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OXDWH[ OXQDWLF

And Now for Something Completely Different

-- Monty Python , 1972
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Completely Different ? 1RW UHDOO\�
METAPOST LV DQ H[DPSOH RI �HPEHGGLQJ� DQ LQWHUSUHWHU
LQWR OXD7(; DW FRPSLODWLRQ WLPH� VHH luaopen_mplib(L)
LQ source/texk/web2c/luatexdir/lua/luastuff.c
void luainterpreter(void)

lua_State *L;
L = lua_newstate(my_luaalloc, NULL);
:
/* our own libraries */
luaopen_ff(L);
luaopen_pdf(L);
:
luaopen_tex(L);
luaopen_mplib(L);
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6R KRVWLQJ 3\WKRQ LW·V QRW D QHZ LGHD�
LW FDQ EH VRPHWKLQJ OLNH

luaopen_pythonlib(L) ) ) )

�RI FRXUVH LW PXVW ZRUNV XQGHU DOO 26 DFWXDOO\ VXS�
SRUWHG E\ OXD7(;�

:H DUH LQWHUHVWHG WR ILQG WKH VPDOOHVW VHW RI SDWFKHV
RI OXDWH[ FRGHEDVH� DQG ZH ZDQW WR DYRLG�
�� FRQVWUDLQV RI DQ\ VRUW WR GHYHORSPHQW WHDP
�� PDVVLYH FRGH PRGLFDWLRQV
�� UDGLFDO PRGLFDWLRQ RI EXLOGLQJ SURFHVV�

,WHP �� DQG �� DOUHDG\ VD\ WR XV WKDW
luaopen_pythonlib(L) LV QRW D JRRG VROXWLRQ ) ) )
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/XQDWLF 3\WKRQ�
�/XQDWLF 3\WKRQ LV D WZR�ZD\ EULGJH EHWZHHQ 3\WKRQ
DQG /XD� DOORZLQJ WKHVH ODQJXDJHV WR LQWHUFRPPXQL�
FDWH� %HLQJ WZR�ZD\ PHDQV WKDW LW DOORZV /XD LQVLGH
3\WKRQ� 3\WKRQ LQVLGH /XD� /XD LQVLGH 3\WKRQ LQVLGH
/XD� 3\WKRQ LQVLGH /XD LQVLGH 3\WKRQ� DQG VR RQ�

7KH EULGJLQJ PHFKDQLVP FRQVLVWV RI FUHDWLQJ WKH PLVV�
LQJ LQWHUSUHWHU VWDWH LQVLGH WKH KRVW LQWHUSUHWHU� 7KDW LV�
ZKHQ \RX UXQ WKH EULGJLQJ V\VWHP LQVLGH 3\WKRQ� D /XD
LQWHUSUHWHU LV FUHDWHG� ZKHQ \RX UXQ WKH V\VWHP LQVLGH
/XD� D 3\WKRQ LQWHUSUHWHU LV FUHDWHG��

KWWS���ODEL[�RUJ�OXQDWLF�S\WKRQ
*XVWDYR 1LHPH\HU·V �SHUVRQDO ODERUDWRU\�
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,QVWDOODWLRQ LV VLPSOH�
GRZQORDG /XQDWLF S\WKRQ �UHY� �� ZLWK ED]DDU

$> bzr branch lp:lunatic-python

�VHH KWWSV���FRGH�ODXQFKSDG�QHW�aQLHPH\HU
�OXQDWLF�S\WKRQ�WUXQN

DQG PRGLI\ � OLQHV LQ VHWXS�S\ WR PDWFK OXDWH[ GLV�
WUR�
1c1
< #!/usr/bin/python
---
> #!/opt/luatex/luatex-lunatic/bin/python
14,16c14,16
< LUALIBS = ["lua5.1"]
< LUALIBDIR = []
< LUAINCDIR = glob.glob("/usr/include/lua*")
---
> LUALIBS = ["lua51"]
> LUALIBDIR = [�/opt/luatex/luatex-lunatic/luatex/build/texk/web2c�]
> LUAINCDIR = glob.glob("../luatex/source/texk/web2c/luatexdir/lua51*")
48a49
>
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,W ORRNV SURPLVLQJ� IHZVPRGLILFDWLRQV WR OXDWH[ FRGH�

,Q source/texk/web2c/luatexdir/lua51/loadlib.c
69c69
< void *lib=dlopen(path, RTLD_NOW);
---
> void *lib=dlopen(path, RTLD_NOW|RTLD_GLOBAL);

• 57/'B*/2%$/

7KH V\PEROV GHILQHG E\ WKLV OLEUDU\ ZLOO EH
PDGH DYDLODEOH IRU V\PERO UHVROXWLRQ RI VXEVH�
TXHQWO\ ORDGHG OLEUDULHV�

�:H DUH ORDGLQJ WKH 3\WKRQ LQWHUSUHWHU DV D VKDUHG REMHFW� DQG WKH 3\WKRQ LQWHUSUHWHU PD\ ORDG LWV RZQ
H[WHUQDO PRGXOHV ZKLFK DUH FRPSLOHG DV VKDUHG REMHFWV DV ZHOO� DQG WKHVH ZLOO ZDQW WR OLQN EDFN WR WKH V\PEROV
LQ WKH 3\WKRQ LQWHUSUHWHU��
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0RGLI\ loadlib.c LV QRW HQRXJK� UHIHUHQFH PDQXDO
manual/luatexref-t.pdf VD\V�

�'\QDPLF ORDGLQJ RI �VR DQG �GOO OHV LV GLV�
DEOHG RQ DOO SODWIRUPV��
6R ZH PXVW HQDEOH LW OLQNLQJ OXDWH[ ZLWK OLEGO�VR�
RWKHU � ILOHV WR PRGLI\�
######### source/texk/web2c/luatexdir/am/liblua51.am #############
12c12
< liblua51_a_CPPFLAGS += -DLUA_USE_POSIX
---
> liblua51_a_CPPFLAGS += -DLUA_USE_LINUX

######### source/texk/web2c/Makefile.in #############
98c98
< @MINGW32_FALSE@am__append_14 = -DLUA_USE_POSIX
---
> @MINGW32_FALSE@am__append_14 = -DLUA_USE_LINUX
1674c1674
< $(CXXLINK) $(luatex_OBJECTS) $(luatex_LDADD)
$(LIBS)
---
> $(CXXLINK) $(luatex_OBJECTS) $(luatex_LDADD)
$(LIBS) -Wl,-E -uluaL_openlibs -fvisibility=hidden -fvisibility-inlines-hidden -ldl

