen280
\pgffor@skip=\dimen281
\pgffor@stack=\toks43
\pgffor@toks=\toks44
))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/tikz.code.tex
Package: tikz 2015/08/07 v3.0.1a (rcs-revision 1.151)

(/usr/share/texlive/texmf-dist/tex/generic/pgf/libraries/pgflibraryplothandlers
.code.tex
File: pgflibraryplothandlers.code.tex 2013/08/31 v3.0.1a (rcs-revision 1.20)
\pgf@plot@mark@count=\count163
\pgfplotmarksize=\dimen282
)
\tikz@lastx=\dimen283
\tikz@lasty=\dimen284
\tikz@lastxsaved=\dimen285
\tikz@lastysaved=\dimen286
\tikzleveldistance=\dimen287
\tikzsiblingdistance=\dimen288
\tikz@figbox=\box52
\tikz@figbox@bg=\box53
\tikz@tempbox=\box54
\tikz@tempbox@bg=\box55
\tikztreelevel=\count164
\tikznumberofchildren=\count165
\tikznumberofcurrentchild=\count166
\tikz@fig@count=\count167

(/usr/share/texlive/texmf-dist/tex/generic/pgf/modules/pgfmodulematrix.code.tex
File: pgfmodulematrix.code.tex 2013/09/17  (rcs-revision 1.8)
\pgfmatrixcurrentrow=\count168
\pgfmatrixcurrentcolumn=\count169
\pgf@matrix@numberofcolumns=\count170
)
\tikz@expandcount=\count171

(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibrarytopaths.code.tex
File: tikzlibrarytopaths.code.tex 2008/06/17 v3.0.1a (rcs-revision 1.2)
)))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibrarytrees.code.tex
File: tikzlibrarytrees.code.tex 2008/02/24 v3.0.1a (rcs-revision 1.2)
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibraryarrows.code.tex
File: tikzlibraryarrows.code.tex 2008/01/09 v3.0.1a (rcs-revision 1.1)

(/usr/share/texlive/texmf-dist/tex/generic/pgf/libraries/pgflibraryarrows.code.
tex
File: pgflibraryarrows.code.tex 2013/09/23 v3.0.1a (rcs-revision 1.16)
\arrowsize=\dimen289
))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibrarydecorations.pathmorphing.code.tex
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibrarydecorations.code.tex
(/usr/share/texlive/texmf-dist/tex/generic/pgf/modules/pgfmoduledecorations.cod
e.tex
\pgfdecoratedcompleteddistance=\dimen290
\pgfdecoratedremainingdistance=\dimen291
\pgfdecoratedinputsegmentcompleteddistance=\dimen292
\pgfdecoratedinputsegmentremainingdistance=\dimen293
\pgf@decorate@distancetomove=\dimen294
\pgf@decorate@repeatstate=\count172
\pgfdecorationsegmentamplitude=\dimen295
\pgfdecorationsegmentlength=\dimen296
)
\tikz@lib@dec@box=\box56
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/libraries/decorations/pgflibrary
decorations.pathmorphing.code.tex))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibraryshapes.code.tex
File: tikzlibraryshapes.code.tex 2008/01/09 v3.0.1a (rcs-revision 1.1)

(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibraryshapes.geometric.code.tex
File: tikzlibraryshapes.geometric.code.tex 2008/01/09 v3.0.1a (rcs-revision 1.1
)

(/usr/share/texlive/texmf-dist/tex/generic/pgf/libraries/shapes/pgflibraryshape
s.geometric.code.tex
File: pgflibraryshapes.geometric.code.tex 2008/06/26 v3.0.1a (rcs-revision 1.1)

))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibraryshapes.misc.code.tex
File: tikzlibraryshapes.misc.code.tex 2008/01/09 v3.0.1a (rcs-revision 1.1)

(/usr/share/texlive/texmf-dist/tex/generic/pgf/libraries/shapes/pgflibraryshape
s.misc.code.tex
File: pgflibraryshapes.misc.code.tex 2013/07/18 v3.0.1a (rcs-revision 1.5)
))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibraryshapes.symbols.code.tex
File: tikzlibraryshapes.symbols.code.tex 2008/01/09 v3.0.1a (rcs-revision 1.1)

(/usr/share/texlive/texmf-dist/tex/generic/pgf/libraries/shapes/pgflibraryshape
s.symbols.code.tex
File: pgflibraryshapes.symbols.code.tex 2013/09/11 v3.0.1a (rcs-revision 1.6)
))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibraryshapes.arrows.code.tex
File: tikzlibraryshapes.arrows.code.tex 2008/01/09 v3.0.1a (rcs-revision 1.1)

(/usr/share/texlive/texmf-dist/tex/generic/pgf/libraries/shapes/pgflibraryshape
s.arrows.code.tex
File: pgflibraryshapes.arrows.code.tex 2008/06/26 v3.0.1a (rcs-revision 1.1)
))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibraryshapes.callouts.code.tex
(/usr/share/texlive/texmf-dist/tex/generic/pgf/libraries/shapes/pgflibraryshape
s.callouts.code.tex))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibraryshapes.multipart.code.tex
File: tikzlibraryshapes.multipart.code.tex 2008/01/09 v3.0.1a (rcs-revision 1.1
)

(/usr/share/texlive/texmf-dist/tex/generic/pgf/libraries/shapes/pgflibraryshape
s.multipart.code.tex
File: pgflibraryshapes.multipart.code.tex 2010/01/07 v3.0.1a (rcs-revision 1.2)

\pgfnodepartlowerbox=\box57
\pgfnodeparttwobox=\box58
\pgfnodepartthreebox=\box59
\pgfnodepartfourbox=\box60
\pgfnodeparttwentybox=\box61
\pgfnodepartnineteenbox=\box62
\pgfnodeparteighteenbox=\box63
\pgfnodepartseventeenbox=\box64
\pgfnodepartsixteenbox=\box65
\pgfnodepartfifteenbox=\box66
\pgfnodepartfourteenbox=\box67
\pgfnodepartthirteenbox=\box68
\pgfnodeparttwelvebox=\box69
\pgfnodepartelevenbox=\box70
\pgfnodeparttenbox=\box71
\pgfnodepartninebox=\box72
\pgfnodeparteightbox=\box73
\pgfnodepartsevenbox=\box74
\pgfnodepartsixbox=\box75
\pgfnodepartfivebox=\box76
)))
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibrarybackgrounds.code.tex
File: tikzlibrarybackgrounds.code.tex 2013/07/18 v3.0.1a (rcs-revision 1.3)
\pgf@layerbox@background=\box77
\pgf@layerboxsaved@background=\box78
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibraryfit.code.tex
File: tikzlibraryfit.code.tex 2013/07/12 v3.0.1a (rcs-revision 1.5)
)
(/usr/share/texlive/texmf-dist/tex/generic/pgf/frontendlayer/tikz/libraries/tik
zlibrarypositioning.code.tex
File: tikzlibrarypositioning.code.tex 2008/10/06 v3.0.1a (rcs-revision 1.7)
)
(/usr/share/texlive/texmf-dist/tex/latex/booktabs/booktabs.sty
Package: booktabs 2005/04/14 v1.61803 publication quality tables
\heavyrulewidth=\dimen297
\lightrulewidth=\dimen298
\cmidrulewidth=\dimen299
\belowrulesep=\dimen300
\belowbottomsep=\dimen301
\aboverulesep=\dimen302
\abovetopsep=\dimen303
\cmidrulesep=\dimen304
\cmidrulekern=\dimen305
\defaultaddspace=\dimen306
\@cmidla=\count173
\@cmidlb=\count174
\@aboverulesep=\dimen307
\@belowrulesep=\dimen308
\@thisruleclass=\count175
\@lastruleclass=\count176
\@thisrulewidth=\dimen309
)
(./arqnl2018.aux)
\openout1 = `arqnl2018.aux'.

LaTeX Font Info:    Checking defaults for OML/cmm/m/it on input line 36.
LaTeX Font Info:    ... okay on input line 36.
LaTeX Font Info:    Checking defaults for T1/cmr/m/n on input line 36.
LaTeX Font Info:    ... okay on input line 36.
LaTeX Font Info:    Checking defaults for OT1/cmr/m/n on input line 36.
LaTeX Font Info:    ... okay on input line 36.
LaTeX Font Info:    Checking defaults for OMS/cmsy/m/n on input line 36.
LaTeX Font Info:    ... okay on input line 36.
LaTeX Font Info:    Checking defaults for OMX/cmex/m/n on input line 36.
LaTeX Font Info:    ... okay on input line 36.
LaTeX Font Info:    Checking defaults for U/cmr/m/n on input line 36.
LaTeX Font Info:    ... okay on input line 36.
LaTeX Font Info:    Checking defaults for PD1/pdf/m/n on input line 36.
LaTeX Font Info:    ... okay on input line 36.
 (/usr/share/texlive/texmf-dist/tex/context/base/supp-pdf.mkii
[Loading MPS to PDF converter (version 2006.09.02).]
\scratchcounter=\count177
\scratchdimen=\dimen310
\scratchbox=\box79
\nofMPsegments=\count178
\nofMParguments=\count179
\everyMPshowfont=\toks45
\MPscratchCnt=\count180
\MPscratchDim=\dimen311
\MPnumerator=\count181
\makeMPintoPDFobject=\count182
\everyMPtoPDFconversion=\toks46
)
\AtBeginShipoutBox=\box80
Package hyperref Info: Link coloring ON on input line 36.
 (/usr/share/texlive/texmf-dist/tex/latex/hyperref/nameref.sty
Package: nameref 2012/10/27 v2.43 Cross-referencing by name of section

(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/gettitlestring.sty
Package: gettitlestring 2010/12/03 v1.4 Cleanup title references (HO)
)
\c@section@level=\count183
)
LaTeX Info: Redefining \ref on input line 36.
LaTeX Info: Redefining \pageref on input line 36.
LaTeX Info: Redefining \nameref on input line 36.

(./arqnl2018.out) (./arqnl2018.out)
\@outlinefile=\write4
\openout4 = `arqnl2018.out'.


(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/epstopdf-base.sty
Package: epstopdf-base 2010/02/09 v2.5 Base part for package epstopdf

(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/grfext.sty
Package: grfext 2010/08/19 v1.1 Manage graphics extensions (HO)
)
Package grfext Info: Graphics extension search list:
(grfext)             [.png,.pdf,.jpg,.mps,.jpeg,.jbig2,.jb2,.PNG,.PDF,.JPG,.JPE
G,.JBIG2,.JB2,.eps]
(grfext)             \AppendGraphicsExtensions on input line 452.

(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/epstopdf-sys.cfg
File: epstopdf-sys.cfg 2010/07/13 v1.3 Configuration of (r)epstopdf for TeX Liv
e
))
\c@lstlisting=\count184

*geometry* driver: auto-detecting
*geometry* detected driver: pdftex
*geometry* verbose mode - [ preamble ] result:
* driver: pdftex
* paper: custom
* layout: <same size as paper>
* layoutoffset:(h,v)=(0.0pt,0.0pt)
* hratio: 1:1
* vratio: 1:1
* modes: includehead includefoot twoside 
* h-part:(L,W,R)=(92.47145pt, 412.56496pt, 92.47147pt)
* v-part:(T,H,B)=(103.85255pt, 637.34172pt, 103.85257pt)
* \paperwidth=597.50787pt
* \paperheight=845.04684pt
* \textwidth=412.56496pt
* \textheight=583.34172pt
* \oddsidemargin=20.20146pt
* \evensidemargin=20.20148pt
* \topmargin=31.58257pt
* \headheight=12.0pt
* \headsep=16.0pt
* \topskip=10.0pt
* \footskip=26.0pt
* \marginparwidth=111.0pt
* \marginparsep=11.0pt
* \columnsep=10.0pt
* \skip\footins=9.0pt plus 4.0pt minus 2.0pt
* \hoffset=0.0pt
* \voffset=0.0pt
* \mag=1000
* \@twocolumnfalse
* \@twosidetrue
* \@mparswitchtrue
* \@reversemarginfalse
* (1in=72.27pt=25.4mm, 1cm=28.453pt)

Package lastpage Info: Please have a look at the pageslts package at
(lastpage)             https://www.ctan.org/pkg/pageslts
(lastpage)             ! on input line 36.
ABD: EveryShipout initializing macros
\c@definition=\count185
\c@theorem=\count186
\c@lemma=\count187
 (./defs.tex)
\aimplgt=\skip68
LaTeX Font Info:    Try loading font information for U+lasy on input line 69.

(/usr/share/texlive/texmf-dist/tex/latex/base/ulasy.fd
File: ulasy.fd 1998/08/17 v2.2e LaTeX symbol font definitions
)
LaTeX Font Info:    Try loading font information for U+msa on input line 69.

(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/umsa.fd
File: umsa.fd 2013/01/14 v3.01 AMS symbols A
)
LaTeX Font Info:    Try loading font information for U+msb on input line 69.

(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/umsb.fd
File: umsb.fd 2013/01/14 v3.01 AMS symbols B
)
LaTeX Font Info:    Try loading font information for U+stmry on input line 69.

(/usr/share/texlive/texmf-dist/tex/latex/stmaryrd/Ustmry.fd) (./lmill.tex
\seqbox@metaA=\box81
\seqdimleft@metaA=\dimen312
\seqdimright@metaA=\dimen313
\seqbox@metaB=\box82
\seqdimleft@metaB=\dimen314
\seqdimright@metaB=\dimen315
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Abstract


We propose a connection-based characterization for multiplicative intuitionistic linear
logic (MILL) which is based on labels and constraints that capture Urquhart's possible
world semantics of the logic. We �rst brie�y recall the purely syntactic sequent calculus
for MILL, which we call LMILL. Then, in the spirit of our previous results on the Logic
of Bunched Implications (BI), we present a connection-based characterization of MILL
provability. We show its soundness and completeness without the need for any notion of
multiplicity. From the characterization, we �nally propose a labelled sequent calculus for
MILL.


1 Introduction


In previous works we have developed connection-based characterizations of validity in non-
classical logics like the Logic of Bunched Implications (BI) [2] and Bi-intuitionistic logic [3].
They are based on speci�c concepts like labels and constraints in order to capture the model
semantics and then the semantic interactions between connectives in such logics. It is an
alternative approach to the standard view of connection calculi for non-classical logics that are
based on the notion of pre�xes. This notion allows one to capture the non-permutabilities of
the sequent calculi rules and has been developed and improved in the context of intuitionistic
logic [9, 10] but also of modal logics [8]. There exist connection-based characterizations and
related connection methods for multiplicative (commutative) linear logic (MLL) [1, 6] but, as
far as we know, not for multiplicative intuitionistic linear logic (MILL). The connection-based
characterization proposed for fragments of Linear Logic [4] like MLL or MELL is based on
particular pre�xes and substitutions dedicated to these logics [6, 5]. In order to extend or adapt
it to MILL, it would be necessary to de�ne and consider what could be called intuitionistic and
linear pre�xes, which could be di�cult to deal with.


Our approach consists in specializing our above-mentioned results for BI to the Multiplica-
tive Intuitionistic Linear Logic (MILL) and then de�ne and illustrate a connection-based char-
acterization of provability for MILL that deals with speci�c labels and constraints. Then we
generate semantic structures from MILL's Urquhart's semantics [12] and develop a characteri-
zation of provability from labels and constraints that capture this semantics. It could be seen as
a generalization of the pre�xes more appropriate to connection-based proof search in resource
logics like BI logic or Linear Logic. Since BI is conservative over MILL [7], a connection-based
characterization for MILL can be obtained, by restriction of the previous characterization for
BI, to the multiplicative connectives. In this case, we have to take into account the notion of
multiplicity and also global conditions on the paths. The characterization for MILL proposed
here does not deal with multiplicity and only considers local conditions on the paths. In ad-
dition we de�ne a labelled sequent calculus for MILL, called GMILL and prove its soundness
and also its completeness by translation of MILL proofs to GMILL proofs.
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ax
A ` A


Γ ` C
1L


Γ, 1 ` C
1R


` 1


Γ,A,B,∆ ` C
∗L


Γ,A ∗ B,∆ ` C


Γ ` A ∆ ` B
∗R


Γ,∆ ` A ∗ B


Γ ` A ∆,B ` C
−∗L


Γ,A−∗ B,∆ ` C


Γ,A ` B
−∗R


Γ ` A−∗ B


Figure 1: Sequent Calculus for MILL


2 Multiplicative Intuitionistic Linear Logic


The propositional language of MILL consists of a denumerable set L = P,Q, . . . of proposi-
tional letters, the multiplicative unit 1 and the multiplicative connectives ∗ and −∗. P(L), the
collection of MILL propositions over L, is given by the following inductive de�nition:


A ::= P | 1 | A ∗A | A−∗A.


Let us remark that since the forthcoming connection-based characterization of MILL-provability
is inspired by our previous work on BI [2], we do not use the more widespread symbols ⊗ and
−◦ to denote multiplicative conjunction and implication and rather stick with the star and
magic-wand notations of these connectives.


Judgements of MILL are sequents of the form Γ ` A, where A is a proposition and Γ, called
the context, is a (possibly empty) multiset of formulas.


The standard sequent calculus for MILL, which we call LMILL1, is given in Figure 1. One
di�culty with such a calculus lies in the fact that the rules for left-implication and right-
conjunction both require context splitting from conclusion to premises. Making relevant choices
when context-splitting is required is crucial for the e�ciency of backward proof-search.


The semantics we use for MILL models is a possible worlds semantics à la Kripke, mainly
inspired from the operational semantics of Urquhart [12]. Let us recall it brie�y.


De�nition 1 (MILL-frame). A MILL-frame is a partially ordered commutative monoid M =
〈M, ·, e,v〉, in which M is a set of worlds and v is compatible with ·, i.e.:


∀m∀n ∈M. if m v n and m′ v n′ then m ·m′ v n · n′.


De�nition 2 (MILL-interpretation). A MILL-intepretation is a function J−K : L → P(M)
that satis�es Kripke monotonicity, i.e.:


∀m,n ∈M. if m v n and m ∈ JPK then n ∈ JPK.


De�nition 3 (MILL-model). Let P(L) be the collection of MILL propositions over a language


L of propositional letters, a MILL-model is a structure R = 〈M, ·, e,v, J−K, |= 〉, in which


〈M, ·, e,v〉 is a MILL-frame, J−K is a MILL-interpretation, and |= is a forcing relation on


M × P(L) satisfying the following conditions:


• m |= P i� m ∈ JPK
1 In the spirit of LJ and LK for intuitionistic and classic logic, although LMILL has no labels.
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• m |= 1 i� e v m


• m |= A ∗ B i� there exist n1, n2 ∈M such that n1 · n2 v m, n1 |= A and n2 |= B


• m |= A−∗ B i�, for all n1, n2 ∈M , if n1 |= A and m · n1 v n2 then n2 |= B.


De�nition 4 (MILL-validity). Let R be MILL-model. A formula A is valid in R, written
R |= A, i� e |= A. A is valid, written, |= A, i� R |= A for all models R. A �nite set of for-


mulas {A1, . . . ,An } entails a formula B, written A1, . . . ,An |= B, i� |= (A1 ∗ . . . ∗An)−∗ B.


Theorem 1 (Soundness and Completeness). For all formulas A, |= A i� ` A.


3 Labelled Connections for MILL


The connection-based characterization of MILL-provability we de�ne in this paper is based on
labels and constraints that capture the semantic properties of MILL-frames instead of capturing
the syntactic properties (such as permutabilities, context-splitting or linearity) of the purely
syntactic sequent calculus LMILL as the standard pre�x-based approach does for IL or MLL
[5, 6, 13]. We already successfully used a similar approach for BI [2], and since BI is conser-
vative w.r.t. MILL [7], the characterization in [2] also applies to MILL. However, although the
characterization for MILL presented in this paper can indeed be seen as a re�nement of the one
given for BI, its improvements are two-fold: �rstly, it does not need any notion of multiplicity
and, secondly, it is local in that the conditions for characterizing provability are not stated
w.r.t. the global set of atomic paths but w.r.t. each atomic path individually. The locality of
the characterization is a key step towards implementing a memory-space e�cient depth-�rst
path-reduction strategy in a future connection-based prover for MILL. Indeed global conditions
would require us to keep the whole set of atomic paths in memory while checking provability
conditions. Since the number of atomic paths can grow exponentially large with the size of a
formula, local conditions are preferable if one wants to make a more e�cient use of the memory
space (linear in the size of the initial formula).


3.1 Labels and Constraints


Given an alphabet C (for example a, b, c, · · · ), C0, the set of atomic labels over C, is de�ned as
the set C extended with the unit symbol ε. We then de�ne LC, the set of labels over C, as the
smallest set containing C0, and closed under composition (x, y ∈ LC implies xy ∈ LC). Labels
are considered up to associativity, commutativity and identity w.r.t. ε. Therefore, aabcc, cbaca
and cbcaaε are simply regarded as equivalent.


A label constraint is an expression x ≤ y where x and y are labels. A constraint of the form
x ≤ x is called an axiom and we write x = y to express that x ≤ y and y ≤ x. We use the
following inference rules for reasoning on constraints:


R
x ≤ x


x ≤ z z ≤ y
T


x ≤ y


x ≤ y x′ ≤ y′
F


xx′ ≤ yy′


The R and T rules formalize the re�exivity and transitivity of ≤ while the F rule corresponds
to the functoriality (also called compatibility) of label-composition w.r.t. ≤. In this formal
system, given a constraint k and a set of constraints H, we write H |≈ k if there is a deduction
of k from H. The notation H |≈ K, where K is a non-empty set of constraints, means that for
all k ∈ K, H |≈ k.
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3.2 Labelled Indexed Formula Tree


Here we recall the standard notions coming from previous matrix-characterizations of provability
[6, 13]. A decomposition tree of a formula A is its representation as a syntactic tree with
nodes called positions. A position u exactly identi�es a subformula of A denoted f(u). An
atomic position is a position for an atomic formula. If u is a non-atomic position the principal
connective of f(u) is denoted c(u). Moreover such a position corresponds to an internal node
and we denote [u]i with i ∈ { 1, 2 } the position of the i-th child of the node corresponding to
u and then [u]? = { v | (∃i ∈ N)(v = [u]i) }. If u is not a root position we say that u is of rank
r(u) = i if u is the i-th child of its father position denoted by [u]0.


The decomposition tree induces a partial order � on the positions such that the root is
the least element and if u � v then u dominates v in the tree or in the formula (from now on
we do not distinguish a formula A from its decomposition tree). Then we denote [u] ↑ the set
{ v | v ∈ A and v� u } of upward positions of u and [u] ↓ the set { v | v ∈ A and u� v } of its
downward positions. The notations [·] ↑ and [·] ↓ are easily generalized to a set s of positions by
[s] ↑ = {u | u ∈ [v] ↑ and v ∈ s } and [s] ↓ = {u | u ∈ [v] ↓ and v ∈ s }.


For each position, we assign a polarity pol(u) but also a principal type ptyp(u) and a sec-
ondary type styp(u). Therefore, we have di�erent principal types depending on the connective
and the associated polarity. We de�ne two principal types named πα, πβ . Given a set of
positions p, Pα(p) = {u | u ∈ p and ptyp(u) = πα } is the set of positions of type πα and
Pβ(p) = {u | u ∈ p and ptyp(u) = πβ } is the set of positions of type πβ .
Moreover we consider the following sets of secondary type positions: for i in { 1, 2 }, Sαi(p) =
{u | u ∈ p and styp(u) = παi }, Sβi(p) = {u | u ∈ p and styp(u) = πβi } and Sα(p) =
Sα1(p) ∪ Sα2(p), Sβ(p) = Sβ1(p) ∪ Sβ2(p).


Depending on the principal type, we associate a label slab(u) and sometimes a constraint
kon(u) to a position u. Such a label is either a position or a position with a tilde in order to
identify the formula that introduced the label. We de�ne constraints in order to capture context-
splitting. The labelled signed formula lsf(u) of a position u is a triple (slab(u), f(u), pol(u))


and is denoted f(u)
pol(u)


: slab(u). The construction of an indexed formula tree is obtained by
inductively applying the rules described in Figure 2.


lsf(u) ptyp(u) kon(u) lsf(u1) lsf(u2)


(A−∗ B)
0


: x πα xu ≤ ũ A1 : u B0 : ũ


(A ∗ B)
1


: x πα uũ ≤ x A1 : u B1 : ũ


(A−∗ B)
1


: x πβ xu ≤ ũ A0 : u B1 : ũ


(A ∗ B)
0


: x πβ uũ ≤ x A0 : u B0 : ũ


Figure 2: Signed formulae for MILL


For a given formula A the root position a0 has a polarity pol(a0) = 0, a label slab(a0) = ε


and the signed formula (A)
0


: ε where ε is the identity of label composition. u1 and u2 are
respectively the �rst and second subpositions. The principal type of a position u depends on
its principal connective and polarity.


The constraints associated to πα-positions are called assertions while those associated to
πβ-positions are called requirements. The atomic labels introduced by positions of principal
type πα (resp. πβ) are called constants (resp. variables). Given a set of positions p, the
associated sets of assertions and requirements are Kα(p) = { kon(u) | u ∈ Pα(p) } and Kβ(p) =
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−∗0 : ε


∗1 : a0


P1 : a1 ∗1 : ã1


−∗1 : a3


Q0 : a4 R1 : ã4


S1 : ã3


∗0 : ã0


∗0 : a8


P0 : a9 −∗0 : ã9


Q1 : a11 R0 : ã11


S0 : ã8


a0


a1


a2 a3


a4


a5 a6


a7


a8


a9


a10 a11


a12 a13


a14


u pol(u) f(u) ptyp(u) styp(u) slab(u) kon(u)


a0 0 (P ∗ ((Q−∗ R) ∗ S))−∗ ((P ∗ (Q−∗ R)) ∗ S) πα − ε εa0 ≤ ã0


a1 1 P ∗ ((Q−∗ R) ∗ S) πα πα1 a0 a1ã1 ≤ a0


a2 1 P − πα1 a1 −
a3 1 (Q−∗ R) ∗ S πα πα2 ã1 a3ã3 ≤ ã1


a4 1 Q−∗ R πβ πα1 a3 a3a4 ≤ ã4


a5 0 Q − πβ1
a4 −


a6 1 R − πβ2
ã4 −


a7 1 S − πα2 ã3 −
a8 0 (P ∗ (Q−∗ R)) ∗ S πβ πα2 ã0 a8ã8 ≤ ã0


a9 0 P ∗ (Q−∗ R) πβ πβ1
a8 a9ã9 ≤ a8


a10 0 P − πβ1
a9 −


a11 0 Q−∗ R πα πβ2
ã9 ã9a11 ≤ ã11


a12 1 Q − πα1 a11 −
a13 0 R − πα2 ã11 −
a14 0 S − πβ2


ã8 −


Figure 3: Indexed formula tree of (P ∗ ((Q−∗ R) ∗ S))−∗ ((P ∗ (Q−∗ R)) ∗ S)


{ kon(u) | u ∈ Pβ(p) } respectively. The associated sets of constants and variables are then
de�ned as Σα(p) = {x | x occurs in Kα(p) } and Σβ(p) = {x | x occurs in Kβ(p) }. We set
Σαβ(p) = Σα(p)∪Σβ(p) and de�ne Lα(p), Lβ(p) and Lαβ(p) as the sets of atomic and compound
labels generated by Σα(p), Σβ(p) and Σαβ(p) respectively. For readability, we omit the set of
positions p in notations whenever p is the set Pos of all positions.


3.2.1 An Example (part 1)


Let us consider the formula A ≡ (P∗ ((Q−∗R)∗S))−∗ ((P∗ (Q−∗R))∗S) that is represented as
a syntax tree each node of which being identi�ed with a position (see the tree at the righthand
side of Figure 3). Moreover, we can associate an indexed formula tree (with labelled signed


formulae as nodes), inductively built from (A)
0


: ε and the rules of Figure 2. This tree is the
one at the lefthand side of Figure 3. In parallel, we have the generation of constraints for
the positions of principal type πα and πβ (see kon(u) in the table of Figure 3). Then, in this
case we can deduce that Pα = { a0, a1, a3, a11 }, Pβ = { a4, a8, a9 }, Sα1 = { a1, a2, a4, a12 },
Sβ1 = { a5, a9, a10 }, Sα2 = { a3, a7, a8, a13 }, Sβ2 = { a6, a11, a14 }. In addition the assertions
and requirements are


Kα = { εa0 ≤ ã0, a1ã1 ≤ a0, a3ã3 ≤ ã1, ã9a11 ≤ ã11 }
Kβ = { a8ã8 ≤ ã0, a9ã9 ≤ a8, a3a4 ≤ ã4 }
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{ a0 }


{ a1, a8 }


{ a2, a3, a8 }


{ a2, a4, a7, a8 }


{ a2, a6, a7, a8 }


{ s′, a14 }{ s′, a9 }


{ s′, a11 }


{ s′, a12, a13 }


{ s′, a10 }


{ a2, a5, a7, a8 }


{ s, a14 }{ s, a9 }


{ s, a11 }


{ s, a12, a13 }


{ s, a10 }


Figure 4: Path reduction with s = a2, a5, a7 and s′ = a2, a6, a7


The constants and variables are


Σα = { a0, ã0, a1, ã1, a3, ã3, a11, ã11 } Σβ = { a4, ã4, a8, ã8, a9, ã9 }.


3.3 Paths and Connections


In this section, we adapt the standard notions of path, connection and spanning set of connec-
tions in the context of labels and constraints.


De�nition 5 (Paths). Let A be an indexed formula. The set of paths in A is inductively


de�ned as follows:


1. { a0 } is a path, where a0 is the root position.


2. If s is a path such that u ∈ s then


• if ptyp(u) ∈ {πα } then s\{u } ∪ { [u]1, [u]2 } is a path,


• if ptyp(u) ∈ {πβ } then s\{u } ∪ { [u]1 } and s\{u } ∪ { [u]2 } are paths2.


We say that a path s′ in A is obtained from a path s by reduction on the indexed position u
if it results from s using the second clause of De�nition 5. An atomic path is a path that only
contains atomic indexed positions. Consequently an atomic path is non-reducible and is always
a leaf of a path reduction tree. A con�guration of A is a �nite set of paths in A.


De�nition 6 (Reduction). A reduction of an indexed formula A is a �nite sequence (Si)1≤i≤n
of con�gurations in A such that Si+1 is obtained from Si by reduction of a position u in a path


s of Si following De�nition 5. We say that Si+1 is obtained by reduction of Si of u in s. A


reduction (Si)1≤i≤n is said atomic if all the paths of Sn are atomic.


De�nition 7 (Connection). Let A be an indexed formula, a connection c in A is:


1. a pair 〈u, v 〉 of atomic positions such that f(u) = f(v), pol(u) = 1 and pol(v) = 0, or


2 Let us remark that the branching indicates non-determinism.


6







Labelled Connection-based Proof Search for MILL Didier Galmiche and Daniel Méry


2. a pair 〈 a0, v 〉 such that f(v) = 1 and pol(v) = 0.


The �rst case corresponds to an atomic axiom rule (ax) in LMILL, while the second one cor-


responds to the rule 1R. Let us also note that the �rst position of a connection is the one with


the positive polarity.


We denote Con the set of connections in A. The constraint kon(c) associated to a connection
c = 〈u, v 〉 is de�ned as kon(c) = slab(u) ≤ slab(v). For a 1-connection c = 〈 a0, v 〉 we have
kon(〈 a0, v 〉) = ε ≤ slab(v) since slab(a0) = ε. In order to distinguish these constraints from
the assertions and requirements they are called connection constraints. Moreover, the notions
of upward and downward positions are extended to connections as follows: c ↑ = {u, v } ↑ and
c ↓ = {u, v } ↓.


De�nition 8 (MILL-cover). Let A be an indexed formula, a connection c = 〈u, v 〉 in A covers
a path s in A, denoted c � s, if v ∈ s and (u 6= a0 ⇒ u ∈ s). Let S be a set of paths in A, a


cover of S is a set C = { (s, 〈u, v 〉) | s ∈ S and 〈u, v 〉 ∈ Con and 〈u, v 〉 � s } such that


(s, 〈u, v 〉) ∈ C and (s, 〈u′, v′ 〉) ∈ C ⇒ u = u′ and v = v′.


A cover of A is a cover of the set of atomic paths in A.


3.3.1 An Example (part 2)


The reduction of the initial path { a0 } results in six atomic paths as depicted in Figure 4. At
each step, we indicate the position which is reduced with an underscore. For conciseness, we
write s and s′ as shortcuts for a2, a5, a7 and a2, a6, a7. The set C =


{ (s1, 〈 a2, a10 〉), (s2, 〈 a12, a5 〉), (s3, 〈 a7, a14 〉), (s4, 〈 a2, a10 〉), (s5, 〈 a6, a13 〉), (s6, 〈 a7, a14 〉) }


covers all atomics paths. Indeed, 〈 a2, a10 〉 covers paths s1 and s4, 〈 a12, a5 〉 covers the path s2,
〈 a7, a14 〉 covers the path s3 and s6, 〈 a6, a13 〉 covers the path s5. We observe that connections
〈 a2, a10 〉 and 〈 a7, a14 〉 cover two atomic paths at the same time.


3.4 Characterizing MILL-Provability


In this section we de�ne a connection-based characterization of MILL-provability which relies
on the notions of substitution and certi�cation.


De�nition 9 (Substitution). Let A be an indexed formula. A substitution for A is an appli-


cation σ : Σβ → Lα, that can be extended to labels and constraints as follows:


• xσ = x if x is a constant or if x = ε,


• (x ◦ y)σ = xσ ◦ yσ,


• (x ≤ y)σ = xσ ≤ yσ.


Moreover a substitution σ for an indexed formula A induces an instantiation relation on
indexed positions, denoted ≺, such that


(∀u, v ∈ Pos)(u ≺ v i� v ∈ Pβ and (u ⊆ vσ or ũ ⊆ vσ).


De�nition 10 (Certi�cation). Let A be an indexed formula. A certi�cation for A is an appli-


cation γ : Pβ → ℘(Pα) that associates a set of πα-positions with any πβ-position in A.
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A certi�cation γ for an indexed formula A induces a deduction relation on indexed positions,
denoted @, such that


(∀u, v ∈ Pos)(u @ v i� v ∈ Pβ and u ∈ vγ).


An expression u @ v means that v is deduced from u (in A). The relations of domination,
instantiation and deduction induce a reduction relation C= (� ∪ ≺ ∪ @)+ where (·)+ repre-
sents the transitive closure. An expression u C v means that u must be reduced before v (in
A). Now we can express the provability conditions in terms of connections.


De�nition 11 (Complementarity). Let s be a path in an indexed formula A and σ be a sub-


stitution, a connection c in A is complementary in s under σ if c � s and Kα(s ↑)σ |≈ kon(c)σ.
A path s is complementary under σ if there exists a connection that is complementary in s
under σ. A cover C of a set of paths in A is complementary under σ if (∀(s, c) ∈ C) c is


complementary in s under σ.


De�nition 12 (Provability). A formula A is provable if there exist a cover C of the set of


atomic paths of A, a substitution σ and a certi�cation γ for A such that:


1. the reduction relation C is irre�exive, (C1)


2. ∀(s, 〈u, v 〉) ∈ C, ∀w ∈ Pβ(s ↑), wγ ⊆ Pα(s ↑), (C2)


3. ∀(s, 〈u, v 〉) ∈ C, ∀w ∈ Pβ(s ↑), k(wγ)σ |≈ k(w)σ, (C3)


4. ∀(s, 〈u, v 〉) ∈ C, ∀x ∈ Σβ(s ↑), xσ ∈ Lα(s ↑), (C4)


5. ∀(s, 〈u, v 〉) ∈ C, 〈u, v 〉 is complementary in s under σ. (C5)


The �rst condition induces the acyclicity of the graph associated to C and then the existence
of a reduction (decomposition) order of the formula A that respects the precedence constraints
between πα and πβ positions. The second and third conditions ensure that, in an atomic path s,
every requirement introduced by a position of principal type πβ must be introduced before the
two positions of the connection that makes the path s complementary and should be certi�ed
by assertions corresponding to positions of principal type πα that can be reduced before this
requirement in a reduction from the initial path { a0 } to s. In a similar way the fourth condition
means that each variable, introduced before reaching the connection that makes an atomic path
complementary, is instantiated by a label composed from constants that can be reduced before
this variable in a reduction from the initial path { a0 } to s.


3.4.1 An Example (part 3)


The reduction path process from { a0 } provides the following atomic paths:
s1 = { a2, a5, a7, a10 }, s2 = { a2, a5, a7, a12, a13 }, s3 = { a2, a5, a7, a14 }, s4 = { a2, a6, a7, a10 },
s5 = { a2, a6, a7, a12, a13 } and s6 = { a2, a6, a7, a14 }.
From the following cover C =


{ (s1, 〈 a2, a10 〉), (s2, 〈 a12, a5 〉), (s3, 〈 a7, a14 〉), (s4, 〈 a2, a10 〉), (s5, 〈 a6, a13 〉), (s6, 〈 a7, a14 〉) }


we generate the set of constraints:


KC = { (s1, a1 ≤ a9), (s2, a11 ≤ a4), (s3, ã3 ≤ ã8), (s4, ã1 ≤ ã9), (s5, ã4 ≤ ã11)(s6, ã3 ≤ ã8) }.
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Then we consider the substitution:


a9σ = a1, a4σ = a11, ã8σ = ã3, ã4σ = ã11, a8σ = X, ã9σ = Y


Then we solve the following requirements:


1) εa0 ≤ ã0, a1ã1 ≤ a0, a3ã3 ≤ ã1, Y a11 ≤ ã11 |≈ a3a11 ≤ ã11


2) εa0 ≤ ã0, a1ã1 ≤ a0, a3ã3 ≤ ã1, Y a11 ≤ ã11 |≈ Xã3 ≤ ã0


3) εa0 ≤ ã0, a1ã1 ≤ a0, a3ã3 ≤ ã1, Y a11 ≤ ã11 |≈ a1Y ≤ X


From 1) we directly deduce Y = a3 and also a4γ = { a11 }. The requirement in 1) is the one of
the position a4 and in order to verify it we use the assertion a3a11 ≤ ã11 of position a11. From
3) we deduce a trivial solution for X that is X = a1a3 and also that a9γ = ∅. Requirement 2)
is veri�ed because we have:


a1 ≤ a1 a3ã3 ≤ ã1
F


a1a3ã3 ≤ a1ã1 a1ã1 ≤ a0
T


a1a3ã3 ≤ a0 εa0 ≤ ã0
T


a1a3ã3 ≤ ã0


and then we deduce a8γ = { a0, a1, a3 } since εa0 ≤ ã0, a1ã1 ≤ a0, a3ã3 ≤ ã1 are the respective
assertions of a0, a1, a3.


In order to verify the conditions (C2) to (C5), let us consider the following table:


(s, 〈u, v 〉) Pβ({u, v } ↑) Pα(s ↑) Σβ({u, v } ↑) Σα(s ↑)
(s1, 〈 a2, a10 〉) a8, a9 a0, a1, a3 a8, ã8, a9, ã9 a0, ã0, a1, ã1, a3, ã3


(s2, 〈 a12, a5 〉) a4, a8, a9 a0, a1, a3, a11 a4, ã4, a8, ã8, a9, ã9 ã0, a1, ã1, a3, ã3, a11, ã11


(s3, 〈 a7, a14 〉) a8, a9 a0, a1, a3 a8, ã8 a0, ã0, a1, ã1, a3, ã3


(s4, 〈 a2, a10 〉) a8, a9 a0, a1, a3 a8, ã8, a9, ã9 a0, ã0, a1, ã1, a3, ã3


(s5, 〈 a6, a13 〉) a4, a8, a9 a0, a1, a3, a11 a4, ã4, a8, ã8, a9, ã9 ã0, a1, ã1, a3, ã3, a11, ã11


(s6, 〈 a7, a14 〉) a8, a9 a0, a1, a3 a8, ã8 a0, ã0, a1, ã1, a3, ã3


We have a9γ = ∅ ⊆ Pα(s ↑) for all paths s ∈ { s1, s2, s4, s5, s6 } and a8γ = { a0, a1, a3 } ⊆ Pα(s ↑)
for all paths s ∈ { s1 . . . s6 }. Moreover, for all paths s ∈ { s2, s5 }, a4γ = { a11 } ⊆ Pα(s ↑).
Then the condition (C2) is veri�ed. In addition, for all paths s ∈ { s1, s2, s4, s5 } we have
a9σ = a1 ∈ Lα(s ↑) and ã9σ = a3 ∈ Lα(s ↑) for all paths s ∈ { s1, s2, s3, s4, s5, s6 } we have
a8σ = a1a3 ∈ Lα(s ↑) and ã8σ = ã3 ∈ Lα(s ↑), and for all paths s ∈ { s2, s5 } we have
a4σ = a11 ∈ Lα(s ↑) and ã4σ = ã11 ∈ Lα(s ↑).


The last thing to do is to compute the reduction relation C that is obtained by the transitive
closure of the domination relation�, the instantiation relation @ and the deduction relation @.
The instantiation relation induced by σ is


a1 @ a9, a3 @ a9, a1 @ a8, a11 @ a4


and the deduction relation induced by γ is


a0 @ a8, a1 @ a8, a3 @ a8, a11 @ a4.


The reduction relation C is represented in Figure 5. As the graph is acyclic, A is valid in MILL.
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a0


a1


a2 a3


a4


a5 a6


a7


a8


a9


a10 a11


a12 a13


a14


Figure 5: Reduction order for (P ∗ ((Q−∗ R) ∗ S)−∗ ((P ∗ (Q−∗ R)) ∗ S)


4 Properties of the Characterization


In this section we prove the soundness and completeness of characterization given in De�ni-
tion 12. The completeness is proved by showing that any formula provable in the LMILL sequent
calculus is also provable according to the connection-based characterization (CMILL-provable).


De�nition 13 (Complete reduction). Let A be an indexed formula and C be a cover of A, a


reduction (Si)1≤i≤n in A is complete for C if C is a cover of Sn.


De�nition 14 (Proper reduction). Let A be an indexed formula and σ be a substitution for A,


a reduction (Si)1≤i≤n is σ-proper i�


1. ∀S ∈ (Si)1≤i≤n,∀s ∈ S,Kα(s ↑)σ |≈ Kβ(s ↑)σ and


2. ∀S ∈ (Si)0≤i≤n,∀s ∈ S, ∀x ∈ Σβ(s ↑), xσ ∈ Lα(s ↑).


De�nition 15 (Realization). Let A be an indexed formula and s be a path in A. An inter-
pretation of s in a resource model R = 〈 (M,v, ·, e), |=, J� K 〉 is a function ‖�‖ : Σα(s ↑)→M
that can be extended to labels Lα(s ↑) with ‖ε‖ = e and ‖xy‖ = ‖x‖ · ‖y‖.
Given a substitution σ for A, we denote ‖�‖σ the composed function ‖�‖ ◦ σ from the set


Lαβ(s ↑) of labels of s to the set of worlds M of R.
A realization of s is a couple (‖�‖, σ) such that:


1. For all assertions x ≤ y ∈ Kα(s ↑), ‖x‖σ v ‖y‖σ.


2. For all positions u ∈ s such that lsf(u) = A1 : x, ‖x‖σ |= A.


3. For all positions u ∈ s such that lsf(u) = A0 : x, ‖x‖σ 6|= A.


A path is realizable if there exists a realization of s in a model R. A con�guration is realizable
if at least one of its paths is realizable.


Lemma 1. Let s be a path in an indexed formula A, (‖�‖, σ) be a realization of s in a model


R = (M, e, ·,v, |=) and K ⊆ Kα(s ↑) a subset of assertions associated to s. If Kσ |≈ (x≤ y)σ
then ‖x‖σ v ‖y‖σ.