/HW·V ORRN DW ODVW OLQH� WKLQJV VWDUW WR FRPSOLFDWH ) ) )
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:H PXVW HQVXUH WKDW dlopen V\PERO LQ libdl.so LV
YLVLEOH WR OXDWH[� VR /XD loadlib ZRUNV�
WKLV LV GRQH SDVVLQJ

-Wl,-E -uluaL_openlibs -ldl

RSWLRQV WR WKH OLQNHU
�KDUG WR GLVFRYHU -uluaL_openlibs RSW��

:KDW DERXW
-fvisibility=hidden -fvisibility-inlines-hidden
RSWLRQV "
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7R DYRLG V\PEROV FROOLVLRQ� PRUH H[DFWO\� D FROOL�
VLRQ EHWZHHQ D V\PERO RI DQ H[WHUQDO VKDUHG OLEUDU\
DQG D V\PERO RI OXDWH[ �

([DPSOH� OXDWH[ VHH V\PERO png_memcpy_check EH�
FDXVH LW·V FRGHG LQ libpng.so OLQNHG DW FRPSLODWLRQ
WLPH� LW·V LQ
source/libs/libpng/libpng-1.2.38/pngmem.c

:H KDYH V\PEROV FROOLVLRQ LI OXDWH[ OXQDWLF ORDG �DW
UXQWLPH�E\ S\WKRQ� D VKDUHG REMHFW WKDW UHIHUV
png_memcpy_check RI DQRWKHU libpng.so � RWKHUZLVH
QR�

6R V\PEROV FROOLVLRQ LV D UXQWLPH HUURU�
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7KH VROXWLRQ LV GLUW\�
• �KLGH DOO V\PEROV� �VLPSOH��
MXVW SDWFK WKH build.sh VFULSW RI OXDWH[ VRXUFHV
E\ DGGLQJ
28a29,36
> CFLAGS="-g -O2 -Wno-write-strings

-fvisibility=hidden"
> CXXFLAGS="$CFLAGS

-fvisibility-inlines-hidden"
> export CFLAGS
> export CXXFLAGS

• �XQKLGH� WKH V\PEROV WKDW DUH QHFHVVDU\ WR VHH
dlopen RI libdl.so �QRW�VR�VLPSOH�
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�8QKLGH� LV D PDWWHU RI FKDQJH IURP
gcc -DHAVE_CONFIG_H -I. -I../../../source/texk/web2c
-I./.. -I/opt/luatex/luatex-lunatic/luatex-snapshot-0.42.0/build/texk
-I/opt/luatex/luatex-lunatic/luatex-snapshot-0.42.0/source/texk
-I../../../source/texk/web2c/luatexdir/lua51 -DLUA_USE_LINUX -g -O2
-Wno-write-strings
-fvisibility=hidden
-Wdeclaration-after-statement
-MT liblua51_a-lapi.o -MD -MP -MF .deps/liblua51_a-lapi.Tpo -c -o
liblua51_a-lapi.o `test -f �luatexdir/lua51/lapi.c� || echo
�../../../source/texk/web2c/�`luatexdir/lua51/lapi.c

WR
gcc -DHAVE_CONFIG_H -I. -I../../../source/texk/web2c
-I./.. -I/opt/luatex/luatex-lunatic/luatex-snapshot-0.42.0/build/texk
-I/opt/luatex/luatex-lunatic/luatex-snapshot-0.42.0/source/texk
-I../../../source/texk/web2c/luatexdir/lua51 -DLUA_USE_LINUX -g -O2
-Wno-write-strings
-Wdeclaration-after-statement
-MT liblua51_a-lapi.o
-MD -MP -MF .deps/liblua51_a-lapi.Tpo -c -o liblua51_a-lapi.o `test -f
�luatexdir/lua51/lapi.c� || echo
�../../../source/texk/web2c/�`luatexdir/lua51/lapi.c

�DERXW �� OLQHV� �
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WKHQ �KLGH� DQG UHFRPSLOH OXDWH[�

/bin/bash ./libtool --tag=CXX --mode=link ./CXXLD.sh -g -O2
-Wno-write-strings -fvisibility=hidden -fvisibility-inlines-hidden -o
luatex luatex-luatex.o libluatex.a libff.a libluamisc.a libzzip.a
libluasocket.a liblua51.a
/opt/luatex/luatex-lunatic/luatex-snapshot-0.42.0/build/libs/libpng/libpng.a
/opt/luatex/luatex-lunatic/luatex-snapshot-0.42.0/build/libs/zlib/libz.a
/opt/luatex/luatex-lunatic/luatex-snapshot-0.42.0/build/libs/xpdf/libxpdf.a
/opt/luatex/luatex-lunatic/luatex-snapshot-0.42.0/build/libs/
obsdcompat/libopenbsd-compat.a libmd5.a libmplib.a lib/lib.a
/opt/luatex/luatex-lunatic/luatex-snapshot-0.42.0/build/texk/kpathsea/libkpath-
sea.la
-lm -Wl,-E -uluaL_openlibs -fvisibility=hidden
-fvisibility-inlines-hidden -ldl

,W·V D PDQXDO RSHUDWLRQ� DERXW a�� PLQ� RI HGLWLQJ�
�, KDYH FROOHFWHG DOO WKHVH VWXII LQ trick.sh �
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$IWHU WKDW�
ZH DUH UHDG\ GR EXLOG /XQDWLF S\WKRQ DQG ORDG S\WKRQ
LQWHUSUHWHU ZLWK D ZUDSSHU python.lua OLNH WKLV�
loaded = false
func = package.loadlib(
"/opt/luatex/luatex-lunatic/lib/python2.6/
site-packages/python.so",
"luaopen_python")
if func then

func()
return

end
if not loaded then

error("unable to find python module")
end

DQG WHVW test.tex
%% test.tex
\directlua{require "python";sys = python.import("sys");
tex.print(tostring(sys.version_info))}
\bye
$> luatex --fmt=plain --output-format=pdf test.tex
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)LUVW FRQFOXVLRQ�

�� FRQVWUDLQV RI DQ\ VRUW WR GHYHORSPHQW WHDP @

�� PDVVLYH FRGH PRGLFDWLRQV @

�� UDGLFDO PRGLFDWLRQ RI EXLOGLQJ SURFHVV B

And Now for Something Completely Different ) ) )
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) ) ) ) ) ) ) ) ),QWHUPH]]R� :K\ GR ZH GR LW "
OXD7(;� &RQ7(;W�mkiv LV DOUHDG\ D SRZHUIXO WRRO
IRU SXEOLVKLQJ FRQWHQW �
%HFDXVH ZH JDLQ
• +SRZHU ZLWK /XD loaddlib �UHPHPEHU� LW·V HQ�
DEOHG LQ OXDWH[ OXQDWLF) ) )�

• ++SRZHU ZLWK S\WKRQ LQ OXD �3\WKRQ KDV PRUH
ELQGLQJV WKDQ /XD) ) )�

,W ORRNV DWWUDFWLYH H[SHFLDOO\ ZLWK 0HWD7(;

%XW ZH ORVH
• SRUWDELOLW\ �, KDYH QR LGHD DERXW :LQGRZV��
DQG ZKDW DERXW GLIIHUHQWV /LQX[ GLVWURV "�

• VWDELOLW\ �3\WKRQ ������ ���DOSKD) ) )�
������ ���DOSKD) ) )DQG LW·V RQO\ DERXW S\WKRQ�
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) ) ) ) ) ) ) ) )DQG ZK\ , GLGQ·W GRQH LW�

$ S\WKRQ LQWHUSUHWHU GRHV QRW �FRPSOHWH� LQ DQ\ VHQVH
OXDWH[� EHFDXVH /XD LV D SHUIHFW FKRLFH� LW·V VPDOO�
VWDEOH� DQG 26�DZDUH �LW· EDVHG RQ �&� RSHUDWLQJ V\V�
WHP��

,Q WKH HQG� DQ H[LVWLQJ S\WKRQ ELQGLQJ LV DWWUDFWLYH
LI LV VWDEOH� ULFK� FRPSOHWH DQG PDWXUH UHVSHFW WR DQ
H[LVWLQJ OXD ELQGLQJ� RU LI WKHUH LV QRW D OXD ELQGLQJ
�DQG \RX GRQ·W ZDQW WR EXLOG RQH E\ \RXUVHOI�
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*DOOHU\

import sys

import fontforge

class simpledraw(object):

def __init__(self,font_file):

self.font = fontforge.open(font_file)

def getcurve(self,letter):

self.glname = letter

res_Array = []

res = dict()

try :

g = self.font[letter]

except Exception ,e :

res[�err�] = str(e)

res_Array.append(res)
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,PDJH 3URFHVVLQJ�,PDJH0DJLFN�
%% here some setups ...
%%
%%
%% lua layer
%%
\startluacode
function testimagemagick(box,t)

local w, h, d, f
local res = 118.110 -- 300 dpi
local opacity = 25
local sigma = 15
local x = 10
local y = 10
w = math.floor((tex.wd[box]/65536 )

/72.27*2.54*res)
h = math.floor(((tex.ht[box]/65536)+

(tex.dp[box]/65536))
/72.27*2.54*res)

f = string.format("%s.png",t)

--
-- Call python interpreter
--
require("python")
pmw = python.import("PythonMagickWand")
wand = pmw.NewMagickWand()
background = pmw.NewPixelWand(0)
pmw.MagickNewImage(wand,w,h,background)
pmw.MagickSetImageResolution(wand,res,res)
pmw.MagickSetImageUnits(wand,

pmw.PixelsPerCentimeterResolution)
pmw.MagickShadowImage(wand,opacity,sigma,x,y)
pmw.MagickWriteImage(wand ,f)

end
\stopluacode
%%
%% Python code
%%
%% import PythonMagickWand as pmw
%% pmw.MagickWandGenesis()
%% wand = pmw.NewMagickWand()
%% background = pmw.NewPixelWand(0)
%% pmw.MagickNewImage(wand,200,200,background)
%% pmw.MagickSetImageResolution(wand,118.110,118.110)
%% pmw.MagickSetImageUnits(wand,
%% pmw.PixelsPerCentimeterResolution)
%% pmw.MagickShadowImage(wand,90,3,2,2)
%% pmw.MagickWriteImage(wand,"out.png")
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,PDJH 3URFHVVLQJ�3,/
\startluacode
function testPIL(imageorig,imagesepia)

require("python")
PIL_Image = python.import("PIL.Image")
PIL_ImageOps = python.import("PIL.ImageOps")
python.execute([[

def make_linear_ramp(white):
ramp = []
r, g, b = white
for i in range(255):

ramp.extend((r*i/255, g*i/255, b*i/255))
return ramp

]])
-- make sepia ramp
-- (tweak color as necessary)
sepia = python.eval("make_linear_ramp((255,

240, 192))")
im = PIL_Image.open(imageorig)
-- convert to grayscale
if not(im.mode == "L")
then

im = im.convert("L")
end

-- optional: apply contrast
-- enhancement here, e.g.
im = PIL_ImageOps.autocontrast(im)
-- apply sepia palette
im.putpalette(sepia)
-- convert back to RGB for JPEG/PNG
im = im.convert("RGB")
im.save(imagesepia)

end
\stopluacode
%%
%% ConTeXt layer
\def\SepiaImage#1#2{%
\ctxlua{testPIL("#1","#2")}%
\startcombination[1*2]
{\externalfigure[#1][width=512pt]}{\ss
Orig.}
{\externalfigure[#2][width=512pt]}{\ss
Sepia}
\stopcombination
}
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%%
%% Main program
\starttext
\startTEXpage
\SepiaImage{lena.png}{lena-sepia.png}
\stopTEXpage
\stoptext

Jmdb)