Proof. By de�nition of a realization, for any assertion x′ ≤ y′ of K we have ‖x′‖σ v ‖y′‖σ.
By hypothesis, under σ, the constraint x≤ y is deduced (in the K-deduction system) from
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assertions of K by rules expressing re�exivity and transitivity of ≤ and also compatibility of
label composition with ≤. Moreover, by de�nition of a preorder, v is re�exive and transitive and
by de�nition of a MILL-model, world composition is compatible with v in R. Consequently, the
rules of the K-deduction system transfer the notion of realizability from premisses to conclusion.


Lemma 2. Let A be an indexed formula, σ be a substitution for A and (Si)1≤i≤n be a σ-proper
reduction for A, if Si is σ-realizable then Si+1 is σ-realizable.


Proof. As the con�guration Si is realizable under σ, it contains a path s that is realizable under
σ in a model (M, e, ·,v, |=) for a interpretation ‖�‖. Let us suppose that Si+1 is obtained by a
reduction of a position u in a path of S. If u 6∈ s then Si+1 remains realizable under σ because it
always contains the path s. Otherwise, we proceed by case analysis depending on the principal
connective of lsf(u) = Apol : x and show that Si+1 remains realizable under σ:


• Case (B ∗ C)
1


: x
The path s is reduced into s′ by replacing the position u by its children positions [u]1 and
[u]2 such that lsf([u]1) = B1 : u and lsf([u]2) = C1 : ũ. Then Σα(s′ ↑) = Σα(s ↑)∪{u, ũ }
and Kα(s′ ↑) = Kα(s ↑) ∪ {uũ ≤ x }. By hypothesis, ‖�‖σ is a realization of s and
then ‖x‖σ |= B ∗ C. Thus, by de�nition of |=, there exist two worlds m,n ∈ M such
that m · n v ‖x‖σ, m |= B and n |= C. We then extend ‖�‖ to u and ũ by de�ning
‖u‖ = m and ‖ũ‖ = n to obtain ‖u‖σ |= B, ‖ũ‖σ |= C and ‖uũ‖σ = ‖u‖σ · ‖ũ‖σ v ‖x‖σ.
Consequently s′ is realizable under σ.


• Case (B ∗ C)
0


: x
The path is reduced into two paths s′ and s′′ such that Σβ(s′ ↑) = Σβ(s ↑) ∪ {u },
Σβ(s′′ ↑) = Σβ(s ↑) ∪ { ũ } and Kβ(s′ ↑) = Kβ(s′′ ↑) = Kβ(s ↑) ∪ {uũ ≤ x }. By hy-
pothesis the reduction (Si)1≤i≤n is σ-proper and we have Kα(s′ ↑)σ |≈ Kβ(s′ ↑)σ and
Kα(s′′ ↑)σ |≈ Kβ(s′′ ↑)σ. In particular Kα(s ↑) = Kα(s′ ↑) = Kα(s′′ ↑), Kβ(s′ ↑) = Kβ(s′′ ↑)
and uũ ≤ x ∈ Kβ(s′ ↑) entail Kα(s ↑)σ |≈ (uũ ≤ x)σ. As ‖�‖σ is a realization of s, we
have ‖x‖σ 6|= B ∗ C and from Lemma 1 we deduce ‖u‖σ ·‖ũ‖σ v ‖x‖σ. Then, by de�nition
of |=, for all worlds m,n ∈ M such that m · n v ‖x‖σ, we have either m 6|= B or n 6|= C.
In particular, we have either ‖u‖σ 6|= B or ‖ũ‖σ 6|= C. Consequently, either s′ is realizable
under σ or s′′ is realizable under σ.


• The other cases are similar.


Lemma 3. Let A be an indexed formula and σ be a substitution for A. If a path s is comple-


mentary under σ then it is not realizable under σ.


Proof. Let us suppose that s contains a connection 〈u, v 〉 such that f(u) = f(v), pol(u) =
1, pol(v) = 0 and Kα(s ↑)σ |≈ slab(u)σ ≤ slab(v)σ. If s is realizable under σ for an inter-
pretation ‖�‖ in a model R then ‖slab(u)‖σ |= f(u), ‖slab(v)‖σ 6|= f(u) and ‖slab(u)‖σ v
‖slab(v)‖σ, which is contradictory because by Kripke monotonicity ‖slab(u)‖σ v ‖slab(v)‖σ
and ‖slab(u)‖σ |= f(u) entail ‖slab(v)‖σ |= f(u). The case of a 1-connection is similar.


Theorem 2 (Soundness). If a formula A is CMILL-provable then it is valid.
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Proof. As A is provable, there is a cover C of the set of atomic paths of A, a substitution σ
and a certi�cation γ for A satisfying the conditions of De�nition 12.
Let us suppose that A is not valid. Then, there exists a model R = (M, e, ·,v, |=) such that
e 6|= A. The initial con�guration S1 = { { a0 } } is then trivially realizable under σ by considering
the interpretation ‖�‖ the domain of which is empty. It is easy to show that conditions (C1)
to (C5) entail the existence of a reduction (Si)1≤i≤n from S1 that is complete for C, σ-proper
and such that all paths of Sn contain at least a connection of C. As S1 is realizable under σ,
Lemma 2 entails that the con�guration Sn is also realizable under σ. But then, by Lemma 3, we
deduce that Sn cannot be complementary, which is a contradiction. Therefore, A is valid.


Let us now consider the question of completeness of this characterization.


Theorem 3 (Completeness). If a formula A is valid then A is CMILL-provable.


Proof. From the sound and completeness of MILL-models, it is su�cient to prove that if A
is LMILL-provable then A is CMILL-provable (provable by the connection characterization).
The proof is by induction on a LMILL-proof of A, knowing that a sequent Γ ` A is provable
in LMILL if and only if the formula ΦΓ −∗ A is provable in LMILL, where ΦΓ is the formula
obtained by replacing each comma in the context Γ with multiplicative conjunction ∗.


• Case ax: the axiom A ` A corresponds to the formula A−∗ A which is trivially CMILL-
provable.


• Case −∗R: By induction hypothesis we suppose that the sequent Γ ,A ` B is provable and
we show that the sequent Γ ` A−∗ B is also provable. If Γ,A ` B is CMILL-provable an
atomic reduction R1 = (Si)1≤i≤n of ((ΦΓ ∗ A) −∗ B), a cover C of Sn, a substitution σ
and a certi�cation γ for A that satisfy the conditions of De�nition 12.


From the atomic reduction R1 for ((ΦΓ∗A)−∗B) we can build an atomic reduction R2 for
(ΦΓ−∗(A−∗B)). On the left-hand side of the next �gure, we describe the �rst steps of the
reduction R1 and, on the right-hand side, we describe the �rst steps of the corresponding
reduction R2. We represent here a path s as a set of signed formulae and not as a set of
positions, namely we have lsf(s) = { lsf(u) | u ∈ s }.


{ ((ΦΓ ∗A)−∗ B)0 : ε }


{ (ΦΓ ∗A)1 : a0,B
0 : ã0 }


{ΦΓ
1 : a1,A


1 : ã1,B
0 : ã0 }


...
R1


{ (ΦΓ −∗ (A−∗ B))0 : ε }


{ΦΓ
1 : a0, (A−∗ B)0 : ã0 }


{ΦΓ
1 : a0,A


1 : ai,B
0 : ãi }


...
R2


We observe that the �rst reduction steps in R1 and R2 lead to paths containing the
same signed formulae, modulo a renaming of a1 into a0, of ã1 into ai and of ã0 into ãi.
Consequently, modulo the renaming, we can reduce R2 by applying exactly the same
reduction steps than for R1. Then, after the two �rst steps previously described, R1 and
R2 introduce the same signed formulae and then the same constraints (assertions and
requirements) between labels, modulo renaming.
Moreover, the assertions { a0ã0 ≤, a1ã1 ≤ ã0 } introduced in the two �rst steps ofR1 entail
relations between labels ã0, a1, ã1 of R1 weaker than the ones between labels a0, ai, ãi in
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id
Γ, x ≤ y,A : x ` A : y,∆


1R
Γ, ε ≤ x ` x : 1,∆


Γ, ε ≤ x ` ∆
1L


Γ, 1 : x ` ∆


Γ, ab ≤ x,A : a,B : b ` ∆
∗L


Γ,A ∗ B : x ` ∆


yz ≤ x,Γ ` A : y,∆ yz ≤ x,Γ ` B : z,∆
∗R


Γ, yz ≤ x ` A ∗ B : x,∆


Γ, xy ≤ z ` A : y,∆ Γ, xy ≤ z,B : z ` ∆
−∗L


Γ, xy ≤ z,A−∗ B : x ` ∆


Γ,A : a, xa ≤ b ` B : b,∆
−∗R


Γ ` A−∗B : x,∆


Γ, x ≤ x ` ∆
R


Γ ` ∆


Γ, x ≤ z, x ≤ y, y ≤ z ` ∆
T


Γ, x ≤ y, y ≤ z ` ∆


Γ, xx′ ≤ yy′, x ≤ x′, y ≤ y′ ` ∆
F


Γ, x ≤ y, x′ ≤ y′ ` ∆


Side conditions:
� In ∗L and −∗R, the constants a and b do not occur in the conclusion.
� In R the label x must already occur in the conclusion.


Figure 6: Labelled Sequent Calculus GMILL


R2 by assertions { a0ã0 ≤, ã0ai ≤ ãi } introduced in the two �rst steps of R2. In fact,
R1 imposes slab(ΦΓ)slab(A) ≤ slab(B) while R2 imposes slab(ΦΓ)slab(A) = slab(B).
Consequently, as R1 leads to a set of atomic paths satisfying the conditions of De�nition
12, it is the same for R2 by induction hypothesis.


• Case ∗L: immediate by the translation Φ, because ΦΓ,A,B = ΦΓ,A∗B.


• The other cases are similar.


5 A Labelled Sequent Calculus for MILL


From the previous characterization we can derive a sound and complete labelled sequent calculus
GMILL3 for MILL. Soundness and completeness are easy consequences of Theorem 2 and
Theorem 3.


Labels and constraints for GMILL are de�ned similarly as in Section 3.1 except that GMILL
does not make use of variables. The sequent calculus GMILL deals with sequents of the form
Γ ` ∆ where Γ and ∆ are multisets containing labelled formulas, Γ being allowed to also contain
constraints. Labelled formulas are pairs (A, x), written A : x, where A is a formula and x is
a label. Label constraints occurring in Γ are called assertions. We denote Γr the restriction of
Γ to its constraints. GMILL does not have explicit requirements. Instead, the rules ∗R and
−∗L are required to have a speci�c constraint (which in the connection-based characterization


3 The G in GMILL is reminiscent of the fact that labels and label-constraints can be viewed as a graphical


structure we usually call a resource-graph in related works.
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. . . , a1 ≤ a1, . . . ,P : a1, . . . ` . . . ,P : a1


Π3


. . . , a3 ≤ a3, . . . ,Q−∗ R : a3, . . . ` . . . ,Q−∗ R : a3


Π4


Π3 Π4
∗R


a1a3 ≤ a1a3, a3 ≤ a3, . . . , a1 ≤ a1, . . . ,P : a1,Q−∗ R : a3, . . . ` . . . ,P ∗ (Q−∗ R) : a1a3


F
a3 ≤ a3, . . . , a1 ≤ a1, . . . ,P : a1,Q−∗ R : a3, . . . ` . . . ,P ∗ (Q−∗ R) : a1a3


R
a1a3ã3 ≤ ã0, . . . ,P : a1,Q−∗ R : a3, . . . ` . . . ,P ∗ (Q−∗ R) : a1a3


Π1


ã3 ≤ ã3, . . . , S : ã3 ` . . . ,S : ã3


R
a1a3ã3 ≤ ã0, a1a3ã3 ≤ a1ã1, a1 ≤ a1, a3ã3 ≤ ã1, a1ã1 ≤ ã0, εa0 ≤ ã0, . . . , S : ã3 ` . . . ,S : ã3


Π2


Π1 Π2
∗R


a1a3ã3 ≤ ã0, . . . ,P : a1,Q−∗ R : a3, S : ã3 ` ((P ∗ (Q−∗ R)) ∗ S) : ã0


T
a1a3ã3 ≤ a1ã1, . . . , a1ã1 ≤ ã0, . . . ,P : a1,Q−∗ R : a3, S : ã3 ` ((P ∗ (Q−∗ R)) ∗ S) : ã0


F
a1 ≤ a1, a3ã3 ≤ ã1, . . . ,P : a1,Q−∗ R : a3, S : ã3 ` ((P ∗ (Q−∗ R)) ∗ S) : ã0


R
a3ã3 ≤ ã1, a1ã1 ≤ ã0, εa0 ≤ ã0,P : a1,Q−∗ R : a3, S : ã3 ` ((P ∗ (Q−∗ R)) ∗ S) : ã0


a1ã1 ≤ ã0, εa0 ≤ ã0,P : a1, ((Q−∗ R) ∗ S) : ã1 ` ((P ∗ (Q−∗ R)) ∗ S) : ã0


εa0 ≤ ã0, (P ∗ ((Q−∗ R) ∗ S) : a0 ` ((P ∗ (Q−∗ R)) ∗ S) : ã0


` (P ∗ ((Q−∗ R) ∗ S))−∗ ((P ∗ (Q−∗ R)) ∗ S) : ε


Figure 7: GMILL-proof of (P ∗ ((Q−∗ R) ∗ S))−∗ ((P ∗ (Q−∗ R)) ∗ S)


corresponds to a requirement) occuring in Γr for the rules to be applicable. The rules of the
GMILL calculus are given in Figure 6.


From the proof of Theorem 3, one can derive a translation of LMILL-proofs into GMILL-
proofs so that for any LMILL-proof the corresponding GMILL-proof applies the same rules in
the same order. Therefore, since LMILL does not allow contraction, GMILL has no need for
it too. Moreover, conditions (C1) to (C5) given in De�nition 12 imply that whenever ∗R and
−∗L need to be applied in GMILL, Γr contains enough assertions to make the rule applicable.
Therefore we have the following results.


Theorem 4. If a formula A has a proof in LMILL then it is has a proof in GMILL that follows


the same rule application strategy.


Theorem 5. A formula A is provable in LMILL i� it is provable in GMILL.


Figure 5 illustrates how GMILL works by giving an example of a derivation in the GMILL
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calculus for the formula (P ∗ ((Q −∗ R) ∗ S)) −∗ ((P ∗ (Q −∗ R)) ∗ S), which is exactly the one
prescribed by the reduction ordering we computed in the running example of Section 3.4.


6 Future Work


From this connection-based characterization of validity in MILL we will consider di�erent per-
spectives. First we aim at de�ning a connection method for MILL from such a characterization
that mainly corresponds to the de�nition and implementation of an algorithm for solving our
constraints. A complementary question consist in studying how our results can be adapted or
re�ned to deal with other fragments of Intuitionistic Linear Logic and mainly �rst-order ones
including quanti�cations.


The question of reconstruction of proofs in the MILL sequent calculus from our connection
calculus for MILL with labels and constraints has also to be explored w.r.t. existing techniques
[11]. Moreover, taking into account the relationships in MLL between some connection-based
characterizations and proof-nets [1], we aim at studying similar relationships for MILL and
propose new proof methods based on proof-net construction.
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\begin{abstract}
We propose a connection-based characterization for multiplicative
intuitionistic linear logic ({\MILL}) which is based on labels and
constraints that capture Urquhart's possible world semantics
of the logic. We first briefly recall the purely syntactic 
sequent calculus for {\MILL}, which we call {\LMILL}.
Then, in the spirit of our previous results on the Logic of Bunched Implications (\BI), 
we present a connection-based characterization of {\MILL}
provability.
We show its soundness and completeness without the need for 
any notion of multiplicity.
From the characterization, we finally propose a labelled sequent
calculus for \MILL.
\end{abstract} 

\section{Introduction}

In previous works we have developed connection-based characterizations
of validity in non-classical logics like the Logic of Bunched Implications ({\BI}) 
\cite{Gal02a} and Bi-intuitionistic logic \cite{Gal11c}. 
They are based on specific concepts like
{\em labels} and {\em constraints} in order to capture the model
semantics and then the semantic interactions between
connectives in such logics. It is an alternative
approach to the standard view of connection calculi for non-classical
logics that are based on the notion of {\em prefixes}. This notion allows
one to capture the non-permutabilities of the sequent calculi rules and has
been developed and improved  in the context of intuitionistic logic
\cite{Krei95a,Krei96a} but also of modal logics \cite{Otten14}.
There exist connection-based characterizations and related
connection methods for multiplicative (commutative) linear logic ({\MLL})
\cite{Gal00a,Krei99} but, as far as we know, not for multiplicative
intuitionistic linear logic ({\MILL}).
The connection-based characterization proposed for fragments of Linear Logic
\cite{Gir87} like {\MLL} or {MELL} is based on particular prefixes and
substitutions dedicated  to these logics \cite{Krei99,Krei04}.
In order to extend or adapt it to MILL, it would be necessary to
define and consider what could be called intuitionistic and linear prefixes, 
which could be difficult to deal with.

Our approach consists in specializing our above-mentioned results
for \BI\ to the Multiplicative Intuitionistic Linear Logic (\MILL) and
then define and illustrate a connection-based characterization of
provability for MILL that deals with specific labels and
constraints. Then we generate semantic structures from MILL's
Urquhart's semantics \cite{Urq72} and develop a characterization of
provability from labels and constraints that capture this
semantics. It could be seen as a generalization of the prefixes
more appropriate to connection-based proof search in resource logics like
BI logic or Linear Logic.
Since BI is conservative over MILL \cite{Pym99b}, a connection-based
characterization for MILL can be obtained, by restriction of the previous
characterization for BI, to the multiplicative connectives. In this
case, we have to take into account the notion of multiplicity and also
global conditions on the paths. The characterization for {\MILL} proposed
here does not deal with multiplicity and only considers local conditions
on the paths. In addition we define a labelled sequent calculus for
{\MILL}, called {\GMILL} and prove its soundness and also its completeness
by translation of {\MILL} proofs to {\GMILL} proofs. 

\section{Multiplicative Intuitionistic Linear Logic}

\input{lmill}

The propositional language of {\MILL} consists of a
denumerable set $\BIvarp = \VPP,\VPQ,\ldots$ of propositional letters,
the multiplicative unit $\BImtop$ and the multiplicative connectives
$\BImand$ and $\BImimp$.
$\BIprop$, the collection of \MILL\ propositions over $\BIvarp$,
is given by the following inductive definition:
\begin{displaymath} 
\VPA ::= \VPP\;
|\;\BImtop\;
|\;\VPA\BImand\VPA\;
|\;\VPA\BImimp\VPA.
\end{displaymath}
%
Let us remark that since the forthcoming connection-based characterization 
of \MILL-provability is inspired by our previous work on {\BI} \cite{Gal02a},
we do not use the more widespread symbols $\LLtimes$ and $\LLimp$ 
to denote multiplicative conjunction and implication and rather
stick with the star and magic-wand notations of these connectives.

Judgements of \MILL\ are sequents of the form \seq{\bunA}{\VPA},
where $\VPA$ is a proposition and $\bunA$, called the context, 
is a (possibly empty) multiset of formulas.

The standard sequent calculus for \MILL, which we call {\LMILL}\footnote{ In the spirit of LJ and LK for intuitionistic and classic logic, although {\LMILL} has no labels.}, is given in 
Figure~\ref{fig:LMILL-rules}. One difficulty with such a calculus lies in the fact 
that the rules for left-implication and right-conjunction both require context 
splitting from conclusion to premises.
Making relevant choices when context-splitting is required is crucial for
the efficiency of backward proof-search.

The semantics we use for {\MILL} models is a possible worlds semantics à la Kripke,
mainly inspired from the operational semantics of Urquhart~\cite{Urq72}.
Let us recall it briefly.

\begin{definition}[{\MILL}-frame]
\label{def:MILL-frame}
A \emph{\MILL-frame} is a partially ordered commutative monoid  
$\mathcal{M} = \stc{\Wld, \rons, \neus, \leqs}$, 
in which $\Wld$ is a set of worlds and $\leqs$ is compatible with $\rons$, \ie:
\[
  \forall m\forall n \in \Wld. \text{ if } \kontrs{m}{n} \text { and } \kontrs{m'}{n'} \text{ then } \kontrs{m \rons m'}{n \rons n'}.
\]  
\end{definition}


\begin{definition}[{\MILL}-interpretation]
\label{def:MILL-inter}
A \emph{{\MILL}-intepretation} is a function 
$\eki{-}:\BIvarp\rightarrow\Pow(\Wld)$ that satisfies Kripke monotonicity, \ie:
\[
\forall \wldm,\wldn \in \Wld. \text{ if } \kontrs{\wldm}{\wldn} \text{ and } \wldm \in \eki{\VPP} \text{ then } \wldn \in
\eki{\VPP}.
\]
\end{definition}

\begin{definition}[{\MILL}-model]
\label{def:MILL-model}
Let $\BIprop$ be the collection of {\MILL} propositions over a language
$\BIvarp$ of propositional letters, a \emph{{\MILL}-model} is
a structure 
$\mathcal{R}$ = $\stc{\Wld, \rons, \neus, \leqs, \eki{-}, \frc}$, 
in which $\stc{\Wld, \rons, \neus, \leqs}$ is a {\MILL}-frame, 
$\eki{-}$ is a \MILL-interpretation, and $\frc$ is a forcing
relation on  $\Wld\times\BIprop$ satisfying the following conditions:
\begin{itemize}
\item \csm{\wld}{\VPP} iff $\wld\in\eki{\VPP}$
\item \csm{\wldm}{\BImtop} iff $\kontrs{\neus}{\wldm}$
\item \csm{\wldm}{\VPA\BImand\VPB}
	iff there exist $\wldn_1,\wldn_2 \in \Wld$ 
		such that $\kontrs{\wldn_1\rons\wldn_2}{\wldm}$, 
			$\csm{\wldn_1}{\VPA}$ and
			$\csm{\wldn_2}{\VPB}$ 
\item \csm{\wldm}{\VPA\BImimp\VPB} 
	iff, for all $\wldn_1, \wldn_2 \in \Wld$,
	    if \csm{\wldn_1}{\VPA} and $\kontrs{\wldm \rons \wldn_1}{\wldn_2}$ 
		then \csm{\wldn_2}{\VPB}.   
\end{itemize}  
\end{definition}

\begin{definition}[{\MILL}-validity]
\label{def:MILL-validity}
Let $\mathcal{R}$ be {\MILL}-model.
A formula $\VPA$ is \emph{valid in $\mathcal{R}$}, written $\csm{\mathcal{R}}{\VPA}$, iff $\csm{\neus}{\VPA}$.
$\VPA$ is \emph{valid}, written, $\csm{}{\VPA}$,  iff $\csm{\mathcal{R}}{\VPA}$ for all models $\mathcal{R}$.
A finite set of formulas $\ens{\VPA_1,\ldots,\VPA_n}$ \emph{entails} a formula $\VPB$, written 
$\csm{\VPA_1,\ldots,\VPA_n}{\VPB}$, iff $\csm{}{(\VPA_1\BImand\ldots\BImand\VPA_n)\BImimp\VPB}$.
\end{definition}

\begin{theorem}[Soundness and Completeness]
For all formulas $\VPA$, $\csm{}{\VPA}$ iff $\seq{}{\VPA}$.
\label{thm:BI-partial-sound}
\end{theorem}



\section{Labelled Connections for \MILL}

The connection-based characterization of \MILL-provability we define 
in this paper is based on {\em labels} and {\em constraints} that 
capture the semantic properties of {\MILL}-frames instead of
capturing the syntactic properties (such as permutabilities, context-splitting or linearity) 
of the purely syntactic sequent calculus {\LMILL} as the standard prefix-based 
approach does for \IL\ or \MLL\ \cite{Krei04,Krei99,Wal90}.
We already successfully used a similar approach for {\BI} \cite{Gal02a}, 
and since {\BI} is conservative \wrt\ {\MILL}~\cite{Pym99b}, the 
characterization in \cite{Gal02a} also applies to {\MILL}.
However, although the characterization for {\MILL} presented in this paper 
can indeed be seen as a refinement of the one given for {\BI}, 
its improvements are two-fold: 
firstly, it does not need any notion of multiplicity and, secondly,
it is local in that the conditions for characterizing provability 
are not stated \wrt\ the global set of atomic paths but \wrt\ each 
atomic path individually.
The locality of the characterization is a key step towards implementing
a memory-space efficient depth-first path-reduction strategy in a 
future connection-based prover for \MILL.
Indeed global conditions would require us to keep the whole set of 
atomic paths in memory while checking provability conditions. 
Since the number of atomic paths can grow exponentially large with the size
of a formula, local conditions are preferable if one wants to make
a more efficient use of the memory space 
(linear in the size of the initial formula). 


\subsection{Labels and Constraints}
\label{subsec:labels}

Given an alphabet $C$ (for example $a,b,c,\cdots$), $C_0$,
the set of {\em atomic labels over $C$}, is defined as the set $C$ 
extended with the unit symbol $\neu$.
We then define $\LAB{C}$, the set of {\em labels over $C$}, as the
smallest set containing  $C_0$, and closed under composition 
($\labx,\laby\in\LAB{C}$ implies $\labx\laby\in\LAB{C}$).
Labels are considered up to associativity, commutativity and identity 
\wrt\ $\neu$. Therefore, $aabcc$, $cbaca$ and $cbcaa\neu$ are simply
regarded as equivalent.

A \emph{label constraint} is an expression $\kontr{\labx}{\laby}$
where $\labx$ and $\laby$ are labels. A constraint of the form
$\kontr{\labx}{\labx}$ is called an \emph{axiom} and we write 
$\labx=\laby$ to express that $\kontr{\labx}{\laby}$ and
$\kontr{\laby}{\labx}$.
We use the following inference rules for reasoning on constraints: 
{\small
\[
\begin{array}{ccc}
\initseq{metaA}{}
\seqI{metaA}{metaA}{$\kontr{\labx}{\labx}$}{$R$}
\showseq{metaA}
\hspace{1cm}
&
\initseq{metaA}{$\kontr{\labx}{\labz}$}
\initseq{metaB}{$\kontr{\labz}{\laby}$}
\seqII{metaA}{metaA}{metaB}{$\kontr{\labx}{\laby}$}{$T$}
\showseq{metaA}
\hspace{1cm}
&
\hspace{1cm}
\initseq{metaA}{$\kontr{\labx}{\laby}$}
\initseq{metaB}{$\kontr{\labx'}{\laby'}$}
\seqII{metaA}{metaA}{metaB}{$\kontr{\labx\labx'}{\laby\laby'}$}{$F$}
\showseq{metaA}
\end{array}
\]
}
\label{def:k-rules}

The $R$ and $T$ rules formalize the reflexivity and transitivity of $\kleq$ 
while the $F$ rule corresponds to the functoriality (also called compatibility)
of label-composition \wrt\ $\kleq$.
In this formal system, given a constraint $k$ and a set of constraints
$H$, we write $\acc{H}{k}$ if there is a deduction of $k$ from $H$.
The notation $\acc{H}{K}$, where $K$ is a non-empty set of constraints,
means that for all $k\in K$, $\acc{H}{k}$.

\subsection{Labelled Indexed Formula Tree}
\label{subsec:labindexfor}

Here we recall the standard notions coming from previous
matrix-characterizations of provability \cite{Krei99,Wal90}. 
A {\em decomposition tree} of a formula $\VPA$ is its representation
as a syntactic tree with nodes called {\em positions}. A position $\pu$
exactly identifies a subformula of $\VPA$ denoted $\pf(\pu)$. 
An {\em atomic position} is a position for an atomic formula. If $\pu$
is a non-atomic position the principal connective of $\pf(\pu)$ is
denoted $\ppc(\pu)$. Moreover such a position corresponds to an
internal node and we denote $\pfille{\pu}{i}$ with $i \in \ens{1,2}$ 
the position of the \nieme{i} child of the node corresponding to $\pu$
and then $\pfilles{\pu} = \ensc{\pv}{(\exists
i\in\NAT)(\pv=\pfille{\pu}{i})}$. If $\pu$ is not a root position we 
say that $\pu$ is of rank $\pr(\pu) = i$ if $\pu$ is the \nieme{i}
child of its father position denoted by $\pmere{\pu}$.

The decomposition tree induces a partial order  $\synred$ on the
positions such that the root is the least element and if
$\pu\synred\pv$ then $\pu$ dominates $\pv$ in the tree or in the
formula (from now on we do not distinguish a formula $\VPA$ from its
decomposition tree). Then we denote $\pasc[\pu]$ the set
$\ensc{\pv}{\pv \in \VPA \ and \ \LEQT{\pv}{\pu}}$ of upward
positions of $\pu$ and $\pdesc[\pu]$ the set $\ensc{\pv}{ \pv \in \VPA
\ and \ \LEQT{\pu}{\pv}}$ of its downward positions. 
The notations $\pasc$ and $\pdesc$ are easily generalized to a set
$\pat$ of positions by $\pasc[\pat] = \ensc{ \pu }{ \pu \in \pasc[\pv]
\ and \ \pv\in\pat }$ and $\pdesc[\pat] = \ensc{ \pu }{ \pu \in
\pdesc[\pv] \ and \ \pv\in\pat }$.

For each position, we assign a polarity $\pp(\pu)$ but also a
principal type $\ppt(\pu)$ and a secondary type
$\pst(\pu)$. Therefore, we have different principal types depending on
the connective and the associated polarity. 
We define two principal types named $\pia,\pib$. 
Given a set of positions $p$, 
$\Pia(p)=\ens{\pu\mid\pu\in p \mbox{ and } \ppt(\pu)=\pia}$ is the 
set of positions of type $\pia$ and
$\Pib(p)=\ens{\pu\mid\pu\in p \mbox{ and }  \ppt(\pu)=\pib}$ is the
set of positions of type $\pib$.\\
Moreover we consider the
following sets of secondary type positions:
for $i$ in $\ens{1,2}$, 
$\Sia_i(p)=\ens{\pu\mid\pu\in p \mbox{ and } \pst(\pu)=\pia_i}$, 
$\Sib_i(p)=\ens{\pu\mid\pu\in p \mbox{ and } \pst(\pu)=\pib_i}$ and
$\Sia(p)=\Sia_1(p)\cup\Sia_2(p)$, $\Sib(p)=\Sib_1(p)\cup\Sib_2(p)$.

Depending on the principal type, we associate a label $\pl(\pu)$ and
sometimes a constraint $\pk(\pu)$ to a position $\pu$. Such a label is
either a position or a position with a tilde in order to identify 
the formula that introduced the label. 
We define constraints in order to 
capture context-splitting. The {\em labelled signed formula}
$\plsf(\pu)$ of a position $\pu$ is a triple
$(\pl(\pu),\pf(\pu),\pp(\pu))$ and is denoted
$\fls{\pp(\pu)}{\pf(\pu)}{\pl(\pu)}$.
The construction of an indexed formula tree is obtained by
inductively applying the rules described in Figure~\ref{tabMILL:matrix-rules}. 

\begin{figure}[!htp]
\[
\begin{array}{l@{\qquad}c@{\qquad}l@{\qquad}l@{\qquad}l@{\qquad}l}
\toprule
\plsf(\pu) & \ppt(\pu) & \pk(\pu) & \plsf(\pu[1]) & \plsf(\pu[2]) 
\\
\midrule
\fls{0}{(\VPA\BImimp\VPB)}{\labx} & \pia & \kmimp{\labx}{\pu}{\tilde{\pu}} & 
\fls{1}{\VPA}{\pu} & \fls{0}{\VPB}{\tilde{\pu}}
\\ 
\fls{1}{(\VPA\BImand\VPB)}{\labx} & \pia & \kmand{\pu}{\tilde{\pu}}{\labx} & 
\fls{1}{\VPA}{\pu} & \fls{1}{\VPB}{\tilde{\pu}} 
\\ 
\fls{1}{(\VPA\BImimp\VPB)}{\labx} & \pib & \kmimp{\labx}{\pu}{\tilde{\pu}} & 
\fls{0}{\VPA}{\pu} & \fls{1}{\VPB}{\tilde{\pu}}
\\ 
\fls{0}{(\VPA\BImand\VPB)}{\labx} & \pib & \kmand{\pu}{\tilde{\pu}}{\labx} & 
\fls{0}{\VPA}{\pu} & \fls{0}{\VPB}{\tilde{\pu}} 
\\ 
\bottomrule
\end{array}
\]
\caption{Signed formulae for \MILL}
\label{tabMILL:matrix-rules} 
\end{figure}

For a given formula $\VPA$ the root position $\p{0}$ has a polarity 
$\pp(\p{0})=0$, a label $\pl(\p{0})=\neu$ and the signed formula
$\fls{0}{(\VPA)}{\neu}$ where $\neu$ is the identity of label
composition. $\pu[1]$ and $\pu[2]$ are respectively the first and
second subpositions. The principal type of a position  $\pu$
depends on its principal connective and polarity.

The constraints associated to $\pia$-positions are called
\emph{assertions} while those associated to $\pib$-positions 
are called \emph{requirements}.
The atomic labels introduced by positions of principal type
$\pia$ (resp. $\pib$) are called constants (resp. variables).
Given a set of positions $p$, the associated sets of
assertions and requirements are
$\Ka(p)=\ens{\pk(\pu) \mid \pu\in\Pia(p)}$ and
$\Kb(p)=\ens{\pk(\pu) \mid \pu\in\Pib(p)}$ respectively.
The associated sets of constants and variables are then
defined as $\Lpa(p)=\ens{ x \mid x \text{ occurs in } \Ka(p)}$ and
$\Lpb(p)=\ens{ x \mid x \text{ occurs in } \Kb(p)}$.
We set $\Lpab(p) = \Lpa(p) \cup \Lpb(p)$ and
define $\CLA(p)$, $\CLB(p)$ and $\CLAB(p)$ as the sets of atomic and 
compound labels generated by $\Lpa(p)$, $\Lpb(p)$ and $\Lpab(p)$ respectively.
For readability, we omit the set of positions $p$ in notations whenever
$p$ is the set $\POS$ of all positions.


\subsubsection{An Example (part 1)}


\newcommand{\tlsf}[3]{{\footnotesize \ensuremath{\lsf{#1}{#2}{#3}}}}
\newcommand{\tp}[1]{{\footnotesize \ensuremath{\p{#1}}}}

\begin{figure}[t] 
\begin{center}
\begin{tikzpicture}[level distance=28pt]
\tikzstyle{level 1}=[sibling distance=3.75cm]
\tikzstyle{level 2}=[sibling distance=1.25cm]
\tikzstyle{level 3}=[sibling distance=1.25cm]
\tikzstyle{level 4}=[sibling distance=1.25cm]
\tikzstyle{edge from parent}=[->,draw]
\node (a) { \tlsf{\pF}{\BImimp}{\neuL} } [grow'=up]
child { node { \tlsf{\pT}{\BImand}{\p{0}} }
	child { node (x) { \tlsf{\pT}{\VPP}{\p{1}} } } 
	child { node (-a) { \tlsf{\pT}{\BImand}{\ps{1}} }
		child { node { \tlsf{\pT}{\BImimp}{\p{3}} }
			child { node { \tlsf{\pF}{\VPQ}{\p{4}} } }
			child { node { \tlsf{\pT}{\VPR}{\ps{4}} } }
		}
		child { node { \tlsf{\pT}{\VPS}{\ps{3}} } }
	}
}
child { node (-x) { \tlsf{\pF}{\BImand}{\ps{0}} }
	child { node { \tlsf{\pF}{\BImand}{\p{8}} }
		child { node { \tlsf{\pF}{\VPP}{\p{9}} } } 
		child { node (appui) { \tlsf{\pF}{\BImimp}{\ps{9}} }
			child { node { \tlsf{\pT}{\VPQ}{\p{11}} } } 
			child { node { \tlsf{\pF}{\VPR}{\ps{11}} } } 
		} 
	}
	child { node { \tlsf{\pF}{\VPS}{\ps{8}} }   
	}
};
\end{tikzpicture}
\qquad
\begin{tikzpicture}[level distance=28pt]
\tikzstyle{level 1}=[sibling distance=3.75cm]
\tikzstyle{level 2}=[sibling distance=1.25cm]
\tikzstyle{level 3}=[sibling distance=1.25cm]
\tikzstyle{level 4}=[sibling distance=1.25cm]
\tikzstyle{edge from parent}=[->,draw]
\node (a) { \tp{0} } [grow'=up]
child { node { \tp{1} }
	child { node (x) { \tp{2} } } 
	child { node (-a) { \tp{3} }
		child { node { \tp{4} }
			child { node { \tp{5} } }
			child { node { \tp{6} } }
		}
		child { node { \tp{7} } }
	}
}
child { node (-x) { \tp{8} }
	child { node { \tp{9} }
		child { node { \tp{10} } } 
		child { node (appui) { \tp{11} }
			child { node { \tp{12} } } 
			child { node { \tp{13} } } 
		} 
	}
	child { node { \tp{14} }   
	}
};
\end{tikzpicture}
\end{center}
{\footnotesize
\[
\begin{array}{l@{\quad}c@{\quad}l@{\quad}c@{\quad}c@{\quad}c@{\quad}c}
\toprule
u    & \pp(u)  & \pf(u)  & \ppt(u)  & \pst(u)  & \pl(u)  & \pk(u) 
\\ \midrule
\p{0}  & 0 & \exmil  & \pia & -      & \neu & 
	\kmimp{\neu}{\p{0}}{\ps{0}} \\
\p{1}  & 1 & \exmhil & \pia & \pia_1 & \p{0} & 
	\kmand{\p{1}}{\ps{1}}{\p{0}} \\
\p{2}  & 1 & \exmcil & -    & \pia_1 & \p{1} & - \\
\p{3}  & 1 & \exmjil & \pia    & \pia_2 & \ps{1} & 
	\kmand{\p{3}}{\ps{3}}{\ps{1}} \\
\p{4}  & 1 & \exmdil & \pib & \pia_1 & \p{3} & 
	\kmimp{\p{3}}{\p{4}}{\ps{4}} \\
\p{5}  & 0 & \exmeil & -    & \pib_1 & \p{4} & - \\
\p{6}  & 1 & \exmfil & -    & \pib_2 & \ps{4} & - \\
\p{7}  & 1 & \exmgil & -    & \pia_2 & \ps{3} & - \\
\p{8}  & 0 & \exmail & \pib & \pia_2 & \ps{0} & 
	\kmand{\p{8}}{\ps{8}}{\ps{0}} \\
\p{9}  & 0 & \exmbil & \pib & \pib_1 & \p{8} & 
	\kmand{\p{9}}{\ps{9}}{\p{8}} \\
\p{10} & 0 & \exmiil & -    & \pib_1 & \p{9} & - \\
\p{11} & 0 & \exmkil & \pia & \pib_2 & \ps{9} & 
	\kmimp{\ps{9}}{\p{11}}{\ps{11}} \\
\p{12} & 1 & \exmlil & -    & \pia_1 & \p{11} & - \\
\p{13} & 0 & \exmmil & -    & \pia_2 & \ps{11} & - \\
\p{14} & 0 & \exmnil & -    & \pib_2 & \ps{8} & - \\
\bottomrule
\end{array}
\]
}
\caption{Indexed formula tree of $\exmil$}
\label{fig:MILL-example}
\end{figure}

Let us consider the formula $\VPA \equiv \exmil$ that is represented as
a syntax tree each node of which being identified with a position (see
the tree at the righthand side of Figure~\ref{fig:MILL-example}). 
Moreover, we can associate an indexed formula
tree (with labelled signed formulae as nodes), inductively built from
$\fls{0}{(\VPA)}{\neu}$ and the rules of 
Figure~\ref{tabMILL:matrix-rules}. This tree is the one at the lefthand side of
Figure~\ref{fig:MILL-example}. In parallel, we have the generation of
constraints for the positions of principal type $\pia$ and $\pib$ (see
$\pk(u)$ in the table of Figure~\ref{fig:MILL-example}).  Then, in this
case we can deduce that  $\Pia = \ens{\p{0},\p{1},\p{3},\p{11}}$,
$\Pib = \ens{\p{4},\p{8},\p{9}}$, $\Sia_1 =
\ens{\p{1},\p{2},\p{4},\p{12}}$, $\Sib_1 = \ens{\p{5},\p{9},\p{10}}$,
$\Sia_2 = \ens{\p{3},\p{7},\p{8},\p{13}}$, $\Sib_2 =
\ens{\p{6},\p{11},\p{14}}$. 
In addition the assertions and requirements are  
\[
\begin{array}{l}
\Ka =\ens{
\kmimp{\neuL}{\p{0}}{\ps{0}}{},
\kmand{\p{1}}{\ps{1}}{\p{0}},
\kmand{\p{3}}{\ps{3}}{\ps{1}},
\kmimp{\ps{9}}{\p{11}}{\ps{11}}
}\\
\Kb =\ens{
\kmand{\p{8}}{\ps{8}}{\ps{0}},
\kmand{\p{9}}{\ps{9}}{\p{8}},
\kmimp{\p{3}}{\p{4}}{\ps{4}}
}
\end{array}
\]
The constants and variables are
\[ 
\Lpa = \ens{\p{0},\ps{0}, \p{1},\ps{1}, \p{3},\ps{3}, \p{11},\ps{11} }
\qquad
\Lpb = \ens{\p{4}, \ps{4}, \p{8},\ps{8}, \p{9},\ps{9} }.
\]


\subsection{Paths and Connections}

In this section, we adapt the standard notions of path,
connection and spanning set of connections in the context
of labels and constraints. 

\begin{definition}[Paths]
\label{def:paths}
Let $\VPAmu$ be an indexed formula.
The set of {\em paths} in $\VPAmu$ is inductively defined as
follows: 
\begin{enumerate}
\item $\ens{\p{0}}$ is a path, where $\p{0}$ is the root position. 
\item If $\pat$ is a path such that $\pu \in \pat$ then 
\begin{itemize}
\item if $\ppt(\pu) \in \ens{\pia}$ then $\pat \bs \ens{\pu} \cup
\ens{ \pfille{\pu}{1}, \pfille{\pu}{2} }$ is a path, 
\item if $\ppt(\pu)\in\ens{\pib}$ then $\pat \bs \ens{\pu} \cup
\ens{ \pfille{\pu}{1} }$ and $\pat \bs \ens{\pu} \cup \ens{ \pfille{\pu}{2} }$ are paths\footnote{ Let us remark that the branching indicates non-determinism.}. 
\end{itemize}
\end{enumerate}
\end{definition}

\newcommand{\tens}[1]{{\footnotesize \ensuremath{\ens{#1}}}}

\begin{figure}[t]
\begin{center}
\begin{tikzpicture}[level distance=22pt]
\tikzstyle{level 1}=[sibling distance=3.75cm]
\tikzstyle{level 2}=[sibling distance=1.25cm]
\tikzstyle{level 3}=[sibling distance=1.25cm]
\tikzstyle{level 4}=[sibling distance=4.75cm]
\tikzstyle{level 5}=[sibling distance=2.25cm]
\tikzstyle{edge from parent}=[draw]
\node (a) { \tens{\ul{\p{0}}} } [grow'=down]
child { node { \tens{\ul{\p{1}},\p{8}} }
	child { node (-a) { \tens{\p{2},\ul{\p{3}},\p{8}} }
		child { node { \tens{\p{2},\ul{\p{4}},\p{7},\p{8}} }
			child { node { \tens{\p{2},\p{6},\p{7},\ul{\p{8}}} } 
				child { node { \tens{s',\p{14}} } }
				child { node { \tens{s',\ul{\p{9}}} } 
					child { node { \tens{s',\ul{\p{11}}} }
						child { node { \tens{s',\p{12},\p{13}} } } 
					}
					child { node { \tens{s',\p{10}} }	
					}
				}
			}
			child { node { \tens{\p{2},\p{5},\p{7},\ul{\p{8}}} } 
				child { node { \tens{s,\p{14}} } }
				child { node { \tens{s,\ul{\p{9}}} } 
					child { node { \tens{s,\ul{\p{11}}} }
						child { node { \tens{s,\p{12},\p{13}} } }  
					}
					child { node { \tens{s,\p{10}} } }
				}
			}
		}
	}
};
\end{tikzpicture}
\end{center}
\caption{Path reduction with 
$s = \p{2},\p{5},\p{7}$ and $s' = \p{2},\p{6},\p{7}$}
\label{fig:paths}
\end{figure}

We say that a path $\pat'$ in $\VPAmu$ is obtained from a path $\pat$
by \emph{reduction} on the indexed position~$\pu$ if it results from 
$\pat$ using the second clause of Definition \ref{def:paths}. 
An {\em atomic path} is a path that only contains atomic indexed
positions. Consequently an atomic path is non-reducible and is always a leaf of
a path reduction tree. 
A {\em configuration} of $\VPAmu$ is a finite set of paths in $\VPAmu$. 

\begin{definition}[Reduction]
A {\em reduction} of an indexed formula $\VPAmu$ is a finite sequence
$\Red{1}{n}$ of configurations in $\VPAmu$ such that $\cfg_{i+1}$ is
obtained from $\cfg_i$ by reduction of a position $\pu$ in a path $s$
of $\cfg_i$ following Definition \ref{def:paths}. We say that
$\cfg_{i+1}$ is obtained by reduction of $\cfg_{i}$ of $u$ in $s$. 
A reduction $\Red{1}{n}$ is said {\em atomic} if all the paths of
$\cfg_n$ are atomic.
\end{definition}

\begin{definition}[Connection]
\label{def:MILL-connection}
Let $\VPAmu$ be an indexed formula, a \emph{connection} $c$ in $\VPAmu$ is:
\begin{enumerate}
\item a pair $\con{\pu}{\pv}$ of atomic positions such that
$\pf(\pu)=\pf(\pv)$, $\pp(\pu)=1$ and $\pp(\pv)=0$, or
\item a pair $\con{\p{0}}{\pv}$ such that $\pf(\pv) = \BImtop$ and
$\pp(\pv)=0$.
\end{enumerate}
The first case corresponds to an atomic axiom rule $(\BIax)$ in {\LMILL}, 
while the second one corresponds to the rule $\BImtop_R$.
Let us also note that the first position of a connection is the one 
with the positive polarity.
\end{definition}

We denote $\CON$ the set of connections in $\VPAmu$.
The constraint $\pk(\cnx)$ associated to a connection
$\cnx = \con{\pu}{\pv}$ is defined as
$\pk(\cnx)=\kontr{\pl(\pu)}{\pl(\pv)}$.  
For a $\BImtop$-connection
$\cnx =  \con{\p{0}}{\pv}$ we have
$\pk(\con{\p{0}}{\pv}) = \kontr{\neuL}{\pl(\pv)}$ since $\pl(\p{0}) =
\neuL$. 
In order to distinguish these constraints from the assertions and
requirements they are called \emph{connection constraints}. 
Moreover, the notions of upward and downward positions are extended to
connections as follows: $\pascopt{\cnx}=\pascopt{\ens{\pu,\pv}}$ and
$\pdescopt{\cnx}=\pdescopt{\ens{\pu,\pv}}$.

\begin{definition}[{\MILL}-cover]
\label{def:MILL-cover}
Let $\VPAmu$ be an indexed formula, a connection $\cnx = \con{\pu}{\pv}$
in $\VPAmu$ \emph{covers} a path $s$ in $\VPAmu$, denoted
$\LEQC{\cnx}{\pat}$, if $\pv \in \pat \ and \ (\pu\not=\p{0} \imp
\pu\in\pat)$.
Let $S$ be a set of paths in $\VPAmu$, 
a \emph{cover} of $S$ is a set  
$C=\ensc{(s,\con{\pu}{\pv})}{s\in S \text{ and } \con{\pu}{\pv}\in\Con \text{ and } \LEQC{\con{\pu}{\pv}}{s}}$ such that 
\begin{center}
$(s,\con{\pu}{\pv})\in C$ and $(s,\con{\pu'}{\pv'})\in C$ $\imp$
$\pu=\pu'$ and $\pv=\pv'$.  
\end{center}
A \emph{cover of} $\VPAmu$ is a cover of the set of atomic paths
in $\VPAmu$. 
\end{definition}


\subsubsection{An Example (part 2)} 

The reduction of the initial path $\ens{\p{0}}$ results in 
six atomic paths as depicted in Figure~\ref{fig:paths}. 
At each step, we indicate the position which is reduced with an underscore. 
For conciseness, we write $s$ and $s'$ as shortcuts for 
$\p{2},\p{5},\p{7}$ and $\p{2},\p{6},\p{7}$.
The set $\spn = $
\[
\ens{(\pat_1,\con{\p{2}}{\p{10}}),
     (\pat_2,\con{\p{12}}{\p{5}}),
     (\pat_3,\con{\p{7}}{\p{14}}),
     (\pat_4,\con{\p{2}}{\p{10}}),
     (\pat_5,\con{\p{6}}{\p{13}}),
     (\pat_6,\con{\p{7}}{\p{14}}) }
\]
covers all atomics paths.
Indeed,
$\con{\p{2}}{\p{10}}$ covers paths $\pat_1$ and $\pat_4$,
$\con{\p{12}}{\p{5}}$ covers the path $\pat_2$,
$\con{\p{7}}{\p{14}}$ covers the path $\pat_3$ and $\pat_6$,
$\con{\p{6}}{\p{13}}$ covers the path $\pat_5$.
We observe that connections $\con{\p{2}}{\p{10}}$ and
$\con{\p{7}}{\p{14}}$ cover two atomic paths at the same time.

\subsection{Characterizing {\MILL}-Provability}
\label{subsec:BIchar}

In this section we define a connection-based characterization
of {\MILL}-provability which relies on 
the notions of substitution and certification. 

\begin{definition}[Substitution]
\label{def:MILL-substitution}
Let $\VPAmu$ be an indexed formula. A \emph{substitution for $\VPAmu$} 
is an application $\CBIsigma:\Lpb \rightarrow \CLA$, that can be 
extended to labels and constraints as follows:
\begin{itemize}
\item{$\CBIsubst{x} =x$ if $x$ is a constant or if $x = \neuL$,
}
\item{$\CBIsubst{(x\ronl y)}= \CBIsubst{x} \ronl \CBIsubst{y}$,
}
\item{$\CBIsubst{(\kontr{x}{y})}=\kontr{\CBIsubst{x}}{\CBIsubst{y}}$.
}
\end{itemize}
\end{definition}

Moreover a substitution $\CBIsigma$ for an indexed formula $\VPAmu$
induces an \emph{instantiation relation} on indexed positions, denoted 
$\cbirel$, such that
\begin{center}
$(\forall \pu,\pv \in \POS)(\CBIREL{\pu}{\pv}$ iff $\pv\in\CPb$ and
$(\subL{\pu}{\CBIsubst{\pv}}$ or $\subL{\psu}{\CBIsubst{\pv})}.$
\end{center}

\begin{definition}[Certification]
\label{def:MILL-certif}
Let $\VPAmu$ be an indexed formula. A \emph{certification for $\VPAmu$}
is an application $\gamma:\Pib\rightarrow\wp(\Pia)$ that associates
a set of $\pia$-positions with any $\pib$-position in $\VPAmu$.
\end{definition}

A certification $\gamma$ for an indexed formula $\VPAmu$ induces 
a \emph{deduction relation} on indexed positions, denoted $\cbicer$,
such that
\begin{center}
$(\forall \pu,\pv \in \POS)(\CBICER{\pu}{\pv}$ iff $\pv\in\CPb$ and
$\pu\in \CBIcerti{\pv}).$ 
\end{center}

An expression $\CBICER{\pu}{\pv}$ means that $\pv$ is deduced from
$\pu$ (in $\VPAmu$). 
The relations of domination, instantiation and deduction induce 
a \emph{reduction relation} $\cbired = \TC[\leqT \cup \cbirel \cup
\cbicer]$ where $\TC$ represents the transitive closure. 
An expression $\CBIRED{\pu}{\pv}$ means that $\pu$ must be reduced
before $\pv$ (in $\VPAmu$). 
Now we can express the provability conditions in terms of
connections. 

\begin{definition}[Complementarity]
\label{def:MILL-complement}
Let $\pat$ be a path in an indexed formula $\VPAmu$ and
$\sigma$ be a substitution, a connection $\cnx$ in~$\VPAmu$ 
is \emph{complementary in $\pat$ under $\sigma$} if
$\LEQC{\cnx}{\pat}$ and $\acc{ \CBIsubst{\Ka(\patup)} }{
\CBIsubst{\pk(\cnx)} }$.
A path $\pat$ is \emph{complementary under} $\sigma$ if there exists
a connection that is complementary in $\pat$  under~$\sigma$.
A cover $\spn$ of a set of paths in $\VPAmu$ is
\emph{complementary under} $\sigma$ if $(\forall (\pat,\cnx) \in
\spn)$ $\cnx$ is complementary in $\pat$ under $\sigma$.
\end{definition}

\newcommand{\CMILL}{\acronyme{CMILL}}

\begin{definition}[Provability]
\label{def:MILL-provability} 
A formula $\VPA$ is \emph{provable} if there exist a cover $C$ of the 
set of atomic paths of $\VPAmu$, a substitution $\sigma$ and 
a certification $\gamma$ for $\VPAmu$ such that:
\begin{enumerate}
\item the reduction relation $\cbired$ is irreflexive,\hfill$(C1)$
\item $\forall (s,\con{\pu}{\pv})\in C, \forall \pw \in
\Pib(\pascopt{s}), \pw \gamma \subseteq \Pia(\patup)$,\hfill$(C2)$
\item $\forall (s,\con{\pu}{\pv})\in C, \forall \pw \in
\Pib(\pascopt{s}),
\acc{\CBIsubst{\kon(\pw \gamma)}}{\CBIsubst{\kon(\pw)}}$,\hfill$(C3)$
\item $\forall (s,\con{\pu}{\pv})\in C, \forall x \in
\Lpb(\pascopt{s}), \CBIsubst{x} \in \CLA(\patup)$,\hfill$(C4)$
\item $\forall (s,\con{\pu}{\pv})\in C, \con{\pu}{\pv}$
is complementary in $\pat$ under $\sigma$.\hfill$(C5)$
\end{enumerate}
\end{definition}

The first condition induces the acyclicity of the graph associated to
$\cbired$ and then the existence of a reduction (decomposition) order
of the formula $\VPAmu$ that respects the precedence constraints between
$\pia$ and $\pib$ positions. 
The second and third conditions ensure that, in an atomic path~$\pat$, 
every requirement introduced by a position of principal type~$\pib$ 
must be introduced before the two positions of the connection 
that makes the path~$\pat$ complementary and should be 
certified by assertions corresponding to positions of principal 
type~$\pia$ that can be reduced before this requirement 
in a reduction from the initial path 
$\ens{\p{0}}$ to $\pat$.
In a similar way the fourth condition means that each variable, 
introduced before reaching the connection that makes an atomic path
complementary, is instantiated by a label composed  from constants
that can be reduced before this variable in a reduction from the
initial path $\ens{\p{0}}$ to $\pat$.

\subsubsection{An Example (part 3)}

The reduction path process from $\ens{\p{0}}$ provides the following
atomic paths:\\
$s_1 = \ens{\p{2},\p{5},\p{7},\p{10}}$,
$s_2 = \ens{\p{2},\p{5},\p{7},\p{12},\p{13}}$,
$s_3 = \ens{\p{2},\p{5},\p{7},\p{14}}$,
$s_4 = \ens{\p{2},\p{6},\p{7},\p{10}}$,
$s_5 = \ens{\p{2},\p{6},\p{7},\p{12},\p{13}}$ and
$s_6 = \ens{\p{2},\p{6},\p{7},\p{14}}$.\\
From the following cover $C=$
\[
\ens{(s_1,\con{\p{2}}{\p{10}}),(s_2,\con{\p{12}}{\p{5}}),
(s_3,\con{\p{7}}{\p{14}}),(s_4,\con{\p{2}}{\p{10}}),
(s_5,\con{\p{6}}{\p{13}}),(s_6,\con{\p{7}}{\p{14}})
}
\]
we generate the set of constraints:
\[
\K_C= \ens{
(s_1,\kontr{\p{1}}{\p{9}}),
(s_2,\kontr{\p{11}}{\p{4}}), 
(s_3,\kontr{\ps{3}}{\ps{8}}),
(s_4,\kontr{\ps{1}}{\ps{9}}),
(s_5, \kontr{\ps{4}}{\ps{11}})
(s_6,\kontr{\ps{3}}{\ps{8}})
}.
\]
Then we consider the substitution:
\[
\CMILLsubst{\p{9}} = \p{1},\quad  
\CMILLsubst{\p{4}} = \p{11},\quad 
\CMILLsubst{\ps{8}} = \ps{3},\quad 
\CMILLsubst{\ps{4}} = \ps{11},\quad 
\CMILLsubst{\p{8}} = X,\quad 
\CMILLsubst{\ps{9}} = Y
\]
Then we solve the following requirements:
\begin{itemize}
\item[1)] $\acc{\kmimp{\neuL}{\p{0}}{\ps{0}},\, 
\kontr{\p{1}\ps{1}}{\p{0}},\,
\kontr{\p{3}\ps{3}}{\ps{1}},\, 
\kmimp{Y}{\p{11}}{\ps{11}}} 
{\kmimp{\p{3}}{\p{11}}{\ps{11}}}$
\item[2)] $\acc{\kmimp{\neuL}{\p{0}}{\ps{0}},\, 
\kontr{\p{1}\ps{1}}{\p{0}},\,
\kontr{\p{3}\ps{3}}{\ps{1}},\, \kmimp{Y}{\p{11}}{\ps{11}}}
{\kontr{X \ps{3}}{\ps{0}}}$
\item[3)] $\acc{\kmimp{\neuL}{\p{0}}{\ps{0}},\, 
\kontr{\p{1}\ps{1}}{\p{0}},\,
\kontr{\p{3}\ps{3}}{\ps{1}},\, \kmimp{Y}{\p{11}}{\ps{11}}}
{\kontr{\p{1} Y}{X}}$
\end{itemize}
From 1) we directly deduce $Y=\p{3}$ and also
$\CMILLcerti{\p{4}} = \ens{\p{11}}$. The requirement in 1) is the one of the
position $\p{4}$ and in order to verify it we use the assertion
$\kmimp{\p{3}}{\p{11}}{\ps{11}}$ of position $\p{11}$. From 3) we
deduce a trivial solution for $X$ that is $X=\p{1}\p{3}$ and also that
$\CMILLcerti{\p{9}}=\emptyset$. 
Requirement 2) is verified because we
have:
\[
\initseq{metaA}{$\kontr{\p{3}\ps{3}}{\ps{1}}$}
\initseq{metaB}{$\kontr{\p{1}}{\p{1}}$}
\initseq{metaC}{$\kontr{\p{1}\ps{1}}{\p{0}}$}
\initseq{metaD}{$\kontr{\neuL\p{0}}{\ps{0}}{}$}
\seqII{metaA}{metaB}{metaA}{$\kontr{\p{1}\p{3}\ps{3}}{\p{1}\ps{1}}$}{$F$}
\seqII{metaA}{metaA}{metaC}{$\kontr{\p{1}\p{3}\ps{3}}{\p{0}}$}{$T$}
\seqII{metaA}{metaA}{metaD}{$\kontr{\p{1}\p{3}\ps{3}}{\ps{0}}$}{$T$}
\showseq{metaA}
\]
and then we deduce $\CMILLcerti{\p{8}}=\ens{\p{0},\p{1},\p{3}}$ since 
$\kmimp{\neuL}{\p{0}}{\ps{0}}$, $\kontr{\p{1}\ps{1}}{\p{0}}$,
$\kontr{\p{3}\ps{3}}{\ps{1}}$ are the respective assertions of
$\p{0},\p{1},\p{3}$.

In order to verify the conditions $(C2)$ to $(C5)$, let us consider the
following table:
\[
\begin{array}{l@{\quad}l@{\quad}l@{\quad}l@{\quad}l}
\toprule
(\pat,\con{\pu}{\pv}) & \CPb(\pascopt{\ens{\pu,\pv}})
                      & \CPa(\patup)
                      & \CLb(\pascopt{\ens{\pu,\pv}})
                      & \CLa(\patup) \\
\midrule
(s_1,\con{\p{2}}{\p{10}})& \p{8},\p{9}     & \p{0},\p{1},\p{3} & 
     \p{8},\ps{8},\p{9},\ps{9} & \p{0},\ps{0},\p{1},\ps{1},\p{3},\ps{3}
\\
(s_2,\con{\p{12}}{\p{5}})&\p{4},\p{8},\p{9} & \p{0},\p{1},\p{3}, \p{11} &
     \p{4},\ps{4},\p{8},\ps{8},\p{9},\ps{9}  &
\ps{0},\p{1},\ps{1},\p{3},\ps{3},\p{11},\ps{11}
\\ 
(s_3,\con{\p{7}}{\p{14}})& \p{8},\p{9}    & \p{0},\p{1},\p{3} & 
     \p{8},\ps{8} & \p{0},\ps{0},\p{1},\ps{1},\p{3},\ps{3}
\\
(s_4,\con{\p{2}}{\p{10}})& \p{8},\p{9}     & \p{0},\p{1},\p{3} & 
     \p{8},\ps{8},\p{9},\ps{9} & \p{0},\ps{0},\p{1},\ps{1},\p{3},\ps{3}
\\
(s_5,\con{\p{6}}{\p{13}})&\p{4},\p{8},\p{9} & \p{0},\p{1},\p{3}, \p{11} &
     \p{4},\ps{4},\p{8},\ps{8},\p{9},\ps{9}  &
\ps{0},\p{1},\ps{1},\p{3},\ps{3},\p{11},\ps{11}
\\ 
(s_6,\con{\p{7}}{\p{14}})& \p{8},\p{9}    & \p{0},\p{1},\p{3} & 
     \p{8},\ps{8} & \p{0},\ps{0},\p{1},\ps{1},\p{3},\ps{3}
\\
\bottomrule
\end{array}
\]
We have $\CMILLcerti{\p{9}}=\emptyset\subseteq\Pia(\patup)$ for all
paths $s\in\ens{s_1,s_2,s_4,s_5,s_6}$ and
$\CMILLcerti{\p{8}}=\ens{\p{0},\p{1},\p{3}}\subseteq\Pia(\patup)$ for all
paths  $s\in\ens{s_1\dots s_6}$. Moreover, for all paths $s\in\ens{s_2,s_5}$,
$\CMILLcerti{\p{4}}=\ens{\p{11}}\subseteq\Pia(\patup)$. Then the condition
$(C2)$ is verified.
In addition, for all paths
$s\in\ens{s_1,s_2,s_4,s_5}$ we have
$\CMILLsubst{\p{9}} = \p{1}\in\CLA(\patup)$ and 
$\CMILLsubst{\ps{9}}=\p{3}\in\CLA(\patup)$ for all paths
$s\in\ens{s_1,s_2,s_3,s_4,s_5,s_6}$  we have
$\CMILLsubst{\p{8}}=\p{1}\p{3}\in\CLA(\patup)$ and
$\CMILLsubst{\ps{8}}=\ps{3}\in\CLA(\patup)$, and for all paths
$s\in\ens{s_2,s_5}$ we have $\CMILLsubst{\p{4}}=\p{11}\in\CLA(\patup)$ 
and $\CMILLsubst{\ps{4}}=\ps{11}\in\CLA(\patup)$.

The last thing to do is to compute the reduction relation  $\cbired$ that is obtained
by the transitive closure of the domination relation $\synred$, the
instantiation relation $\sigred$ and the deduction relation~$\sigred$. 
The instantiation relation induced by $\sigma$ is 
\[
\p{1}\sigred\p{9},\p{3}\sigred\p{9},\p{1}\sigred\p{8},\p{11}\sigred\p{4}
\]
and the deduction relation induced by $\gamma$ is 
\[
\p{0}\sigred\p{8},\p{1}\sigred\p{8},\p{3}\sigred\p{8},\p{11}\sigred\p{4}.
\]
The reduction relation $\cbired$ is represented in Figure
\ref{fig:MILL-example-red}. As the graph is acyclic, $\VPAmu$ is valid
in \MILL.

\begin{figure}[t]
\begin{center}
\begin{tikzpicture}[level distance=28pt]
\tikzstyle{level 1}=[sibling distance=3.75cm]
\tikzstyle{level 2}=[sibling distance=1.25cm]
\tikzstyle{level 3}=[sibling distance=1.25cm]
\tikzstyle{level 4}=[sibling distance=1.25cm]
\tikzstyle{edge from parent}=[->,draw]
\node (a) { \tp{0} } [grow'=up]
child { node { \tp{1} }
	child { node (a2) { \tp{2} } } 
	child { node (a3) { \tp{3} }
		child { node (a4) { \tp{4} }
			child { node { \tp{5} } }
			child { node { \tp{6} } }
		}
		child { node { \tp{7} } }
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}
child { node (a8) { \tp{8} }
	child { node { \tp{9} }
		child { node { \tp{10} } } 
		child { node (a11) { \tp{11} }
			child { node { \tp{12} } } 
			child { node { \tp{13} } } 
		} 
	}
	child { node { \tp{14} }   
	}
};
\draw[dashed, ->] (a11.west) to [bend right=40] (a4.east); 	
\draw[dashed, ->] (a3) to (a8); 	
\end{tikzpicture}
\end{center}
\caption{Reduction order for
$(\VPP\BImand((\VPQ\BImimp\VPR)\BImand\VPS)\BImimp
((\VPP\BImand(\VPQ\BImimp\VPR))\BImand\VPS)$} 
\label{fig:MILL-example-red}
\end{figure}

\section{Properties of the Characterization}

In this section we prove the soundness and completeness of characterization
given in Definition~\ref{def:MILL-provability}.
The completeness is proved by showing that any
formula provable in the {\LMILL} sequent calculus is also provable according
to the connection-based characterization ({\CMILL}-provable).  

\begin{definition}[Complete reduction]
Let $\VPAmu$ be an indexed formula and $C$ be a cover of $\VPAmu$, a reduction
$\Red{1}{n}$ in $\VPAmu$ is {\em complete} for $C$ if $C$ is a cover of
$\cfg_n$. 
\end{definition}

\begin{definition}[Proper reduction]
Let $\VPAmu$ be an indexed formula and $\sigma$ be a substitution
for $\VPAmu$, a reduction $\Red{1}{n}$ is {\em $\sigma$-proper} iff
\begin{enumerate}
\item $\forall S \in \Red{1}{n}, \forall s \in S,
\acc{\CBIsubst{\Ka(\patup)}}{\CBIsubst{\Kb(\patup)}}$ and
\item $\forall S \in \Red{0}{n}, \forall s \in S, \forall x \in
\Lpb(\patup), \CBIsubst{x} \in \CLA(\patup)$.
\end{enumerate}
\end{definition}

\newcommand{\realc}[2][\CBIsigma]{\real[#1]{#2}}

\begin{definition}[Realization]
Let $\VPAmu$ be an indexed formula and $s$ be a path in~$\VPAmu$. 
An \emph{interpretation} of~$s$ in a resource model
$\km=\stc{(\Wld,\kleqs,\ronS,\neus),\frc,\ki{\nil}}$ is a function
$\interp{\nil}:\Lpa(\patup)\rightarrow M$ that can be extended to labels
$\CLA(\patup)$ with $\interp{\neuL}=\neus$ and
$\interp{xy}=\interp{x}\ronS\interp{y}$.\\  
Given a substitution $\sigma$ for $\VPAmu$, we denote
$\realc{\nilb}$ the composed function $\real{\nilb}\circ\CBIsigma$ 
from the set $\CLAB(\patup)$ of labels of $\pat$ to the set of worlds
$\Wld$ of $\ekm$.\\
A \emph{realization} of~$s$ is a couple $(\interp{\nil},\sigma)$
such that:
\begin{enumerate} 
\item For all assertions
$\kontr{x}{y}\in\CKa(\patup)$, $\LEQS{\realc{\labx}}{\realc{\laby}}$.
\item For all positions $\pu\in s$ such that
$\plsf(\pu)=\fls{1}{\VPA}{x}$, $\csm{\realc{\labx}}{\VPA}$. 
\item For all positions $\pu\in s$ such that
$\plsf(\pu)=\fls{0}{\VPA}{x}$, $\notcsm{\realc{\labx}}{\VPA}$.
\end{enumerate}
A path is \emph{realizable} if there exists a realization of~$s$
in a model~$\km$. 
A configuration is \emph{realizable} if at least one of its paths is realizable. 
\label{def:realizable}
\end{definition}

\begin{lemma}
Let $\pat$ be a path in an indexed formula
$\VPAmu$, $(\real{\nilb},\CBIsigma)$ be a realization of $\pat$ in
a model $\ekm = (\Wld,\neuS,\ronS,\leqS,\frc)$ and $\Kon
\subseteq \CKa(\patup)$ a subset of assertions associated to $\pat$.
If $\acc{\CBIsubst{\Kon}}{\CBIsubst{(\LEQL{\labx}{\laby})}}$ then
$\LEQS{\realc{\labx}}{\realc{\laby}}$. 
\label{lem:CBI-real-pa}
\end{lemma}

\begin{proof}
By definition of a realization, for any assertion
$\LEQL{\labx'}{\laby'}$ of $\Kon$ we have
$\LEQS{\realc{\labx'}}{\realc{\laby'}}$. By hypothesis, under
$\CBIsigma$, the constraint $\LEQL{\labx}{\laby}$ is deduced (in the
K-deduction system) from assertions of $\Kon$ by rules expressing
reflexivity and transitivity of $\leqL$ and also compatibility of
label composition with $\leqL$. Moreover, by definition of a
preorder, $\leqS$ is reflexive and transitive and by definition of 
a {\MILL}-model, world composition is
compatible with $\leqS$ in $\ekm$. Consequently, the rules of the
K-deduction system transfer the notion of realizability from premisses
to conclusion. 
\end{proof}


\begin{lemma} 
Let $\VPAmu$ be an indexed formula, $\sigma$ be a substitution for
$\VPAmu$ and $\Red{1}{n}$ be a $\sigma$-proper reduction for $\VPAmu$, if
$\cfg_i$ is $\sigma$-realizable then $\cfg_{i+1}$ is
$\sigma$-realizable.   
\label{lem:soundness-1}
\end{lemma}

\begin{proof}
As the configuration $\cfg_i$ is realizable under $\CBIsigma$, it
contains a path $\pat$ that is realizable under $\CBIsigma$ in a
model $(\Wld,\neuS,\ronS,\leqS,\frc)$ for a
interpretation $\real{\nilb}$. 
Let us suppose that $\cfg_{i+1}$ is obtained by a reduction of a
position $\pu$ in a path of $\cfg$.
If  $\pu \not\in \pat$ then $\cfg_{i+1}$ remains realizable under
$\CBIsigma$ because it always contains the path $\pat$. Otherwise, we
proceed by case analysis depending on the principal connective of 
$\plsf(\pu) = \lsf{\pS}{\VPA}{\labx}$ and show that $\cfg_{i+1}$
remains realizable under $\CBIsigma$:  
\begin{itemize}

\item Case $\lsf{\pT}{(\VPB\BImand\VPC)}{\labx}$\\
The path $\pat$ is reduced into $\pat'$ by replacing the position
$\pu$ by its children positions $\pfille{\pu}{1}$ and $\pfille{\pu}{2}$
such that $\plsf(\pfille{\pu}{1}) = \lsf{\pT}{\VPB}{\pu}$ and 
$\plsf(\pfille{\pu}{2}) = \lsf{\pT}{\VPC}{\psu}$.
Then $\CLa(\pascopt{\pat'}) = \CLa(\patup) \cup \ens{ \pu,\psu }$ and
$\CKa(\pascopt{\pat'}) = \CKa(\patup) \cup
\ens{\kmand{\pu}{\psu}{\labx}}$. By hypothesis, $\realc{\nilb}$ is a
realization of $\pat$ and then \csm{\realc{\labx}}{\VPB\BImand\VPC}.
Thus, by definition of $\frc$, there exist two worlds $\wldm,\wldn
\in \Wld$ such that $\kontrs{\wldm\ronS\wldn}{\realc{\labx}}$,
\csm{\wldm}{\VPB} and \csm{\wldn}{\VPC}.
We then extend $\real{\nilb}$
to $\pu$ and $\psu$ by defining $\real{\pu} = \wldm$ and $\real{\psu}
= \wldn$ to obtain \csm{\realc{\pu}}{\VPB}, \csm{\realc{\psu}}{\VPC}
and $\kontrs{\realc{\pu\ron\psu} =
\realc{\pu}\ronS\realc{\psu}}{\realc{\labx}}$.  Consequently $\pat'$ is
realizable under $\CBIsigma$. 

\item Case $\lsf{\pF}{(\VPB\BImand\VPC)}{\labx}$\\
The path is reduced into two paths $\pat'$ and $\pat''$ such that 
$\CLb(\pascopt{\pat'}) = \CLb(\patup) \cup \ens{\pu}$,
$\CLb(\pascopt{\pat''}) = \CLb(\patup) \cup \ens{\psu}$ and
$\CKb(\pascopt{\pat'}) = \CKb(\pascopt{\pat''}) = \CKb(\patup) \cup
\ens{\kmand{\pu}{\psu}{\labx}}$. 
By hypothesis the reduction $\Red{1}{n}$ is $\CBIsigma$-proper and we
have
$\acc{\CBIsubst{\CKa(\pascopt{\pat'})}}{\CBIsubst{\CKb(\pascopt{\pat'})}}$
and 
$\acc{\CBIsubst{\CKa(\pascopt{\pat''})}}{\CBIsubst{\CKb(\pascopt{\pat''})}}$.
In particular $\CKa(\patup) = \CKa(\pascopt{\pat'}) = \CKa(\pascopt{\pat''})$,
$\CKb(\pascopt{\pat'}) = \CKb(\pascopt{\pat''})$ and
$\kmand{\pu}{\psu}{\labx} \in \CKb(\pascopt{\pat'})$ 
entail
$\acc{\CBIsubst{\CKa(\patup)}}{\CBIsubst{(\kmand{\pu}{\psu}{\labx})}}$.
As $\realc{\nilb}$ is a realization of $\pat$, we have
\notcsm{\realc{\labx}}{\VPB\BImand\VPC} and from Lemma
\ref{lem:CBI-real-pa} we deduce
$\kontrs{\realc{\pu}\ronS\realc{\psu}}{\realc{\labx}}$. 
Then, by
definition of $\frc$, for all worlds $\wldm,\wldn \in \Wld$
such that $\kontrs{\wldm\ronS\wldn}{\realc{\labx}}$, we have either
\notcsm{\wldm}{\VPB} or \notcsm{\wldn}{\VPC}. In particular, we have
either \notcsm{\realc{\pu}}{\VPB} or \notcsm{\realc{\psu}}{\VPC}.
Consequently, either $\pat'$ is realizable under $\CBIsigma$ or
$\pat''$ is realizable under $\CBIsigma$. 
\item The other cases are similar. 
\end{itemize}
\end{proof}

\begin{lemma} 
Let $\VPAmu$ be an indexed formula and $\sigma$ be a substitution for
$\VPAmu$. If a path $\pat$ is complementary under $\sigma$ then it is not
realizable under $\sigma$.
\label{lem:soundness-2}
\end{lemma}

\begin{proof}
Let us suppose that $\pat$ contains a connection
$\con{\pu}{\pv}$ such that $\pf(\pu)=\pf(\pv)$, $\pp(\pu)=\pT$,
$\pp(\pv)=\pF$ and 
$\acc{\CBIsubst{\CKa(\patup)}}{\kontr{\CBIsubst{\pl(\pu)}}{\CBIsubst{\pl(\pv)}}}$.
If $\pat$ is realizable under $\CBIsigma$ for an interpretation
$\real{\nilb}$ in a model $\ekm$  then
\csm{\realc{\pl(\pu)}}{\pf(\pu)}, \notcsm{\realc{\pl(\pv)}}{\pf(\pu)}
and $\kontrs{\realc{\pl(\pu)}}{\realc{\pl(\pv)}}$, which is
contradictory because by Kripke monotonicity
$\kontrs{\realc{\pl(\pu)}}{\realc{\pl(\pv)}}$ and
\csm{\realc{\pl(\pu)}}{\pf(\pu)} entail
\csm{\realc{\pl(\pv)}}{\pf(\pu)}.
The case of a $\BImtop$-connection is similar.
\end{proof}

\begin{theorem}[Soundness]
\label{thm:CMILL-soundness}
If a formula $\VPA$ is {\CMILL}-provable then it is valid.
\end{theorem}
\begin{proof} 
As $\VPA$ is provable, there is a cover
$\spn$ of the set of atomic paths of $\VPAmu$, a substitution
$\CBIsigma$ and a certification $\CBIpi$ for $\VPAmu$ satisfying
the conditions of Definition~\ref{def:MILL-provability}. \\
Let us suppose that $\VPA$ is not valid. 
Then, there exists a model $\ekm =
(\Wld,\neuS,\ronS,\leqS,\frc)$ such that $\notcsm{\neuS}{\VPA}$.
The initial configuration $\cfg_1= \ens{\ens{\p{0}}}$ is then trivially
realizable under $\CBIsigma$ by considering the interpretation
$\real{\nilb}$ the domain of which is empty. 
It is easy to show that conditions
$(C1)$ to $(C5)$ entail the existence of a reduction
$\Red{1}{n}$ from $\cfg_1$ that is complete for $\spn$,
$\CBIsigma$-proper and such that all paths of $\cfg_n$ contain at
least a connection of $\spn$. 
As $\cfg_1$ is realizable under $\CBIsigma$, Lemma
\ref{lem:soundness-1} entails that the configuration $\cfg_n$ is also
realizable under $\CBIsigma$. But then, by Lemma
\ref{lem:soundness-2}, we deduce that $\cfg_n$ cannot be
complementary, which is a contradiction. Therefore, $\VPA$ is valid.
\end{proof}

Let us now consider the question of completeness of this characterization. 

\begin{theorem}[Completeness]
\label{thm:CBIcomplet}
\label{thm:CMILL-completeness}
If a formula $\VPA$ is valid then $\VPA$ is {\CMILL}-provable. 
\end{theorem}

\begin{proof}
From the sound and completeness of \MILL-models, it is
sufficient to prove that if $\VPA$ is \LMILL-provable then $\VPA$ is
\CMILL-provable (provable by the connection characterization).
The proof is by induction on a LMILL-proof of $\VPA$, knowing that a
sequent \seq{\bunA}{\VPA} is provable in LMILL if and only if the
formula $\btof{\bunA}\BImimp\VPA$ is provable in LMILL, 
where $\btof{\bunA}$ is the formula obtained by replacing each comma
in the context $\bunA$ with multiplicative conjunction $\BImand$.
\begin{itemize}
\item Case $\BIax$: the axiom \seq{\VPA}{\VPA} corresponds to
the formula $\VPA\BImimp\VPA$ which is trivially CMILL-provable.
\item Case $\BImimp_R$: 
By induction hypothesis we suppose that the sequent
\seq{\bunA\BImsep\VPA}{\VPB} is provable and we show that the
sequent \seq{\bunA}{\VPA\BImimp\VPB} is also provable. 
If \seq{\bunA,\VPA}{\VPB} is {\CMILL}-provable 
an atomic reduction $\RedA = \Red{1}{n}$ of
$((\btof{\bunA}\BImand\VPA)\BImimp\VPB)$, a cover $\spn$ of
$\cfg_n$, a substitution $\CBIsigma$ and a certification
$\CBIpi$ for $\VPAmu$ that satisfy the conditions of Definition
\ref{def:MILL-provability}.

From the atomic reduction $\RedA$ for
$((\btof{\bunA}\BImand\VPA)\BImimp\VPB)$ we can build an atomic
reduction $\RedB$ for $(\btof{\bunA}\BImimp(\VPA\BImimp\VPB))$.
On the left-hand side of the next figure, we describe the first steps
of the reduction $\RedA$ and, on the right-hand side, we describe the
first steps of the corresponding reduction $\RedB$.
We represent here a path $\pat$ as a set of signed formulae and not as
a set of positions, namely we have 
$\plsf(\pat) = \ensc{\plsf(\pu)}{\pu\in\pat}$.
$$
\begin{array}{c|c}
\begin{smalltbi}
\tbiline{\ens{\lsf{\pF}{((\btof{\bunA}\BImand\VPA)\BImimp\VPB)}{\neuL}} }
{\tbiline
 { \ens{\lsf{\pT}{(\btof{\bunA}\BImand\VPA)}{\p{0}},\lsf{\pF}{\VPB}{\ps{0}}
}
 }
 {\tbiline
   { \ens{\lsf{\pT}{\btof{\bunA}}{\p{1}},\lsf{\pT}{\VPA}{\ps{1}},
                                      \lsf{\pF}{\VPB}{\ps{0}}}
   }
   {\tbileaf{\vdots\\\RedA}
   }
 }
}
\end{smalltbi}
&
\begin{smalltbi}
\tbiline{\ens{\lsf{\pF}{(\btof{\bunA}\BImimp(\VPA\BImimp\VPB))}{\neuL} } }
{\tbiline
 { \ens{\lsf{\pT}{\btof{\bunA}}{\p{0}},\lsf{\pF}{(\VPA\BImimp\VPB)}{\ps{0}} }
 }
 {\tbiline
   { \ens{\lsf{\pT}{\btof{\bunA}}{\p{0}},\lsf{\pT}{\VPA}{\p{i}},
                                      \lsf{\pF}{\VPB}{\ps{i}}}
   }
   {\tbileaf{\vdots\\\RedB}
   }
 }
}
\end{smalltbi}
\end{array}
$$

We observe that the first reduction steps in $\RedA$ and $\RedB$ lead
to paths containing the same signed formulae, modulo a renaming of
$\p{1}$ into $\p{0}$, of $\ps{1}$ into $\p{i}$ and of $\ps{0}$ into
$\ps{i}$. 
Consequently, modulo the renaming, we can reduce $\RedB$ by applying
exactly the same reduction steps than for $\RedA$.
Then, after the two first steps previously described, $\RedA$ and
$\RedB$ introduce the same signed formulae and then the same
constraints (assertions and requirements) between labels, modulo
renaming.\\
Moreover, the assertions 
$\ens{
\kmimp{\p{0}}{\ps{0}}{},
\kmand{\p{1}}{\ps{1}}{\ps{0}}
}$
introduced in the two first steps of $\RedA$ entail relations between
labels $\ps{0},\p{1},\ps{1}$ of $\RedA$ weaker than the ones between
labels $\p{0},\p{i},\ps{i}$ in $\RedB$ by assertions 
$\ens{
\kmimp{\p{0}}{\ps{0}}{},
\kmimp{\ps{0}}{\p{i}}{\ps{i}}
}$
introduced in the two first steps of $\RedB$.
In fact, $\RedA$ imposes 
$\kontr{\pl(\btof{\bunA})\ron\pl(\VPA)}{\pl(\VPB)}$ while $\RedB$
imposes 
$\kontr[=]{\pl(\btof{\bunA})\ron\pl(\VPA)}{\pl(\VPB)}$.
Consequently, as $\RedA$ leads to a set of atomic paths satisfying the
conditions of Definition \ref{def:MILL-provability}, it is the same for  $\RedB$
by induction hypothesis. 
\item Case $\BImand_L$: immediate by the translation $\btof{}$,
because $\btof{\bunA,\VPA,\VPB} =
\btof{\bunA,\VPA\BImand\VPB}$. 
\item The other cases are similar. 
\end{itemize}
\end{proof}

\section{A Labelled Sequent Calculus for \MILL}
\label{sec:GMILL}

\begin{figure}[t]
% units
\[
\initseq{metaA}{}
\seqI{metaA}{metaA}{ \seq{\bunA,\kontr{x}{y},\flA{x}}{\flA{y},\bunB} }{$id$}
\showseq{metaA}
\htab 
\initseq{metaA}{}
\seqI{metaA}{metaA}{ \seq{\bunA,\kontr{\neuL}{x}}{\fl{x}{\BImtop},\bunB} }{$\BImtop_R$}
\showseq{metaA}
\htab 
\initseq{metaA}{ \seq{\bunA,\kontr{\neu}{x}}{\bunB} }
\seqI{metaA}{metaA}{ \seq{\bunA,\fl{\BImtop}{x}}{\bunB} }{$\BImtop_L$}
\showseq{metaA}
\]

% star
\[
\initseq{metaA}{ \seq{\bunA,\kontr{ab}{x},\flA{a},\flB{b}}{\bunB} }
\seqI{metaA}{metaA}{ \seq{\bunA,\fl{\VPA\BImand\VPB}{x}}{\bunB} }%
     {$\BImand_L$}
\showseq{metaA}
\htab
\initseq{metaA}{ \seq{\kontr{yz}{x},\bunA}{\flA{y},\bunB} }
\initseq{metaB}{ \seq{\kontr{yz}{x},\bunA}{\flB{z},\bunB} }
\seqII{metaA}{metaA}{metaB}{ \seq{\bunA,\kontr{yz}{x}}{\fl{\VPA\BImand\VPB}{x},\bunB} }{$\BImand_R$}
\showseq{metaA}
\]

% magicwand
\[
\initseq{metaA}{ \seq{\bunA,\kontr{xy}{z}}{\flA{y},\bunB} }
\initseq{metaB}{ \seq{\bunA,\kontr{xy}{z},\flB{z}}{\bunB} }
\seqII{metaA}{metaA}{metaB}{ \seq{\bunA,\kontr{xy}{z},\fl{\VPA\BImimp\VPB}{x}}{\bunB} }{$\BImimp_L$}
\showseq{metaA}
\htab
\initseq{metaA}{ \seq{\bunA,\flA{a},\kontr{xa}{b}}{\flB{b},\bunB} }
\seqI{metaA}{metaA}{ \seq{\bunA}{\fl{\VPA\mimp\VPB}{x},\bunB} }{$\BImimp_R$}
\showseq{metaA}
\]

% Structurals
\[
\initseq{metaA}{ \seq{\bunA,\kontr{x}{x}}{\bunB} }
\seqI{metaA}{metaA}{ \seq{\bunA}{\bunB} }{$R$}
\showseq{metaA}
\htab
\initseq{metaA}{ \seq{\bunA,\kontr{x}{z},\kontr{x}{y},\kontr{y}{z}}{\bunB} }
\seqI{metaA}{metaA}{ \seq{\bunA,\kontr{x}{y},\kontr{y}{z}}{\bunB} }{$T$}
\showseq{metaA}
\htab
\initseq{metaA}{ \seq{\bunA,\kontr{xx'}{yy'},\kontr{x}{x'},\kontr{y}{y'}}{\bunB} }
\seqI{metaA}{metaA}{ \seq{\bunA,\kontr{x}{y},\kontr{x'}{y'}}{\bunB} }{$F$}
\showseq{metaA}
\]

~\\
\textbf{Side conditions:}~\\
-- In $\BImand_L$ and $\BImimp_R$, the constants $a$ and $b$ do not
occur in the conclusion.\\
-- In $R$ the label $x$ must already occur in the conclusion.

\caption{Labelled Sequent Calculus \GMILL}
\label{fig:GMILL-rules}
\end{figure}

From the previous characterization we can derive a sound and complete
labelled sequent calculus {\GMILL}\footnote{ The G in {\GMILL} is reminiscent of the fact that labels and 
label-constraints can be viewed as a graphical structure we usually call a \emph{resource-graph} in related works.}  
for \MILL.
Soundness and completeness are easy consequences of Theorem~\ref{thm:CMILL-soundness} 
and Theorem~\ref{thm:CMILL-completeness}.