N`kd\
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/DQJXDJH DGDSWHU�3RVWVFULSW
\startluacode
function testgs(epsin,pdfout)

require("python")
gsmodule = python.import("testgs")
ghost = gsmodule.gs()
ghost.appendargs(�-q�)
ghost.appendargs(�-dNOPAUSE�)
ghost.appendargs(�-dEPSCrop�)
ghost.appendargs(�-sDEVICE=pdfwrite�)
ghost.InFile = epsin
ghost.OutFile = pdfout
ghost.run()

end
\stopluacode

\def\epstopdf#1#2{\ctxlua{testgs("#1","#2")}}
\def\EPSfigure[#1]{%lazy way to load eps
\epstopdf{#1.eps}{#1.pdf}%
\externalfigure[#1.pdf]%
}
\starttext
\startTEXpage
{\EPSfigure[golfer]}
{\ss golfer.eps}
\stopTEXpage
\stoptext

bjga`m)`kn

testgs.py �DG KRF� ELQGLQJ IRU JKRVWVFULSW�
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/DQJXDJH DGDSWHU�3RVWVFULSW FRQW·HG �
\startluacode
function epstopdf(epsin,pdfout)..end
function barcode(text,type,options,savefile)

require("python")
gsmodule = python.import("testgs")
barcode_string =
string.format("%%!\n100 100 moveto (%s) (%s)

%s barcode showpage",
text,options,type)

psfile = string.format("%s.ps",savefile)
epsfile = string.format("%s.eps",savefile)
pdffile = string.format("%s.pdf",savefile)
temp = io.open(psfile,�w�)
print(psfile)
temp:write(tostring(barcode_string),"\n")
temp:flush()
io.close(temp)
ghost = gsmodule.gs()
ghost.rawappendargs(�-q�)
ghost.rawappendargs(�-dNOPAUSE�)
ghost.rawappendargs(�-sDEVICE=epswrite�)
ghost.rawappendargs(

string.format(�-sOutputFile=%s�,epsfile))
ghost.rawappendargs(�barcode.ps�)
ghost.InFile= psfile
ghost.run()

end
\stopluacode

%%
%% ConTeXt layer
\def\epstopdf#1#2{\ctxlua{epstopdf("#1","#2")}}
\def\EPSfigure[#1]{%lazy way to load eps
\epstopdf{#1.eps}{#1.pdf}%
\externalfigure[#1.pdf]%
}

\def\PutBarcode[#1]{%
\getparameters[bc][#1]%
\ctxlua{barcode("\csname bctext\endcsname",

"\csname bctype\endcsname",
"\csname bcoptions\endcsname",
"\csname bcsavefile\endcsname"

)}%
\expanded{\EPSfigure[\csname bcsavefile\end-
csname]}%
}
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\starttext
\startTEXpage
{\PutBarcode[text={CODE 39},type={code39},

options={includecheck includetext},
savefile={TEMP1}]}\\

{\ss code39}
\blank
{\PutBarcode[text={CONTEXT},type={code93},

options={includecheck includetext},
savefile={TEMP2}]}\\

{\ss code93}
\blank
{\PutBarcode[text={977147396801},type={ean13},

options={includetext},
savefile={TEMP3}]}\\

{\ss ean13}
\stopTEXpage
\stoptext

^j_`.4

^j_`4.

`\i,.

WKH\ ORRN JRRG� EXW RQFH SULQWHG WKH\ DUH XJO\ ) ) )
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6FLHQWLILF 	 PDWK H[WHQVLRQ� 6DJHPDWK
\startluacode
function test_ode(graphout)

require("python")
pg = python.globals()
SAGESTUB = python.import("sagestub")
sage = SAGESTUB.sage
python.execute([[

def f_1(t,y,params):
return[y[1],

-y[0]-params[0]*y[1]*(y[0]**2-1)]
]])
python.execute([[
def j_1(t,y,params):

return [ [0,1.0],
[-2.0*params[0]*y[0]*y[1]-1.0,
-params[0]*(y[0]*y[0]-1.0)], [0,0]

]
]])

T=sage.gsl.ode.ode_solver()
T.algorithm="rk8pd"
f_1 = pg.f_1
j_1 = pg.j_1
pg.T=T
python.execute("T.function=f_1")
T.jacobian=j_1

python.execute("T.ode_solve(y_0=[1,0],
t_span=[0,100],
params=[10],num_points=1000)")

python.execute(string.format(
"T.plot_solution(filename=�%s�)",
graphout ))

end
\stopluacode
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\def\TestODE#1{%
\ctxlua{test_ode("#1")}%
\startcombination[1*2]
{%
\vbox{\hsize=8cm
Consider solving the Van der pol oscillator
$x��(t) +ux�(t)(x(t)^2-1)+x(t)=0 $
between $t=0$ and $t= 100$.
As a first order system it is
$x�=y$
$y�=-x+uy(1-x^2)$
Let us take $u=10$ and use
initial conditions $(x,y)=(1,0)$ and use the
\emphsl{\hbox{runga-kutta} \hbox{prince-dormand}}
algorithm.
}%
}{\ss \ }
{\externalfigure[#1][width=9cm]}{\ss Result for
1000 points}
\stopcombination}

\starttext
\startTEXpage
\TestODE{ode1.pdf}
\stopTEXpage
\stoptext

>jind_`m njgqdib oc` Q\i _`m kjg jn^dgg\ojm
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6FLHQWLILF 	 PDWK H[WHQVLRQ� 5
# test-R
import rpy2.robjects as robjects
import rpy2.rinterface as rinterface
class density(object):

def __init__(self,samples,outpdf,w,h,kernel):
self.samples = samples
self.outpdf= outpdf
self.kernel = kernel
self.width=w
self.height=h

def run(self):
r = robjects.r
data = [int(k.strip())

for k in
file(self.samples,�r�).readlines()]

x = robjects.IntVector(data)
r.pdf(file=self.outpdf,

width=self.width,
height=self.height)

z = r.density(x,kernel=self.kernel)
r.plot(z[0],z[1],xlab=��,ylab=��)
r[�dev.off�]()

if __name__ == �__main__� :
dens =
density(�u-random-int�,�test-001.pdf�,

10,7,�o�)
dens.run()

%% luatex
\startluacode
function testR(samples,outpdf,w,h,kernel)

require("python")
pyR = python.import("test-R")
dens =
pyR.density(samples,outpdf,w,h,kernel)
dens.run()

end
\stopluacode
%% ConText Layer
\def\plotdensity[#1]{%
\getparameters[R][#1]%
\expanded{\ctxlua{testR("\Rsamples",

"\Routpdf",\Rwidth,\Rheight,"\Rkernel")}}}
% Main
\starttext
\startTEXpage
\plotdensity[samples={u-random-int},kernel={o},
outpdf={test-001.pdf},width={10},height={7}]
\startcombination[1*2]
{\vbox{\hsize=400bp
This is a density plot of around {\tt 100000}
random numbers between $0$ and $2^{16}-1$
generated from {\tt \hbox{/dev/urandom}}}}{}
{\externalfigure[test-001.pdf]