Labels and constraints for \GMILL\ are defined similarly as in Section~\ref{subsec:labels}
except that \GMILL\ does not make use of variables.
The sequent calculus \GMILL\ deals with sequents of the
form $\seq{\bunA}{\bunB}$ where $\bunA$ and $\bunB$ are multisets containing labelled formulas,
$\bunA$ being allowed to also contain constraints.
Labelled formulas are pairs $(\VPA,x)$, written $\flA{x}$,
where $\VPA$ is a formula and $x$ is a label.
Label constraints occurring in $\bunA$ are called assertions.
We denote $\RelA$ the restriction of $\bunA$ to its constraints.
{\GMILL} does not have explicit requirements.
Instead, the rules $\BImand_R$ and $\BImimp_L$ are required to have
a specific constraint (which in the connection-based characterization
corresponds to a requirement) occuring in $\RelA$ for the rules 
to be applicable.
The rules of the {\GMILL} calculus are given in Figure~\ref{fig:GMILL-rules}.

From the proof of Theorem~\ref{thm:CMILL-completeness}, one can derive a translation of
\LMILL-proofs into \GMILL-proofs so that for any \LMILL-proof the corresponding \GMILL-proof
applies the same rules in the same order.
Therefore, since \LMILL\ does not allow contraction, \GMILL\ has no need for it too.
Moreover, conditions $(C1)$ to $(C5)$ given in Definition~\ref{def:MILL-provability} imply that
whenever $\BImand_R$ and $\BImimp_L$ need to be applied in {\GMILL}, 
$\RelA$ contains enough assertions to make the rule applicable. 
Therefore we have the following results.
\begin{theorem}
If a formula $\VPA$ has a proof in {\LMILL} then it is has a proof in {\GMILL} 
that follows the same rule application strategy. 
\end{theorem}

\begin{theorem}
A formula $\VPA$ is provable in {\LMILL} iff it is provable in {\GMILL}. 
\end{theorem}

\begin{figure}[t]
\begin{center}
\small
\initseq{metaA}{}
\seqI{metaA}{metaA}{
 \seq{    
	 \ldots,
	 \kontr{\p{1}}{\p{1}},\ldots,
         \fl{\VPP}{\p{1}},
         \ldots
 }{
 \ldots, \fl{\VPP}{\p{1}}
 }
}{}
\seqI{metaA}{metaA}{$\Pi_3$
}{}
\showseq{metaA}
\end{center}

%\smallskip

\begin{center}
\small
\initseq{metaA}{}
\seqI{metaA}{metaA}{
 \seq{    
	 \ldots,
	 \kontr{\p{3}}{\p{3}},\ldots,
         \fl{\VPQ\BImimp\VPR}{\p{3}},
         \ldots
 }{
 \ldots, \fl{\VPQ\BImimp\VPR}{\p{3}}
 }
}{}
\seqI{metaA}{metaA}{$\Pi_4$
}{}
\showseq{metaA}
\end{center}

%\smallskip

\begin{center}
\small
\initseq{metaA}{$\Pi_3$\hspace{1cm}$\Pi_4$}
\seqI{metaA}{metaA}{
 \seq{    
	 \kontr{\p{1}\p{3}}{\p{1}\p{3}},
	 \kontr{\p{3}}{\p{3}},\ldots,
	 \kontr{\p{1}}{\p{1}},\ldots,
         \fl{\VPP}{\p{1}},
         \fl{\VPQ\BImimp\VPR}{\p{3}},
         \ldots
 }{
 \ldots, \fl{\VPP \BImand (\VPQ\BImimp\VPR)}{\p{1}\p{3}}
 }
}{$\BImand_R$}
\seqI{metaA}{metaA}{
 \seq{    
	 \kontr{\p{3}}{\p{3}},\ldots,
         \kontr{\p{1}}{\p{1}},
         	\ldots,
%         \kontr{\p{3}\ps{3}}{\ps{1}},
%         \kontr{\p{1}\ps{1}}{\ps{0}},
%         \kontr{\neuL\p{0}}{\ps{0}},
         \fl{\VPP}{\p{1}},
         \fl{\VPQ\BImimp\VPR}{\p{3}},
         \ldots
 }{
 \ldots, \fl{\VPP \BImand (\VPQ\BImimp\VPR)}{\p{1}\p{3}}
 }
}{$F$}
\seqI{metaA}{metaA}{
 \seq{    \kontr{\p{1}\p{3}\ps{3}}{\ps{0}},
 %        \kontr{\p{1}\p{3}\ps{3}}{\p{1}\ps{1}},
 %        \kontr{\p{1}}{\p{1}},
 %        \kontr{\p{3}\ps{3}}{\ps{1}},
 %        \kontr{\p{1}\ps{1}}{\ps{0}},
 %        \kontr{\neuL\p{0}}{\ps{0}},
 		\ldots,
         \fl{\VPP}{\p{1}},
         \fl{\VPQ\BImimp\VPR}{\p{3}},
         \ldots
 }{
 \ldots, \fl{\VPP \BImand (\VPQ\BImimp\VPR)}{\p{1}\p{3}}
 }
}{$R$}
\seqI{metaA}{metaA}{$\Pi_1$}{}
\showseq{metaA}
\end{center}

%\smallskip

\begin{center}
\small
\initseq{metaA}{}
\seqI{metaA}{metaA}{    
\seq{	 \kontr{\ps{3}}{\ps{3}},\ldots,
         \fl{\VPS}{\ps{3}}
         }
         {
          \ldots, \fl{\VPS}{\ps{3}}
         }
}{}
\seqI{metaA}{metaA}{    
\seq{	 \kontr{\p{1}\p{3}\ps{3}}{\ps{0}},
         \kontr{\p{1}\p{3}\ps{3}}{\p{1}\ps{1}},
         \kontr{\p{1}}{\p{1}},
         \kontr{\p{3}\ps{3}}{\ps{1}},
         \kontr{\p{1}\ps{1}}{\ps{0}},
         \kontr{\neuL\p{0}}{\ps{0}}, \ldots,
  %       \fl{\VPP}{\p{1}},
  %       \fl{(\VPQ\BImimp\VPR)}{\p{3}},
         \fl{\VPS}{\ps{3}}
         }
         {
          \ldots, \fl{\VPS}{\ps{3}}
         }
}{$R$}
\seqI{metaA}{metaA}{$\Pi_2$}{}
\showseq{metaA}
\end{center}

%\smallskip

\begin{center}
\small
\initseq{metaA}{$\Pi_1\hspace{3cm}$}
\initseq{metaB}{$\Pi_2$}
%
\seqII{metaA}{metaA}{metaB}{
\seq{    \kontr{\p{1}\p{3}\ps{3}}{\ps{0}},
%         \kontr{\p{1}\p{3}\ps{3}}{\p{1}\ps{1}},
%         \kontr{\p{1}}{\p{1}},
%         \kontr{\p{3}\ps{3}}{\ps{1}},
%         \kontr{\p{1}\ps{1}}{\ps{0}},
%         \kontr{\neuL\p{0}}{\ps{0}},
		\ldots,
         \fl{\VPP}{\p{1}},
         \fl{\VPQ\BImimp\VPR}{\p{3}},
         \fl{\VPS}{\ps{3}}
}{
\fl{((\VPP \BImand (\VPQ\BImimp\VPR)) \BImand \VPS)}{\ps{0}}}
}{$\BImand_R$}
%
\seqI{metaA}{metaA}{
\seq{    \kontr{\p{1}\p{3}\ps{3}}{\p{1}\ps{1}},
%         \kontr{\p{1}}{\p{1}},
%         \kontr{\p{3}\ps{3}}{\ps{1}},
		\ldots,
         \kontr{\p{1}\ps{1}}{\ps{0}},
         \ldots,
%         \kontr{\neuL\p{0}}{\ps{0}},
         \fl{\VPP}{\p{1}},
         \fl{\VPQ\BImimp\VPR}{\p{3}},
         \fl{\VPS}{\ps{3}}
}{
\fl{((\VPP \BImand (\VPQ\BImimp\VPR)) \BImand \VPS)}{\ps{0}}}
}{$T$}
%
\seqI{metaA}{metaA}{
\seq{    \kontr{\p{1}}{\p{1}},
         \kontr{\p{3}\ps{3}}{\ps{1}},
%         \kontr{\p{1}\ps{1}}{\ps{0}},
%         \kontr{\neuL\p{0}}{\ps{0}},
	\ldots,
         \fl{\VPP}{\p{1}},
         \fl{\VPQ\BImimp\VPR}{\p{3}},
         \fl{\VPS}{\ps{3}}
}{
\fl{((\VPP \BImand (\VPQ\BImimp\VPR)) \BImand \VPS)}{\ps{0}}}
}{$F$}
%
\seqI{metaA}{metaA}{
\seq{    \kontr{\p{3}\ps{3}}{\ps{1}},
         \kontr{\p{1}\ps{1}}{\ps{0}},
         \kontr{\neuL\p{0}}{\ps{0}},
         \fl{\VPP}{\p{1}},
         \fl{\VPQ\BImimp\VPR}{\p{3}},
         \fl{\VPS}{\ps{3}}
}{
\fl{((\VPP \BImand (\VPQ\BImimp\VPR)) \BImand \VPS)}{\ps{0}}}
}{$R$}
%
\seqI{metaA}{metaA}{
\seq{    \kontr{\p{1}\ps{1}}{\ps{0}},
         \kontr{\neuL\p{0}}{\ps{0}},
         \fl{\VPP}{\p{1}},
         \fl{((\VPQ\BImimp\VPR) \BImand \VPS)}{\ps{1}}
}{
\fl{((\VPP \BImand (\VPQ\BImimp\VPR)) \BImand \VPS)}{\ps{0}}}
}{}
%
\seqI{metaA}{metaA}{
\seq{\fl{\kontr{\neuL\p{0}}{\ps{0}},(\VPP \BImand ((\VPQ\BImimp\VPR) \BImand \VPS)}{\p{0}}}{
\fl{((\VPP \BImand (\VPQ\BImimp\VPR)) \BImand \VPS)}{\ps{0}}}
}{}
%
\seqI{metaA}{metaA}{
\seq{}{\fl{(\VPP \BImand ((\VPQ\BImimp\VPR) \BImand \VPS)) \BImimp 
       ((\VPP \BImand (\VPQ\BImimp\VPR)) \BImand \VPS)}{\neuL}}
}{}
\showseq{metaA}
%
\end{center}
\label{fig:gmill-deriv-example}
\caption{{\GMILL}-proof of $(\VPP \BImand ((\VPQ\BImimp\VPR) \BImand \VPS)) \BImimp 
       ((\VPP \BImand (\VPQ\BImimp\VPR)) \BImand \VPS)$}
\end{figure}
Figure~\ref{fig:gmill-deriv-example} illustrates how {\GMILL} works
by giving an example of a derivation in the \GMILL\ calculus for 
the formula $\exmil$, which is exactly the one prescribed by the 
reduction ordering we computed in the running example of 
Section~\ref{subsec:BIchar}.



\section{Future Work}

From this connection-based characterization of validity in {\MILL} we will
consider different perspectives. First we aim at defining a connection
method for MILL from such a characterization that mainly corresponds
to the definition and implementation of an algorithm for solving our constraints.
A complementary question consist in studying how our results can be
adapted or refined to deal with other fragments of Intuitionistic Linear
Logic and mainly first-order ones including quantifications.

The question of reconstruction of proofs in the {\MILL} sequent calculus from
our connection calculus for {\MILL} with labels and constraints has also to
be explored w.r.t. existing techniques \cite{Krei96b}.
Moreover, taking into account the relationships in {\MLL} between some
connection-based characterizations and proof-nets
\cite{Gal00a}, we aim at studying similar relationships for {\MILL} and
propose new proof methods based on proof-net construction. 
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% Please, don't distribute.
% This is completely experimental.
% A lot of things are yet to be done.
% If I only had the time!
% NO WARRANTY AT ALL.
% D. Roegel. November 17, 1994.
%
%
\def\fileversion{0.974}
\def\filedate{95/12/18}
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%                                                                          %
%                              DEDUC.STY                                   %
%                                                                          %   
%                            Version  0.974                                %
%                                                                          %
%                       D. Roegel (roegel@loria.fr)                        %
%                                                                          %
% ------------------------------------------------------------------------ %
%                                                                          %
%         Macros pour repre'senter des se'quents et des preuves            %
%         Ces macros ne fonctionnent qu'avec LaTeX2e.                      %
%         (et TeX au prix de quelques changements mineurs)                 %
%         L'inte're^t de ces macros est de bien placer la barre            %
%         de fraction et de ne pas la faire de'border inutilement.         %
%                                                                          %
%         En effet, l'emploi du \frac de LaTeX pour representer            %
%                                                                          %   
%            xxxxxxx   y                 xxxxxxx  y                        %
%            -------  ---                ------- ---                       %
%               b     ccc       donne       b    ccc                       %
%               ---------                -----------                       %
%                   a                         a                            %
%                                                                          %
%         alors que les macros presentees ici donnent bien                 %
%         la fraction de gauche.                                           %
%                                                                          %
% ------------------------------------------------------------------------ %
%                                                                          %
%           Historique des versions:                                       %
%                                                                          %
%                       1-2/ 7/1993  (premiere ecriture,                   %
%                                     pour representer une preuve dans     %
%                                     le travail de Chrystel Barraband)    %
%                                    (le fichier s'est appele' sequent.tex %
%                                     jusqu'a la version 0.961)            %
%                        10/ 7/1993  (un commentaire)                      %
%                        11/ 7/1993  (introduction de \seqbarthickness)    %
%                        27/ 7/1993  (exemple d'utilisation)               %
%                        29/ 7/1993  (commentaires detailles dans \seqI)   %
%                                    (correction d'un bug passe' inapercu) %
%                0.94    17/ 8/1993  (une idee d'amelioration)             %
%                0.95     1/10/1993  (un commentaire)                      %
%                0.96    19/ 3/1994  (retrait de `%' inutiles;             %
%                                     ajout de la definition de            %
%                                     \newlinechar a \showdim              %
%                                     (pas teste'))                        %
%                0.961   16/ 8/1994  (renommage en deduc.sty et            %
%                                     legere adaptation a LaTeX2e) (GP)    %
%                0.962    1/ 9/1994  (les expressions n'ont plus besoin    %
%                                     d'etre des boites) (GP)              %
%                0.963    1/ 9/1994  (ajout de \ruleformat et \seqspacing) %
%                                      (GP)                                %
%                0.964    2/ 9/1994  (la regle n'est mentionnee que        %
%                                     si elle n'est pas vide) (GP)         %
%                0.965    6/ 9/1994  (modification de la syntaxe de        %
%                                     \seqII: le second argument devient   %
%                                     l'avant-dernier)  (GP)               %
%                                    (\leavevmode ajoute' dans \showseq)   %
%                                        (GP)                              %
%                0.966    9/ 9/1994  (\initseq modifie': \strut n'est      %
%                                     utilise' que si la valeur initiale   %
%                                     n'est pas vide)  (GP)                %
%                0.967   13/ 9/1994  (\checkseq{#1} a ete deplace' avant   %
%                                     les affectations a \seqdimleft@#1    %
%                                     et \seqdimright@#1 dans \seqI) (GP)  %
%                0.968   20/ 9/1994  \@stickseq modifie' pour corriger     %
%                                    des inegalites de profondeur dans     %
%                                    les deux parties que l'on colle.      %
%                                    (GP)                                  %
%                0.969    6/ 3/1995  \@stickseq modifie' pour repercuter   %
%                                    correctement la profondeur des boites %
%                                    (DB)                                  %
%                                    introduction provisoire de \seqIII    %
%                                    (en attendant \seqn)                  %
%                0.970   20/ 3/1995  modification de \seqscratchboxIII     %
%                                    pour bien centrer la regle.           %
%                0.971   20/ 3/1995  introduction de \vshowseq.            %
%                0.972   27/ 3/1995  introduction de \seqIV, \seqminsep    %
%                                    et renommage de \@stickseq en         %
%                                    \stickseq. (DB)                       %
%                0.973    6/11/1995  valeur par defaut de \ruleformat      %
%                                    modifiee (~ -> \ ) (DM)               %
%                                    ajout de l'option ensuremath qui      %
%                                    evite de mettre les formules en mode  %
%                                    mathematique (DM)                     %
%                                    commandes \seqmathtrue et             %
%                                       \seqmathfalse                      %
%                0.974   18/12/1995  modification de \seqIII et \seqIV     %
%                                      (introduction du sequent            %
%                                        intermediaire `@/@') (DB)         %
%                                                                          %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
% Mode d'emploi:
% =============
%
% Les macros suivantes sont celles susceptibles d'e^tre normalement
% utilise'es:
%
%   \initseq : initialisation d'une preuve
%   \seqI    : constructeur 1
%   \seqII   : constructeur 2
%   \seqIII  : constructeur 3
%   \seqIV   : constructeur 4
%   \stickseq : constructeur horizontal
%   \showseq : affichage d'une preuve
%   \ruleformat : pour le formatage des regles
%   \seqminsep  : cette commande est ajoutee a un terme pour augmenter
%              (et en general homogeneiser) sa hauteur;
%              pour avoir la hauteur naturelle d'un terme, on ecrira
%              \renewcommand\seqminsep{}
%
%   \seqmathtrue, \seqmathfalse: voir option `ensuremath'.
%        
%   
% Parametres:
%   \seqbarthickness (defaut=0.4pt)
%       (peut etre modifie' en cours de route)
%   \seqspacing : espacement additionnel entre les expressions et
%                 les barres
%       (peut etre modifie' en cours de route)
%
% Option du package: 
%
%   ensuremath  -> \usepackage[ensuremath]{deduc}
%       Cette option rend inutile le mode mathematique dans les formules.
%       Si on met cette option, IL NE FAUT PAS METTRE LES FORMULES ENTRE $$.
%       L'effet de cette option peut etre localement modifie' avec
%       \seqmathtrue et \seqmathfalse.
%
% Voir plus loin l'emploi de chacune de ces commandes.
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
% Exemple d'utilisation:
% =====================
%
% Supposons que \pA, \pB, \pC, etc., soient definis comme etant des
% expressions, par exemple des lambda-termes.
%
% Si la preuve a construire presente l'aspect suivant:
%
%      \pM    \pP
%      \pL    \pO     \pT
%      \pK    \pN     \pS
%      \pI    \pJ     \pR  \pV
%      ----------     --------
%         \pH            \pU   \pQ
%                        ---------
%         \pF               \pG
%         ----------------------
%                  \pE
%                  \pD
%                  \pC
%                  \pB
%                  \pA
%
%
%   on peut ecrire:
%
%  \documentclass[...]{...}
%  \usepackage{deduc}
%  \begin{document}
%
%  ...
%  \newcommand{\pM}{...}
%  \newcommand{\pL}{...}
%  ...
%  \setlength{\seqbarthickness}{4pt}
%  \setlength{\seqspacing}{2mm}
%
%  \renewcommand{\ruleformat}[1]{\ [#1]} % pour mettre la regle entre crochets
%
%  \initseq{metaI}{\pM}
%  \seqI{metaI}{metaI}{\pL}{fold\_it}
%  \seqI{metaI}{metaI}{\pK}{sp\'e.2}
%  \seqI{metaI}{metaI}{\pI}{rew} 
%  \initseq{metaJ}{\pP}
%  \seqI{metaJ}{metaJ}{\pO}{g\'en.1}
%  \seqI{metaJ}{metaJ}{\pN}{sp\'e.2}
%  \seqI{metaJ}{metaJ}{\pJ}{rew}
%  \seqII{metaF}{metaI}{metaJ}{\pH}{app}
%  \seqI{metaF}{metaF}{\pF}{rew}
%  \initseq{metaG}{\pT}
%  \seqI{metaG}{metaG}{\pS}{fold\_it}
%  \seqI{metaG}{metaG}{\pR}{sp\'e.2}
%  \initseq{metaV}{\pV}
%  \seqII{metaG}{metaG}{metaV}{\pU}{app}
%  \initseq{metaQ}{\pQ}
%  \seqII{metaG}{metaG}{metaQ}{\pG}{app}
%  \seqII{metaF}{metaF}{metaG}{\pE}{app}
%  \seqI{metaF}{metaF}{\pD}{abs+abs+g\'en.2}
%  \seqI{metaF}{metaF}{\pC}{unfold\_it}
%  \seqI{metaF}{metaF}{\pB}{abs+g\'en.1+abs}
%  \seqI{metaF}{metaF}{\pA}{g\'en.1}
%  \showseq{metaF}
%  
%  ...
%  \end{document}
%
%
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
% Ame'liorations a` apporter:
% ==========================
%
%
%  1) Lorsque l'on utilise \seqII, l'espacement entre SEQ1 et SEQ2 doit
%     pouvoir e^tre donne' en argument, mais il doit y avoir une valeur
%     par de'faut.
%
%  2) Il faudrait aussi donner la possibilite' de parametrer la
%     longueur de la barre (en fait, la quantite' a ajouter: par defaut 0)
%
%  3) On doit pouvoir me'langer des de'rivations ou` la regle est place'e
%     a` gauche, et d'autres ou` la re`gle est place'e a` droite.
%
%  4) Prevenir les erreurs pouvant survenir lorsqu'une variable
%     de preuve n'est pas correctement initialisee.
%  
%  5) Donner la possibilite' de remplacer la barre horizontale par
%     un objet extensible quelconque. (utilisation de \leaders)
%
%  ...
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{deduc}
      [\filedate\space v\fileversion\space deduc (Denis Roegel)]
\immediate\write\sixt@@n{Package: deduc
\fileversion\space <\filedate> (Denis Roegel)}
\newif\ifseqmath
\DeclareOption{ensuremath}{\seqmathtrue}
\ProcessOptions
%
%
% On commence par rendre \newbox et \newdimen non-\outer:
% A enlever par la suite puisque utilise' seulement tres localement.
%
\edef\inner@newbox{\noexpand\newbox}
\edef\inner@newdimen{\noexpand\newdimen}

%
% Variables utilisees localement
%
\newdimen\seqleftI
\newdimen\seqrightI
\newdimen\seqtmpdima
\newdimen\seqtmpdimb
\newdimen\seqtmpdiml
\newdimen\seqtmpdimr
\newdimen\seqbarlength
\newdimen\seqskiptoI
\newdimen\seqskiptobar
\newdimen\seqskiptoII
\newdimen\seqskiptoleft
\newdimen\seqlastlinewidth
\newdimen\seqdelta
\newdimen\seqwidth
\newdimen\seqbarthickness \seqbarthickness=0.4pt
\newdimen\seqspacing \seqspacing1mm
%
\newbox\seqscratchboxI
\newbox\seqscratchboxII
\newbox\seqscratchboxIII
%

\newcommand\ruleformat[1]{\ (#1)}

\newcommand\seqminsep{\strut}


% Un sequent est un ensemble de trois variables TeX. Le sequent
% de nom generique FOO consiste en la boite \seqbox@FOO, 
% et les deux dimensions \seqdimleft@FOO et \seqdimright@FOO
% Ces noms ne sont jamais tapes directement par celui qui ecrit
% une preuve.
%
%
%  \checkseq{NAME}  Si le sequent NAME n'existe pas encore,
%                   les variables necessaires sont declarees.
%
\def\checkseq#1{%
        \expandafter\ifx\csname seqbox@#1\endcsname\relax 
                 \expandafter\inner@newbox\csname seqbox@#1\endcsname
                 \expandafter\inner@newdimen\csname seqdimleft@#1\endcsname
                 \expandafter\inner@newdimen\csname seqdimright@#1\endcsname
        \fi}

%
%
% \initseq{NAME}{EXP} Initialisation du sequent NAME avec EXP.
%   (NAME doit etre different de `@/@')

\def\initseq#1#2{%
             \checkseq{#1}%
             \expandafter\setbox\csname seqbox@#1\endcsname
                   \hbox{\ifseqmath\ensuremath{#2}\else#2\fi}%
             \ifdim\wd\csname seqbox@#1\endcsname=0pt%
             \else
               \expandafter\setbox\csname seqbox@#1\endcsname
                   \hbox{\strut\ifseqmath\ensuremath{#2}\else#2\fi}% 
             \fi
             \expandafter\csname seqdimleft@#1\endcsname=0pt%
             \expandafter\csname seqdimright@#1\endcsname=0pt}


% \vshowseq{NAME} Affichage du sequent NAME. En fait, on affiche
%                simplement la boite \seqbox@NAME.
%                Cette commande est adaptee pour des endroits ou`
%                des \vbox conviennent. Exemple:
%                      $\vcenter{\vshowseq{...}}$
%

\def\vshowseq#1{\expandafter\copy\csname seqbox@#1\endcsname}

% \showseq{NAME} Affichage du sequent NAME. En fait, on affiche
%                simplement la boite \seqbox@NAME.
%                Cette commande est adaptee pour des endroits ou`
%                l'on se trouve en mode horizontal. Exemple:
%                     \begin{center}
%                     \showseq{...}
%                     \end{center}

\def\showseq#1{\leavevmode\vshowseq{#1}}

% \showdim{NAME} Affichage des dimensions cachees du sequent NAME. 
%                (uniquement pour debugger)

\def\showdim#1{{\seqtmpdima\expandafter\csname seqdimleft@#1\endcsname 
                \seqtmpdimb\expandafter\csname seqdimright@#1\endcsname 
                \newlinechar=`\^^J%
                \message{^^JSequent #1:}%
                \message{^^J(gauche=\the\seqtmpdima;}%
                \message{droite=\the\seqtmpdimb)}%
                \seqtmpdima\dp\expandafter\csname seqbox@#1\endcsname 
                \message{^^Jdp=\the\seqtmpdima^^J}%
               }}



% \seqI{RESULT}{SEQ}{EXP}{RULE}
%
%
%          SEQ  
%         ----- (RULE)   ==  RESULT
%          EXP
%
%   SEQ et RESULT peuvent etre identiques
%
% (SEQ et RESULT doivent etre different de `@/@')

\def\seqI#1#2#3#4{%
        \setbox\seqscratchboxI=\expandafter\copy\csname seqbox@#2\endcsname
        \setbox\seqscratchboxII=\hbox{\ifseqmath\ensuremath{#3}\else#3\fi}%
        \seqtmpdima\wd\seqscratchboxI \seqtmpdimb\wd\seqscratchboxII 
        \seqleftI\csname seqdimleft@#2\endcsname
        \seqrightI\csname seqdimright@#2\endcsname
        %
        % Le sequent #2 se presente ainsi:
        %
        %       \seqtmpdima
        %    ----------------->
        %
        %    XXXXXXXXXXXXXXXXXX
        %    XXXX  SEQ I XXXXXX
        %       XXXXXXXXXX
        %
        %    -->          ---->
        % \seqleftI     \seqrightI    (\seqleftI et \seqrightI sont >=0)
        %
        %=======================================================
        % Calcul de la largeur de la derniere ligne de #2:
        \seqlastlinewidth\seqtmpdima 
        \advance\seqlastlinewidth-\seqleftI 
        \advance\seqlastlinewidth-\seqrightI 
        %
        % Maintenant:
        %       \seqtmpdima
        %    ----------------->
        %
        %    XXXXXXXXXXXXXXXXXX
        %    XXXX  SEQ I XXXXXX
        %       XXXXXXXXXX
        %
        %    -->          ---->
        % \seqleftI     \seqrightI 
        %
        %       --------->
        %    \seqlastlinewidth (>0)
        %=======================================================
        % La taille de la nouvelle barre est 
        %   MAX(\seqlastlinewidth,\seqtmpdimb)
        % avec \seqtmpdimb=largeur de l'expression du bas (#3):
        %
        \seqbarlength\seqlastlinewidth 
        \ifdim\seqbarlength<\seqtmpdimb \seqbarlength\seqtmpdimb \fi 
        %
        % maintenant, \seqbarlength contient la taille finale de
        % la nouvelle barre.
        %
        %=======================================================
        %
        % \seqscratchboxIII contient la regle appliquee.
        % La boite creee est d'epaisseur nulle et le nom
        % de la regle est centre' verticalement sur la barre.
        %
        \def\@scratch{#4}%
        \ifx\@scratch\@empty
           \setbox\seqscratchboxIII=\hbox{}%
        \else
           \setbox\seqscratchboxIII   
             =\hbox{\raise.5\seqbarthickness
                    \hbox{\lower\fontdimen22%
                                \csname OMS/cmsy/m/n/\tf@size\endcsname
                                \hbox{$\vcenter{\hbox{\ruleformat{#4}}}$}}}%
               \ht\seqscratchboxIII0pt \dp\seqscratchboxIII0pt%
        \fi
        %
        %=======================================================
        % Les calculs qui suivent adoptent un point de reference
        % dans le sequent. Il est indique' par le cercle.
        %
        %       \seqtmpdima
        %    ----------------->
        %
        %    XXXXXXXXXXXXXXXXXX
        %    XXXX  SEQ I XXXXXX
        %       XXXXXXXXXX
        %       o
        %
        %    -->          ---->
        % \seqleftI     \seqrightI 
        %
        %       --------->
        %    \seqlastlinewidth (>0)
        %=======================================================
        % \seqdelta est la distance entre l'extremite' gauche de la barre
        % et l'extremite' gauche du bas (#3):
        %
        \seqdelta\seqtmpdimb 
        \advance\seqdelta-\seqlastlinewidth \divide\seqdelta2 
        %
        % \seqskiptoI indique de combien il faut reculer (=avancer a gauche)
        % pour aller du point (o) a l'extremite' gauche de la boite contenant
        % le SEQ I (=#2)
        %
        \seqskiptoI-\seqleftI 
        %
        % \seqskiptoI indique de combien il faut reculer (=avancer a gauche)
        % pour aller du point (o) a l'extremite' gauche du bas (#3).
        % Vu la definition de \seqdelta, c'est -\seqdelta.
        %
        \seqskiptoII-\seqdelta 
        %
        % La barre commence soit au point de reference (si \seqskiptoII>0pt)
        % soit a hauteur du bas (#3).
        % (c'est-a-dire \seqskiptobar=-MAX(-\seqskiptoII,0pt))
        %
        \seqskiptobar\seqskiptoII 
        \ifdim\seqskiptobar>0pt \seqskiptobar=0pt \fi 
        %
        % Pour la ``mise en boite'' finale, on prend comme point de reference
        % l'extremite' gauche englobant le sequent I et le bas. Par rapport
        % au point de reference actuel (o), il faut appliquer un shift vers
        % la gauche de MAX(-\seqskiptoI,\seqskiptoII), c'est-a-dire de
        % \seqskiptoleft=MAX(\seqleftI,\seqdelta).
        %
        \seqskiptoleft\seqleftI 
        \ifdim\seqskiptoleft<\seqdelta \seqskiptoleft\seqdelta \fi 
        %
        % On determine maintenant la largeur du sequent final:
        %
        %
        %    XXXXXXXXXXXXXXXXXX         Pour ce faire, on part de
        %    XXXX  SEQ I XXXXXX         \seqlastlinewidth et on ajoute
        %       XXXXXXXXXX              l'extension a droite puis a
        %       o                       gauche.
        %    -->          ---->          A gauche, elle a deja ete
        % \seqleftI     \seqrightI      calculee, c'est \seqskiptoleft.
        %                                
        %     -------------- (rule)     
        %     xxxxxxxxxxxxxx             
        %
        %  A droite, il faut calculer
        %    R= -\seqlastlinewidth 
        %       + MAX(\seqlastlinewidth+\seqrightI,
        %             \seqskiptobar+\seqbarlength+\wd\seqscratchboxIII)
        %     = MAX(\seqrightI,
        %           \seqskiptobar+\seqbarlength+\wd\seqscratchboxIII
        %           -\seqlastlinewidth)
        %
        \seqwidth\seqskiptobar 
        \advance\seqwidth\seqbarlength 
        \advance\seqwidth\wd\seqscratchboxIII 
        \advance\seqwidth-\seqlastlinewidth 
        \ifdim\seqwidth<\seqrightI \seqwidth\seqrightI \fi 
        \advance\seqwidth\seqskiptoleft 
        \advance\seqwidth\seqlastlinewidth 
        %
        %
        %=======================================================
        % Calcul du nouveau decalage a gauche:
        %
        \seqtmpdiml\seqskiptoleft \advance\seqtmpdiml-\seqdelta 
        %
        % Calcul du nouveau decalage a droite:
        %
        \seqtmpdimr\seqwidth \advance\seqtmpdimr-\seqtmpdimb 
        \advance\seqtmpdimr-\seqtmpdiml
        %
        % Si le sequent n'a pas encore ete cre'e', on fait le ne'cessaire.
        % (cette commande doit evidemment preceder les trois affectations
        %  qui suivent...)
        \checkseq{#1}%
        %
        % On peut maintenant marquer les nouveaux decalages horizontaux:
        %
        \csname seqdimleft@#1\endcsname\seqtmpdiml 
        \csname seqdimright@#1\endcsname\seqtmpdimr 
        %
        {\def\bskip{\hskip\seqskiptoleft}\def\bbox{\hbox to \seqwidth}%
        %
        %
        \expandafter\global\expandafter\setbox\csname seqbox@#1\endcsname=%
        \hbox{\vbox{\offinterlineskip
             \bbox{\bskip\hskip\seqskiptoI\box\seqscratchboxI\hss}%
             \vskip\seqspacing
             \bbox{\bskip\hskip\seqskiptobar 
                                    \hbox{\vbox{\hrule height\seqbarthickness 
                                                       width\seqbarlength}}%
                                    \box\seqscratchboxIII 
                                    \hss}%
             \vskip\seqspacing
             \bbox{\bskip\hskip\seqskiptoII
                   \seqminsep\box\seqscratchboxII\hss}}}}}

%
%
% \stickseq{A}{B}{C} colle B et C pour en faire A
%

\def\stickseq#1#2#3{\checkseq{#1}%
           \seqtmpdima\dp\csname seqbox@#2\endcsname
           \ifdim\seqtmpdima<\dp\strutbox \seqtmpdima\dp\strutbox\fi
           \seqtmpdimb\dp\csname seqbox@#3\endcsname
           \ifdim\seqtmpdimb<\dp\strutbox \seqtmpdimb\dp\strutbox\fi
           \expandafter\setbox\csname seqbox@#1\endcsname=\hbox{%
                \raise\seqtmpdima
                      \expandafter\copy\csname seqbox@#2\endcsname
                \hskip1em %
                \raise\seqtmpdimb
                      \expandafter\copy\csname seqbox@#3\endcsname}%
             % ajoute' le 6/3/1995
           \expandafter\setbox\csname seqbox@#1\endcsname=\hbox{%
                \lower\dp\strutbox
                        \expandafter\box\csname seqbox@#1\endcsname}%
        {\edef\tmp{\csname seqdimleft@#1\endcsname}%
         \global\tmp\csname seqdimleft@#2\endcsname
         \edef\tmp{\csname seqdimright@#1\endcsname}%
         \global\tmp\csname seqdimright@#3\endcsname}}


% \seqII{NEWSEQ}{SEQ1}{SEQ2}{RESULT}{RULE}
%
%   NEWSEQ, SEQ1 et SEQ2 ne sont pas obligatoirement deux a deux distincts
%
%
%       SEQ1  SEQ2
%       ---------- (RULE)   ==  NEWSEQ
%         RESULT
%
%  (SEQ1, SEQ2 et RESULT doivent etre different de `@/@')

\def\seqII#1#2#3#4#5{%
        \stickseq{#1}{#2}{#3}%
        \seqI{#1}{#1}{#4}{#5}}

% \seqIII{NEWSEQ}{SEQ1}{SEQ2}{SEQ3}{RESULT}{RULE}
%
%   NEWSEQ, SEQ1, SEQ2 et SEQ3 ne sont pas obligatoirement 
%   deux a deux distincts
%
%
%       SEQ1 SEQ2 SEQ3
%       -------------- (RULE)   ==  NEWSEQ
%           RESULT
%
% (SEQ1, SEQ2, SEQ3 et RESULT doivent etre different de `@/@')

\def\seqIII#1#2#3#4#5#6{%
        \stickseq{@/@}{#2}{#3}%
        \stickseq{@/@}{@/@}{#4}%
        \seqI{#1}{@/@}{#5}{#6}}

% \seqIV{NEWSEQ}{SEQ1}{SEQ2}{SEQ3}{SEQ4}{RESULT}{RULE}
%
%   NEWSEQ, SEQ1, SEQ2, SEQ3 et SEQ4 ne sont pas obligatoirement 
%   deux a deux distincts
%
%
%       SEQ1 SEQ2 SEQ3 SEQ4
%       ------------------- (RULE)   ==  NEWSEQ
%              RESULT
%
%  (SEQ1, SEQ2, SEQ3, SEQ4 et RESULT doivent etre different de `@/@')

\def\seqIV#1#2#3#4#5#6#7{%
        \stickseq{@/@}{#2}{#3}%
        \stickseq{@/@}{@/@}{#4}%
        \stickseq{@/@}{@/@}{#5}%
        \seqI{#1}{@/@}{#6}{#7}}

\endinput

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%                    Fin des macros de deduc.sty                          %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Exemple d'utilisation de deduc.sty.
% D. Roegel, 16/8/1994
%
% D'apres le DEA de Chrystel Barraband, septembre 1993.
%
%
\documentclass{article}

\usepackage{deduc}
\usepackage{fullpage}
\usepackage[dvips]{rotating} % pour pouvoir tourner la preuve
                             % (parce que l'exemple est tres grand)

\begin{document}

\def\five{\fontsize{5}{10}\selectfont}

\def\fl{\rightarrow}

\def\msp{\mkern18mu }
\def\mtt#1{{\tt #1}}
\def\lterm[#1:#2]{$\mtt{#1\msp :\msp }#2$}

\def\pA{\lterm[\lambda  t t_1 f a.t f (t_1 f a):
              \forall x\msp Nx \fl (\forall x_1\msp Nx_1\fl Nplus(x,x_1))]}


\def\pB{\lterm[\lambda t t_1 f a.t f (t_1 f a):
        Nx \fl (\forall x_1\msp Nx_1\fl Nplus(x,x_1))]}

\def\pC{\lterm[\lambda f a.t f (t_1 f a):Nplus(x,x_1)]}

\def\pD{\lterm[\lambda f a.t f (t_1 f a): 
        \forall X_2\msp 
             ((\forall y\msp X_2y\fl X_2s(y))\fl (X_20\fl X_2plus(x,x_1)))]}

\def\pE{\lterm[t f (t_1 f a):X_2plus(x,x_1)]}

\def\pF{\lterm[t f:X_2x_1\fl X_2plus(x,x_1)]}

\def\pG{\lterm[t_1 f a:X_2x_1]}

\def\pH{\lterm[t f:X_2plus(0,x_1)\fl X_2plus(x,x_1)]}

\def\pI{\lterm[t:
        (\forall y\msp X_2plus(y,x_1)\fl X_2s(plus(y,x_1)))\fl 
        (X_2plus(0,x_1)\fl X_2plus(x,x_1))]}

\def\pJ{\lterm[f:
        (\forall y\msp X_2plus(y,x_1)\fl X_2s(plus(y,x_1)))]}

\def\pK{\lterm[t:
        (\forall y\msp X_2plus(y,x_1)\fl X_2plus(s(y),x_1))\fl 
        (X_2plus(0,x_1)\fl X_2plus(x,x_1))]}

\def\pL{\lterm[t:
        \forall X_2\msp ((\forall y_2\msp X_2y_2\fl X_2s(y_2))\fl 
        (X_20\fl X_2x))]}

\def\pM{\lterm[t:Nx]}

\def\pN{\lterm[f:(\forall y\msp X_2plus(y,x_1)\fl X_2plus(s(y),x_1))]}

\def\pO{\lterm[f:\forall X_2\msp (\forall y\msp X_2y\fl X_2s(y))]}

\def\pP{\lterm[f:\forall y\msp X_2y\fl X_2s(y)]}

\def\pU{\lterm[t_1 f:X_20\fl X_2x_1]}

\def\pQ{\lterm[a:X_20]}

\def\pR{\lterm[t_1:(\forall y\msp X_2y\fl X_2s(y))\fl X_20\fl X_2x_1]}

\def\pS{\lterm[t_1:
        (\forall X_2\msp (\forall y\msp X_2y\fl X_2s(y))\fl X_20\fl X_2x_1)]}

\def\pT{\lterm[t_1:Nx_1]}

\def\pV{\lterm[f:\forall y\msp X_2y\fl X_2s(y)]}


%     La fraction construite est:
%
%       \metaF
%    /-----^-----\       \metaG
%                    /------^------\
%      \pM    \pP
%      \pL    \pO     \pT
%      \pK    \pN     \pS
%      \pI    \pJ     \pR  \pV
%      ----------     --------
%         \pH            \pU   \pQ
%                        ---------
%         \pF               \pG
%         ----------------------
%                  \pE
%                  \pD
%                  \pC
%                  \pB
%                  \pA
%
% avec:
%
%    \metaI   \metaJ    \metaU
%
%    /--^--\  /--^--\  /---^---\
%
%      \pM      \pP     \pT
%      \pL      \pO     \pS
%      \pK      \pN     \pR  \pV
%      \pI      \pJ     --------
%                         \pU
% 

% Et voici la preuve en utilisant les macros de deduc.sty


{\five

%\seqbarthickness4pt

\initseq{metaI}{\pM}
\seqI{metaI}{metaI}{\pL}{fold\_it}
\seqI{metaI}{metaI}{\pK}{sp\'e.2}
\seqI{metaI}{metaI}{\pI}{rew} 
\initseq{metaJ}{\pP}
\seqI{metaJ}{metaJ}{\pO}{g\'en.1}
\seqI{metaJ}{metaJ}{\pN}{sp\'e.2}
\seqI{metaJ}{metaJ}{\pJ}{rew}
\seqII{metaF}{metaI}{metaJ}{\pH}{app}
\seqI{metaF}{metaF}{\pF}{rew}
\initseq{metaG}{\pT}
\seqI{metaG}{metaG}{\pS}{fold\_it}
\seqI{metaG}{metaG}{\pR}{sp\'e.2}
\initseq{metaV}{\pV}
\seqII{metaG}{metaG}{metaV}{\pU}{app}
\initseq{metaQ}{\pQ}
\seqII{metaG}{metaG}{metaQ}{\pG}{app}
\seqII{metaF}{metaF}{metaG}{\pE}{app}
\seqI{metaF}{metaF}{\pD}{abs+abs+g\'en.2}
\seqI{metaF}{metaF}{\pC}{unfold\_it}
\seqI{metaF}{metaF}{\pB}{abs+g\'en.1+abs}
\seqI{metaF}{metaF}{\pA}{g\'en.1}

\begin{turn}{60}
\showseq{metaF}
\end{turn}

} % {\five

\end{document}








ARQNL2018_Final/deduclmodern.sty
% Please, don't distribute.
% This is completely experimental.
% A lot of things are yet to be done.
% If I only had the time!
% NO WARRANTY AT ALL.
% D. Roegel. November 17, 1994.
%
%
\def\fileversion{0.974}
\def\filedate{95/12/18}
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%                                                                          %
%                              DEDUC.STY                                   %
%                                                                          %   
%                            Version  0.974                                %
%                                                                          %
%                       D. Roegel (roegel@loria.fr)                        %
%                                                                          %
% ------------------------------------------------------------------------ %
%                                                                          %
%         Macros pour repre'senter des se'quents et des preuves            %
%         Ces macros ne fonctionnent qu'avec LaTeX2e.                      %
%         (et TeX au prix de quelques changements mineurs)                 %
%         L'inte're^t de ces macros est de bien placer la barre            %
%         de fraction et de ne pas la faire de'border inutilement.         %
%                                                                          %
%         En effet, l'emploi du \frac de LaTeX pour representer            %
%                                                                          %   
%            xxxxxxx   y                 xxxxxxx  y                        %
%            -------  ---                ------- ---                       %
%               b     ccc       donne       b    ccc                       %
%               ---------                -----------                       %
%                   a                         a                            %
%                                                                          %
%         alors que les macros presentees ici donnent bien                 %
%         la fraction de gauche.                                           %
%                                                                          %
% ------------------------------------------------------------------------ %
%                                                                          %
%           Historique des versions:                                       %
%                                                                          %
%                       1-2/ 7/1993  (premiere ecriture,                   %
%                                     pour representer une preuve dans     %
%                                     le travail de Chrystel Barraband)    %
%                                    (le fichier s'est appele' sequent.tex %
%                                     jusqu'a la version 0.961)            %
%                        10/ 7/1993  (un commentaire)                      %
%                        11/ 7/1993  (introduction de \seqbarthickness)    %
%                        27/ 7/1993  (exemple d'utilisation)               %
%                        29/ 7/1993  (commentaires detailles dans \seqI)   %
%                                    (correction d'un bug passe' inapercu) %
%                0.94    17/ 8/1993  (une idee d'amelioration)             %
%                0.95     1/10/1993  (un commentaire)                      %
%                0.96    19/ 3/1994  (retrait de `%' inutiles;             %
%                                     ajout de la definition de            %
%                                     \newlinechar a \showdim              %
%                                     (pas teste'))                        %
%                0.961   16/ 8/1994  (renommage en deduc.sty et            %
%                                     legere adaptation a LaTeX2e) (GP)    %
%                0.962    1/ 9/1994  (les expressions n'ont plus besoin    %
%                                     d'etre des boites) (GP)              %
%                0.963    1/ 9/1994  (ajout de \ruleformat et \seqspacing) %
%                                      (GP)                                %
%                0.964    2/ 9/1994  (la regle n'est mentionnee que        %
%                                     si elle n'est pas vide) (GP)         %
%                0.965    6/ 9/1994  (modification de la syntaxe de        %
%                                     \seqII: le second argument devient   %
%                                     l'avant-dernier)  (GP)               %
%                                    (\leavevmode ajoute' dans \showseq)   %
%                                        (GP)                              %
%                0.966    9/ 9/1994  (\initseq modifie': \strut n'est      %
%                                     utilise' que si la valeur initiale   %
%                                     n'est pas vide)  (GP)                %
%                0.967   13/ 9/1994  (\checkseq{#1} a ete deplace' avant   %
%                                     les affectations a \seqdimleft@#1    %
%                                     et \seqdimright@#1 dans \seqI) (GP)  %
%                0.968   20/ 9/1994  \@stickseq modifie' pour corriger     %
%                                    des inegalites de profondeur dans     %
%                                    les deux parties que l'on colle.      %
%                                    (GP)                                  %
%                0.969    6/ 3/1995  \@stickseq modifie' pour repercuter   %
%                                    correctement la profondeur des boites %
%                                    (DB)                                  %
%                                    introduction provisoire de \seqIII    %
%                                    (en attendant \seqn)                  %
%                0.970   20/ 3/1995  modification de \seqscratchboxIII     %
%                                    pour bien centrer la regle.           %
%                0.971   20/ 3/1995  introduction de \vshowseq.            %
%                0.972   27/ 3/1995  introduction de \seqIV, \seqminsep    %
%                                    et renommage de \@stickseq en         %
%                                    \stickseq. (DB)                       %
%                0.973    6/11/1995  valeur par defaut de \ruleformat      %
%                                    modifiee (~ -> \ ) (DM)               %
%                                    ajout de l'option ensuremath qui      %
%                                    evite de mettre les formules en mode  %
%                                    mathematique (DM)                     %
%                                    commandes \seqmathtrue et             %
%                                       \seqmathfalse                      %
%                0.974   18/12/1995  modification de \seqIII et \seqIV     %
%                                      (introduction du sequent            %
%                                        intermediaire `@/@') (DB)         %
%                                                                          %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
% Mode d'emploi:
% =============
%
% Les macros suivantes sont celles susceptibles d'e^tre normalement
% utilise'es:
%
%   \initseq : initialisation d'une preuve
%   \seqI    : constructeur 1
%   \seqII   : constructeur 2
%   \seqIII  : constructeur 3
%   \seqIV   : constructeur 4
%   \stickseq : constructeur horizontal
%   \showseq : affichage d'une preuve
%   \ruleformat : pour le formatage des regles
%   \seqminsep  : cette commande est ajoutee a un terme pour augmenter
%              (et en general homogeneiser) sa hauteur;
%              pour avoir la hauteur naturelle d'un terme, on ecrira
%              \renewcommand\seqminsep{}
%
%   \seqmathtrue, \seqmathfalse: voir option `ensuremath'.
%        
%   
% Parametres:
%   \seqbarthickness (defaut=0.4pt)
%       (peut etre modifie' en cours de route)
%   \seqspacing : espacement additionnel entre les expressions et
%                 les barres
%       (peut etre modifie' en cours de route)
%
% Option du package: 
%
%   ensuremath  -> \usepackage[ensuremath]{deduc}
%       Cette option rend inutile le mode mathematique dans les formules.
%       Si on met cette option, IL NE FAUT PAS METTRE LES FORMULES ENTRE $$.
%       L'effet de cette option peut etre localement modifie' avec
%       \seqmathtrue et \seqmathfalse.
%
% Voir plus loin l'emploi de chacune de ces commandes.
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
% Exemple d'utilisation:
% =====================
%
% Supposons que \pA, \pB, \pC, etc., soient definis comme etant des
% expressions, par exemple des lambda-termes.
%
% Si la preuve a construire presente l'aspect suivant:
%
%      \pM    \pP
%      \pL    \pO     \pT
%      \pK    \pN     \pS
%      \pI    \pJ     \pR  \pV
%      ----------     --------
%         \pH            \pU   \pQ
%                        ---------
%         \pF               \pG
%         ----------------------
%                  \pE
%                  \pD
%                  \pC
%                  \pB
%                  \pA
%
%
%   on peut ecrire:
%
%  \documentclass[...]{...}
%  \usepackage{deduc}
%  \begin{document}
%
%  ...
%  \newcommand{\pM}{...}
%  \newcommand{\pL}{...}
%  ...
%  \setlength{\seqbarthickness}{4pt}
%  \setlength{\seqspacing}{2mm}
%
%  \renewcommand{\ruleformat}[1]{\ [#1]} % pour mettre la regle entre crochets
%
%  \initseq{metaI}{\pM}
%  \seqI{metaI}{metaI}{\pL}{fold\_it}
%  \seqI{metaI}{metaI}{\pK}{sp\'e.2}
%  \seqI{metaI}{metaI}{\pI}{rew} 
%  \initseq{metaJ}{\pP}
%  \seqI{metaJ}{metaJ}{\pO}{g\'en.1}
%  \seqI{metaJ}{metaJ}{\pN}{sp\'e.2}
%  \seqI{metaJ}{metaJ}{\pJ}{rew}
%  \seqII{metaF}{metaI}{metaJ}{\pH}{app}
%  \seqI{metaF}{metaF}{\pF}{rew}
%  \initseq{metaG}{\pT}
%  \seqI{metaG}{metaG}{\pS}{fold\_it}
%  \seqI{metaG}{metaG}{\pR}{sp\'e.2}
%  \initseq{metaV}{\pV}
%  \seqII{metaG}{metaG}{metaV}{\pU}{app}
%  \initseq{metaQ}{\pQ}
%  \seqII{metaG}{metaG}{metaQ}{\pG}{app}
%  \seqII{metaF}{metaF}{metaG}{\pE}{app}
%  \seqI{metaF}{metaF}{\pD}{abs+abs+g\'en.2}
%  \seqI{metaF}{metaF}{\pC}{unfold\_it}
%  \seqI{metaF}{metaF}{\pB}{abs+g\'en.1+abs}
%  \seqI{metaF}{metaF}{\pA}{g\'en.1}
%  \showseq{metaF}
%  
%  ...
%  \end{document}
%
%
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
% Ame'liorations a` apporter:
% ==========================
%
%
%  1) Lorsque l'on utilise \seqII, l'espacement entre SEQ1 et SEQ2 doit
%     pouvoir e^tre donne' en argument, mais il doit y avoir une valeur
%     par de'faut.
%
%  2) Il faudrait aussi donner la possibilite' de parametrer la
%     longueur de la barre (en fait, la quantite' a ajouter: par defaut 0)
%
%  3) On doit pouvoir me'langer des de'rivations ou` la regle est place'e
%     a` gauche, et d'autres ou` la re`gle est place'e a` droite.
%
%  4) Prevenir les erreurs pouvant survenir lorsqu'une variable
%     de preuve n'est pas correctement initialisee.
%  
%  5) Donner la possibilite' de remplacer la barre horizontale par
%     un objet extensible quelconque. (utilisation de \leaders)
%
%  ...
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{deduclmodern}
      [\filedate\space v\fileversion\space deduclmodern (Denis Roegel, Daniel M\'ery)]
\immediate\write\sixt@@n{Package: deduc
\fileversion\space <\filedate> (Denis Roegel)}
\newif\ifseqmath
\DeclareOption{ensuremath}{\seqmathtrue}
\ProcessOptions
%
%
% On commence par rendre \newbox et \newdimen non-\outer:
% A enlever par la suite puisque utilise' seulement tres localement.
%
\edef\inner@newbox{\noexpand\newbox}
\edef\inner@newdimen{\noexpand\newdimen}

%
% Variables utilisees localement
%
\newdimen\seqleftI
\newdimen\seqrightI
\newdimen\seqtmpdima
\newdimen\seqtmpdimb
\newdimen\seqtmpdiml
\newdimen\seqtmpdimr
\newdimen\seqbarlength
\newdimen\seqskiptoI
\newdimen\seqskiptobar
\newdimen\seqskiptoII
\newdimen\seqskiptoleft
\newdimen\seqlastlinewidth
\newdimen\seqdelta
\newdimen\seqwidth
\newdimen\seqbarthickness \seqbarthickness=0.4pt
\newdimen\seqspacing \seqspacing1mm
%
\newbox\seqscratchboxI
\newbox\seqscratchboxII
\newbox\seqscratchboxIII
%

\newcommand\ruleformat[1]{\ (#1)}

\newcommand\seqminsep{\strut}


% Un sequent est un ensemble de trois variables TeX. Le sequent
% de nom generique FOO consiste en la boite \seqbox@FOO, 
% et les deux dimensions \seqdimleft@FOO et \seqdimright@FOO
% Ces noms ne sont jamais tapes directement par celui qui ecrit
% une preuve.
%
%
%  \checkseq{NAME}  Si le sequent NAME n'existe pas encore,
%                   les variables necessaires sont declarees.
%
\def\checkseq#1{%
        \expandafter\ifx\csname seqbox@#1\endcsname\relax 
                 \expandafter\inner@newbox\csname seqbox@#1\endcsname
                 \expandafter\inner@newdimen\csname seqdimleft@#1\endcsname
                 \expandafter\inner@newdimen\csname seqdimright@#1\endcsname
        \fi}

%
%
% \initseq{NAME}{EXP} Initialisation du sequent NAME avec EXP.
%   (NAME doit etre different de `@/@')

\def\initseq#1#2{%
             \checkseq{#1}%
             \expandafter\setbox\csname seqbox@#1\endcsname
                   \hbox{\ifseqmath\ensuremath{#2}\else#2\fi}%
             \ifdim\wd\csname seqbox@#1\endcsname=0pt%
             \else
               \expandafter\setbox\csname seqbox@#1\endcsname
                   \hbox{\strut\ifseqmath\ensuremath{#2}\else#2\fi}% 
             \fi
             \expandafter\csname seqdimleft@#1\endcsname=0pt%
             \expandafter\csname seqdimright@#1\endcsname=0pt}


% \vshowseq{NAME} Affichage du sequent NAME. En fait, on affiche
%                simplement la boite \seqbox@NAME.
%                Cette commande est adaptee pour des endroits ou`
%                des \vbox conviennent. Exemple:
%                      $\vcenter{\vshowseq{...}}$
%

\def\vshowseq#1{\expandafter\copy\csname seqbox@#1\endcsname}

% \showseq{NAME} Affichage du sequent NAME. En fait, on affiche
%                simplement la boite \seqbox@NAME.
%                Cette commande est adaptee pour des endroits ou`
%                l'on se trouve en mode horizontal. Exemple:
%                     \begin{center}
%                     \showseq{...}
%                     \end{center}

\def\showseq#1{\leavevmode\vshowseq{#1}}

% \showdim{NAME} Affichage des dimensions cachees du sequent NAME. 
%                (uniquement pour debugger)

\def\showdim#1{{\seqtmpdima\expandafter\csname seqdimleft@#1\endcsname 
                \seqtmpdimb\expandafter\csname seqdimright@#1\endcsname 
                \newlinechar=`\^^J%
                \message{^^JSequent #1:}%
                \message{^^J(gauche=\the\seqtmpdima;}%
                \message{droite=\the\seqtmpdimb)}%
                \seqtmpdima\dp\expandafter\csname seqbox@#1\endcsname 
                \message{^^Jdp=\the\seqtmpdima^^J}%
               }}



% \seqI{RESULT}{SEQ}{EXP}{RULE}
%
%
%          SEQ  
%         ----- (RULE)   ==  RESULT
%          EXP
%
%   SEQ et RESULT peuvent etre identiques
%
% (SEQ et RESULT doivent etre different de `@/@')

\def\seqI#1#2#3#4{%
        \setbox\seqscratchboxI=\expandafter\copy\csname seqbox@#2\endcsname
        \setbox\seqscratchboxII=\hbox{\ifseqmath\ensuremath{#3}\else#3\fi}%
        \seqtmpdima\wd\seqscratchboxI \seqtmpdimb\wd\seqscratchboxII 
        \seqleftI\csname seqdimleft@#2\endcsname
        \seqrightI\csname seqdimright@#2\endcsname
        %
        % Le sequent #2 se presente ainsi:
        %
        %       \seqtmpdima
        %    ----------------->
        %
        %    XXXXXXXXXXXXXXXXXX
        %    XXXX  SEQ I XXXXXX
        %       XXXXXXXXXX
        %
        %    -->          ---->
        % \seqleftI     \seqrightI    (\seqleftI et \seqrightI sont >=0)
        %
        %=======================================================
        % Calcul de la largeur de la derniere ligne de #2:
        \seqlastlinewidth\seqtmpdima 
        \advance\seqlastlinewidth-\seqleftI 
        \advance\seqlastlinewidth-\seqrightI 
        %
        % Maintenant:
        %       \seqtmpdima
        %    ----------------->
        %
        %    XXXXXXXXXXXXXXXXXX
        %    XXXX  SEQ I XXXXXX
        %       XXXXXXXXXX
        %
        %    -->          ---->
        % \seqleftI     \seqrightI 
        %
        %       --------->
        %    \seqlastlinewidth (>0)
        %=======================================================
        % La taille de la nouvelle barre est 
        %   MAX(\seqlastlinewidth,\seqtmpdimb)
        % avec \seqtmpdimb=largeur de l'expression du bas (#3):
        %
        \seqbarlength\seqlastlinewidth 
        \ifdim\seqbarlength<\seqtmpdimb \seqbarlength\seqtmpdimb \fi 
        %
        % maintenant, \seqbarlength contient la taille finale de
        % la nouvelle barre.
        %
        %=======================================================
        %
        % \seqscratchboxIII contient la regle appliquee.
        % La boite creee est d'epaisseur nulle et le nom
        % de la regle est centre' verticalement sur la barre.
        %
        \def\@scratch{#4}%
        \ifx\@scratch\@empty
           \setbox\seqscratchboxIII=\hbox{}%
        \else
           \setbox\seqscratchboxIII   
             =\hbox{\raise.5\seqbarthickness
                    \hbox{\lower\fontdimen22%
                                \csname OMS/lmsy/m/n/\tf@size\endcsname
                                \hbox{$\vcenter{\hbox{\ruleformat{#4}}}$}}}%
               \ht\seqscratchboxIII0pt \dp\seqscratchboxIII0pt%
        \fi
        %
        %=======================================================
        % Les calculs qui suivent adoptent un point de reference
        % dans le sequent. Il est indique' par le cercle.
        %
        %       \seqtmpdima
        %    ----------------->
        %
        %    XXXXXXXXXXXXXXXXXX
        %    XXXX  SEQ I XXXXXX
        %       XXXXXXXXXX
        %       o
        %
        %    -->          ---->
        % \seqleftI     \seqrightI 
        %
        %       --------->
        %    \seqlastlinewidth (>0)
        %=======================================================
        % \seqdelta est la distance entre l'extremite' gauche de la barre
        % et l'extremite' gauche du bas (#3):
        %
        \seqdelta\seqtmpdimb 
        \advance\seqdelta-\seqlastlinewidth \divide\seqdelta2 
        %
        % \seqskiptoI indique de combien il faut reculer (=avancer a gauche)
        % pour aller du point (o) a l'extremite' gauche de la boite contenant
        % le SEQ I (=#2)
        %
        \seqskiptoI-\seqleftI 
        %
        % \seqskiptoI indique de combien il faut reculer (=avancer a gauche)
        % pour aller du point (o) a l'extremite' gauche du bas (#3).
        % Vu la definition de \seqdelta, c'est -\seqdelta.
        %
        \seqskiptoII-\seqdelta 
        %
        % La barre commence soit au point de reference (si \seqskiptoII>0pt)
        % soit a hauteur du bas (#3).
        % (c'est-a-dire \seqskiptobar=-MAX(-\seqskiptoII,0pt))
        %
        \seqskiptobar\seqskiptoII 
        \ifdim\seqskiptobar>0pt \seqskiptobar=0pt \fi 
        %
        % Pour la ``mise en boite'' finale, on prend comme point de reference
        % l'extremite' gauche englobant le sequent I et le bas. Par rapport
        % au point de reference actuel (o), il faut appliquer un shift vers
        % la gauche de MAX(-\seqskiptoI,\seqskiptoII), c'est-a-dire de
        % \seqskiptoleft=MAX(\seqleftI,\seqdelta).
        %
        \seqskiptoleft\seqleftI 
        \ifdim\seqskiptoleft<\seqdelta \seqskiptoleft\seqdelta \fi 
        %
        % On determine maintenant la largeur du sequent final:
        %
        %
        %    XXXXXXXXXXXXXXXXXX         Pour ce faire, on part de
        %    XXXX  SEQ I XXXXXX         \seqlastlinewidth et on ajoute
        %       XXXXXXXXXX              l'extension a droite puis a
        %       o                       gauche.
        %    -->          ---->          A gauche, elle a deja ete
        % \seqleftI     \seqrightI      calculee, c'est \seqskiptoleft.
        %                                
        %     -------------- (rule)     
        %     xxxxxxxxxxxxxx             
        %
        %  A droite, il faut calculer
        %    R= -\seqlastlinewidth 
        %       + MAX(\seqlastlinewidth+\seqrightI,
        %             \seqskiptobar+\seqbarlength+\wd\seqscratchboxIII)
        %     = MAX(\seqrightI,
        %           \seqskiptobar+\seqbarlength+\wd\seqscratchboxIII
        %           -\seqlastlinewidth)
        %
        \seqwidth\seqskiptobar 
        \advance\seqwidth\seqbarlength 
        \advance\seqwidth\wd\seqscratchboxIII 
        \advance\seqwidth-\seqlastlinewidth 
        \ifdim\seqwidth<\seqrightI \seqwidth\seqrightI \fi 
        \advance\seqwidth\seqskiptoleft 
        \advance\seqwidth\seqlastlinewidth 
        %
        %
        %=======================================================
        % Calcul du nouveau decalage a gauche:
        %
        \seqtmpdiml\seqskiptoleft \advance\seqtmpdiml-\seqdelta 
        %
        % Calcul du nouveau decalage a droite:
        %
        \seqtmpdimr\seqwidth \advance\seqtmpdimr-\seqtmpdimb 
        \advance\seqtmpdimr-\seqtmpdiml
        %
        % Si le sequent n'a pas encore ete cre'e', on fait le ne'cessaire.
        % (cette commande doit evidemment preceder les trois affectations
        %  qui suivent...)
        \checkseq{#1}%
        %
        % On peut maintenant marquer les nouveaux decalages horizontaux:
        %
        \csname seqdimleft@#1\endcsname\seqtmpdiml 
        \csname seqdimright@#1\endcsname\seqtmpdimr 
        %
        {\def\bskip{\hskip\seqskiptoleft}\def\bbox{\hbox to \seqwidth}%
        %
        %
        \expandafter\global\expandafter\setbox\csname seqbox@#1\endcsname=%
        \hbox{\vbox{\offinterlineskip
             \bbox{\bskip\hskip\seqskiptoI\box\seqscratchboxI\hss}%
             \vskip\seqspacing
             \bbox{\bskip\hskip\seqskiptobar 
                                    \hbox{\vbox{\hrule height\seqbarthickness 
                                                       width\seqbarlength}}%
                                    \box\seqscratchboxIII 
                                    \hss}%
             \vskip\seqspacing
             \bbox{\bskip\hskip\seqskiptoII
                   \seqminsep\box\seqscratchboxII\hss}}}}}

%
%
% \stickseq{A}{B}{C} colle B et C pour en faire A
%

\def\stickseq#1#2#3{\checkseq{#1}%
           \seqtmpdima\dp\csname seqbox@#2\endcsname
           \ifdim\seqtmpdima<\dp\strutbox \seqtmpdima\dp\strutbox\fi
           \seqtmpdimb\dp\csname seqbox@#3\endcsname
           \ifdim\seqtmpdimb<\dp\strutbox \seqtmpdimb\dp\strutbox\fi
           \expandafter\setbox\csname seqbox@#1\endcsname=\hbox{%
                \raise\seqtmpdima
                      \expandafter\copy\csname seqbox@#2\endcsname
                \hskip1em %
                \raise\seqtmpdimb
                      \expandafter\copy\csname seqbox@#3\endcsname}%
             % ajoute' le 6/3/1995
           \expandafter\setbox\csname seqbox@#1\endcsname=\hbox{%
                \lower\dp\strutbox
                        \expandafter\box\csname seqbox@#1\endcsname}%
        {\edef\tmp{\csname seqdimleft@#1\endcsname}%
         \global\tmp\csname seqdimleft@#2\endcsname
         \edef\tmp{\csname seqdimright@#1\endcsname}%
         \global\tmp\csname seqdimright@#3\endcsname}}


% \seqII{NEWSEQ}{SEQ1}{SEQ2}{RESULT}{RULE}
%
%   NEWSEQ, SEQ1 et SEQ2 ne sont pas obligatoirement deux a deux distincts
%
%
%       SEQ1  SEQ2
%       ---------- (RULE)   ==  NEWSEQ
%         RESULT
%
%  (SEQ1, SEQ2 et RESULT doivent etre different de `@/@')

\def\seqII#1#2#3#4#5{%
        \stickseq{#1}{#2}{#3}%
        \seqI{#1}{#1}{#4}{#5}}

% \seqIII{NEWSEQ}{SEQ1}{SEQ2}{SEQ3}{RESULT}{RULE}
%
%   NEWSEQ, SEQ1, SEQ2 et SEQ3 ne sont pas obligatoirement 
%   deux a deux distincts
%
%
%       SEQ1 SEQ2 SEQ3
%       -------------- (RULE)   ==  NEWSEQ
%           RESULT
%
% (SEQ1, SEQ2, SEQ3 et RESULT doivent etre different de `@/@')

\def\seqIII#1#2#3#4#5#6{%
        \stickseq{@/@}{#2}{#3}%
        \stickseq{@/@}{@/@}{#4}%
        \seqI{#1}{@/@}{#5}{#6}}

% \seqIV{NEWSEQ}{SEQ1}{SEQ2}{SEQ3}{SEQ4}{RESULT}{RULE}
%
%   NEWSEQ, SEQ1, SEQ2, SEQ3 et SEQ4 ne sont pas obligatoirement 
%   deux a deux distincts
%
%
%       SEQ1 SEQ2 SEQ3 SEQ4
%       ------------------- (RULE)   ==  NEWSEQ
%              RESULT
%
%  (SEQ1, SEQ2, SEQ3, SEQ4 et RESULT doivent etre different de `@/@')

\def\seqIV#1#2#3#4#5#6#7{%
        \stickseq{@/@}{#2}{#3}%
        \stickseq{@/@}{@/@}{#4}%
        \stickseq{@/@}{@/@}{#5}%
        \seqI{#1}{@/@}{#6}{#7}}

\endinput

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%                    Fin des macros de deduc.sty                          %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Exemple d'utilisation de deduc.sty.
% D. Roegel, 16/8/1994
%
% D'apres le DEA de Chrystel Barraband, septembre 1993.
%
%
\documentclass{article}

\usepackage{deduc}
\usepackage{fullpage}
\usepackage[dvips]{rotating} % pour pouvoir tourner la preuve
                             % (parce que l'exemple est tres grand)

\begin{document}

\def\five{\fontsize{5}{10}\selectfont}

\def\fl{\rightarrow}

\def\msp{\mkern18mu }
\def\mtt#1{{\tt #1}}
\def\lterm[#1:#2]{$\mtt{#1\msp :\msp }#2$}

\def\pA{\lterm[\lambda  t t_1 f a.t f (t_1 f a):
              \forall x\msp Nx \fl (\forall x_1\msp Nx_1\fl Nplus(x,x_1))]}


\def\pB{\lterm[\lambda t t_1 f a.t f (t_1 f a):
        Nx \fl (\forall x_1\msp Nx_1\fl Nplus(x,x_1))]}

\def\pC{\lterm[\lambda f a.t f (t_1 f a):Nplus(x,x_1)]}

\def\pD{\lterm[\lambda f a.t f (t_1 f a): 
        \forall X_2\msp 
             ((\forall y\msp X_2y\fl X_2s(y))\fl (X_20\fl X_2plus(x,x_1)))]}

\def\pE{\lterm[t f (t_1 f a):X_2plus(x,x_1)]}

\def\pF{\lterm[t f:X_2x_1\fl X_2plus(x,x_1)]}

\def\pG{\lterm[t_1 f a:X_2x_1]}

\def\pH{\lterm[t f:X_2plus(0,x_1)\fl X_2plus(x,x_1)]}

\def\pI{\lterm[t:
        (\forall y\msp X_2plus(y,x_1)\fl X_2s(plus(y,x_1)))\fl 
        (X_2plus(0,x_1)\fl X_2plus(x,x_1))]}

\def\pJ{\lterm[f:
        (\forall y\msp X_2plus(y,x_1)\fl X_2s(plus(y,x_1)))]}

\def\pK{\lterm[t:
        (\forall y\msp X_2plus(y,x_1)\fl X_2plus(s(y),x_1))\fl 
        (X_2plus(0,x_1)\fl X_2plus(x,x_1))]}

\def\pL{\lterm[t:
        \forall X_2\msp ((\forall y_2\msp X_2y_2\fl X_2s(y_2))\fl 
        (X_20\fl X_2x))]}

\def\pM{\lterm[t:Nx]}

\def\pN{\lterm[f:(\forall y\msp X_2plus(y,x_1)\fl X_2plus(s(y),x_1))]}

\def\pO{\lterm[f:\forall X_2\msp (\forall y\msp X_2y\fl X_2s(y))]}

\def\pP{\lterm[f:\forall y\msp X_2y\fl X_2s(y)]}

\def\pU{\lterm[t_1 f:X_20\fl X_2x_1]}

\def\pQ{\lterm[a:X_20]}

\def\pR{\lterm[t_1:(\forall y\msp X_2y\fl X_2s(y))\fl X_20\fl X_2x_1]}

\def\pS{\lterm[t_1:
        (\forall X_2\msp (\forall y\msp X_2y\fl X_2s(y))\fl X_20\fl X_2x_1)]}

\def\pT{\lterm[t_1:Nx_1]}

\def\pV{\lterm[f:\forall y\msp X_2y\fl X_2s(y)]}


%     La fraction construite est:
%
%       \metaF
%    /-----^-----\       \metaG
%                    /------^------\
%      \pM    \pP
%      \pL    \pO     \pT
%      \pK    \pN     \pS
%      \pI    \pJ     \pR  \pV
%      ----------     --------
%         \pH            \pU   \pQ
%                        ---------
%         \pF               \pG
%         ----------------------
%                  \pE
%                  \pD
%                  \pC
%                  \pB
%                  \pA
%
% avec:
%
%    \metaI   \metaJ    \metaU
%
%    /--^--\  /--^--\  /---^---\
%
%      \pM      \pP     \pT
%      \pL      \pO     \pS
%      \pK      \pN     \pR  \pV
%      \pI      \pJ     --------
%                         \pU
% 

% Et voici la preuve en utilisant les macros de deduc.sty


{\five

%\seqbarthickness4pt

\initseq{metaI}{\pM}
\seqI{metaI}{metaI}{\pL}{fold\_it}
\seqI{metaI}{metaI}{\pK}{sp\'e.2}
\seqI{metaI}{metaI}{\pI}{rew} 
\initseq{metaJ}{\pP}
\seqI{metaJ}{metaJ}{\pO}{g\'en.1}
\seqI{metaJ}{metaJ}{\pN}{sp\'e.2}
\seqI{metaJ}{metaJ}{\pJ}{rew}
\seqII{metaF}{metaI}{metaJ}{\pH}{app}
\seqI{metaF}{metaF}{\pF}{rew}
\initseq{metaG}{\pT}
\seqI{metaG}{metaG}{\pS}{fold\_it}
\seqI{metaG}{metaG}{\pR}{sp\'e.2}
\initseq{metaV}{\pV}
\seqII{metaG}{metaG}{metaV}{\pU}{app}
\initseq{metaQ}{\pQ}
\seqII{metaG}{metaG}{metaQ}{\pG}{app}
\seqII{metaF}{metaF}{metaG}{\pE}{app}
\seqI{metaF}{metaF}{\pD}{abs+abs+g\'en.2}
\seqI{metaF}{metaF}{\pC}{unfold\_it}
\seqI{metaF}{metaF}{\pB}{abs+g\'en.1+abs}
\seqI{metaF}{metaF}{\pA}{g\'en.1}

\begin{turn}{60}
\showseq{metaF}
\end{turn}

} % {\five

\end{document}








ARQNL2018_Final/defs.tex
\newcommand{\NAT}{\mathbb{N}} % natural numbers
\newcommand{\NATZ}{{\mathbb N}^{\star}} % naturals > 0

\newcommand{\tcc}[1][]{\mathbin{|\hspace{-4pt}\approx_{#1}}}
\newcommand{\acc}[3][]{\mbox{${#2}\tcc[#1]{#3}$}}
\newcommand{\notacc}[3][]{\mbox{${#2}\not\tcc[#1]{#3}$}}
\newcommand{\con}[2]{\stc{#1,#2}} % connection <u+,v->

\newcommand{\synred}{\ll} % syntax tree reduction ordering
\newcommand{\sigred}{\sqsubset} % substitution reduction ording
%\newcommand{\red}{\vartriangleleft} % reduction ordering
\newcommand{\interp}[2][]{{\parallel}#2{\parallel_{#1}}}

\newcommand{\atm}{\chi}
\newcommand{\alp}{\alpha} % principal type alpha
\newcommand{\bet}{\beta}  % principal type beta
\newcommand{\pia}{{\pi_\alpha}} % principal type pi-alpha
\newcommand{\pib}{{\pi_\beta}} % principal type pi-beta
%\newcommand{\Pia}{{\Pi_\alpha}}
%\newcommand{\Pib}{{\Pi_\beta}}
\newcommand{\Pia}{{P_\alpha}}
\newcommand{\Pib}{{P_\beta}}
\newcommand{\Sia}{{S_\alpha}}
\newcommand{\Sib}{{S_\beta}}

\newcommand{\Lp}{\Sigma} % set of position atomic labels
\newcommand{\Lpa}{\Sigma_\alpha} % \Lp restricted to pi-alpha
\newcommand{\Lpb}{\Sigma_\beta}  % \Lp restricted to pi-beta
\newcommand{\Lpab}{\Sigma_{\alpha \beta}}  % \Lp restricted to pi-alpha and pi-beta


\newcommand{\kaimp}[2]{\kontr{#1}{#2}}
\newcommand{\kmimp}[3]{\kontr{#1#2}{#3}}
%\newcommand{\kmimp}[1]{\kontr{#1}{#1}}
%\newcommand{\kmimp}[3]{{#1#2} = {#3}}
\newcommand{\kmand}[3]{\kontr{#1#2}{#3}}
\newcommand{\fmu}[1][\VPP]{#1} % indexed formula \fmu{formula}

\newcommand{\pp}{pol} % position sign (polarity)
\newcommand{\pf}{f} % position formula
\newcommand{\ppc}{c} % position principal connective
\newcommand{\ppt}{ptyp} % position principal type
\newcommand{\pst}{styp} % position secondary type
\newcommand{\pl}{slab} % position label
\newcommand{\pk}{kon} % position constraint
\newcommand{\psf}{sf}
\newcommand{\plsf}{lsf}
\newcommand{\pr}{r} % position rank
\newcommand{\pmere}[1]{[{#1}]_0}

\newcommand{\nieme}[1]{${#1}$-th}

\newcommand{\pos}[1][a]{#1} % symbol for a position \pos[text]

% \p[pos]{subscript}: basic normal position
\newcommand{\p}[2][a]{{#1}_{#2}}
% \ps[pos]{subscript}: basic special position
\newcommand{\ps}[2][a]{\tilde{#1}_{#2}}
% \ip[pos]{subscript}{superscript}: indexed normal position
\newcommand{\ip}[3][a]{\p[#1]{#2}^{#3}}
% \ips[pos]{subscript}{superscript}: indexed special position
\newcommand{\ips}[3][a]{\ps[#1]{#2}^{#3}}

\newcommand{\pu}[1][]{\p[u]{#1}} % \pu[subscript]
\newcommand{\psu}[1][]{\ps[u]{#1}} % \psu[subscript]
\newcommand{\ipu}[2][]{\ip[u]{#1}{#2}} % \ipu[subscript]{superscript}
\newcommand{\ipsu}[2][]{\ips[u]{#1}{#2}} % \ipu[subscript]{superscript}

\newcommand{\pv}[1][]{\p[v]{#1}} % \pv[subscript]
\newcommand{\psv}[1][]{\ps[v]{#1}} % \psv[subscript]
\newcommand{\ipv}[2][]{\ip[v]{#1}{#2}} % \ipv[subscript]{superscript}
\newcommand{\ipsv}[2][]{\ips[v]{#1}{#2}} % \ipv[subscript]{superscript}

\newcommand{\pw}[1][]{\p[w]{#1}} % \pw[subscript]
\newcommand{\psw}[1][]{\ps[w]{#1}} % \psw[subscript]
\newcommand{\ipw}[2][]{\ip[w]{#1}{#2}} % \ipw[subscript]{superscript}
\newcommand{\ipsw}[2][]{\ips[w]{#1}{#2}} % \ipw[subscript]{superscript}

% to remove progressively
\newcommand{\poa}[2][]{\ip[\pos]{#2}{#1}}
\newcommand{\pob}[2][]{\ips[\pos]{#2}{#1}}
\newcommand{\pmu}[2]{\ip[#1]{}{#2}}
\newcommand{\Pos}{{\cal P}os}
\newcommand{\Occ}{{\cal O}cc}


% Various useful shorthands

\newcommand{\mb}{\makebox}
\newcommand{\qqquad}{\quad\quad\quad}
\newcommand{\clos}[1]{\overline{#1}}
\newcommand{\Pow}{{\cal P}}
\newcommand{\Powset}{{\cal P}} % Powerset symbol
\newcommand{\real}[2][]{{\|#2\|_{#1}}} % realization mapping
\newcommand{\nil}{\makebox[7pt]{\/--\/}} % empty place for mappings
\newcommand{\ie}{\emph{i.e.}}
\newcommand{\wrt}{w.r.t.}
\newcommand{\bs}{\backslash}

% Notations for delimited structures <>, [], {}, ``''

\newcommand{\stc}[1]{\langle\,#1\/\, \rangle}
\newcommand{\cro}[1]{\[\,#1\/ \]}
\newcommand{\ens}[1]{\{\,#1\/\,\}}
\newcommand{\quo}[1]{``#1''}
\newcommand{\egaldef}{\stackrel{\rm def}{=}}

\newcommand{\ensc}[2]{\ens{{#1}\mathbin{|}{#2}}} % comprehension set



% BI symbols

\newcommand{\BImtop}{\mathrm{I}} % unite conjonctive multiplicative 
\newcommand{\BIatop}{\top} % unite conjonctive additive
\newcommand{\BIabot}{\bot} % unite disjonctive additive
\newcommand{\BImand}{\ast} % conjonction multiplicative
% \newcommand{\BImimp}{\mbox{$-\hspace{-1ex}\ast\,$}} % magicwand
\newcommand{\BImimp}{\mathbin{-\hspace{-0.70mm}\ast}}
\newcommand{\BIaand}{\wedge} % conjonction additive
\newcommand{\BIaimp}{\rightarrow} % implication additive
\newcommand{\BIaor}{\vee} % disjonction additive
\newcommand{\BImnul}{\emptyset_m} % bunch multiplicatif vide
\newcommand{\BIanul}{\emptyset_a} % bunch additif vide
\newcommand{\BIax}{ax} % nom de la regle axiome
\newcommand{\BIcut}{cut} % nom de la regle de coupure
\newcommand{\BIweak}{w} % nom de la regle d'affaiblissement
\newcommand{\BIcont}{c} % nom de la regle de contraction
\newcommand{\BIequi}{\equiv} % nom de la regle d'equivalence structurelle
\newcommand{\BIvarp}{L} % lettre pour l'ensemble de variables propositionnelles
\newcommand{\BIprop}[1][\BIvarp]{{\cal P}({#1})}

% LL symbols

\newcommand{\LLtimes}{\otimes}
\newcommand{\LLwith}{\&}
\newcommand{\LLpar}{\rotatebox[origin=c]{180}{\rm \LLwith}}
\newcommand{\LLimp}{\mathbin{-\hspace{-0.70mm}\circ}}

% Shortcuts

\newcommand{\IL}{IL}
\newcommand{\LL}{LL}
\newcommand{\MLL}{MLL}
\newcommand{\ILL}{ILL}
\newcommand{\MILL}{MILL}
\newcommand{\BIc}{\BI$^{\BIabot}$}
\newcommand{\BI}{BI}
\newcommand{\TBI}{TBI}
\newcommand{\TBIc}{TBI$^{\BIabot}$}
\newcommand{\TBIo}{TBI$^{\BIaor}$}
\newcommand{\TBIIL}{TBI/IL}
\newcommand{\TBIMILL}{TBI/MILL}
\newcommand{\NBI}{NBI}
\newcommand{\NBIA}{\NBI$^{\heartsuit}$}
\newcommand{\LBI}{LBI}
\newcommand{\LBIc}{LBI$^{\BIabot}$}
\newcommand{\LBIA}{\LBI$^{\heartsuit}$}
\newcommand{\bunch}{\quo{bunch}}
\newcommand{\bunches}{\quo{bunches}}
\newcommand{\Bunch}{\quo{Bunch}}
\newcommand{\Bunches}{\quo{Bunches}}

\newcommand{\btof}[1]{\mathrm{\Phi}_{#1}}
\newcommand{\ronL}{\circ}
\newcommand{\BImsep}{\mathbin{,}}



% Notations for propositions
\newcommand{\VP}[1][A]{\mathrm{#1}} % letter for a proposition
\newcommand{\VPA}{\VP[A]}
\newcommand{\VPB}{\VP[B]}
\newcommand{\VPC}{\VP[C]}
\newcommand{\VPD}{\VP[D]}
% Notations for propositional letters
\newcommand{\VPP}{\VP[P]}
\newcommand{\VPQ}{\VP[Q]}
\newcommand{\VPR}{\VP[R]}
\newcommand{\VPS}{\VP[S]}
% Notation for sequent contexts
\newcommand{\bunA}{\VP[\Gamma]}
\newcommand{\bunB}{\VP[\Delta]}
\newcommand{\bunC}{\VP[\Theta]}
\newcommand{\bunD}{\VP[\chi]}

% Syntactical consequences |-

\newcommand{\ded}[1][]{\vdash_{#1}} % deduction symbol (syntactical)
\newcommand{\deq}[1][]{\dashv \vdash_{#1}} % deduction equivalence
\newcommand{\seq}[3][]{\mbox{${#2}\ded[#1]{#3}$}}
\newcommand{\seqBI}[2]{\seq[BI]{#1}{#2}}
\newcommand{\seqIL}[2]{\seq[IL]{#1}{#2}}
\newcommand{\seqMILL}[2]{\seq[MILL]{#1}{#2}}
\newcommand{\notseq}[3][]{\mbox{${#2}\not\ded[#1]{#3}$}}
\newcommand{\notseqBI}[2]{\notseq[BI]{#1}{#2}}
\newcommand{\notseqIL}[2]{\notseq[IL]{#1}{#2}}
\newcommand{\notseqMILL}[2]{\notseq[MILL]{#1}{#2}}

% Semantical consequences |=

\newcommand{\frc}[1][]{\models_{#1}} % forcing symbol (semantical)
\newcommand{\csm}[3][]{\mbox{${#2}\frc[#1]{#3}$}}
\newcommand{\csmBI}[2]{\csm[BI]{#1}{#2}}
\newcommand{\csmIL}[2]{\csm[IL]{#1}{#2}}
\newcommand{\csmMILL}[2]{\csm[MILL]{#1}{#2}}
\newcommand{\notcsm}[3][]{\mbox{${#2}\not\frc[#1]{#3}$}}
\newcommand{\notcsmBI}[2]{\notcsm[BI]{#1}{#2}}
\newcommand{\notcsmIL}[2]{\notcsm[IL]{#1}{#2}}
\newcommand{\notcsmMILL}[2]{\notcsm[MILL]{#1}{#2}}


% Elementary Kripke semantics

\newcommand{\Krip}{Kripke}
\newcommand{\Urqu}{Urquhart}
\newcommand{\KRM}{{\it KRM}} % Kripke resource monoid
\newcommand{\KRMs}{{\it KRMs}}
\newcommand{\krm}[1][M]{{\cal #1}} % letter for a KRM
\newcommand{\EKI}{{\it EKI}} % elementary Kripke interpretation
\newcommand{\eki}[2][]{\llbracket #2 \rrbracket_{#1}} 
\newcommand{\EKM}{{\it EKM}} % elementary Kripke model
\newcommand{\EKMs}{{\it EKMs}}
\newcommand{\ekm}[1][R]{{\cal #1}} % letter for a EKM

% Complete Kripke semantics
\newcommand{\KI}{{\it KI}}
\newcommand{\ki}[2][]{\llbracket #2 \rrbracket_{#1}}
\newcommand{\KM}{{\it KM}} % Kripke model
\newcommand{\KMs}{{\it KMs}}
\newcommand{\km}[1][R]{{\cal #1}} % letter for a EKM

% Topological Kripke semantics

\newcommand{\TRM}{{\it TRM}} % Topological resource monoid
\newcommand{\TRMs}{{\it TRMs}}
\newcommand{\trm}[1][X]{{\cal #1}} % letter for a TRM
\newcommand{\TRI}{{\it TRI}} % topological resource interpretation
\newcommand{\tri}[2][]{\llbracket #2 \rrbracket_{#1}} 
\newcommand{\TKM}{{\it TKM}} % topological Kripke model
\newcommand{\TKMs}{{\it TKMs}}
\newcommand{\tkm}[1][T]{{\cal #1}} % letter for a TKM

% Grothendieck semantics

\newcommand{\Grot}{Grothendieck}
\newcommand{\GTM}{{\it GTM}} % Grothendieck topological monoid
\newcommand{\GTMs}{{\it GTMs}}
\newcommand{\gtm}[1][M]{{\cal #1}} % letter for a GTM
\newcommand{\GT}{J} % Grothendieck topology
\newcommand{\GTI}{{\it GTI}} % Grothendieck topological interpretation
\newcommand{\gti}[2][]{\llbracket #2 \rrbracket_{#1}}
\newcommand{\GRM}{{\it GRM}} % Grothendieck resource model = GTM+GTI+forcing
\newcommand{\GRMs}{{\it GRMs}}
\newcommand{\grm}[1][G]{{\cal #1}} % letter for a GRM

% Notations for semantical structures

\newcommand{\Wld}[1][M]{#1} % letter for a set of worlds
\newcommand{\wld}[1][m]{#1} % letter for a world
\newcommand{\wldk}{\wld[k]}
\newcommand{\wldm}{\wld[m]}
\newcommand{\wldn}{\wld[n]}
\newcommand{\neus}{\wld[1]} % letter for the semantical unit
\newcommand{\rons}{\otimes} % semantical multiplication
% \newcommand{\ronb}{\rons} % use \rons instead

\newcommand{\neuL}{\cst[\epsilon]}
\newcommand{\ronS}{\rons} 
\newcommand{\neuS}{\neus} 
\newcommand{\leqS}{\sqsubseteq}

\newcommand{\nilb}{\makebox[7pt]{\/--\/}} % empty place for mappings
\newcommand{\nild}{\cdot}

%\newcommand{\seq}[2]{\mbox{${#1}\mathbin{\rotatebox{90}{$\intercal$}}{#2}$}}

\newcommand{\csq}[3][\leadsto]{\mbox{${#2}\mathbin{#1}{#3}$}}
\newcommand{\csqin}[4][\leadsto]{\mbox{${#4},{#2}\mathbin{#1}{#3}$}}


% Elementary Kripke semantics

% forcing symbol (semantical)
\newcommand{\frcE}{\frc{E}} % In a particular model
\newcommand{\notfrcE}{\notfrc{E}} % In a particular model
\newcommand{\csmE}[1][\frcE]{\csq[#1]}
\newcommand{\notcsmE}[1][\notfrcE]{\csq[#1]}
% In an implicit model
\newcommand{\csminE}[1][\frcE]{\csqin[#1]}
\newcommand{\notcsminE}[1][\notfrcE]{\csqin[#1]}


% Notations on labels

\newcommand{\Cst}[1][C]{#1} % letter for a set of constants
\newcommand{\cst}[1][c]{#1} % letter for a constant
\newcommand{\csta}{\cst[a]}
\newcommand{\cstb}{\cst[b]}
\newcommand{\cstc}{\cst[c]}
\newcommand{\cstd}{\cst[d]}
\newcommand{\cste}{\cst[e]}
\newcommand{\cstf}{\cst[f]}
\newcommand{\neu}{\neuL} % letter for the syntactical unit

\newcommand{\ron}{} % syntactical multiplication (where it can be omitted)
\newcommand{\ronl}{\circ} % mandatory syntactical multiplication

%\newcommand{\LAB}[2][\star]{{#2}^{#1}}
\newcommand{\LAB}[1][{{\cal L}}]{#1} % Labels

\newcommand{\Lab}[1][Lab]{#1} % letter for a set of labels
\newcommand{\lab}[1][l]{#1} % lettre for a label
\newcommand{\labx}{\lab[x]}
\newcommand{\laby}{\lab[y]}
\newcommand{\labz}{\lab[z]}
% \newcommand{\Labi}[2][\Lab]{#1_{#2}} % to remove

\newcommand{\subL}[2]{{#1}\mathbin{\subseteq}{#2}}
\newcommand{\subLs}[2]{{#1}\mathbin{\subset}{#2}}

% Notations for variables in labels

\newcommand{\Var}[1][V]{#1} % letter for a set of variables
\newcommand{\var}[1][v]{#1} % lettre for a variable
\newcommand{\varu}{\var[u]}
\newcommand{\varv}{\var[v]}
\newcommand{\varw}{\var[w]}
% \newcommand{\Vari}[2][\Var]{#1_{#2}} % to remove


% Various notations on labels

\newcommand{\keq}{=} % symbol for equality on labels
\newcommand{\koneq}{\kontr[\keq]} % label equalities
\newcommand{\subl}{\prec} % strict sublabel symbol
\newcommand{\subleq}{\preceq} %  sublabel symbol
\newcommand{\Sublab}{{\cal P}} % set of sublabels
\newcommand{\reml}{\backslash} % remainder of a label


% Notations for label constraints

\newcommand{\kleqs}{\leqs} % symbole d'ordre plus petit que
\newcommand{\kleq}{\leq} % symbole d'ordre plus petit que
\newcommand{\kgeq}{\geq} % symbole d'ordre plus grand que

\newcommand{\Kon}[1][K]{#1} % ensemble de contraintes
\newcommand{\KonC}[1][{\clos{\Kon}}]{#1} % ensemble de contraintes clos
\newcommand{\kon}[1][k]{#1} % lettre pour une contrainte

\newcommand{\Ass}[1][{{\cal A}ss}]{#1} % lettre pour un ensemble d'assertions
\newcommand{\ass}[1][ass]{#1} % lettre pour une assertion

\newcommand{\Obl}[1][{{\cal R}eq}]{#1} % lettre pour un ensemble d'obligations
\newcommand{\obl}[1][req]{#1} % lettre pour  une obligation
\newcommand{\Req}{\Obl}
\newcommand{\req}{\obl}

\newcommand{\Con}[1][{{\cal C}on}]{#1}

\newcommand{\Dom}[1][{{\cal D}}]{#1} % domain of a set of constraints

% \kontr[<]{l1}{l2} label constraint l1 < l2 
\newcommand{\kontr}[3][\kleq]{#2#1#3}

% \kontrb[<]{l1}{l2} boxed label constraint l1 < l2 
\newcommand{\kontrb}[3][\kleq]{\fbox{$#2#1#3$}}

% \kontrbs[<]{l1}{l2} sematical constraint l1 < l2 
\newcommand{\kontrs}[3][\kleqs]{\kontr[#1]{#2}{#3}}

% \kontrbs[<]{l1}{l2} boxed semantical constraint l1 < l2 
\newcommand{\kontrbs}[3][\kleqs]{\kontrb[#1]{#2}{#3}}

% \asser[i]{l1}{l2} assertion i : l1 <= l2
\newcommand{\asser}[3][]{\ass_{#1} : \kontr{#2}{#3}}

% \asserb[i]{l1}{l2} boxed asssertion i : l1 <= l2
\newcommand{\asserb}[3][]{\fbox{$\ass_{#1} : \kontr{#2}{#3}$}}

% \oblig[i]{l1}{l2} obligation  i : l1 <= l2
\newcommand{\oblig}[3][]{\obl_{#1} : \kontr{#2}{#3}}

% \obligb[i]{l1}{l2} boxed obligation i : l1 <= l2 
\newcommand{\obligb}[3][]{\fbox{$\obl_{#1} : \kontr{#2}{#3}$}}

\newcommand{\LHS}[1]{LHS(#1)} % left hand side
\newcommand{\RHS}[1]{RHS(#1)} % right hand side

% Notations for formulae

% \fl{formula}{label} : notation for a labelled formula
\newcommand{\fl}[2]{{#1}:{#2}}

% \fs{sign}{formula} : notation for a signed formula
\newcommand{\fs}[2]{{#2}^{#1}} 

% \fls{sign}{formula}{label} : notation for a labelled signed formula
\newcommand{\fls}[3]{{#2}^{#1}:{#3}} 

%\newcommand{\cnx}[3]{\stc{\fls{T}{#1}{#2},\fls{F}{#1}{#3}}}
\newcommand{\cnx}{c}

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Macros for TBI tableaux
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% \coche[indice] insere une marke de coche indicee devant une formule
\newcommand{\coche}[1][]{\surd_{#1}\;\;}

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% New macros for TBI tableaux
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

\newcommand{\arr}[2][c]{\begin{array}{#1} #2 \end{array}}

\newcommand{\tbivgap}[1]{\ptvergap{#1}}
\newcommand{\tbihgap}[1]{\pthorgap{#1}}
\newcommand{\tbinodefont}[3]{\ptnodefont{#1}{#2}{#3}}
\newcommand{\tbileaffont}[3]{\ptleaffont{#1}{#2}{#3}}

% \tbileaf[format]{leaftext}
\newcommand{\tbileaf}[2][c]{\ptleaf{$\arr[#1]{#2}$}}

% \tbiline[format]{nodetext}{subtree}
\newcommand{\tbiline}[3][c]{\ptbeg\ptnode{$\arr[#1]{#2}$}#3\ptend}

% \tbifork[format]{nodetext}{subtree1}{subtree2}
\newcommand{\tbifork}[4][c]{\ptbeg\ptnode{$\arr[#1]{#2}$}#3#4\ptend}

% \tbiline[format]{nodetext}{constraint}{subtree}
\newcommand{\tbilinec}[4][c]{\tbiline[#1]{#2}{\tbiline[#1]{#3}{#4}}}

% \tbiforkc[format]{nodetext}{constraint}{subtree1}{subtree2}
\newcommand{\tbiforkc}[5][c]{\tbiline[#1]{#2}{\tbifork[#1]{#3}{#4}{#5}}}

\newcommand{\cross}{\times}
\newcommand{\tbileafx}[2][c]{\tbiline[#1]{#2}{\tbileaf{\cross}}}
\newcommand{\tbileafo}[2][c]{\tbiline[#1]{#2}{\tbileaf{\circ}}}

% \begin{tbi} ... \end{tbi} defines an environment for drawing 
% a semantic tbi tableau as a binary tree.
\newenvironment{tbi}
{\begin{parsetree}
 \tbihgap{10pt}
 \tbivgap{10pt}
 \tbinodefont{\normalsize\rm}{10pt}{3pt}
 \tbileaffont{\normalsize\rm}{10pt}{3pt}
}
{\end{parsetree}}


\newenvironment{smalltbi}
{\begin{parsetree}
 \tbihgap{2pt}
 \tbivgap{8pt}
 \tbinodefont{\small\rm}{10pt}{3pt}
 \tbileaffont{\small\rm}{10pt}{3pt}
}
{\end{parsetree}}



\newcommand{\ovl}{\overline}
% reduction \Red[index_letter]{lowerbound}{upperbound}
\newcommand{\Red}[3][i]{(\cfg_{#1})_{#2 \leq #1 \leq #3}}
\newcommand{\cfg}{{\cal S}}
\newcommand{\La}{\Lpa}
\newcommand{\Lb}{\Lpb}
\newcommand{\K}{{\cal K}}
\newcommand{\Ka}{\K_{\alp}}
\newcommand{\Kb}{\K_{\bet}}
\newcommand{\Pa}{\Pi_\alp}
\newcommand{\Pb}{\Pi_\bet}
\newcommand{\pL}{lab}
\newcommand{\LaS}[1][]{\La(\cfg_{#1})}
\newcommand{\LbS}[1][]{\Lb(\cfg_{#1})}
\newcommand{\KaS}[1][]{\Ka(\cfg_{#1})}
\newcommand{\KbS}[1][]{\Kb(\cfg_{#1})}
\newcommand{\PaS}[1][]{\Pa(\cfg_{#1})}
\newcommand{\PbS}[1][]{\Pb(\cfg_{#1})}
\newcommand{\sigS}[1][]{\sigma_{\cfg_{#1}}}
\newcommand{\iosig}{\iota\sigma}
\newcommand{\RedA}{{\cal R}_1}
\newcommand{\RedB}{{\cal R}_2}

\newcommand{\ul}[1]{{\underline {#1}}}

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Sets of positions

\newcommand{\POS}{{\mathcal{P}}os}
\newcommand{\CP}{P}
\newcommand{\CPa}{\CP_{\alp}}
\newcommand{\CPb}{\CP_{\bet}}
\newcommand{\CPab}{\CP_{\alp\bet}}

\newcommand{\CS}{{\rm S}}
\newcommand{\CSa}[1][]{\CS_{\alp{#1}}}
\newcommand{\CSb}[1][]{\CS_{\bet{#1}}}
\newcommand{\CSab}[1][]{\CS_{\alp\bet{#1}}}

% Sets of labels

% Paths and connections
\newcommand{\CON}{{\mathcal{C}}on}
\newcommand{\pat}{s}
\newcommand{\PAT}{{\mathcal{P}}at}
\newcommand{\spn}{C} % spanning connections
\newcommand{\spk}{\CK_{\spn}} % spanning constraints

% CMILL-substitution
\newcommand{\CMILLsigma}{\sigma}
\newcommand{\CMILLsubst}[1]{{#1}\CMILLsigma}
% CBI-planification
\newcommand{\CMILLpi}{\gamma}
\newcommand{\CMILLcerti}[1]{{#1}\CMILLpi}


% CBI-substitution
\newcommand{\CBIsigma}{\sigma}
\newcommand{\CBIsubst}[1]{{#1}\CBIsigma}
% CBI-planification
\newcommand{\CBIpi}{\gamma}
\newcommand{\CBIcerti}[1]{{#1}\CBIpi}


% Transitive closure
\newcommand{\TC}[1][\cdot]{(#1)^{+}}
% Substitution reduction ording

\newcommand{\notleqS}{\not\sqsubseteq}

\newcommand{\leqT}{\synred}
\newcommand{\notleqT}{\ll}
\newcommand{\LEQT}{\CMP{\leqT}}
\newcommand{\NOTLEQT}{\CMP{\notleqT}}

\newcommand{\leqC}{\Yright}
\newcommand{\notleqC}{\notYright}
\newcommand{\CMP}[3]{\mbox{${#2}\mathbin{#1}{#3}$}}
\newcommand{\EQUS}{\CMP{\equS}}
\newcommand{\NOTEQUS}{\CMP{\notequS}}
\newcommand{\LEQS}{\CMP{\leqS}}
\newcommand{\NOTLEQS}{\CMP{\notleqS}}
\newcommand{\GEQS}{\CMP{\geqS}}
\newcommand{\NOTGEQS}{\CMP{\notgeqS}}

\newcommand{\LEQC}{\CMP{\leqC}}
\newcommand{\NOTLEQC}{\CMP{\notleqC}}

\newcommand{\imp}{\Rightarrow}
\newcommand{\pmi}{\Leftarrow}
\newcommand{\eqv}{\Leftrightarrow}

% Instantiation ordering
\newcommand{\cbirel}{\prec} 
\newcommand{\CBIREL}[2]{{#1}\mathbin{\cbirel}{#2}} 
\newcommand{\NOTCBIREL}[2]{{#1}\mathbin{\not\cbirel}{#2}}
% Certification ordering
\newcommand{\cbicer}{\sqsubset} 
\newcommand{\CBICER}[2]{{#1}\mathbin{\cbicer}{#2}} 
\newcommand{\NOTCBICER}[2]{{#1}\mathbin{\not\cbicer}{#2}}
% Reduction ordering
\newcommand{\cbired}{\vartriangleleft}
\newcommand{\CBIRED}[2]{{#1}\mathbin{\cbired}{#2}} 
\newcommand{\NOTCBIRED}[2]{{#1}\mathbin{\not\cbired}{#2}} 
\newcommand{\CBIred}{\mbox{$\mathbin{\vartriangleleft}$-reduction}}

\newcommand{\cmillrel}{\prec} 
\newcommand{\CMILLREL}[2]{{#1}\mathbin{\cmillrel}{#2}} 
\newcommand{\NOTCMILLREL}[2]{{#1}\mathbin{\not\cmillrel}{#2}}
% Certification ordering
\newcommand{\cmillcer}{\sqsubset} 
\newcommand{\CMILLCER}[2]{{#1}\mathbin{\cmillcer}{#2}} 
\newcommand{\NOTCMILLCER}[2]{{#1}\mathbin{\not\cmillcer}{#2}}
% Reduction ordering
\newcommand{\cmillred}{\vartriangleleft}
\newcommand{\CMILLRED}[2]{{#1}\mathbin{\cmillred}{#2}} 
\newcommand{\NOTCMILLRED}[2]{{#1}\mathbin{\not\cmillred}{#2}} 
\newcommand{\CMILLred}{\mbox{$\mathbin{\vartriangleleft}$-reduction}}

\newcommand{\CBIsmall}{\small}

\newcommand{\refcond}[1]{{\textit{(#1)}}}


\newcommand{\Kdeduc}{\mbox{$\mathrm{K}$-déduction}}
\newcommand{\Kdeducs}{\mbox{$\mathrm{K}$-déductions}}
\newcommand{\Ktheo}{\mbox{$\mathrm{K}$-théorème}}
\newcommand{\Ktheos}{\mbox{$\mathrm{K}$-théorèmes}}
\newcommand{\Kdeductible}{\mbox{$\mathrm{K}$-déductible}}
\newcommand{\Kdeductibilite}{\mbox{$\mathrm{K}$-déductibilité}}
\newcommand{\KDtran}{trans}
\newcommand{\KDcomp}{comp}
\newcommand{\KDass}{ass}
\newcommand{\KDax}{ax}

\newcommand{\lsf}{\fls}%[3]{\mathbin{{#3}:{#2}}^{#1}} 

% Polarities
\newcommand{\signe}[1]{\mathrm{#1}}
\newcommand{\pS}{\signe{pol}}
\newcommand{\pT}{\signe{1}}
\newcommand{\pF}{\signe{0}}
\newcommand{\pD}{\sD}%[1]{-{#1}}

% Sets of labels

\newcommand{\CL}{\Sigma}
\newcommand{\CLa}{\CL_\alp}
\newcommand{\CLb}{\CL_\bet}
\newcommand{\CLab}{\CL_{\alp\bet}}

\newcommand{\CLA}{\LAB_\alp}
\newcommand{\CLB}{\LAB_\bet}
\newcommand{\CLAB}{\LAB_{\alp\bet}}

% Sets of constraints
\newcommand{\CK}{\mathcal{K}}
\newcommand{\CKa}{\CK_{\alp}}
\newcommand{\CKb}{\CK_{\bet}}
\newcommand{\CKab}{\CK_{\alp\bet}}

% Constraint-Deduction
\newcommand{\clk}[3][]{\mbox{${#2}\mathbin{\Vvdash_{#1}}{#3}$}}
\newcommand{\notclk}[3][]{\mbox{${#2}\mathbin{\nVvdash_{#1}}{#3}$}}

% Indexed formula
\newcommand{\muI}{{\mathbb I}}
\newcommand{\MU}[2][\mu]{{#2}^{^{#1}}}
\newcommand{\VPAmu}{\VPA} % indexed formula \VPAmu{formula}

\newcommand{\itcase}[1]{\item {\it Cas {#1}.}}
\newcommand{\pfille}[2]{[{#1}]_{#2}}
\newcommand{\pfilles}[1]{[{#1}]_{\star}}
\newcommand{\pascopt}[1]{{#1}\,{\uparrow}}
\newcommand{\pasc}[1][\nild]{\pascopt{[{#1}]}}
\newcommand{\patup}{\pascopt{\pat}}

\newcommand{\pdescopt}[1]{{#1}\,{\downarrow}}
\newcommand{\pdesc}[1][\nild]{\pdescopt{[{#1}]}}

% Preordering symbols
\newcommand{\equL}{=} % equ on labels
\newcommand{\leqL}{\mathbin{\leq}} % leq on labels
\newcommand{\geqL}{\mathbin{\geq}} % geq on labels
\newcommand{\LEQL}[2]{\mbox{${#1}\mathbin{\leqL}{#2}$}}
\newcommand{\EQUL}[2]{\mbox{${#1}\mathbin{\equL}{#2}$}}
\newcommand{\NLEL}[2]{\mbox{${#1}\mathbin{\not\leqL}{#2}$}}
\newcommand{\NEQL}[2]{\mbox{${#1}\mathbin{\not\equL}{#2}$}}
\newcommand{\SAML}[2]{\mbox{${#1}\mathbin{\equiv}{#2}$}}

%--------------------------------------------------------------

% d\'efinition des differentes formules

% formule ((p-*bot)->bot)-*(((p*p)-*bot)->bot)
\newcommand{\exbfl}{\BIabot}
\newcommand{\exbfk}{\BIabot}
\newcommand{\exbfj}{\VPP}
\newcommand{\exbfi}{\VPP}
\newcommand{\exbfh}{\exbfi\BImand\exbfj}
\newcommand{\exbfg}{(\exbfh)\BImimp\exbfk}
\newcommand{\exbff}{(\exbfg)\BIaimp\exbfl}
\newcommand{\exbfe}{\BIabot}
\newcommand{\exbfd}{\BIabot}
\newcommand{\exbfc}{\VPP}
\newcommand{\exbfb}{\exbfc\BImimp\exbfd}
\newcommand{\exbfa}{(\exbfb)\BIaimp\exbfe}
\newcommand{\exbf}{(\exbfa)\BImimp(\exbff)}


% formule ((p-*bot)*p)->q
\newcommand{\exbvf}{\VPQ}
\newcommand{\exbve}{\VPP}
\newcommand{\exbvd}{\BIabot}
\newcommand{\exbvc}{\VPP}
\newcommand{\exbvb}{\exbvc\BImimp\exbvd}
\newcommand{\exbva}{(\exbvb)\BImand\exbve}
\newcommand{\exbv}{(\exbva)\BIaimp\exbvf}

% formule (q-*(p-*r))-*((p*q)-*r)
\newcommand{\exmvj}{\VPR}			%10
\newcommand{\exmvi}{\VPQ}			%9
\newcommand{\exmvh}{\VPP}			%8
\newcommand{\exmvg}{\VPP\BImand\VPQ}		%7
\newcommand{\exmvf}{(\exmvg)\BImimp\exmvj}	%6
\newcommand{\exmve}{\VPR}			%5
\newcommand{\exmvd}{\VPP}			%4
\newcommand{\exmvc}{\exmvd\BImimp\exmve}	%3
\newcommand{\exmvb}{\VPQ}			%2
\newcommand{\exmva}{\exmvb\BImimp(\exmvc)}	%1
\newcommand{\exmv}{(\exmva)\BImimp(\exmvf)}	%0


% formule (p-*(q*r))*((p-*q)*(p-*r))
\newcommand{\exmfk}{\VPR}
\newcommand{\exmfj}{\VPP}
\newcommand{\exmfi}{\exmfj\BImimp\exmfk}
\newcommand{\exmfh}{\VPQ}
\newcommand{\exmfg}{\VPP}
\newcommand{\exmff}{\exmfg\BImimp\exmfh}
\newcommand{\exmfe}{(\exmff)\BImand(\exmfi)}
\newcommand{\exmfd}{\VPR}
\newcommand{\exmfc}{\VPQ}
\newcommand{\exmfb}{\exmfc\BImand\exmfd}
\newcommand{\exmfa}{\VPP}
\newcommand{\exmfl}{\exmfa\BImimp(\exmfb)}
\newcommand{\exmfs}{(\exmfl)\BImimp(\exmfe)}

%formule (p->(qvr))->((p->q)v(p->r))
\newcommand{\ill}{\VPR}
\newcommand{\ilk}{\VPP}
\newcommand{\ilj}{\ilk\BIaimp\ill}
\newcommand{\ili}{\VPQ}
\newcommand{\ilh}{\VPP}
\newcommand{\ilg}{\ilh\BIaimp\ili}
\newcommand{\ilf}{(\ilg)\BIaor(\ilh)}
\newcommand{\ile}{\VPR}
\newcommand{\ild}{\VPQ}
\newcommand{\ilc}{\ild\BIaor\ile}
\newcommand{\ilb}{\VPP}
\newcommand{\ila}{\ilb\BIaimp(\ilc)}
\newcommand{\il}{(\ila)\BIaimp(\ila)}

% celles de daniel
\newcommand{\exbj}{\VPR}
\newcommand{\exbi}{\VPQ}
\newcommand{\exbh}{\exbi\BImimp\exbj}
\newcommand{\exbg}{\VPP}
%\newcommand{\exbf}{\exbg\BImimp(\exbh)}
\newcommand{\exbe}{\VPR}
\newcommand{\exbd}{\VPQ}
\newcommand{\exbc}{\VPP}
\newcommand{\exbb}{\exbc\BImand\exbd}
\newcommand{\exba}{(\exbb)\BImimp\exbe}
\newcommand{\exb}{(\exba)\BIaimp(\exbf)}

% (p*((q->r)*s))-*((p*(q->r))*s)
\newcommand{\exmg}{\VPS}
\newcommand{\exmf}{\VPR}
\newcommand{\exme}{\VPQ}
\newcommand{\exmd}{\exme\BIaimp\exmf}
\newcommand{\exmc}{\VPP}
\newcommand{\exmb}{\exmc\BImand(\exmd)}
\newcommand{\exma}{(\exmb)\BImand\exmg}
\newcommand{\exmh}{\exmi\BImand(\exmj)}
\newcommand{\exmi}{\VPP}
\newcommand{\exmj}{(\exmk)\BImand\exmn}
\newcommand{\exmk}{\exml\BIaimp\exmm}
\newcommand{\exml}{\VPQ}
\newcommand{\exmm}{\VPR}
\newcommand{\exmn}{\VPS}
\newcommand{\exm}{(\exmh)\BImimp(\exma)}

% (p*((q-*r)*s))-*((p*(q-*r))*s)
\newcommand{\exmgil}{\VPS}
\newcommand{\exmfil}{\VPR}
\newcommand{\exmeil}{\VPQ}
\newcommand{\exmdil}{\exmeil\BImimp\exmfil}
\newcommand{\exmcil}{\VPP}
\newcommand{\exmbil}{\exmcil\BImand(\exmdil)}
\newcommand{\exmail}{(\exmbil)\BImand\exmgil}
\newcommand{\exmhil}{\exmiil\BImand(\exmjil)}
\newcommand{\exmiil}{\VPP}
\newcommand{\exmjil}{(\exmkil)\BImand\exmnil}
\newcommand{\exmkil}{\exmlil \BImimp\exmmil}
\newcommand{\exmlil}{\VPQ}
\newcommand{\exmmil}{\VPR}
\newcommand{\exmnil}{\VPS}
\newcommand{\exmil}{(\exmhil)\BImimp(\exmail)}

\newcommand{\exil}{\VPR}
\newcommand{\exik}{\VPP}
\newcommand{\exij}{\exik\BIaimp\exil}
\newcommand{\exii}{\VPQ}
\newcommand{\exih}{\VPP}
\newcommand{\exig}{\exih\BIaimp\exii}
\newcommand{\exif}{(\exig)\BIaor(\exij)}
\newcommand{\exie}{\VPR}
\newcommand{\exid}{\VPQ}
\newcommand{\exic}{\exid\BIaand\exie}
\newcommand{\exib}{\VPP}
\newcommand{\exia}{\exib\BIaimp(\exic)}
\newcommand{\exi}{(\exia)\BIaimp(\exif)}

\newcommand{\den}[3]{{[\![#1]\!]}^{#2}_{#3}}




ARQNL2018_Final/easychair.bib
@misc
{
	easychair,
	author       = {Andrei Voronkov},
	title        = {{EasyChair} Conference System},
	year         = {2004--2011},
	howpublished = {\url{easychair.org}}
}

@misc
{
	easychair-latex-class,
	author       = {Serguei A. Mokhov and Geoff Sutcliffe and Andrei Voronkov},
	title        = {The {\sf easychair} Class File Documentation and Guide,
	                for Authors and Editors},
	year         = {2008--2011},
	howpublished = {[online]},
	note         = {Available at \url{http://easychair.org/easychair.zip}}
}

@misc
{
	texniccenter,
	author       = {Sven Wiegand and {{\TeX}nicCenter Contributors}},
	title        = {{{\TeX}nicCenter}},
	year         = {1998--2011},
	howpublished = {\url{http://texniccenter.org}, last viewed April 2010}
}

@misc
{
	led,
	author       = {Adam Sk\'orczy\'nski and Sebastian Deorowicz and {LEd Contributors}},
	title        = {{LEd} ({\LaTeX} Editor)},
	year         = {2004--2011},
	howpublished = {\url{http://latexeditor.org}, last viewed April 2010}
}

@misc
{
	miktex,
	author       = {Christian Schenk and {MiK{\TeX} Contributors}},
	title        = {{MiK{\TeX}}},
	year         = {2008--2011},
	howpublished = {\url{http://miktex.org}, last viewed April 2010}
}

@misc
{
	texlive,
	author       = {Sebastian Rahtz
	                and Karl Berry
	                and Manuel P\'egouri\'e-Gonnard
	                and Norbert Preining
	                and Peter Breitenlohner
	                and Reinhard Kotucha
	                and Siep Kroonenberg
	                and Staszek Wawrykiewicz
	                and Tomasz Trzeciak
	                and Vladimir Volovich
	                and {\TeX user groups}},
	title        = {{{\TeX} Live}},
	year         = {1996--2009},
	howpublished = {\url{http://tug.org/texlive/}, last viewed April 2010}
}

@misc
{
	pdflatex,
	author       = {{pdflatex Authors}},
	title        = {pdflatex},
	year         = {2004--2011},
	howpublished = {[digital]}
}

@misc
{
	pdflatex-instructions,
	author       = {Carl Gutwin},
	title        = {Instructions for pdflatex},
	year         = 2006,
	howpublished = {\url{http://www.cs.usask.ca/~gutwin/gi/pdflatex.htm}, last viewed April 2010}
}

@misc
{
	texshop,
	author       = {Richard Koch and Max Horn and Gerben Wierda and {Various Contributors}},
	title        = {{\TeX}Shop},
	year         = {2001--2011},
	howpublished = {\url{http://www.texshop.org}}
}

@misc
{
	ctan,
	author       = {{The CTAN team}},
	title        = {{CTAN}: the Comprehensive {\TeX} Archive Network},
	year         = {1992--2011},
	howpublished = {\url{ctan.org}}
}

@misc
{
	inputenc-package,
	author       = {Alan Jeffrey and Frank Mittelbach},
	title        = {inputenc: Accept different input encodings},
	year         = {1986--2009},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/inputenc.html}, last viewed April 2010}
}

@misc
{
	url-package,
	author       = {Donald Arseneau},
	title        = {url: Verbatim with {URL}-sensitive line breaks},
	year         = {1986--2011},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/url.html}, last viewed April 2010}
}

@misc
{
	hyperref-package,
	author       = {Heiko Oberdiek and Sebastian Rahtz},
	title        = {hyperref: Extensive support for hypertext in {\LaTeX}},
	year         = {2001--2010},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/hyperref.html}, last viewed April 2010}
}

@misc
{
	graphicx-package,
	author       = {David Carlisle},
	title        = {graphicx: Enhanced support for graphics},
	year         = {1995--1999},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/graphicx.html}, last viewed April 2010}
}

@misc
{
	mathptmx-package,
	author       = {Walter Schmidt and Alan Jeffrey and Sebastian Rahtz and Ulrik Vieth},
	title        = {mathptmx: Use {Times} as default text font, and provide maths support.},
	year         = {1986--2009},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/mathptmx.html}, last viewed April 2010}
}

@misc
{
	helvet-package,
	author       = {Walter Schmidt and Sebastian Rahtz},
	title        = {helvet: Font support for common {PostScript} fonts},
	year         = {1995--2005},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/psnfss.html}, last viewed April 2010}
}

@misc
{
	listings-package,
	author       = {Brooks Moses and Carsten Heinz},
	title        = {listings: Typeset source code listings using {\LaTeX}},
	year         = {2006--2007},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/listings.html}, last viewed April 2010}
}

@misc
{
	latexsym-package,
	author       = {{The LaTeX Team}},
	title        = {latexsym: Base sources of {\LaTeX}},
	year         = {1986--2009},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/latex-base.html}, last viewed April 2010}
}

@misc
{
	amsthm-package,
	author       = {{The American Mathematical Society}},
	title        = {amsthm: {\LaTeX} package for theorem setup ({AMS} style)},
	year         = {1995--2004},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/amsthm.html}, last viewed April 2010}
}

@misc
{
	empheq-package,
	author       = {Morten H{\o}gholm},
	title        = {empheq: {EMPHasizing EQuations}},
	year         = {2002--2007},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/empheq.html}, last viewed April 2010}
}

@misc
{
	geometry-package,
	author       = {Hideo Umeki},
	title        = {geometry: Flexible and complete interface to document dimensions},
	year         = {1996--2008},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/geometry.html}, last viewed April 2010}
}

@misc
{
	lastpage-package,
	author       = {Jeffrey Goldberg},
	title        = {lastpage: Reference last page for {Page N of M} type footers},
	year         = {1986--2010},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/lastpage.html}, last viewed April 2010}
}

@misc
{
	fancyhdr-package,
	author       = {Piet van Oostrum},
	title        = {fancyhdr: Extensive control of page headers and footers in {\LaTeX2e}},
	year         = {1986--2009},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/fancyhdr.html}, last viewed April 2010}
}

@misc
{
	footmisc-package,
	author       = {Robin Fairbairns},
	title        = {footmisc: A range of footnote options},
	year         = {1986--2009},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/footmisc.html}, last viewed April 2010}
}

@misc
{
	rotating-package,
	author       = {Robin Fairbairns and Sebastian Rahtz},
	title        = {rotating: Rotation tools, including rotated full-page floats},
	year         = {2001--2009},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/rotating.html}, last viewed April 2010}
}

@misc
{
	pdflscape-package,
	author       = {Heiko Oberdiek},
	title        = {pdflscape: Make landscape pages display as landscape},
	year         = {2001--2008},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/pdflscape.html}, last viewed April 2010}
}

@misc
{
	algorithm2e-package,
	author       = {Christophe Fiorio},
	title        = {algorithm2e: Floating algorithm environment with algorithmic keywords},
	year         = {1986--2009},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/algorithm2e.html}, last viewed April 2010}
}

@misc
{
	makeidx-package,
	author       = {{The LaTeX Team}},
	title        = {latexsym: Standard package for creating indexes},
	year         = {1986--2009},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/makeidx.html}, last viewed April 2010}
}

@misc
{
	eso-pic-package,
	author       = {Rolf Niepraschk},
	title        = {eso-pic: Absolute positioning of graphics and ship out actions},
	year         = {1998--2009},
	howpublished = {\url{http://www.ctan.org/tex-archive/help/Catalogue/entries/eso-pic.html}, last viewed April 2010}
}

@misc
{
	esarm-08,
	author       = {Geoff Sutcliffe and Simon Colton and Stephan Schulz},
	title        = {Empirically Successful Automated Reasoning for Mathematics ({ESARM}) - 27th July 2008},
	year         = 2008,
	month        = jul,
	day          = 27,
	howpublished = {[online]},
	note         = {\url{http://events.cs.bham.ac.uk/cicm08/workshops/esarm/}, last viewed April 2010}
}

@proceedings
{
	esarm-08-proceedings,
	editor       = {Geoff Sutcliffe and Simon Colton and Stephan Schulz},
	title        = {Empirically Successful Automated Reasoning for Mathematics ({ESARM})},
	location     = {Birmingham, United Kingdom},
	publisher    = {CEUR-WS.org},
	issn         = {1613-0073},
	year         = 2008,
	month        = jul,
	day          = 27,
	note         = {\url{http://CEUR-WS.org/Vol-378}, last viewed April 2010}
}

@misc
{
	gmake,
	author       = {Richard Stallman and Roland McGrath and Paul Smith and {the GNU Project}},
	title        = {{GNU Make}},
	howpublished = {Free Software Foundation, Inc., [online]},
	year         = {1997--2006},
	note         = {\url{http://www.gnu.org/software/make/}}
}

@misc
{
	fink,
	author       = {{The Fink Project}},
	title        = {Fink},
	year         = {2001--2011},
	howpublished = {[online]},
	note         = {\url{http://www.finkproject.org/}}
}




ARQNL2018_Final/easychair.cls
%
% Some credits
%

\def\easychairstyleauthor{easychair class style, by Serguei A. Mokhov and Andrei Voronkov <10 December 2015>}
\def\easychairstylerevision{CVS Revision: $Id: easychair.cls,v 3.4 2017/03/26 09:52 voronkov Exp $}
\def\easychairstylepurpose{Designed for easyChair.org, under guidelines and suggestions of}
\def\easychairstylevoronkov{\space\space\space\space\space\space\space\space\space\space\space\space\space Andrei Voronkov <www.voronkov.com>, and}
\def\easychairstylesutcliffe{\space\space\space\space\space\space\space\space\space\space\space\space\space Geoff Sutcliffe <www.cs.miami.edu/^geoff>}
\def\easychairstylecopyright{Copyright terms are that of easychair.org}
\def\easychairstylebugs{For bug reports, please contact <andrei@voronkov.com>}

\everyjob{\typeout{\easychairstyleauthor}}
\everyjob{\typeout{\easychairstylerevision}}
\everyjob{\typeout{\easychairstylepurpose}}
\everyjob{\typeout{\easychairstylevoronkov}}
\everyjob{\typeout{\easychairstylesutcliffe}}
\everyjob{\typeout{\easychairstylecopyright}}
\everyjob{\typeout{\easychairstylebugs}}

\immediate\write10{\easychairstyleauthor}
\immediate\write10{\easychairstylerevision}
\immediate\write10{\easychairstylepurpose}
\immediate\write10{\easychairstylevoronkov}
\immediate\write10{\easychairstylesutcliffe}
\immediate\write10{\easychairstylecopyright}
\immediate\write10{\easychairstylebugs}

%
% Require LaTeX 2.09 or later
%

\NeedsTeXFormat{LaTeX2e}[1995/12/01]
\ProvidesClass{easychair}[2017/03/26 v3.5]
\def\@tempa#1#2\@nil{\edef\@classname{#1}}
\expandafter\@tempa\@currnamestack{}{}{}\@nil
\ifx\@classname\@empty \edef\@classname{\@currname}\fi

\RequirePackage{xcolor}

%
% Debug
%

\def\easychairdebug#1{\gdef\@EasyDebug{#1}}
\def\@EasyDebug{}

\newif\ifdebug
\debugfalse
\DeclareOption{debug}{\debugtrue}

\newif\ifEPiC
\EPiCfalse
\DeclareOption{EPiC}{\EPiCtrue}
\newif\ifKalpa
\Kalpafalse
\DeclareOption{Kalpa}{\Kalpatrue}

% EPiC with the empty header
\newif\ifEPiCempty
\EPiCemptyfalse
\DeclareOption{EPiCempty}{\EPiCemptytrue}

% Kalpa with the empty header
\newif\ifKalpaempty
\Kalpaemptyfalse
\DeclareOption{Kalpaempty}{\Kalpa emptytrue}

\newif\ifEPiCfinal
\EPiCfinalfalse
\DeclareOption{EPiCfinal}{\EPiCfinaltrue}

\def\easychairframe#1{\gdef\@EasyFrame{#1}}
\def\@EasyFrame{}

\newif\ifframe
\framefalse

\DeclareOption{frame}{\frametrue}

\def\easychairverbose#1{\gdef\@EasyVerbose{#1}}
\def\@EasyVerbose{}

\newif\ifverbose
\verbosefalse

\DeclareOption{verbose}{\verbosetrue}


%
% Thesis
% Perh Geoff, February 23, 2010 with support from Andrei
%

\def\easythesis#1{\gdef\@EasyThesis{#1}}
\def\@EasyThesis{}

\newif\ifthesis
\thesisfalse

\DeclareOption{thesis}{\thesistrue}


%
% Times New Roman or not
%

\def\easytimes#1{\gdef\@EasyTimes{#1}}
\def\@EasyTimes{}

\newif\ifnotimes
\notimesfalse

\DeclareOption{notimes}{\notimestrue}

\newif\ifwithtimes
\withtimesfalse

\DeclareOption{withtimes}{\withtimestrue}


%% Code added to use llncs style author list
\newcounter{@inst}
\newcounter{@auth}
\newcounter{auco}
\newdimen\instindent
\def\institute#1{\gdef\@institute{#1}}

\def\institutename{\par
 \begingroup
 \parskip=\z@
 \parindent=\z@
 \setcounter{@inst}{1}%
 \def\and{\par\stepcounter{@inst}%
 \noindent$^{\the@inst}$\enspace\ignorespaces}%
 \setbox0=\vbox{\def\thanks##1{}\@institute}%
 \ifnum\c@@inst=1\relax
   \gdef\fnnstart{0}%
 \else
   \xdef\fnnstart{\c@@inst}%
   \setcounter{@inst}{1}%
   \noindent$^{\the@inst}$\enspace
 \fi
 \ignorespaces
 \@institute\par
 \endgroup}

\def\inst#1{\unskip$^{#1}$}
\def\fnmsep{\unskip$^,$}
\def\email#1{{\tt#1}}

%%

\newif\ifauthorundefined
\authorundefinedtrue

\let\oldauthor=\author
\renewcommand
	{\author}
	[1]
	{%
		\ifauthorundefined
			\oldauthor{#1}
			\authorundefinedfalse
		\else
			\PackageWarning{easychair}{Another use of author ignored}
		\fi
	}

\newif\iftitleundefined
\titleundefinedtrue

\let\oldtitle=\title
\renewcommand
	{\title}
	[1]
	{
		\iftitleundefined
			\oldtitle{#1}
			\titleundefinedfalse
		\else
			\PackageWarning{easychair}{Another use of title ignored}
		\fi
	}


%
% Running heads definitions
%

%\def\titlerunning#1{\gdef\@titleRunning{#1}}
%\def\authorrunning#1{\gdef\@authorRunning{#1}}
%\titlerunning{easychair: Running title head is undefined.}
%\authorrunning{easychair: Running author head is undefined.}

\newif\iftitlerunningundefined
\titlerunningundefinedtrue

\newif\ifauthorrunningundefined
\authorrunningundefinedtrue

\gdef\@titleRunning{easychair: Running title head is undefined.}
\gdef\@authorRunning{easychair: Running author head is undefined.}

\def\titlerunning#1
{
	\iftitlerunningundefined
		\gdef\@titleRunning{#1}
		\titlerunningundefinedfalse
	\else
		\PackageWarning{easychair}{Another use of titlerunning ignored}
	\fi
}

\def\authorrunning#1
{
	\ifauthorrunningundefined
		\gdef\@authorRunning{#1}
		\authorrunningundefinedfalse
	\else
		\PackageWarning{easychair}{Another use of authorrunning ignored}
	\fi
}

%
% Affiliations
%

\newcommand{\affiliation}[1]{\footnotesize{#1}\vspace{-3pt}}


%
% Decide between letter and A4 paper formats
% as well as orientation
%

% Default is 'letterpaper'
\def\paperformat#1{\gdef\@PaperFormat{#1}}
\def\@PaperFormat{letterpaper}

\newif\ifletterpaper
\newif\ifafourpaper
\newif\ifcustompaper

\letterpapertrue

\DeclareOption{letterpaper}{\paperformat{letterpaper}\afourpaperfalse\custompaperfalse}
\DeclareOption{a4paper}{\paperformat{a4paper}\afourpapertrue\letterpaperfalse\custompaperfalse}
\DeclareOption{custompaper}{\paperformat{letterpaper}\afourpaperfalse\letterpaperfalse\custompapertrue}
\ExecuteOptions{letterpaper}

\newlength{\@LMarginSize}
\newlength{\@RMarginSize}
\newlength{\@TMarginSize}
\newlength{\@BMarginSize}

\DeclareOption{lmargin}{}
\DeclareOption{rmargin}{}
\DeclareOption{tmargin}{}
\DeclareOption{bmargin}{}


% Default is portrait {}
\def\paperorientation#1{\gdef\@PaperOrientation{#1}}
\def\@PaperOrientation{}

\DeclareOption{portrait}{\paperorientation{}}
\DeclareOption{landscape}{\paperorientation{landscape}}

% Two sided running heads for titlerunning and author running
% twosided is the default
\newif\iftwosided
\twosidedfalse

\DeclareOption{onesided}{}
\DeclareOption{twosided}{\twosidedtrue}

%
% Decide between 1- or 2-column formats
%

\def\columnCount#1{\gdef\@ColumnCount{#1}}
\def\@ColumnCount{onecolumn}

\DeclareOption{onecolumn}{}
\DeclareOption{twocolumn}{\columnCount{twocolumn}}

%
% Decide on line spacing
%

\def\lineSpacing#1{\gdef\@LineSpacing{#1}}
\def\@LineSpacing{1.0}

\DeclareOption{zerospacing}{\lineSpacing{0.0}}
\DeclareOption{singlespacing}{\lineSpacing{1.0}}
\DeclareOption{lineandhalfspacing}{\lineSpacing{1.5}}
\DeclareOption{doublespacing}{\lineSpacing{2.0}}

\DeclareOption{0.0}{\lineSpacing{0.0}}
\DeclareOption{1.0}{\lineSpacing{1.0}}
\DeclareOption{1.5}{\lineSpacing{1.5}}
\DeclareOption{2.0}{\lineSpacing{2.0}}

\DeclareOption{0.0pt}{\lineSpacing{0.0}}
\DeclareOption{1.0pt}{\lineSpacing{1.0}}
\DeclareOption{1.5pt}{\lineSpacing{1.5}}
\DeclareOption{2.0pt}{\lineSpacing{2.0}}

%
% Font point size; default is 10pt
%
% The \headheight will have to be changed later accordingly
% such that fancyhdr does not complain it is too small.
%

\def\baseFontSize#1{\gdef\@BaseFontSize{#1}}
\def\headHeightSize#1{\gdef\@HeadHeightSize{#1}}
\def\headSepSize#1{\gdef\@HeadSepSize{#1}}
\def\footSkipSize#1{\gdef\@FootSkipSize{#1}}

\def\@BaseFontSize{10pt}
\def\@HeadHeightSize{12.0pt}
\def\@HeadSepSize{16.0pt} % instead of the default 25pt
\def\@FootSkipSize{26.0pt} % instead of the default 30pt

\DeclareOption{8pt}{\PackageWarning{easychair}{Option '\CurrentOption' is not supported.}}
\DeclareOption{9pt}{\PackageWarning{easychair}{Option '\CurrentOption' is not supported.}}
\DeclareOption{10pt}{\baseFontSize{10pt}\headHeightSize{12.0pt}\headSepSize{16.0pt}\footSkipSize{26pt}}
\DeclareOption{11pt}{\baseFontSize{11pt}\headHeightSize{13.6pt}\headSepSize{23.0pt}\footSkipSize{28pt}}
\DeclareOption{12pt}{\baseFontSize{12pt}\headHeightSize{14.5pt}\headSepSize{25.0pt}\footSkipSize{30pt}}
\ExecuteOptions{10pt}

%
% Page sizing
%

%\newif\iffullpage
%\newif\ifsavetrees
%
%\DeclareOption{fullpage}{\fullpagetrue}
%\DeclareOption{savetrees}{\savetreestrue}

% Bark at any unknown package option
\DeclareOption*{\PackageWarning{easychair}{Unknown option '\CurrentOption'}}
\DeclareOption*{\PassOptionsToPackage{\CurrentOption}{geometry}}
%\DeclareOption*{\PassOptionsToClass{\CurrentOption}{article}}

%\ExecuteOptions{centertags,portrait,10pt,twoside,onecolumn,final}
%\ExecuteOptions{}
\ProcessOptions\relax

%
% Required packages and classes.
%
% All must be standard as per most common LaTeX
% distributions.
%

\ifthesis
	\LoadClass[\@PaperFormat,\@PaperOrientation,\@ColumnCount,\@BaseFontSize,twoside]{report}
	\RequirePackage{makeidx}
\else
	% We are an article (more customized later)
	\LoadClass[\@PaperFormat,\@PaperOrientation,\@ColumnCount,\@BaseFontSize,twoside]{article}
	%\LoadClass[\@PaperFormat,\@PaperOrientation,\@ColumnCount,\@BaseFontSize]{article}
\fi

% Require UTF8 encoding, per Andrei Voronkov, to accomodate
% all sorts of author names.
%\RequirePackage[utf8]{inputenc}

% To ensure the footnotes are always at the bottom.
% IMPORTANT: footmisc should precede hyperref for the footnotes to hyperlink
%            correctly to their pages where they are at instead of always at
%            page 1. Per bug reports from a couple of users and a suggestion by
%            Uwe Pfeiffer.
\RequirePackage[bottom]{footmisc}

% TOC/thumbnail LHS preview in the PDFs as well as active URLs and other cross-refs
% Newer versions of hyperref declare a4paper or letterpaper as obsolete and issue warnings
\definecolor{linkcolor}{RGB}{170,0,0} % aa0000
\definecolor{citecolor}{RGB}{44,160,46} % 2ca02d
\definecolor{urlcolor}{RGB}{0,51,153} % 003399
\RequirePackage[linktocpage,pdfcreator=easychair.cls-3.4,colorlinks=True,urlcolor=urlcolor,citecolor=citecolor,linkcolor=linkcolor]{hyperref}

% Traditional graphics processing
\RequirePackage{graphicx}
%\RequirePackage{pdflscape}
%\RequirePackage{lscape}


%% Fonts, generally more compact but preserving point size

% Pick "Times Roman" as a base font unless explicitly told not to
\ifnotimes
	\ifwithtimes
		\PackageWarning{easychair}{Cannot really use 'notimes' and 'withtimes' together}
		\PackageWarning{easychair}{Defaulting to 'notimes'...}
	\else
		\PackageWarning{easychair}{'notimes' has been deprecated as it is the default in 2.0}
	\fi
\else
	\ifwithtimes
		\RequirePackage{mathptmx}
	\fi
\fi

% Pick "Helvetica" as a "Sans-Serif" font
%\RequirePackage[scaled=.85]{helvet}

% For algorithm and source code listings
\RequirePackage{listings}

%% Different Math and non-Math symbols and definitions

\RequirePackage{latexsym}
\RequirePackage{amsthm}
\RequirePackage{empheq}

%% Line spacing to be applied AFTER the above space saving packages

\renewcommand{\baselinestretch}{\@LineSpacing}

%% Final text printing area, per Geoff Sutcliffe

\RequirePackage{keyval}

\define@key{Ec}{lmargin}{\Ec@defbylen{lmargin}{#1}}

\newlength{\@MarginSize}
\setlength{\@MarginSize}{1in}

\setlength{\@LMarginSize}{\@MarginSize}
%\setlength{\@LMarginSize}{\Ec@lmargin}
\setlength{\@RMarginSize}{\@MarginSize}
\setlength{\@TMarginSize}{\@MarginSize}
\setlength{\@BMarginSize}{\@MarginSize}


% Head height is dependent on the font point size
\setlength{\headheight}{\@HeadHeightSize}
\setlength{\headsep}{\@HeadSepSize}
\setlength{\footskip}{\@FootSkipSize}

\ifletterpaper
	\immediate\write10{easychair: Selecting letter paper margin sizes.}
 	\RequirePackage[%
                papersize={8.5in,11in},
                total={145mm,224mm},
                centering,
                twoside,
		includeheadfoot]{geometry}
\fi
\ifafourpaper
	\immediate\write10{easychair: Selecting A4 paper margin sizes.}
 	\RequirePackage[%
                papersize={210mm,297mm},
                total={145mm,224mm},
                centering,
                twoside,
		includeheadfoot]{geometry}
\fi

\ifcustompaper
	\immediate\write10{easychair: Selecting custom paper margin sizes.}
	\RequirePackage[%
                papersize={189mm,246mm},
                total={145mm,224mm},
                top=9mm,
                left=24mm,
                twoside,
		includeheadfoot]{geometry}
        \headHeightSize{12.0pt}
        \headSepSize{16.0pt}
        \footSkipSize{26pt}
\fi

%\setlength{\textwidth}{16cm}
%\setlength{\textheight}{9in}


%
% Volume
%

\RequirePackage{lastpage}

\newif\ifvolumeundefined
\volumeundefinedtrue

% e.g.
% \volumeinfo
%		{J. Bloe}   % editor(s)      #1
%		{1}         % No. of editors #2
%		{LICS 2008} % event title    #3
%		{1}         % volume number  #4
%		{4}         % issue          #5
%		{134}       % start page     #6

\def\@EasyFontStyle{\footnotesize}
\newcommand{\headfootstyle}[1]{\def\@EasyFontStyle{#1}}

\def\@EasyVolumeInfo{}

\ifthesis
	\newcommand{\volumeinfo}[6]
		{\PackageWarning{easychair}{Cannot use volumeinfo with 'thesis' option. Ignoring...}}
\else
	\newcommand{\volumeinfo}[6]{%
		\ifvolumeundefined
	%		\def\@makefntext##1{\noindent ##1}%
			\def\@EasyEdsNames{#1}%
			\def\@EasyEds{ed.}%
			\def\@EasyEvent{#3}%
			\def\@EasyVolume{}%
			\def\@EasyIssue{}%
			\def\@EasyFirstPage{#6}%
			\ifnum #2>1 \gdef\@EasyEds{eds.}\fi%
			\ifnum #4>0 \gdef\@EasyVolume{; Volume #4}\fi%
			\ifnum #5>0 \gdef\@EasyIssue{, issue: #5} \fi%
	%		\footnotetext[0]{\sf \@EasyEdsNames (\@EasyEds); \@EasyEvent\@EasyVolume\@EasyIssue, pp. #6-\pageref*{LastPage}}%
	%		\def\@EasyVolumeInfo{\footnotesize{\sf\@EasyEdsNames~(\@EasyEds); \@EasyEvent\@EasyVolume\@EasyIssue, pp. \@EasyFirstPage--\pageref*{LastPage}}}%
			\def\@EasyVolumeInfo{\@EasyFontStyle\@EasyEdsNames~(\@EasyEds); \@EasyEvent\@EasyVolume\@EasyIssue, pp. \@EasyFirstPage--\pageref*{LastPage}}%
			%\def\@makefntext##1{\noindent\@makefnmark##1}%
			\setcounter{page}{\@EasyFirstPage}
			\volumeundefinedfalse
		\else
			{\PackageWarning{easychair}{May not redefine volumeinfo}}
		\fi
	}
\fi

\def\@EventInfo{}
\def\@VolumeInfo{}

%
% Allow for more space to place floats.
%

\renewcommand{\topfraction}{0.95}
\renewcommand{\bottomfraction}{0.95}
\renewcommand{\textfraction}{0.05}
\renewcommand{\floatpagefraction}{0.8}


%
% Running heads and ``foots''
%

\RequirePackage{fancyhdr}
\pagestyle{fancy}

\fancyhead{}
%\ifdebug
%	\iftwosided
%		\fancyhead[RE]{\overline{\@titleRunning}}
%		\fancyhead[RO]{\overline{\@authorRunning}}
%	\else
%		\fancyhead[LO,LE]{\begin{math}\overline{\mbox{\@titleRunning}}\end{math}}
%		\fancyhead[RO,RE]{\begin{math}\overline{\mbox{\@authorRunning}}\end{math}}
%	\fi
%\else
	\iftwosided
		\fancyhead[RE]{{\@EasyFontStyle\@titleRunning}}
		\fancyhead[RO]{{\@EasyFontStyle\@authorRunning}}
	\else
		\fancyhead[LO,LE]{{\@EasyFontStyle\@titleRunning}}
		\fancyhead[RO,RE]{{\@EasyFontStyle\@authorRunning}}
	\fi
%\fi

\fancyfoot{}
\ifodd\c@page
	\fancyfoot[LO]{{\@EasyFontStyle\@VolumeInfo}}
	\fancyfoot[RE]{{\@EasyFontStyle\@EventInfo}}
\else
	\fancyfoot[RE]{{\@EasyFontStyle\@VolumeInfo}}
	\fancyfoot[LO]{{\@EasyFontStyle\@EventInfo}}
\fi
\ifodd\c@page
	\fancyfoot[RO]{{\normalsize\thepage}}
	\fancyfoot[LE]{{\normalsize\thepage}}
\else
	\fancyfoot[LE]{{\normalsize\thepage}}
	\fancyfoot[RO]{{\normalsize\thepage}}
\fi
	\renewcommand{\headrulewidth}{0pt}
	\renewcommand{\footrulewidth}{0pt}
%\fi

% Suppress the default date, per Geoff
\date{}

% For the first page
\fancypagestyle{plain}{%
\fancyhf{} % clear all header and footer fields
\ifodd\c@page
	\fancyfoot[L]{\@EasyVolumeInfo{}}%
	\fancyfoot[R]{}
\else
	\fancyfoot[R]{\@EasyVolumeInfo}%
	\fancyfoot[L]{}
\fi
\renewcommand{\headrulewidth}{0pt}
\renewcommand{\footrulewidth}{0pt}}

\def\@maketitle{%
  %% Code added to use llncs style author list
\def\andname{and}
\def\lastandname{\unskip, and}
  \def\lastand{\ifnum\value{@inst}=2\relax
                 \unskip{} \andname\
                 \else
                 \unskip \lastandname\
            \fi}%
 \def\and{\stepcounter{@auth}\relax
          \ifnum\value{@auth}=\value{@inst}%
             \lastand
          \else
             \unskip,
             \fi}%
   %%
  \newpage
	\null
  % Facelift a bit the title and make it bold, per Geoff
	\vspace{-1cm}
	\begin{center}%
		\let\footnote\thanks%
		\ifwithtimes
			{\LARGE{\@title}\par}
		\else
			{\LARGE\@title\par}
                 \fi
                 \vskip \baselineskip
                 \@date
                 {\large
               \setbox0=\vbox{\setcounter{@auth}{1}\def\and{\stepcounter{@auth}}%
               \def\thanks##1{}\@author}%
               \global\value{@inst}=\value{@auth}%
               \global\value{auco}=\value{@auth}%
               \setcounter{@auth}{1}%
               {\lineskip .5em
               \noindent\ignorespaces
               \@author\vskip.35cm}}
               {\small\institutename}
	\end{center}%
}

\ifEPiCfinal
\definecolor{volume}{RGB}{0,112,144}
\def\EPiCSeries{EPiC Series in Computer Science}
\def\EPiCVolume{XXX}
\def\EPiCYear{2017}
\def\EPiCPages{Pages 19--27}
\def\EPiCConference{99th International Conference on Topics of Superb Significance (CATSS)}
\def\ChairLogo{logo_chair.png}
\def\EPiCLogo{logo_epic.png}
\fi

% ------------------------------------------------
% Change the maketitle command in EPiC
\let\oldmaketitle=\@maketitle
% ------------------------------------------------
\def\@maketitle{%
\ifEPiCfinal

%\vspace*{-10mm}\par
\definecolor{headerframe}{rgb}{0.473,0.676,0.656} % 79ada8
\definecolor{headerback}{rgb}{0.953125,0.95703125,0.9609375} % f4f5f6

\begin{tcolorbox}[
  enhanced,center,width=\linewidth-2cm,
  underlay={
    \node[inner sep=0pt,outer sep=0pt,right] at ([xshift=-1cm]frame.west)
      {\includegraphics[height=74.5pt]{\ChairLogo}};
    \node[inner sep=0pt,outer sep=0pt,left] at ([xshift=1cm]frame.east)
      {\includegraphics[height=73pt]{\EPiCLogo}};
  },
  before skip=0pt,% <--- before box
  after skip=6pt,%  <--- after box
  left=71.54pt-1cm+4mm,
  right=56.22423pt-1cm+4mm,
  sharp corners,text fill,
  colback=headerback,colframe=headerframe,
  height=73pt,toprule=0.5pt,bottomrule=0.5pt,leftrule=0pt,rightrule=0pt,
  halign=center,valign=center,boxsep=0pt,
  top=2mm,%     space to top border
  bottom=2mm,%  space to bottom border
  ]%
{\Large \EPiCSeries}\par\vfill%
{\color{volume}Volume \EPiCVolume, \EPiCYear, \EPiCPages}\par\vfill%
\EPiCConference
\end{tcolorbox}

\par\ \vspace*{12pt}\par
{\let\newpage\relax\oldmaketitle}%
\else \ifEPiC
\definecolor{grayheader}{RGB}{112,112,112}%
{\color{grayheader}\vspace*{-23pt}\noindent \hrulefill\\
\noindent\centering
\raisebox{0pt}[36.5pt][36.5pt]{This space is reserved for the EPiC Series header, do not use it}%

\noindent\hrulefill}%
\\

{\let\newpage\relax\oldmaketitle}%
\else \ifEPiCempty
\raisebox{0pt}[47pt][47pt]{~}
\\

{\let\newpage\relax\oldmaketitle}%

% otherwise the old maketitle

\else
\oldmaketitle
\fi\fi\fi
}
% ------------------------------------------------

% Tighten up bibliography
\let\oldthebibliography=\thebibliography
\let\endoldthebibliography=\endthebibliography
\renewenvironment{thebibliography}[1]
{
	\small
	\begin{oldthebibliography}{#1}
		\setlength{\parskip}{2pt}
		\setlength{\itemsep}{0pt}
}
{
	\end{oldthebibliography}
}

\ifdebug
	\ifverbose
		\RequirePackage[colorgrid,pscoord]{eso-pic}%
	\else
		\RequirePackage[pscoord]{eso-pic}
		\newcommand\ShowFramePicture{%
		  \begingroup
		    \color{red}
		    \AtTextLowerLeft{\framebox(\LenToUnit{\textwidth},\LenToUnit{\textheight}){}}%
		    \AtTextUpperLeft{\put(0,\LenToUnit{\headsep}){\framebox(\LenToUnit{\textwidth},\LenToUnit{\headheight}){}}}%
		    \AtTextLowerLeft{\put(0,\LenToUnit{-\footskip}){\framebox(\LenToUnit{\textwidth},\LenToUnit{\headheight}){}}}%
		  \endgroup
		}
		\AddToShipoutPicture{\ShowFramePicture}
	\fi
	%\RequirePackage[a4,cam,center]{crop}%
	%\RequirePackage[cam,center]{crop}%
\fi

\ifframe
	\ifverbose
		\RequirePackage[colorgrid,pscoord]{eso-pic}%
	\else
		\RequirePackage[pscoord]{eso-pic}
		\newcommand\ShowBlueFrame{%
		  \begingroup
		    \color{blue}
                    % odd page
%		    \AtTextLowerLeft{\put(\LenToUnit{-23.6mm},\LenToUnit{-21.8mm}){\framebox(\LenToUnit{188.3mm},\LenToUnit{245.4mm}){}}}%
                    % even page
%		    \AtTextLowerLeft{\put(\LenToUnit{-19.6mm},\LenToUnit{-21.8mm}){\framebox(\LenToUnit{188.3mm},\LenToUnit{245.4mm}){}}}%
		  \endgroup
		}
		\AddToShipoutPicture{\ShowBlueFrame}
	\fi
\fi

% \geometry{papersize={170mm,240mm},total={124mm,185mm}}

%% Indexing options for proceedings to link up people's names to their
%% various participation and affiliation options.

\newcommand
	{\indexedperson}
	[3]
	{\index{#2!#1}\index{#1}\index{#1!#3}}

\newcommand
	{\indexedauthor}
	[1]
	{\indexedperson{#1}{Authors}{Author}}

\newcommand
	{\indexededitor}
	[1]
	{\indexedperson{#1}{Editors}{Editor}}

\newcommand
	{\indexedpcmember}
	[1]
	{\indexedperson{#1}{PC Members}{PC Member}}

\newcommand
	{\indexedreviewer}
	[1]
	{\indexedperson{#1}{Reviewers}{Reviewer}}

\newcommand
	{\indexedorganizer}
	[1]
	{\indexedperson{#1}{Organizers}{Organizer}}

\newcommand
	{\indexedwebmaster}
	[1]
	{\indexedperson{#1}{Webmasters}{Webmaster}}

\newcommand
	{\indexedaffiliation}
	[2]
	{\indexedperson{#1}{#2}{#2}}

\newcommand
	{\indexedsupervisor}
	[2]
	{\indexedperson{#1}{}{Supervisor: #2}\indexedperson{#2}{Supervisors}{Supervisor}}

\endinput

% \crop[font=\upshape\mdseries\small\textsf]

% EOF
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1 Introduction


The easychair class was designed to be easy to use, and specifically favors electronic and on-
paper publishing by the EasyChair conference system [27], including the EasyChair EPiC Series
and EasyChair Kalpa Publications. EasyChair is a free conference management system that is
flexible, easy to use, and has many features to make it suitable for various conference models.
It is currently probably the most commonly used conference management system [27].


The easychair class was designed according to some requirements, which are described in
Appendix A. An article that occupies approximately 15 LNCS-formatted pages takes up ap-
proximately 14 easychair pages.


2 Typesetting


Typesetting with easychair is, well, easy. Just by using the document class entry in the docu-
ment’s preamble as follows: \documentclass{easychair} the typesetting work is nearly done.
The easychair class is a relatively conservative extension of the standard article class, so most
of the environments, section headers, etc. defined by article are available.


2.1 Generalities


The following are the general default parameters easychair introduces into the typesetting as-
pect of articles. If you use easychair for proceedings or other kinds of publishing through
EasyChair, do not alter these – papers deviating from the formatting standards will be rejected
by EasyChair.


1. The default paper size is US letter. It can be explicitly set to A4 (a4paper) or letter
(letterpaper) paper in the document class entry, e.g.:
\documentclass[a4paper]{easychair}


2. The print area for both letter and A4 paper sizes is 145x224 mm. This size has been
selected to allow for inexpensive printing using our current print-on-demand publisher.
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3. The base font is Computer Modern. The base font size is 10pt. If you use any other
font size, there is no guarantee that the produced document will look nice or fit into our
standard page size.


4. The references list is condensed. The default bibliography styles, such as plain, abbrv,
and alpha, are suggested.


5. PNG, JPG, and PDF images are supported, i.e., those that are supported by the stan-
dard graphicx package [2], and render nicely in online versions of PDF documents. This
document shows some examples of JPG and PDF images, for example in Figure 1. If
the papers are designed for publishing in print, the images should be at least 300dpi in
resolution.


2.2 Front Matter


The front matter of an easychair article follows the article style, augmented with the
\titlerunning and \authorrunning commands for use by authors. For the \author com-
mand with multiple authors, use \and to separate authors from different institutions, as done
in this document. Institutions are defined using \institute in a similar way and affiliations
of authors assigned using \inst. Authors must set the \titlerunning and \authorrunning.
For example, the front matter of this document defined the authors and title as follows:


\title{The {\easychair} Class File\\


Documentation and Guide for Authors%


\thanks{Other people who contributed to this document include Maria Voronkov


(Imperial College and EasyChair) and Graham Gough (The University of


Manchester).}}


Authors are joined by \and. Their affiliations are given by \inst, which indexes


into the list defined using \institute


\author{


Serguei A. Mokhov\inst{1}\thanks{Designed and implemented the class style}


\and


Geoff Sutcliffe\inst{2}\thanks{Did numerous tests and provided a lot of suggestions}


\and


Andrei Voronkov\inst{3}\inst{4}\inst{5}\thanks{Masterminded EasyChair and created


versions 3.0--3.5 of the class style}


}


Institutes for affiliations are also joined by \and,


\institute{


Concordia University,


Montreal, Quebec, Canada\\


\email{mokhov@cse.concordia.ca}


\and


University of Miami,


Miami, Florida, U.S.A.\\


\email{geoff@cs.miami.edu}\\


\and


University of Manchester,


Manchester, U.K.\\


\email{andrei@voronkov.com}\\


3







The easychair Class File Mokhov, Sutcliffe and Voronkov


\and


Chalmers University of Technology,


Gothenburg, Sweden


\and


EasyChair


}


\authorrunning{Mokhov, Sutcliffe and Voronkov}


\titlerunning{The {\easychair} Class File}


2.3 Page Numbering


Page numbers are at the bottom of every page. Authors must leave the page numbers in as-is.
When EasyChair proceedings and Procedia volumes are processed by EasyChair, the correct
volume page numbers will be inserted automatically.


2.4 Section Headings and Capitalization


Section and paragraph headings in easychair are invoked via the standard commands, such as
\section, \subsection, \subsubsection, and \paragraph. Generally, every non-trivial word
in a heading must be capitalized according to general capitalization guidelines. A reasonable
rule to use is that all prepositions, coordinating conjunctions and articles having four or fewer
letters should not be capitalized. If you do not know what it means, simply do not capitalize
the following words: amid, anti, as, at, atop, but, by, down, for, from, in, into, like, near,
next, of, off, on, onto, out, over, pace, past, per, plus, qua, save, than, till, to, up, upon, via,
with, for, and, nor, but, or, yet, so, a, an, the. For example, if you want to call your paper
“oldest but goldest”, then the proper title for it is “Oldest but Goldest”. “Oldest but goldest”
is wrong (since “goldest” is not capitalized) and “Oldest But Goldest” is wrong (“but” should
stay lower-cased since it belongs to the list of words above.) Needless to say, “OLDEST BUT
GOLDEST” is very wrong.


Paragraph headings should not be capitalized and should have a trailing period. That is,
you should write


\paragraph{EasyChair is cool.}


rather than


\paragraph{EasyChair is cool}


unless your aim was to write something like


\paragraph{EasyChair is cool} when you use it for publishing.


Of course, you are welcome to replace the trailing period by any other punctuation mark, for
example


\paragraph{EasyChair is cool!}


See the examples in this document, e.g., Section 2 is a section, this (Section 2.4) is a
subsection, and Section 2.4.1 is a subsubsection.


2.4.1 Subsubsection Header


This is a subsubsection.
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Paragraph header. This is a paragraph. One way of saving space when hyper-references
are not essential is to use paragraphs instead of subsubsections.


2.5 Mathematics


Mathematics can be done inline for simple things, e.g., an equation x = 0, possibly with super
and subscripts, e.g., x2k ≈ 27, Greek letters, e.g., α∪Θ 6= γ, etc. Larger formulae must be done
using \[ \] bracketing, e.g., ∫ 1


0


xdx =


[
1


2
x2
]1
0


=
1


2


or using \begin{equation} and \end{equation} for numbered equations, e.g.,


ex =


∞∑
n=0


xn


n!
= lim


n→∞
(1 + x/n)n (1)


Use \begin{align*} and \end{align*} (or without the * include number) to align equa-
tions, e.g.,


x2 + y2 = 1


y =
√


1− x2


Fonts, using \matcal and others can also be used in the math mode: ALC.


2.6 Tables


Table 1 shows an example of a table of data that was conveniently available (i.e., the data has
nothing to do with easychair) apart from being related to the research of two of its authors.


ATP System LTB Avg Prfs SOTA µ CYC MZR SMO
/100 time out Con. Eff. /35 /40 /25


Vampire-LTB 11.0 69 24.5 69 0.37 28.1 23 22 24
iProver-SInE 0.7 67 76.5 0 0.36 8.8 28 14 25
SInE 0.4 64 75.3 64 0.32 8.5 26 13 25
leanCoP-SInE 2.1 35 110.8 35 0.23 3.2 23 1 11
E-LTB 1.1pre 18 63.4 0 0.21 2.8 7 9 2
EP-LTB 1.1pre 18 77.8 18 0.21 2.3 7 9 2
E-KRH’-LTB 1.1.3 0 – – – – 0 0 0


Table 1: LTB division results


2.7 References


References must be provided in a .bib file, so that BibTEX can be used to generate the references
in a consistent style in a volume. The preferred styles are plain and alpha. For example, the
references for this paper are generated from the lines


\bibliographystyle{plain}


\bibliography{easychair}
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and a way to compose the entires, e.g. citing this class style [10] is below:


@misc


{


easychair-latex-class,


author = {Serguei A. Mokhov and Geoff Sutcliffe and Andrei Voronkov},


title = {The {\sf easychair} Class File Documentation and Guide


for Authors},


year = {2008--2011},


howpublished = {[online]},


note = {Available at \url{http://easychair.org/easychair.zip}}


}


3 Installation and Usage Instructions


3.1 Installation


The “installation” of the easychair document class is easy. Download the latest version of the
easychair.zip package from http://www.easychair.org/easychair.zip and unzip it in the
directory where you will prepare your paper. You will get the following files, out of which you
may need to keep only the easychair.cls style class if you are familiar with the rest of the
files and do not require them to get started. We are also working to make easychair available
from CTAN [21], such that it can be installed with the popular TEXLive [15] and MiKTEX [16]
LATEX package management systems.


• easychair.cls – the class file that this is all about.


• easychair-a4.pdf – the PDF version of this guide rendered using a4paper option.


• easychair.tex – the LATEX source of this guide, and easychair.bib – the supporting
bibliography entries found starting on page 15.


• logoEC.pdf – the PDF version of the EasyChair logo rendered in Figure 1 and
throneEC.jpg – the JPG version of the easy throne rendered in Figure 5.


3.2 Required Packages


The easychair class relies only on packages deemed standard and shipped by most LATEX distri-
butions in the worlds of Linux (current texlive [15] or older tetex), MacOS X, and Windows
(via Cygwin or MiKTEX). If for some reason your distribution is old or doesn’t have the pack-
ages listed below, you can always obtain a copy from CTAN [21]. Note that EasyChair loads
this packages automatically so you don’t have to use \usepackage to use any of these packages.


• url [1] (included also by hyperref automatically) – to provide URL rendering support
for the monospaced font, which takes care of special characters as well as line wrapping.


• hyperref [14] – to allow hyperlinking of URLs and cross references within an article. Its
options are set to either letterpaper or a4paper, depending on the \documentclass


options.


• graphicx [2] – the standard package for rendering PNG, JPG, and PDF graphic images,
primarily in figure environments.


• optional mathptmx [17] – Times base font for compactness (use with the withtimes easy-
chair option).
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• listings [11] – to allow highlighted source code listing styles.


• latexsym [23] – to provide common math and other symbols.


• amsthm [20] – to provide AMS theorem-like environments.


• empheq [8] – to provide equation environments, etc.


• geometry [25] – to set easychair margins, outlined in Section 2.1.


• lastpage [6] – to allow computationally referencing the last page.


• fancyhdr [26] – for running heads.


• footmisc [3] – to ensure that footnotes are always at the bottom.


• optional makeidx [24] – for index generation (use with the thesis easychair option).


• eso-pic [12] – for draft versions and checking page overlflows vs. a border drawn around
the headers, footers, and the main body of the article.


3.3 Recommended Packages


Here is a list of some packages that this guide’s authors have experimented with, and which
are suitable for inclusion if needed by article authors. These packages must be loaded using
\usepackage. In general, authors may use any standard packages provided they do not change
the basic layout and font settings established by the easychair class. Such packages must be
provided with the submission of articles.


• rotating [4] – to rotate floats (figures and tables) on the page, when wide tables or figures
do not fit in portrait layout.


• pdflscape [13] – similar to rotating, but also allows rotating text to make it conveniently
viewable in a PDF viewer that supports individual rotated pages. A possible disadvantage
is that a page break is forced, which may create gaps before or after the landscape page.


• algorithm2e [5] – provides a figure-like algorithm environment for formal algorithm pre-
sentation with highlighting.


3.4 Compiling


pdflatex [7] is the preferred tool for producing PDF files with easychair class documents. The
author kit (easychair.zip) includes some minimal automation that authors can use at their
discretion.


• Linux and UNIX-like platforms (also works under Cygwin and MacOS X): A Makefile is
provided for the GNU make [19] utility, so this document can be compiled by typing make


at the terminal prompt (on the systems where both GNU and non-GNU versions of make
are installed, one may need to use gmake).


• Microsoft Windows: TEXnicCenter [28] or LEd [18] and MiKTEX [16] as their backend are
common tools for LATEX processing under Microsoft Windows. The former provide a GUI
front-end to LATEX, and the latter is the Windows native-compiled binaries and standard
packages with a comprehensive package update tool. The easychair.tcp project file is
provided for TEXnicCenter users, as well as easychair.lpr for LEd users.


• MacOS X: TeXShop [9] is a tool for LATEX processing under Mac OS X. It provides a GUI
front-end to LATEX. The backend can be installed through the fink [22] repository or the
Darwin Ports.
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Some authors use packages that require the use of latex instead of pdflatex, most notably
pstricks and its derivatives. If switching to modern packages, such as tikz is not an option,
these authors can use the easychair class with latex.


3.5 Bug Reports


Please report bugs, errors, and omissions you find with the easychair class to its current main-
tainer, Andrei Voronkov, at andrei@voronkov.com. Any constructive feedback is always wel-
come. If anybody has a very hard question, we might be unable to answer it without Sergei. If
anybody knows his whereabouts, Geoff and Andrei have the ransom money ready.


4 Avoiding Text Overflows


When used in EasyChair, the easychair class is intended for publishing, including printing. This
implies that the text of your document should not overflow the page dimensions. This section
gives some practical advice on how you can avoid text overflows. When you run pdflatex or
latex on your files, you sometimes get warnings like


LaTeX Warning: Overfull \hbox (7.43138pt too wide) in paragraph at lines 994--994


or


LaTeX Warning: Float too large for page by 55.21666pt on input line 638.


They mean what they say: your text overflows the allowed space. When you prepare a PDF
document that will only be used online or as a draft, in many cases you can ignore these
warnings, since they only make your document uglier than it could be but it remains still
readable. However, for documents that are supposed to be printed, overflows make a lot of
difference. There is no universal recipe on how to make your text fit into the page. However,
there are some common cases that can be easily fixed using the tricks described here.


4.1 Using the debug Option to Check for Overflows


A general guideline is that you should first check how the alleged overflows looks in reality.
For example, some LaTeX overflows are invisible or hardly noticeable for people and overlows
by less than 4pt look OK anyhow. The easychair class has an option debug that adds to each
page of your documents a red frame corresponding to the allowed page dimensions. Figure 2
on page 10 shows an example of a page created using this style. With such a red frame, you
can clearly see any overflows apart from very minor ones.


4.2 Tables


Many page overflows happen because of large tables. In many case these overflows can be easily
removed by slightly reducing padding added by LATEX to every column. It is controlled by the
LATEX command \tabcolsep whose value by default is 6pt. Even small changes in the value of
this command may give drastic reductions in the width of tables. This is illustrated in Figure 3
on page 11. Note though that there is no free lunch: smaller values for this command may
result in lower redability.
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Figure 2: A page of a document created using the debug option
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ATP System LTB Avg Prfs SOTA µ CYC MZR SMO


Vampire-LTB 11.0 69 24.5 69 0.37 28.1 23 22 24
iProver-SInE 0.7 67 76.5 0 0.36 8.8 28 14 25


ATP System LTB Avg Prfs SOTA µ CYC MZR SMO


Vampire-LTB 11.0 69 24.5 69 0.37 28.1 23 22 24
iProver-SInE 0.7 67 76.5 0 0.36 8.8 28 14 25


ATP System LTB Avg Prfs SOTA µ CYC MZR SMO


Vampire-LTB 11.0 69 24.5 69 0.37 28.1 23 22 24
iProver-SInE 0.7 67 76.5 0 0.36 8.8 28 14 25


ATP System LTB Avg Prfs SOTA µ CYC MZR SMO


Vampire-LTB 11.0 69 24.5 69 0.37 28.1 23 22 24
iProver-SInE 0.7 67 76.5 0 0.36 8.8 28 14 25


Figure 3: Original table and tables with tabcolsep set to 5pt, 3pt, and 1pt


4.3 Images


Images included using \includegraphics are easy to resize since one can specify the size of the
result explicitly. For example, Figure 5 shows three copies of the same image having different
sizes obtained using the following commands:


\includegraphics[width=0.5\textwidth]{throneEC.jpg}


\includegraphics[width=0.3\textwidth]{throneEC.jpg}


\includegraphics[width=0.15\textwidth]{throneEC.jpg}


4.4 A Universal Recipe


LATEX has a very powerful weapon for reducing the size of almost anythings. More precisely, it
can reduce anything producing what LATEX considers a box. This weapon is called \scalebox.
Consider an example (check the source of this file to see how it was produced).


year users
2007 47,753
2008 114,494
2009 207,506
2010 371,054


The number of users of EasyChair and one of its logos,
scaled to the number of users in 2010
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This is what happens when we put (almost) the same LATEX code in \scalebox{0.55923}{...}


to scale it down to the number of users in 2009:


year users
2007 47,753
2008 114,494
2009 207,506
2010 371,054


The number of users of EasyChair and one of its logos,
scaled to the number of users in 2009


We can scale it down even further to the 2008 figure using \scalebox{0.30856}{...}:


year users
2007 47,753
2008 114,494
2009 207,506
2010 371,054


The number of users of EasyChair and one of its logos,
scaled to the number of users in 2008


or further down to 2007:


year users
2007 47,753
2008 114,494
2009 207,506
2010 371,054


The number of users of EasyChair and one of its logos,
scaled to the number of users in 2008


This size reduction technique is very efficient: using the right scale you may post your whole
article on Twitter in a single tweet. However, it may also may parts of your text virtually
unreadable with an unfortunate side effect of annoying reviewers.


5 Submitting Your Article Through EasyChair


This section is intended only for the authors and editors of EasyChair proceedings and Procedia
volumes.


When you prepare an article for either of these, it should be submitted through EasyChair.
EasyChair automates the submission process as much as possible and goes to a great length to
ensure that your article can be published and printed. Publication for EasyChair means much
more than just putting a PDF of your article online. It collects a some meta-information about
the article to classify it, find similar articles, make it easily searchable, and index it in various
Web services, such as DBLP. This section explains how EasyChair processes your article.


5.1 Submitting the Article


Submitting the article is easy. All you should do is to put the source of your article in a single
zip file. The source must contain all auxiliary files required to create a PDF file of your article:
this includes images, bibliography, and all non-standard LATEX packages you used1 For example,
suppose that your main LATEX file is main.tex, it inputs another file macros.tex and uses the
file biblio.bib to produce the bibliography. Suppose it also uses two images images/easy.jpg
and images/easy.jpg. Then you should create a zip archive containing all these files. Suppose


1 A non-standard LATEX package is a package that is not included in CTAN.
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all these files are put in a directory mypaper on your computer, where images is a subdirectory
of mypaper


On almost any operating system (Linux, Windows, or Mac) you can achieve this by using
the following sequence of commands:


cd mypaper


zip -r mypaper.zip *


This will create a zip archive mypaper.zip including all files in the directory mypaper and its
subdirectories.


5.2 EPiC Series and Kalpa Publications


If you publish your article in the EasyChair EPiC series, our aim is to produce a nicely looking
EPiC Series header, see Figure 4 on page 13 for an idea. The images and information in the
header will be added by EasyChair automatically and depend on the subseries and the volume
information.


To ensure that the layout of your document will not change when the header is added, you
should use the option EPiC as follows:


\documentclass[EPiC]{easychair}


This will reserve space for the header on the top of the first page of your article.


6 Future Work


We plan to further strengthen the easychair class and promote it for electronic publishing for
EasyChair-powered conferences and workshops, and take over the world, as shown in Figure 5.
We aim at creating a new model of affordable publishing, where anybody can become a low-cost
publisher. The EasyChair EPiC Series and the EasyChair Kalpa Publications are our first
contributions to affordable open access publishing.
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Figure 4: This document with an EPiC Series header


13







The easychair Class File Mokhov, Sutcliffe and Voronkov


Figure 5: Why one should use EasyChair
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A easychair Requirements Specification
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were refined as development went along.
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2. It should be economical in space but the text should be nice-to-read.
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3. It should use fonts producing a reasonable-quality PDF.


4. The bibliography should produce hyperlinks.


5. Sections should produce menu sections in PDF.


6. The text should look good on both A4 and letter paper.


7. The style should be single-column for convenience of scrolling.


8. The print area should be convenient for printing using print-on-demand publishers.


9. Running heads.
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ARQNL2018_Final/easychair.tex
% easychair.tex,v 3.5 2017/03/15

\documentclass{easychair}
%\documentclass[EPiC]{easychair}
%\documentclass[EPiCempty]{easychair}
%\documentclass[debug]{easychair}
%\documentclass[verbose]{easychair}
%\documentclass[notimes]{easychair}
%\documentclass[withtimes]{easychair}
%\documentclass[a4paper]{easychair}
%\documentclass[letterpaper]{easychair}

\usepackage{doc}

% use this if you have a long article and want to create an index
% \usepackage{makeidx}

% In order to save space or manage large tables or figures in a
% landcape-like text, you can use the rotating and pdflscape
% packages. Uncomment the desired from the below.
%
% \usepackage{rotating}
% \usepackage{pdflscape}

% Some of our commands for this guide.
%
\newcommand{\easychair}{\textsf{easychair}}
\newcommand{\miktex}{MiK{\TeX}}
\newcommand{\texniccenter}{{\TeX}nicCenter}
\newcommand{\makefile}{\texttt{Makefile}}
\newcommand{\latexeditor}{LEd}

%\makeindex

%% Front Matter
%%
% Regular title as in the article class.
%
\title{The {\easychair} Class File\\
       Documentation and Guide for Authors%
\thanks{Other people who contributed to this document include Maria Voronkov
  (Imperial College and EasyChair) and Graham Gough (The University of
  Manchester).}}

% Authors are joined by \and. Their affiliations are given by \inst, which indexes
% into the list defined using \institute
%
\author{
Serguei A. Mokhov\inst{1}\thanks{Designed and implemented the class style}
\and
    Geoff Sutcliffe\inst{2}\thanks{Did numerous tests and provided a lot of suggestions}
\and
   Andrei Voronkov\inst{3}\inst{4}\inst{5}\thanks{Masterminded EasyChair and created versions
     3.0--3.5 of the class style}
}

% Institutes for affiliations are also joined by \and,
\institute{
  Concordia University,
  Montreal, Quebec, Canada\\
  \email{mokhov@cse.concordia.ca}
\and
   University of Miami,
   Miami, Florida, U.S.A.\\
   \email{geoff@cs.miami.edu}\\
\and
   University of Manchester,
   Manchester, U.K.\\
   \email{andrei@voronkov.com}\\
\and
   Chalmers University of Technology,
   Gothenburg, Sweden
\and
   EasyChair
 }

%  \authorrunning{} has to be set for the shorter version of the authors' names;
% otherwise a warning will be rendered in the running heads. When processed by
% EasyChair, this command is mandatory: a document without \authorrunning
% will be rejected by EasyChair

\authorrunning{Mokhov, Sutcliffe and Voronkov}

% \titlerunning{} has to be set to either the main title or its shorter
% version for the running heads. When processed by
% EasyChair, this command is mandatory: a document without \titlerunning
% will be rejected by EasyChair
\titlerunning{The {\easychair} Class File}

\begin{document}

\maketitle

\begin{abstract}
  In order to ease the lives of authors, editors, and trees, we present an
  easy-to-read guide to the easy-to-use {\easychair} {\LaTeX2e} document style
  class for EasyChair-based electronic and on-paper publishing of workshop and conference
  proceedings.
\end{abstract}

% The table of contents below is added for your convenience. Please do not use
% the table of contents if you are preparing your paper for publication in the
% EPiC Series or Kalpa Publications series

\setcounter{tocdepth}{2}
{\small
\tableofcontents}

%\section{To mention}
%
%Processing in EasyChair - number of pages.
%
%Examples of how EasyChair processes papers. Caveats (replacement of EC
%class, errors).

%------------------------------------------------------------------------------
\section{Introduction}
\label{sect:introduction}

The {\easychair} class was designed to be easy to use, and specifically favors
electronic and on-paper publishing by the EasyChair conference system
\cite{easychair}, including the
\href{http://www.easychair.org/publications/EPiC}{EasyChair EPiC
  Series} and \href{http://www.easychair.org/publications/Kalpa}{EasyChair Kalpa
  Publications}. 
EasyChair is a free conference management system that is flexible, easy to use,
and has many features to make it suitable for various conference models. It is
currently probably the most commonly used conference management system
\cite{easychair}.  

The {\easychair} class was designed according to some requirements, which
are described in Appendix~\ref{sect:easychair-requirements}. 
An article that occupies approximately 15 LNCS-formatted pages
takes up approximately 14 {\easychair} pages.

\begin{figure}[tb]
	\begin{centering}
	\includegraphics[width=0.5\textwidth]{logoEC}
	\caption{EasyChair logo}
	\label{fig:easychair-logo}
	\end{centering}
\end{figure}

%------------------------------------------------------------------------------
\section{Typesetting}
\label{sect:typesetting}

Typesetting with {\easychair} is, well, easy.  Just by using the
document class entry in the document's preamble as follows:
\verb+\documentclass{easychair}+ the typesetting work is nearly done.
The {\easychair} class is a relatively conservative extension of the
standard \texttt{article} class, so most of the environments, section
headers, etc. defined by \texttt{article} are available.

%------------------------------------------------------------------------------
\subsection{Generalities}
\label{sect:generalities}

The following are the general default parameters {\easychair}
introduces into the typesetting aspect of articles. If you use
\easychair\ for proceedings or other kinds of publishing through
EasyChair, do not alter these -- papers deviating from the formatting
standards will be rejected by EasyChair.

\begin{enumerate}
\item
The default paper size is US letter. It can be explicitly set to A4 
(\texttt{a4paper}) or letter (\texttt{letterpaper}) paper in the
document class entry, e.g.:\\\verb+\documentclass[a4paper]{easychair}+

\item
The print area for both letter and A4 paper sizes is 145x224 mm. This size
has been selected to allow for inexpensive printing using our current
print-on-demand publisher.

\item
The base font is Computer Modern. The base font size is 10pt. If you
use any other font size, there is no guarantee that the produced
document will look nice or fit into our standard page size.

\item
The references list is condensed. The default bibliography styles, such as
\texttt{plain}, \texttt{abbrv}, and \texttt{alpha}, are suggested.

\item
PNG, JPG, and PDF images are supported, i.e., those that are supported
by the standard \texttt{graphicx} package \cite{graphicx-package}, and
render nicely in online versions of PDF documents.  This document
shows some examples of JPG and PDF images, for example in
Figure~\ref{fig:easychair-logo}. If the papers are designed for
publishing in print, the images should be at least 300dpi in
resolution. 

\end{enumerate}

%------------------------------------------------------------------------------
\subsection{Front Matter}
\label{sect:front-matter}

The front matter of an {\easychair} article follows the \texttt{article}
style, augmented with the \verb+\titlerunning+ and \verb+\authorrunning+
commands for use by authors. 
For the \verb+\author+ command with multiple authors, use \verb+\and+ to
separate authors from different institutions, as done in this document.
Institutions are defined using \verb+\institute+ in a similar way and affiliations of authors assigned using \verb+\inst+.
Authors must set the \verb+\titlerunning+ and \verb+\authorrunning+.
For example, the front matter of this document defined the authors
and title as follows:

%---------------------------------------------------------------

\noindent\small
\begin{verbatim}
\title{The {\easychair} Class File\\
       Documentation and Guide for Authors%
\thanks{Other people who contributed to this document include Maria Voronkov
  (Imperial College and EasyChair) and Graham Gough (The University of
  Manchester).}}

% Authors are joined by \and. Their affiliations are given by \inst, which indexes
% into the list defined using \institute
%
\author{
Serguei A. Mokhov\inst{1}\thanks{Designed and implemented the class style}
\and
   Geoff Sutcliffe\inst{2}\thanks{Did numerous tests and provided a lot of suggestions}
\and
   Andrei Voronkov\inst{3}\inst{4}\inst{5}\thanks{Masterminded EasyChair and created 
     versions 3.0--3.5 of the class style}
}

% Institutes for affiliations are also joined by \and,
\institute{
  Concordia University,
  Montreal, Quebec, Canada\\
  \email{mokhov@cse.concordia.ca}
\and
   University of Miami,
   Miami, Florida, U.S.A.\\
   \email{geoff@cs.miami.edu}\\
\and
   University of Manchester,
   Manchester, U.K.\\
   \email{andrei@voronkov.com}\\
\and
   Chalmers University of Technology,
   Gothenburg, Sweden
\and
   EasyChair
 }

\authorrunning{Mokhov, Sutcliffe and Voronkov}
\titlerunning{The {\easychair} Class File}
\end{verbatim}
\normalsize

%------------------------------------------------------------------------------
\subsection{Page Numbering}
\label{sect:page-numbering}

Page numbers are at the bottom of every page. Authors must leave the
page numbers in as-is. When EasyChair proceedings and Procedia volumes are processed by
EasyChair, the correct volume page numbers will be inserted
automatically.

%------------------------------------------------------------------------------
\subsection{Section Headings and Capitalization}
\label{sect:section-headings}

Section and paragraph headings in {\easychair} are invoked via the standard 
commands, such as
\verb+\section+,
\verb+\subsection+,
\verb+\subsubsection+, and
\verb+\paragraph+.
Generally, every non-trivial word in a heading must be capitalized according to
general capitalization guidelines. A reasonable rule to use is that
all prepositions, coordinating conjunctions and articles having four
or fewer letters should not be capitalized. If you do not know what it
means, simply do not capitalize the following words:
\textit{amid, anti, as, at, atop, but, by, down, for, from, in, into, like,
near, next, of, off, on, onto, out, over, pace, past, per, plus, qua,
save, than, till, to, up, upon, via, with, for, and, nor, but, or,
yet, so, a, an, the.} For example, if you want to call your paper
``oldest but goldest'', then the proper title for it is ``Oldest but
Goldest''. ``Oldest but goldest'' is wrong (since ``goldest'' is not
capitalized) and ``Oldest But Goldest'' is wrong (``but'' should stay
lower-cased since it belongs to the list of words above.) Needless to
say, ``OLDEST BUT GOLDEST'' is very wrong.

Paragraph headings should not be capitalized and should have a
trailing period. That is, you should write

\begin{quote}
\verb|\paragraph{EasyChair is cool.}|
\end{quote}
rather than 

\begin{quote}
\verb|\paragraph{EasyChair is cool}|
\end{quote}
unless your aim was to write something like

\begin{quote}
\verb|\paragraph{EasyChair is cool} when you use it for publishing.| 
\end{quote}
Of course, you are welcome to replace the trailing period by any other
punctuation mark, for example 

\begin{quote}
\verb|\paragraph{EasyChair is cool!}|
\end{quote}

See the examples in this document, e.g.,
Section~\ref{sect:typesetting} is a section, this 
(Section~\ref{sect:section-headings}) is a subsection, and
Section~\ref{sect:subsubsection-headings} is a subsubsection.

%------------------------------------------------------------------------------
\subsubsection{Subsubsection Header}
\label{sect:subsubsection-headings}

This is a subsubsection. 

\paragraph{Paragraph header.}

This is a paragraph. 
One way of saving space when hyper-references are not essential is to 
use paragraphs instead of subsubsections.

%------------------------------------------------------------------------------
\subsection{Mathematics}
\label{sect:mathematics}

Mathematics can be done inline for simple things, e.g., an equation
$x = 0$, possibly with super and subscripts, e.g., $x^2_k \approx 27$,
Greek letters, e.g., $\alpha \cup \Theta \ne \gamma$, etc.
Larger formulae must be done using {\tt \verb|\|[}~~{\tt \verb|\|]}
bracketing, e.g.,
\[
\int_{0}^{1} x dx = \left[ \frac{1}{2}x^2 \right]_{0}^{1} = \frac{1}{2}
\]
or using {\tt \verb|\|begin\{equation\}} and {\tt \verb|\|end\{equation\}} for
numbered equations, e.g.,
\begin{equation}
e^x = \sum_{n=0}^\infty \frac{x^n}{n!} = \lim_{n\rightarrow\infty} (1+x/n)^n
\end{equation}

Use {\tt \verb|\|begin\{align*\}} and {\tt \verb|\|end\{align*\}} (or without
the {\tt *} include number) to align equations, e.g.,
\begin{align*}
x^2 + y^2 &= 1 \\
y &= \sqrt{1 - x^2}
\end{align*}

Fonts, using \verb|\matcal| and others can also be used in the math mode: $\mathcal{ALC}$.

%------------------------------------------------------------------------------
\subsection{Tables}
\label{sect:tables}

Table~\ref{tab:ltbexample} shows an example of a table of data that was
conveniently available (i.e., the data has nothing to do with
{\easychair}) apart from being related to the research of two of its
authors. 

\begin{table}[htp]
	\begin{centering}
		\begin{tabular}{lrrrrrrrr}
		\hline
		ATP System            & LTB & Avg  &Prfs & SOTA & \multicolumn{1}{c}{$\mu$} & CYC & MZR & SMO \\
		                      & /100& time & out & Con. & Eff. & /35 & /40 & /25 \\
		\hline
		Vampire-LTB 11.0      &  69 & 24.5 &  69 & 0.37 & 28.1 &  23 &  22 &  24 \\
		iProver-SInE 0.7      &  67 & 76.5 &   0 & 0.36 &  8.8 &  28 &  14 &  25 \\
		SInE 0.4              &  64 & 75.3 &  64 & 0.32 &  8.5 &  26 &  13 &  25 \\
		leanCoP-SInE 2.1      &  35 &110.8 &  35 & 0.23 &  3.2 &  23 &   1 &  11 \\
		E-LTB 1.1pre          &  18 & 63.4 &   0 & 0.21 &  2.8 &   7 &   9 &   2 \\
		EP-LTB 1.1pre         &  18 & 77.8 &  18 & 0.21 &  2.3 &   7 &   9 &   2 \\
		E-KRH'-LTB 1.1.3      &   0 &   -- &  -- &   -- &   -- &   0 &   0 &   0 \\
		\hline
		\end{tabular}
		\caption{LTB division results}
		\label{tab:ltbexample}
	\end{centering}
\end{table}

%------------------------------------------------------------------------------
\subsection{References}
\label{sect:references}

References must be provided in a {\tt .bib} file, so that \BibTeX\ can
be used to generate the references in a consistent style in a volume.
The preferred styles are {\tt plain} and {\tt alpha}.
For example, the references for this paper are generated from the
lines
\begin{verbatim}
    \bibliographystyle{plain}
    \bibliography{easychair}
\end{verbatim}
and a way to compose the entires, e.g. citing this class style~\cite{easychair-latex-class}
is below:
\small
\begin{verbatim}
    @misc
    {
      easychair-latex-class,
      author       = {Serguei A. Mokhov and Geoff Sutcliffe and Andrei Voronkov},
      title        = {The {\sf easychair} Class File Documentation and Guide
                      for Authors},
      year         = {2008--2011},
      howpublished = {[online]},
      note         = {Available at \url{http://easychair.org/easychair.zip}}
    }
\end{verbatim}
\normalsize

%------------------------------------------------------------------------------
\section{Installation and Usage Instructions}
\label{sect:installation-usage}

%------------------------------------------------------------------------------
\subsection{Installation}

The ``installation'' of the {\easychair} document class is easy.
Download the latest version of the \texttt{easychair.zip} package 
from \url{http://www.easychair.org/easychair.zip}
and unzip it in the directory where you will prepare your paper.
You will get the following files, out of which you may need to keep only 
the \texttt{easychair.cls} style class if you are familiar with the rest 
of the files and do not require them to get started.
We are also working to make {\easychair} available from CTAN \cite{ctan},
such that it can be installed with the popular \TeX Live \cite{texlive} and
{\miktex} \cite{miktex} \LaTeX\ package management systems.

\begin{itemize}
\item
\texttt{easychair.cls} -- the class file that this is all about.

\item
\texttt{easychair-a4.pdf} -- the PDF version of this guide rendered using 
\texttt{a4paper} option.

\item
\texttt{easychair.tex} -- the {\LaTeX} source of this guide, 
and
\texttt{easychair.bib} -- the supporting bibliography entries found starting 
on page~\pageref{sect:bib}.

\item
\texttt{logoEC.pdf} -- the PDF version of the EasyChair logo rendered in
Figure~\ref{fig:easychair-logo} and
\texttt{throneEC.jpg} -- the JPG version of the easy throne rendered in 
Figure~\ref{fig:easythrone}.

\end{itemize}

%------------------------------------------------------------------------------
\subsection{Required Packages}

The {\easychair} class relies only on packages deemed standard and shipped by
most {\LaTeX} distributions in the worlds of Linux (current \texttt{texlive} \cite{texlive}
or older \texttt{tetex}), MacOS X,
and Windows (via Cygwin or {\miktex}).
If for some reason your distribution is old or doesn't have the packages
listed below, you can always obtain a copy from CTAN \cite{ctan}. Note
that EasyChair loads this packages automatically so you don't have to
use \verb|\usepackage| to use any of these packages.

\begin{itemize}
\item
\texttt{url} \cite{url-package} (included also by \texttt{hyperref} automatically) -- to provide URL rendering support for the
monospaced font, which takes care of special characters as well as line 
wrapping.

\item
\texttt{hyperref} \cite{hyperref-package} -- to allow hyperlinking of URLs and
cross references within an article.
Its options are set to either \verb+letterpaper+ or \verb+a4paper+, depending
on the \verb+\documentclass+ options.

\item
\texttt{graphicx} \cite{graphicx-package} -- the standard package for rendering
PNG, JPG, and PDF graphic images, primarily in \texttt{figure} environments.

\item
optional \texttt{mathptmx} \cite{mathptmx-package} -- Times base font for compactness
(use with the \texttt{withtimes} {\easychair} option).

\item
\texttt{listings} \cite{listings-package} -- to allow highlighted source code 
listing styles.

\item
\texttt{latexsym} \cite{latexsym-package} -- to provide common math and other 
symbols.

\item
\texttt{amsthm} \cite{amsthm-package} -- to provide {\AmS} theorem-like 
environments.

\item
\texttt{empheq} \cite{empheq-package} -- to provide equation environments, etc.

\item
\texttt{geometry} \cite{geometry-package} -- to set {\easychair} margins, 
outlined in Section~\ref{sect:generalities}.

\item
\texttt{lastpage} \cite{lastpage-package} -- to allow computationally
referencing the last page.

\item
\texttt{fancyhdr} \cite{fancyhdr-package} -- for running heads.

\item
\texttt{footmisc} \cite{footmisc-package} -- to ensure that footnotes are
always at the bottom.

\item
optional \texttt{makeidx} \cite{makeidx-package} -- for index generation
(use with the \texttt{thesis} {\easychair} option).

\item
\texttt{eso-pic} \cite{eso-pic-package} -- for draft versions and checking page
overlflows vs. a border drawn around the headers, footers, and the main body of
the article.

\end{itemize}

%------------------------------------------------------------------------------
\subsection{Recommended Packages}
\label{sect:recommended-packages}

Here is a list of some packages that this guide's authors have experimented 
with, and which are suitable for inclusion if needed by article authors.
These packages must be loaded using \verb+\usepackage+.
In general, authors may use any standard packages provided they do not change
the basic layout and font settings established by the {\easychair} class.
Such packages must be provided with the submission of articles.

\begin{itemize}
\item
\texttt{rotating} \cite{rotating-package} -- to rotate floats (figures and
tables) on the page, when wide tables or figures do not fit in portrait layout.

\item
\texttt{pdflscape} \cite{pdflscape-package} -- similar to \texttt{rotating}, 
but also allows rotating text to make it conveniently viewable in a PDF 
viewer that supports individual rotated pages.
A possible disadvantage is that a page break is forced, which may create
gaps before or after the landscape page.

\item
\texttt{algorithm2e} \cite{algorithm2e-package} -- provides a figure-like
algorithm environment for formal algorithm presentation with highlighting.

\end{itemize}

%------------------------------------------------------------------------------
\subsection{Compiling}
\label{sect:compiling}

\texttt{pdflatex} \cite{pdflatex-instructions} is the preferred tool for
producing PDF files with {\easychair} class documents.
The author kit (\texttt{easychair.zip}) includes some minimal automation 
that authors can use at their discretion.

\begin{itemize}
\item
Linux and UNIX-like platforms (also works under Cygwin and MacOS X):
A {\makefile} is provided for the GNU \texttt{make} \cite{gmake} utility,
so this document can be compiled by typing \texttt{make} at the terminal 
prompt (on the systems where both GNU and non-GNU versions of \texttt{make} 
are installed, one may need to use \texttt{gmake}).

\item
Microsoft Windows:
{\texniccenter} \cite{texniccenter} or {\latexeditor} \cite{led} and
{\miktex} \cite{miktex} as their backend are common tools
for {\LaTeX} processing under Microsoft Windows. 
The former provide a GUI front-end to {\LaTeX}, and the latter is the 
Windows native-compiled binaries and standard packages with 
a comprehensive package update tool. 
The \texttt{easychair.tcp} project file is provided for {\texniccenter} users,
as well as \texttt{easychair.lpr} for {\latexeditor} users.

\item
MacOS X:
TeXShop \cite{texshop} is a tool for {\LaTeX} processing under Mac OS X.
It provides a GUI front-end to {\LaTeX}. The backend can be installed
through the \texttt{fink} \cite{fink} repository or the Darwin Ports.
\end{itemize}

Some authors use packages that require the use of \texttt{latex}
instead of \texttt{pdflatex}, most notably \texttt{pstricks} and its
derivatives. If switching to modern packages, such as
\texttt{tikz} is not an option, these authors can use the {\easychair}
class with \texttt{latex}. 

%------------------------------------------------------------------------------
\subsection{Bug Reports}
\label{sec:bug-reports}

Please report bugs, errors, and omissions you find with the {\easychair} 
class to its current maintainer, Andrei Voronkov,
at \url{andrei@voronkov.com}. Any \emph{constructive} feedback is
always welcome. If anybody has a very hard question, we might be
unable to answer it without Sergei. If anybody knows his whereabouts,
Geoff and Andrei have the ransom money ready.

%------------------------------------------------------------------------------

\section{Avoiding Text Overflows}

When used in EasyChair, the {\easychair} class is intended for
publishing, including printing. This implies that the text of your
document should not overflow the page dimensions. This section gives
some practical advice on how you can avoid text overflows. When you
run \texttt{pdflatex} or \texttt{latex} on your files, you sometimes
get warnings like

\small
\begin{verbatim}
  LaTeX Warning: Overfull \hbox (7.43138pt too wide) in paragraph at lines 994--994
\end{verbatim}
\normalsize
or

\small
\begin{verbatim}
  LaTeX Warning: Float too large for page by 55.21666pt on input line 638.
\end{verbatim}
\normalsize
They mean what they say: your text overflows the allowed space. When
you prepare a PDF document that will only be used online or as a
draft, in many cases you can ignore these warnings, since they only
make your document uglier than it could be but it remains still
readable. However, for documents that are supposed to be printed,
overflows make a lot of difference. There is no universal recipe on
how to make your text fit into the page. However, there are some
common cases that can be easily fixed using the tricks described
here. 

\subsection{Using the \texttt{debug} Option to Check for Overflows}

A general guideline is that you should first check how the alleged
overflows looks in reality. For example, some LaTeX overflows are
invisible or hardly noticeable for people and overlows by
less than 4pt look OK anyhow. The {\easychair} class has an option
\texttt{debug} that adds to each page of your documents a red frame
corresponding to the allowed page
dimensions. Figure~\ref{fig:redframe} on page~\pageref{fig:redframe}
shows an example of a page created using this style. With such a red
frame, you can clearly see any overflows apart from very minor ones.


\begin{figure}
  \begin{centering}
    \includegraphics[width=0.89\textwidth]{debug.pdf}
    \caption{A page of a document created using the \texttt{debug}
      option} 
    \label{fig:redframe}
  \end{centering}
\end{figure}

\subsection{Tables}

Many page overflows happen because of large tables. In many case these
overflows can be easily removed by slightly reducing padding added by
\LaTeX\ to every column. It is controlled by the \LaTeX\ command
\verb|\tabcolsep| whose value by default is 6pt. Even small changes in
the value of this command may give drastic reductions in the width of
tables. This is illustrated in Figure~\ref{fig:tabcolsep} on
page~\pageref{fig:tabcolsep}. Note though that there is no free lunch:
smaller values for this command may result in lower redability.

%------------------------------------------------------------
\begin{figure}[tb]\small
\begin{center}
  \begin{tabular}{lrrrrrrrr}
    \hline
    ATP System            & LTB & Avg  &Prfs & SOTA & \multicolumn{1}{c}{$\mu$} & CYC & MZR & SMO \\
   \hline
    Vampire-LTB 11.0      &  69 & 24.5 &  69 & 0.37 & 28.1 &  23 &  22 &  24 \\
    iProver-SInE 0.7      &  67 & 76.5 &   0 & 0.36 &  8.8 &  28 &  14 &  25 \\
   \hline
  \end{tabular}
\end{center}

\begin{center}\renewcommand{\tabcolsep}{5pt}
  \begin{tabular}{lrrrrrrrr}
    \hline
    ATP System            & LTB & Avg  &Prfs & SOTA & \multicolumn{1}{c}{$\mu$} & CYC & MZR & SMO \\
   \hline
    Vampire-LTB 11.0      &  69 & 24.5 &  69 & 0.37 & 28.1 &  23 &  22 &  24 \\
    iProver-SInE 0.7      &  67 & 76.5 &   0 & 0.36 &  8.8 &  28 &  14 &  25 \\
   \hline
  \end{tabular}
\end{center}

\begin{center}\renewcommand{\tabcolsep}{3pt}
  \begin{tabular}{lrrrrrrrr}
    \hline
    ATP System            & LTB & Avg  &Prfs & SOTA & \multicolumn{1}{c}{$\mu$} & CYC & MZR & SMO \\
   \hline
    Vampire-LTB 11.0      &  69 & 24.5 &  69 & 0.37 & 28.1 &  23 &  22 &  24 \\
    iProver-SInE 0.7      &  67 & 76.5 &   0 & 0.36 &  8.8 &  28 &  14 &  25 \\
   \hline
  \end{tabular}
\end{center}

\begin{center}\renewcommand{\tabcolsep}{1pt}
  \begin{tabular}{lrrrrrrrr}
    \hline
    ATP System            & LTB & Avg  &Prfs & SOTA & \multicolumn{1}{c}{$\mu$} & CYC & MZR & SMO \\
   \hline
    Vampire-LTB 11.0      &  69 & 24.5 &  69 & 0.37 & 28.1 &  23 &  22 &  24 \\
    iProver-SInE 0.7      &  67 & 76.5 &   0 & 0.36 &  8.8 &  28 &  14 &  25 \\
   \hline
  \end{tabular}
\end{center}
\normalsize

\caption{Original table and tables with \texttt{tabcolsep} set to 5pt,
  3pt, and 1pt
  \label{fig:tabcolsep}}

\end{figure}
%------------------------------------------------------------

\subsection{Images}

Images included using \verb|\includegraphics| are easy to resize since
one can specify the size of the result explicitly. For example,
Figure~\ref{fig:easythrone} shows three copies of the same image
having different sizes obtained using the following commands:

\begin{verbatim}
  \includegraphics[width=0.5\textwidth]{throneEC.jpg}
  \includegraphics[width=0.3\textwidth]{throneEC.jpg}
  \includegraphics[width=0.15\textwidth]{throneEC.jpg}
\end{verbatim}

\subsection{A Universal Recipe}

\LaTeX\ has a very powerful weapon for reducing the size of almost
anythings. More precisely, it can reduce anything producing what
\LaTeX\ considers a box. This weapon is called
\verb|\scalebox|. Consider an example (check the source of this file
to see how it was produced).

\begin{center}
\begin{tabular}{|c|c|}
\hline \Huge
\begin{tabular}[b]{cr}
year & users \\ \hline
2007 &    47,753 \\
 2008 &    114,494 \\
 2009 &    207,506 \\
 2010 &   371,054 \\
\end{tabular}
&
\includegraphics[width=0.28\textwidth]{chairEC}\\
\hline
\multicolumn{2}{|c|}{The number of users of EasyChair and one of its
  logos,}\\
\multicolumn{2}{|c|}{scaled to the number of users in 2010} \\
\hline
\end{tabular}
\end{center}
This is what happens when we put (almost) the same \LaTeX\ code in 
\verb|\scalebox{0.55923}{...}| to scale it down to the number of users
in 2009:

\begin{center}
\scalebox{0.55923}{%
\begin{tabular}{|c|c|}
\hline \Huge
\begin{tabular}[b]{cr}
year & users \\ \hline
2007 &    47,753 \\
 2008 &    114,494 \\
 2009 &    207,506 \\
 2010 &   371,054 \\
\end{tabular}
&
\includegraphics[width=0.28\textwidth]{chairEC}\\
\hline
\multicolumn{2}{|c|}{The number of users of EasyChair and one of its
  logos,}\\
\multicolumn{2}{|c|}{scaled to the number of users in 2009} \\
\hline
\end{tabular}}
\end{center}
We can scale it down even further to the 2008 figure using
\verb|\scalebox{0.30856}{...}|:

\begin{center}
\scalebox{0.30856}{%
\begin{tabular}{|c|c|}
\hline \Huge
\begin{tabular}[b]{cr}
year & users \\ \hline
2007 &    47,753 \\
 2008 &    114,494 \\
 2009 &    207,506 \\
 2010 &   371,054 \\
\end{tabular}
&
\includegraphics[width=0.28\textwidth]{chairEC}\\
\hline
\multicolumn{2}{|c|}{The number of users of EasyChair and one of its
  logos,}\\
\multicolumn{2}{|c|}{scaled to the number of users in 2008} \\
\hline
\end{tabular}}
\end{center}
or further down to 2007:

\begin{center}
\scalebox{0.12870}{%
\begin{tabular}{|c|c|}
\hline \Huge
\begin{tabular}[b]{cr}
year & users \\ \hline
2007 &    47,753 \\
 2008 &    114,494 \\
 2009 &    207,506 \\
 2010 &   371,054 \\
\end{tabular}
&
\includegraphics[width=0.28\textwidth]{chairEC}\\
\hline
\multicolumn{2}{|c|}{The number of users of EasyChair and one of its
  logos,}\\
\multicolumn{2}{|c|}{scaled to the number of users in 2008} \\
\hline
\end{tabular}}
\end{center}

This size reduction technique is very efficient: using the right scale
you may post your whole article on Twitter in a single tweet. However,
it may also may parts of your text virtually unreadable with an
unfortunate side effect of annoying reviewers. 

\section{Submitting Your Article Through EasyChair}

This section is intended only for the authors and editors of EasyChair
proceedings and Procedia volumes. 

When you prepare an article for either of these, it should be
submitted through EasyChair. EasyChair automates the submission
process as much as possible and goes to a great length to ensure that
your article can be published and printed. Publication for EasyChair
means much more than just putting a PDF of your article online. It
collects a some meta-information about the article to classify it,
find similar articles, make it easily searchable, and index it in
various Web services, such as DBLP. This section explains how
EasyChair processes your article. 

\subsection{Submitting the Article}

Submitting the article is easy. All you should do is to put the source
of your article in a single zip file. The source must contain all
auxiliary files required to create a PDF file of your article: this
includes images, bibliography, and all non-standard \LaTeX\ packages
you used\footnote{ 
  A non-standard \LaTeX\ package is a package that is not included in
  CTAN. 
} For example, suppose that your main \LaTeX\ file is
\texttt{main.tex}, it inputs another file \texttt{macros.tex} and uses
the file \texttt{biblio.bib} to produce the bibliography. Suppose it
also uses two images \texttt{images/easy.jpg} and
\texttt{images/easy.jpg}. Then you should create a zip archive
containing all these files. Suppose all these files are put in a
directory \texttt{mypaper} on your computer, where \texttt{images} is
a subdirectory of \texttt{mypaper}

On almost any operating system (Linux,
Windows, or Mac) you can achieve this by using the following sequence
of commands:

\begin{verbatim}
cd mypaper
zip -r mypaper.zip *
\end{verbatim}
This will create a zip archive \texttt{mypaper.zip} including all
files in the directory \texttt{mypaper} and its subdirectories. 

\subsection{EPiC Series and Kalpa Publications}
\label{subsec:EPiC}

If you publish your article in the EasyChair EPiC series, our aim is to produce
a nicely looking EPiC Series header, see Figure~\ref{fig:epicheader} on page
\pageref{fig:epicheader} for an idea. The images and information in the header
will be added by EasyChair automatically and depend on the subseries and the
volume information.

\begin{figure}
  \begin{centering}
    \includegraphics[width=0.89\textwidth]{epic.pdf}
    \caption{This document with an EPiC Series header} 
    \label{fig:epicheader}
  \end{centering}
\end{figure}

To ensure that the layout of your document will not change when the header is
added, you should use the option \texttt{EPiC} as follows:

\small
\begin{verbatim}
\documentclass[EPiC]{easychair}
\end{verbatim}
\normalsize
This will reserve space for the header on the top of the first page of your
article. 

%------------------------------------------------------------------------------
\section{Future Work}
\label{sect:future-work}

We plan to further strengthen the {\easychair} class and promote it for 
electronic publishing for EasyChair-powered conferences and workshops,
and take over the world, as shown in Figure~\ref{fig:easythrone}. We
aim at creating a new model of \emph{affordable publishing}, where
anybody can become a low-cost publisher. The
\href{http://www.easychair.org/publications/EPiC}{EasyChair EPiC
  Series} and
the
\href{http://www.easychair.org/publications/Kalpa}{EasyChair Kalpa Publications} 
are our first contributions to affordable open access publishing.

\begin{figure}[tb]
  \begin{centering}
    \includegraphics[width=0.5\textwidth]{throneEC.jpg}
    \includegraphics[width=0.3\textwidth]{throneEC.jpg}
    \includegraphics[width=0.15\textwidth]{throneEC.jpg}
  \end{centering}
  \caption{Why one should use EasyChair}
  \label{fig:easythrone}
\end{figure}

%------------------------------------------------------------------------------
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\bibliography{easychair}

%------------------------------------------------------------------------------
\appendix
\section{{\easychair} Requirements Specification}
\label{sect:easychair-requirements}

The following high-level requirements were set for the development of 
the {\easychair} class, and were refined as development went along.

\begin{enumerate}
\item
The style should be easy to use. 
The average {\LaTeX} user should not need to read a long manual.

\item
It should be economical in space but the text should be nice-to-read.

\item
It should use fonts producing a reasonable-quality PDF.

\item
The bibliography should produce hyperlinks.

\item
Sections should produce menu sections in PDF.

\item
The text should look good on both A4 and letter paper.

\item
The style should be single-column for convenience of scrolling.

\item
The print area should be convenient for printing using print-on-demand publishers.

\item
Running heads.
\end{enumerate}

%------------------------------------------------------------------------------
% Index
%\printindex

%------------------------------------------------------------------------------
\end{document}





ARQNL2018_Final/lmill.tex
\begin{figure}[t]
$$
\begin{array}{cc}
\initseq{metaA}{}
\seqI{metaA}{metaA}{\seq{\VPA}{\VPA}}{$\BIax$}
\showseq{metaA}
\qquad
&
\begin{array}[t]{cc}
\initseq{metaA}{\seq{\bunA}{\VPC}}
\seqI{metaA}{metaA}{\seq{\bunA,\BImtop}{\VPC}}{$\BImtop_L$}
\showseq{metaA}
\qquad
&
\qquad
\initseq{metaA}{}
\seqI{metaA}{metaA}{\seq{\quad}{\BImtop}}{$\BImtop_R$}
\showseq{metaA}
\end{array}

\\[1em]

\initseq{metaA}{\seq{\bunA,\VPA,\VPB,\bunB}{\VPC}}
\seqI{metaA}{metaA}{\seq{\bunA,\VPA\BImand\VPB,\bunB}{\VPC}}{$\BImand_L$}
\showseq{metaA}
\quad
&
\quad
\initseq{metaA}{\seq{\bunA}{\VPA}}
\initseq{metaB}{\seq{\bunB}{\VPB}}
\seqII{metaA}{metaA}{metaB}{\seq{\bunA,\bunB}{\VPA\BImand \VPB}}{$\BImand_R$}
\showseq{metaA}

\\[1em]

\initseq{metaA}{\seq{\bunA}{\VPA}}
\initseq{metaB}{\seq{\bunB,\VPB}{\VPC}}
\seqII{metaA}{metaA}{metaB}{\seq{\bunA,\VPA\BImimp\VPB,\bunB}{\VPC}}{$\BImimp_L$}
\showseq{metaA}
\quad
&
\quad
\initseq{metaA}{\seq{\bunA,\VPA}{\VPB}}
\seqI{metaA}{metaA}{\seq{\bunA}{\VPA\BImimp \VPB}}{$\BImimp_R$}
\showseq{metaA}
\end{array}
$$
\caption{Sequent Calculus for \MILL}
\label{fig:LMILL-rules}
\end{figure}




ARQNL2018_Final/parsetree.sty
% parsetree.sty - LaTeX style file with macros for typesetting parse trees
% See parsetree.doc for extensive section-by-section comments to the code.
% Eirik Hektoen, 1994-2-24

\typeout{Including style file `parsetree.sty'.}


% Some Initial Variables and Auxiliary Macros:

\def\pterror#1{\errmessage{Parsetree ERROR: #1}}

\newdimen\pthgap\def\pthorgap#1{\pthgap=#1}
\newdimen\ptvgap\def\ptvergap#1{\ptvgap=#1}

\newbox\ptnodestrutbox\def\ptnodestrut{\unhcopy\ptnodestrutbox}
\newbox\ptleafstrutbox\def\ptleafstrut{\unhcopy\ptleafstrutbox}

\def\ptnodefont#1#2#3{\def\ptnodefn{#1}
  \setbox\ptnodestrutbox=\hbox{\vrule height#2 width0pt depth#3}}
\def\ptleaffont#1#2#3{\def\ptleaffn{#1}
  \setbox\ptleafstrutbox=\hbox{\vrule height#2 width0pt depth#3}}


% Customizable Definitions (- NOTE: MAY BE REDEFINED IN DOCUMENT -):

\pthorgap{12pt}                         % horizontal gap betw sisters
\ptvergap{12pt}                         % vertical gap betw mother/daughter
\ptnodefont{\normalsize\rm}{11pt}{3pt}  % font and strut height/depth: nodes
\ptleaffont{\normalsize\it}{11pt}{3pt}  % font and strut height/depth: leaves


% Hierarchy-building macros:

\newcount\ptdepth           % current bracketing depth
\newcount\ptn               % 1: m, 2: ma, 3: mab, 4: mabc
\newbox\ptm \newdimen\ptmx  % m = mother
\newbox\pta \newdimen\ptax  % a = 1st daughter
\newbox\ptb \newdimen\ptbx  % b = 2nd daughter
\newbox\ptc \newdimen\ptcx  % c = 3rd daughter (max)
\newbox\ptx \newdimen\ptxx  % x = used for passing results
\newif\ifpttri              % choose triangular subtree with \pttritrue

\def\ptnext{\advance\ptn by 1 \ifcase\ptn
  \or \setbox\ptm=\box\ptx \ptmx=\ptxx \or \setbox\pta=\box\ptx \ptax=\ptxx
  \or \setbox\ptb=\box\ptx \ptbx=\ptxx \or \setbox\ptc=\box\ptx \ptcx=\ptxx
  \else \pterror{More than 3 daughters in (sub)tree}\fi}

\def\ptbegtree{\ptdepth=0}
\def\ptendtree
  {\ifnum\ptdepth>0 \pterror{Mismatched bracketing: too few ')'s!}\fi}

% Modif Daniel MERY: hide private macros
% \def\ptbeg@{\ifnum\ptdepth=0 \leavevmode\fi\begingroup
%  \advance\ptdepth1 \ptn=0\pttrifalse}
% \def\ptend@{\ifnum\ptdepth=0 \pterror{Mismatched bracketing: too many ')'s!}
%   \else\ptcons\endgroup\ifnum\ptdepth=0 \box\ptx\else\ptnext\fi\fi}
\def\ptbeg@{\ifnum\ptdepth=0 \leavevmode\fi\begingroup
  \advance\ptdepth1 \ptn=0\pttrifalse}
\def\ptend@{\ifnum\ptdepth=0 \pterror{Mismatched bracketing: too many ')'s!}
  \else\ptcons\endgroup\ifnum\ptdepth=0 \box\ptx\else\ptnext\fi\fi}

\def\ptnodeaux#1{\setbox\ptx=\hbox{#1}\ptxx=0.5\wd\ptx\ptnext}

% Modif Daniel MERY: hide private macros
% \def\ptnode#1{\ptnodeaux{\ptnodefn\ptnodestrut #1}}
% \def\ptleaf#1{\ptnodeaux{\ptleaffn\ptleafstrut #1}}
\def\ptnode@#1{\ptnodeaux{\ptnodefn\ptnodestrut #1}}
\def\ptleaf@#1{\ptnodeaux{\ptleaffn\ptleafstrut #1}}

\def\pthoradjust#1{\ifcase\ptn
  \or \pthadjbox{\ptm}{#1} \or \pthadjbox{\pta}{#1}
  \or \pthadjbox{\ptb}{#1} \or \pthadjbox{\ptc}{#1}
  \else \pterror{More than 3 daughters in (sub)tree}\fi}
\def\pthadjbox#1#2{\setbox#1=\hbox{\box#1\kern#2}}


% Subtree-constructing macros:

\def\ptcons
 {\ifnum\ptn=0 \ptconsz 
  \else
    \ifpttri\ptconstri\else
      \ifcase\ptn \or\ptconsm\or\ptconsma\or\ptconsmab\or\ptconsmabc \fi \fi
    \ptax=\ptxx \advance\ptax-\ptmx \ptbx=0pt
    \ifdim\ptax<0pt \ptbx=-\ptax\ptax=0pt\ptxx=\ptmx \fi
    \setbox\ptx=\vtop{\hbox{\kern\ptax\box\ptm}\nointerlineskip
                      \hbox{\kern\ptbx\box\ptx}}\fi
  \global\ptxx=\ptxx\global\setbox\ptx=\box\ptx}

\def\ptavg#1#2#3{#1=#2\advance#1#3#1=0.5#1}     % #1 := average(#2,#3)
\def\ptadv#1#2{\advance#1#2\advance#1\pthgap}   % #1 := #1 + #2 + \pthgap

\def\ptconsz{\ptxx=0pt \setbox\ptx=\vtop{}}     % empty (zero) tree

\def\ptconsm{\ptxx=0pt 
  \setbox\ptx=\hbox{\ptedge{1}{0}{}{}}}         % mother only

\def\ptconsma                                   % mother and one daughter
 {\ptxx=\ptax\setbox\ptx=\vtop{
    \hbox{\ptedge{1}\ptax{}{}}\nointerlineskip
    \hbox{\box\pta}}}

\def\ptconsmab                                  % mother and two daughters
 {\ptadv\ptbx{\wd\pta}\ptavg\ptxx\ptax\ptbx
  \setbox\ptx=\vtop{
    \hbox{\ptedge{2}\ptax\ptbx{}}\nointerlineskip
    \hbox{\box\pta\kern\pthgap\box\ptb}}}

\def\ptconsmabc                                 % mother and three daughters
 {\ptadv\ptbx{\wd\pta}\ptadv\ptcx{\wd\pta}%
  \ptadv\ptcx{\wd\ptb}\ptavg\ptxx\ptax\ptcx
  \setbox\ptx=\vtop{
    \hbox{\ptedge{3}\ptax\ptbx\ptcx}\nointerlineskip
    \hbox{\box\pta\kern\pthgap\box\ptb\kern\pthgap\box\ptc}}}

\def\ptconstri                                  % triangular subtree
 {\ifcase\ptn\or\setbox\pta\hbox{\kern2\pthgap}\or
  \or\setbox\pta=\hbox{\box\pta\kern\pthgap\box\ptb}
  \or\setbox\pta=\hbox{\box\pta\kern\pthgap\box\ptb\kern\pthgap\box\ptc}\fi
  \ptxx=0.5\wd\pta
  \setbox\ptx=\vtop{
    \hbox{\ptedge{0}{0}{\wd\pta}{}}\nointerlineskip
    \box\pta}}


% Macros for `diagonal rules':

\newcount\pted          % edge mode
\newcount\ptedm         % position of mother
\newcount\pteda         % position a
\newcount\ptedb         % position b
\newcount\ptedc         % position c
\newcount\ptedl         % edge length
\newcount\ptedh         % edge height
\newcount\ptedhs        % horizontal slope
\newcount\ptedvs        % vertical slope
\newcount\ptedtemp      % temporary variable

\def\ptedge#1#2#3#4{\pted=#1%
  \pteda=#2\ifcase\pted\ptedb=#3\or\or\ptedb=#3\or\ptedb=#3\ptedc=#4\fi
  \ptedm=\pteda\advance\ptedm\ifcase\pted\ptedb\or\pteda\or\ptedb\or\ptedc\fi
  \divide\ptedm by 2
  \ptedh=\ptvgap\ptedtemp=\ptedm\advance\ptedtemp-\pteda\divide\ptedtemp by 6
  \ifnum\ptedh<\ptedtemp\ptedh=\ptedtemp\fi
  \unitlength=1sp%
  \begin{picture}(0,\ptedh)
    \ifnum\pted=3 \ptedput\ptedc\fi
    \ifnum\pted=1 \else\ptedput\ptedb\fi
    \ptedput\pteda
    \ifnum\pted=0 \ptedbot\fi 
  \end{picture}}

\def\ptedput#1{\ptedl=#1\advance\ptedl-\ptedm
  \ifnum\ptedl>0 \ptedslope\else
    \ptedl=-\ptedl\ptedslope\ptedhs=-\ptedhs\fi
  \ifnum\ptedhs=0 \ptedl=\ptedh\fi
  \put(\ptedm,\ptedh){\line(\ptedhs,-\ptedvs){\ptedl}}}

\def\ptedbot
 {\ptedtemp=\ptedl\multiply\ptedtemp by \ptedvs\divide\ptedtemp by \ptedhs
  \ifnum\ptedtemp>0\ptedtemp=-\ptedtemp\fi \advance\ptedtemp-1
  \advance\ptedtemp\ptedh\multiply\ptedl by 2
  \put(\pteda,\ptedtemp){\line(1,0){\ptedl}}}

\def\ptedslope
 {\ifnum\ptedl>\ptedh\ptedhs=\ptedl\ptedvs=\ptedh
  \else              \ptedvs=\ptedl\ptedhs=\ptedh \fi
  \divide\ptedhs by 60 \divide\ptedvs by \ptedhs
  \ifnum \ptedvs <  5 \ptedvs=0 \ptedhs=1 \else
  \ifnum \ptedvs < 11 \ptedvs=1 \ptedhs=6 \else
  \ifnum \ptedvs < 13 \ptedvs=1 \ptedhs=5 \else
  \ifnum \ptedvs < 17 \ptedvs=1 \ptedhs=4 \else
  \ifnum \ptedvs < 22 \ptedvs=1 \ptedhs=3 \else
  \ifnum \ptedvs < 27 \ptedvs=2 \ptedhs=5 \else
  \ifnum \ptedvs < 33 \ptedvs=1 \ptedhs=2 \else
  \ifnum \ptedvs < 38 \ptedvs=3 \ptedhs=5 \else
  \ifnum \ptedvs < 42 \ptedvs=2 \ptedhs=3 \else
  \ifnum \ptedvs < 46 \ptedvs=3 \ptedhs=4 \else
  \ifnum \ptedvs < 49 \ptedvs=4 \ptedhs=5 \else
  \ifnum \ptedvs < 55 \ptedvs=5 \ptedhs=6 \else
                      \ptedvs=1 \ptedhs=1 
    \fi \fi \fi \fi \fi \fi \fi \fi \fi \fi \fi \fi
  \ifnum \ptedl < \ptedh
    \ptedtemp=\ptedhs \ptedhs=\ptedvs \ptedvs=\ptedtemp \fi}



% Convenient End-User Environment:

% to link empty nodes
%\def\ptlink{\rule{0.4pt}{\ht\ptnodestrutbox + \dt\ptnodestrutbox}}
\def\ptlink{\vrule height\ht\ptnodestrutbox depth\dp\ptnodestrutbox}

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% removals by Daniel MERY to avoid interaction with usual . ( ~ symbols
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
% \newenvironment{parsetree}{\ptactivechardefs\ptbegtree}{\ptendtree}
%
% \def\ptcatcodes
%  {\catcode`(=\active \catcode`)=\active
%  \catcode`.=\active \catcode``=\active
%  \catcode`~=\active}
%
% {\ptcatcodes
% \gdef\ptactivechardefs
%  {\ptcatcodes
%  \def({\ptbeg\ignorespaces}
%  \def){\ptend\ignorespaces}
%  \def.##1.{\ptnode{##1}\ignorespaces} 
%  \def`##1'{\ptleaf{##1}\ignorespaces}
%  \def~{\pttritrue\ignorespaces}}}
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% additions by Daniel MERY
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
\newenvironment{parsetree}{\ptbegtree}{\ptendtree}
\def\ptbeg{\ptbeg@\ignorespaces}
\def\ptend{\ptend@\ignorespaces}
\def\ptnode#1{\ptnode@{#1}\ignorespaces}
\def\ptleaf#1{\ptleaf@{#1}\ignorespaces}
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%