[width={400bp}]}{}
\stopcombination
\stopTEXpage
\stoptext



(XUR7H; ���� 	 �UG &RQ7H;W 0HHWLQJ �����

Ocdn dn \ _`indot kgjo ja \mjpi_ ,++ +++ m\i_jh iph]`mn ]`or``i +

\i_ -
,1
− , b`i`m\o`_ amjh *_`q*pm\i_jh

0 20000 40000 60000

0.
0e

+
00

5.
0e

−
06

1.
0e

−
05

1.
5e

−
05

,W·V ZRUWK WR QRWLQJ WKDW rpy2 DFWXDOO\ LV LQFOXGHG LQ Sage WRR�



(XUR7H; ���� 	 �UG &RQ7H;W 0HHWLQJ �����

6FLHQWLILF 	 PDWK H[WHQVLRQ� VFLS\
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6FLHQWLILF 	 PDWK H[WHQVLRQ� 5227
#
#test-ROOT1
#
from ROOT import TCanvas,

TGraph ,TGraphErrors,TMultiGraph
from ROOT import gROOT
from math import sin
from array import array
def run(filename):

c1 = TCanvas("c1","multigraph",200,10,700,500)
c1.SetGrid()
mg = TMultiGraph()
n = 24;
x = array(�d�,range(24))
data = file(�data�).readlines()
for line in data:

line = line.strip()
y = array(�d�,

[float(d) for d in line.split()])
gr = TGraph(n,x,y)
gr.Fit("pol6","q")
mg.Add(gr)

mg.Draw("ap")
c1.Update()
c1.Print(filename)
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6FLHQWLILF 	 PDWK H[WHQVLRQ� 5227

%%
%% ConTeXt
\startluacode
function test_ROOT(filename)

require("python")
test = python.import(�test-ROOT1�)
test.run(filename)

end
\stopluacode
\starttext
\startTEXpage
\ctxlua{test_ROOT("data.pdf")}
\rotate[rotation=90]{\externalfigure[data.pdf]}
\stopTEXpage
\stoptext
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*UDSK� QHWZRUN[

miles_graph() returns an undirected graph over the 128 US cities from
the datafile miles_dat.txt. The cities each have location and population
data. The edges are labeled with the distance betwen the two cities.

This example is described in Section 1.1 in Knuth�s book [1,2].

References.
-----------
[1] Donald E. Knuth,

"The Stanford GraphBase: A Platform for Combinatorial Computing",
ACM Press, New York, 1993.

[2] http://www-cs-faculty.stanford.edu/~knuth/sgb.html
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'DWDEDVH� 2UDFOH %HUNHOH\ '% ;0/
\usetypescriptfile[type-gentium]
\usetypescript[gentium]
\setupbodyfont[gentium,10pt]
\setuppapersize[A5][A5]
\setuplayout[height=middle,
topspace=1cm,header={2\lineheight},
footer=0pt,backspace=1cm,margin=1cm,
width=middle]
%%
%% DB XML
%%
\startluacode
function testdbxml(title,preamble,

postamble,filename)
require("python")
pg = python.globals()
wikiversity =

python.import("wikidbxml_queryTxn")
wikiversity.writeres(title,preamble,

postamble,filename)
end
\stopluacode

%%
%% ConTeXt
%%
\def\testdbxml[#1]{%
\getparameters[dbxml][#1]%
\ctxlua{%
testdbxml("\csname dbxmltitle\endcsname",

"\csname dbxmlpreamble\endcsname",
"\csname dbxmlpostamble\endcsname",
"\csname dbxmlfilename\endcsname")}%

\input \csname dbxmlfilename\endcsname %
}
\starttext
\testdbxml[title={Primary mathematics/Numbers},

preamble={},
postamble={},
filename={testres.tex}]

\stoptext

�� IURP ·0HGLD:LNL�IRUPDW· WR ;0/�'RF%RRN �PRUH
H[DFWO\ GRFERRN 5(/$; 1* JUDPPDU ����

�� IURP ;0/�'RF%RRN WR &RQ7(;W�mkiv
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�

� 3ULPDU\ PDWKHPDWLFV�1XPEHUV

��� 3ULPDU\ PDWKHPDWLFV�1XPEHUV

����� 7HDFKLQJ 1XPEHU

7KLV SDJH LV IRU WHDFKHUV RU KRPH�VFKRROHUV� ,W LV DERXW WHDFKLQJ WKH EDVLF FRQFHSWV DQG FRQYHQWLRQV RI VLPSOH QXPEHU�

������� 'HYHORSLQJ D VRXQG FRQFHSW RI QXPEHU

&KLOGUHQ W\SLFDOO\ OHDUQ DERXW QXPEHUV DW D YHU\ \RXQJ DJH E\ OHDUQLQJ WKH VHTXHQFH RI ZRUGV� �RQH� WZR� WKUHH� IRXU� ILYH� HWF� 8VXDOO\�
LQ FKDQWLQJ WKLV LQ FRQMXQFWLRQ ZLWK SRLQWLQJ DW D VHW RI WR\V� RU PRXQWLQJ D IOLJKW RI VWHSV IRU H[DPSOH� 7\SLFDOO\� sPLVWDNHVs DUH PDGH�
7R\V RU VWHSV DUH PLVVHG RU FRXQWHG WZLFH� RU D PLVWDNH LV PDGH LQ WKH FKDQWHG VHTXHQFH� 9HU\ RIWHQ� IURP WKHVH VRUWV RI DFWLYLWLHV�
DQG IURP LQIRUPDO PDWFKLQJ DFWLYLWLHV� D FKLOGsV FRQFHSW RI QXPEHU DQG FRXQWLQJ HPHUJHV DV WKHLU PLVWDNHV DUH FRUUHFWHG� +RZHYHU�
KHUH� DW WKH YHU\ IRXQGDWLRQ RI QXPHULFDO FRQFHSWV� FKLOGUHQ DUH RIWHQ OHIW WR sSXW LW DOO WRJHWKHUs WKHPVHOYHV� DQG VRPH VWDUW RII RQ D
VKDN\ IRXQGDWLRQ� 1XPEHU FRQFHSWV FDQ EH GHOLEHUDWHO\ GHYHORSHG E\ VXLWDEOH DFWLYLWLHV� 7KH ILUVW RQH RI WKHVH LV REMHFW PDWFKLQJ�

����� 0DWFKLQJ $FWLYLWLHV

$V RSSRVHG WR WKH W\SLFDO FRXQWLQJ DFWLYLW\ FKLOGHQ DUH ILUVW H[SRVHG WR� PDWFKLQJ VHWV RI REMHFWV JLYHV D ILUP IRXQGDWLRQ IRU WKH FRQFHSW
RI QXPEHU DQG QXPHULFDO UHODWLRQVKLSV� ,W LV YHU\ LPSRUWDQW WKDW PDWFKLQJ VKRXOG EH D SK\VLFDO DFWLYLW\ WKDW FKLOGUHQ FDQ UHODWH WR
DQG EXLOG RQ�
7\SLFDO DFWLYLWLHV ZRXOG EH D WR\sV WHD�SDUW\� :LWK D VHW RI �VD\� IRXU WR\ FKDUDFWHUV� HDFK WR\ KDV D SODFH WR VLW� (DFK WR\ KDV D FXS�
PD\EH D VDXFHU� D SODWH HWF� :LWKRXW HYHQ PHQWLRQLQJ sIRXUs� ZH FDQ WDON ZLWK WKH FKLOG DERXW sWKH ULJKW QXPEHUs RI FXSV� RI SODWHV
HWF� :H FDQ WDON DERXW sWRR PDQ\s RU sQRW HQRXJKs� +HUH� ZH DUH WDONLQJ DERXW QXPEHU DQG LPSRUWDQW QXPEHU UHODWLRQV ZLWKRXW HYHQ
PHQWLRQLQJ ZKLFK QXPEHU ZH DUH WDONLQJ DERXW� 2QO\ DIWHU D ORW RI DFWLYLWLHV RI WKLV W\SH VKRXOG ZH WDON DERXW VSHFLILF QXPEHUV DQG
WKH LGHD RI QXPEHU LQ WKH DEVWUDFW�

����� 1XPEHU DQG 1XPHUDOV

7HDFKHUV VKRXOG SULQW WKHVH QXPEHUV RU VKRZ WKH FKLOGUHQ WKHVH QXPEHUV� ,GHDOO\� WKH QXPEHUV VKRXOG EH KDQGOHG E\ WKH VWXGHQW�
7KHUH DUH D QXPEHU RI ZD\V WR DFKHLYH WKLV� FXW RXW QXPHUDOV IURP KHDY\ FDUGVWRFN� VKDSH WKHP ZLWK FOD\ WRJHWKHU� SXUFKDVH ZRRGHQ
QXPHUDOV RU JLYH WKHP VDQGSDSHU QXPHUDOV WR WUDFH� 6LPXOWDQHRXVO\� VKRZ WKH GHILQLWLRQV RI WKHVH QXPEHUV DV FRQWDLQHUV RU GLVFUHWH
TXDQWLWLHV �XVLQJ ER[HV DQG VPDOO EDOOV� HJ� � EDOO� � EDOOV� HWF� 1RWH WKDW � PHDQV �QR EDOOV��� 7KLV VKRXOG WDNH VRPH WLPH WR OHDUQ
WKRURXJKO\ �GHSHQGLQJ RQ WKH VWXGHQW��
� � � � � � � � � �

����� 3ODFH 9DOXH

7KH 1H[W VWHS LV WR OHDUQ WKH SODFH YDOXH RI QXPEHUV�
,W LV SUREDEO\ WUXH WKDW LI \RX DUH UHDGLQJ WKLV SDJH \RX NQRZ WKDW DIWHU � FRPHV �� �DQG \RX XVXDOO\ FDOO LW WHQ� EXW WKLV ZRXOG QRW EH
WUXH LI \RX ZRXOG EHORQJ WR DQRWKHU FXOWXUH�
7DNH IRU H[DPSOH WKH 0D\D &XOWXUH ZKHUH WKHUH DUH QRW WKH WHQ V\PEROV DERYH EXW WZHQW\ V\PEROV�
FIU KWWS���ZZZ�PLFKLHOE�QO�PD\D�PDWK�KWPO
,PDJLQH WKDW LQVWHDG RI XVLQJ �� V\PEROV RQH XVHV RQO\ � V\PEROV� )RU H[DPSOH � DQG �
+HUH LV KRZ WKH V\VWHP ZLOO EH FUHDWHG�

%LQDU\ � � �� �� ��� ��� ��� ��� ���� ���

'HFLPDO � � � � � � � � � ���

2U LI RQH XVHV WKH V\PEROV $ DQG % RQH JHWV�

%LQDU\ $ % %$ %% %$$ %$% %%$ %%% %$$$ ���

'HFLPDO � � � � � � � � � ���

7KLV PD\ JLYH \RX HQRXJK LQIRUPDWLRQ WR ILJXUH WKH SODFH YDOXH LGHD RI DQ\ QXPEHU V\VWHP�
)RU H[DPSOH ZKDW LI \RX XVHG � V\PEROV LQVWHDG RI � �VD\ �������

�

7ULQDU\ � � � �� �� �� �� �� �� ��� ���

'HFLPDO � � � � � � � � � � ���

,I \RXsUH LQWR FRPSXWHUV� WKH +(;$'(&,0$/ �%DVH ��� RU +H[ IRU VKRUW� QXPEHU V\VWHP ZLOO EH RI LQWHUHVW WR \RX� 7KLV V\VWHP XVHV �
ELQDU\ GLJLWV DW D WLPH WR UHSUHVHQW QXPEHUV IURP � WR �� �GHFLPDO�� 7KLV DOORZV IRU D PRUH FRQYHQLHQW ZD\ WR H[SUHVV QXPEHUV WKH
ZD\ FRPSXWHUV WKLQN � WKDW ZH FDQ XQGHUVWDQG� 6R QRZ ZH QHHG �� V\PEROV LQVWHDG RI �� �� RU ��� 6R ZH XVH ����������$%&'()�

%LQDU\ � � �� �� ��� ��� ��� ��� ���� ���� ���� ���� ���� ���� ���� ���� ����� ���

'HFLPDO � � � � � � � � � � �� �� �� �� �� �� �� ���

+H[ � � � � � � � � � � $ % & ' ( ) �� ���

����� 5HVRXUFHV IRU (DUO\ 0DWK

�� )XQ :D\V DQG (DV\ *DPHV IRU <RXQJ /HDUQHUV 0DWK� 5HSURGXFLEOH� (DV\�WR�3OD\ /HDUQLQJ *DPHV 7KDW +HOS .LGV %XLOG (VVHQWLDO
0DWK 6NLOOV� E\ 6XVDQ -XOLR� 6FKRODVWLF 3URIHVVLRQDO� �����
(HQLH 0HHQLH 0LQH\ 0DWK�� 0DWK 3OD\ IRU <RX DQG <RXU 3UHVFKRROHU� E\ /LQGD $OOLVRQ� /LWWOH %URZQ 	 &R�� �����
0DUVKPDOORZ 0DWK� (DUO\ 0DWK IRU 7RGGOHUV� 3UHVFKRROHUV DQG 3ULPDU\ 6FKRRO &KLOGUHQ� E\ 7UHYRU 6FKLQGHOHU� 7UDIIRUG� �����
1XPEHU :RQGHU� 7HDFKLQJ %DVLF 0DWK &RQFHSWV WR 3UHVFKRROHUV� E\ 'HERUDK 6DDWKRII DQG -DQH -DUUHOO� +ROPDQ %LEOH� �����
FIU &DWHJRU\�6FKRRO RI 0DWKHPDWLFV
FIU &DWHJRU\�3DJHV PRYHG IURP :LNLERRNV
FIU &DWHJRU\�3ULPDU\ HGXFDWLRQ
1H[W LQ 3ULPDU\ 6FKRRO 0DWKHPDWLFV�
FIU KWWS���HQ�ZLNLYHUVLW\�RUJ�ZLNL�3ULPDU\BPDWKHPDWLFV�$GGLQJBQXPEHUV
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'DWDEDVH� VTOLWH
%% some setups here ..

%%
%% sqlite
%%
\startluacode
function listtitles(title)

require("python")
pg = python.globals()
wikiversity =

python.import("wikidbxml_queryTxn")
r = wikiversity.querycategory(title)
local j = 0
local res = r[j] or {}
while res do
local d =
string.format("\%s\\par",

string.gsub(tostring(res),�_�,� �))
tex.sprint(tex.ctxcatcodes,d)
j = j+1
res = r[j]

end
end
\stopluacode

%%
%% sqlite
%%
\startluacode
function simplereports(title)

require("python")
pg = python.globals()
wikiversity =

python.import("wikidbxml_queryTxn")
r = wikiversity.simplereports(title)
local j = tonumber(r)
for v = 0,j-1 do
local d =

string.format("\\input reps\%04d ",v)
tex.sprint(tex.ctxcatcodes,d)
end
print( j )

end
\stopluacode
%%
%% ConTeXt
%%
\starttext
{\bfb Query for �geometr�:}
\ctxlua{listtitles("geometr")}%
\ctxlua{simplereports("geometr")}%
\stoptext
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�

4XHU\ IRU ·JHRPHWU·� *HRPHWULF DOJHEUD
*HRPHWU\
,QWURGXFWRU\ $OJHEUD DQG *HRPHWU\
2UELWDO JHRPHWU\
&RRUGLQDWH *HRPHWU\

�

� *HRPHWULF DOJHEUD

��� *HRPHWULF DOJHEUD

7KLV FDWHJRU\ LV IRU DUWLFOHV OLVWHG XQGHU �*HRPHWULF DOJHEUD�
FIU &DWHJRU\�*HRPHWU\
FIU GH�.DWHJRULH�$OJHEUDLVFKH *HRPHWULH
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�

� *HRPHWU\

��� *HRPHWU\

7KLV VXEGLYLVLRQ LV GHGLFDWHG WR EULGJLQJ WKH JDS EHWZHHQ WKH PDWKHPDWLFDO OD\SHUVRQ DQG WKH VWXGHQW ZKR LV UHDG\ WR OHDUQ FDOFXOXV
DQG KLJKHU PDWKHPDWLFV RU WR WDNH RQ DQ\ RWKHU HQGHDYRXU WKDW UHTXLUHV DQ XQGHUVWDQGLQJ RI EDVLF DOJHEUD DQG �DW OHDVW (XFOLGHDQ�
JHRPHWU\�

����� 6XEGLYLVLRQ QHZV

����� 'HSDUWPHQWV

����� $FWLYH SDUWLFLSDQWV

7KH KLVWRULHV RI :LNLYHUVLW\ SDJHV LQGLFDWH ZKR WKH DFWLYH SDUWLFLSDQWV DUH� ,I \RX DUH DQ DFWLYH SDUWLFLSDQW LQ WKLV VXEGLYLVLRQ� \RX
FDQ OLVW \RXU QDPH KHUH �WKLV FDQ KHOS VPDOO VXEGLYLVLRQV JURZ DQG WKH SDUWLFLSDQWV FRPPXQLFDWH EHWWHU� IRU ODUJH VXEGLYLVLRQV D OLVW
RI DFWLYH SDUWLFLSDQWV LV QRW QHHGHG�� 3OHDVH UHPHPEHU� LI \RX KDYH DQ
FIU KWWS���HQ�ZLNLYHUVLW\�RUJ�Z�LQGH[�SKS"WLWOH 6SHFLDO�8VHUORJLQ?	W\SH VLJQXS
FIU &DWHJRU\�*HRPHWU\
FIU &DWHJRU\�,QWURGXFWLRQV
FIU ?�
FIU ?�
,Q &DUWHVLDQ RU $QDO\WLF *HRPHWU\ ZH ZLOO OHDUQ KRZ WR UHSUHVHQW SRLQWV� OLQHV� DQG SODQHV XVLQJ WKH &DUWHVLDQ &RRUGLQDWH 6\VWHP�
DOVR FDOOHG 5HFWDQJXODU &RRUGLQDWH 6\VWHP� 7KLV FDQ EH DSSOLHG WR VROYH D EURDG UDQJH RI SUREOHPV IURP JHRPHWU\ WR DOJHEUD DQG LW
ZLOO EH YHU\ XVHIXO ODWHU RQ &DOFXOXV�

����� &DUWHVLDQ &RRUGLQDWH 6\VWHP

7KH IRXQGDWLRQV RI $QDO\WLF *HRPHWU\ OLH LQ WKH VHDUFK IRU GHVFULELQJ JHRPHWULF VKDSHV E\ XVLQJ DOJHEUDLF HTXDWLRQV� 2QH RI WKH PRVW
LPSRUWDQWPDWKHPDWLFLDQV WKDW KHOSHG WR DFFRPSOLVK WKLV WDVN ZDV 5HQ« 'HVFDUWHV IRU ZKRP WKH QDPH LV JLYHQ WR WKLV H[FLWLQJ VXEMHFW
RI PDWKHPDWLFV�

������� 7KH &RRUGLQDWH 6\VWHP

)RU D FRRUGLQDWH V\VWHP WR EH XVHIXO ZH ZDQW WR JLYH WR HDFK SRLQW DQ DWULEXWH WKDW KHOS WR GLVWLQJXLVK DQG UHODWH GLIIHUHQW SRLQWV�
,Q WKH &DUWHVLDQ V\VWHP ZH GR WKDW E\ GHVFULELQJ D SRLQW XVLQJ WKH LQWHUVHFWLRQ RI WZR��' &RRUGLQDWHV� RU PRUH�+LJKHU 'LPHQVLRQDO
&RRUGLQDWHV� OLQHV� 7KHUHIRUH D SRLQW LV UHSUHVHQWHG DV 3�[��[��[������[Q� LQ �Q� GLPHQVLRQV�

����� /LFHQVLQJ�

�*HRPHWU\ LV WKH RQO\ VFLHQFH WKDW LW KDWK SOHDVHG *RG KLWKHUWR WR EHVWRZ RQ PDQNLQG��m7KRPDV +REEHV
7KLV GHSDUWPHQW RI WKH 2O\PSLDG 0DWKHPDWLFV FRXUVH IRFXVHV RQ SUREOHP�VROYLQJ EDVHG RQ FLUFOHV DQG YHFWRUV� WKXV JHQHUDOL]LQJ
WR &RRUGLQDWH *HRPHWU\� 2XU PDMRU IRFXV LV RQ 5HFWDQJXODU �&DUWHVLDQ� &RRUGLQDWHV� DOWKRXJK WKH FRXUVH GRHV WRXFK XSRQ 3RODU
FRRUGLQDWHV�
7KH ILUVW VHFWLRQ LV EDVHG RQ WKH JHRPHWULF VWXG\ RI FLUFOHV� $OWKRXJK QRW EDVHG RQ SXUH DQDO\WLFDO JHRPHWU\� LW XVHV $SSRORQLXV�VW\OH
UHIHUHQFH OLQHV LQ DGGLWLRQ WR 7KHRUHPV RQ 7DQJHQWV� $UHDV� HWF�
7KH VHFRQG VHFWLRQ LV GHYRWHG WR 9HFWRU $QDO\VLV� FRYHULQJ SUREOHP�VROYLQJ IURP /DWWLFHV DQG $IILQH *HRPHWU\ WR /LQHDU $OJHEUD RI
9HFWRUV
7KLUG VHFWLRQ� IRFXVLQJ RQ ORFXV SUREOHPV� LV DOO DERXW FRQLF VHFWLRQV DQG RWKHU FXUYHV LQ WKH &DUWHVLDQ SODQH�

����� 7H[WERRNV

����� 3UDFWLFH 4XHVWLRQV

�

����� 5HODWHG :HE$SSV

����� &KDSWHUV

������ $FWLYH SDUWLFLSDQWV

7KH KLVWRULHV RI :LNLYHUVLW\ SDJHV LQGLFDWH ZKR WKH DFWLYH SDUWLFLSDQWV DUH� ,I \RX DUH DQ DFWLYH SDUWLFLSDQW LQ WKLV GLYLVLRQ� \RX FDQ
OLVW \RXU QDPH KHUH �WKLV FDQ KHOS VPDOO GLYLVLRQV JURZ DQG WKH SDUWLFLSDQWV FRPPXQLFDWH EHWWHU� IRU ODUJH GLYLVLRQV D OLVW RI DFWLYH
SDUWLFLSDQWV LV QRW QHHGHG��
�5(',5(&7
FIU ?�
3267 <285 48(67,216 21 7+,6 7$/.3$*( $1' *(7 $16:(56 )520 27+(5 9,(:(56� $/62 :( &$1 ',6&866 62/87,216 $1'
',6$*5((0(176�

������ &RQJUXHQF\

7ZR WKLQJV DUH FRQJUXHQW LI WKH\ DUH WKH VDPH� 2ND\� RQWR QH[W WRSLF��� :DLW D VHFRQG� ZH GLGQsW GHILQH WKDW YHU\ ZHOO� 7KDWsV RND\�
&RQJUXHQF\ LV D WKLQJ WKDW LV GHILQHG IRU HYHU\WKLQJ WKDW LV XVHG LQ JHRPHWU\� )RU H[DPSOH� FRQJUXHQF\ FDQ EH GHILQHG IRU SHDQXW
EXWWHU MDUV
7ZR MDUV RI SHDQXW EXWWHU DUH FRQJUXHQW LI DQG RQO\ LI WKH\ KDYH MDUV RI WKH VDPH VKDSH� DUH ILOOHG WR WKH VDPH KHLJKW ZLWK SHDQXW
EXWWHU� DQG WKH SHDQXW EXWWHU WDVWHV WKH VDPH IRU ERWK MDUV�
<RX FRXOG GR D VLPLODU WKLQJ IRU JXPEDOOV� EXW WKDW ZRXOGQsW EH UHOHYDQW WR JHRPHWU\� XQOLNH SHDQXW EXWWHU MDUV� (YHU\ HOHPHQW RI
JHRPHWU\ KDV LWV RZQ GHILQLWLRQ RI FRQJUXHQFH�
7KLV LV WKH V\PERO RI FRQJUXHQFH�
1RZ IRU VRPH FRQJUXHQF\ GHILQLWLRQV�
7ZR OLQH VHJPHQWV DUH FRQJUXHQW LI DQG RQO\ LI WKH\ KDYH HTXDO OHJQWKV�
7ZR DQJOHV DUH FRQJUXHQW LI DQG RQO\ LI WKHLU PHDVXUHV RI WKH DQJOHV DUH HTXDO�
7ZR SRLQWV� OLQHV� UD\V� RU SODQHV KDYH QR FRQJUXHQF\ GHILQLWLRQ�
$FWXDOO\� WKRVH WKUHH GHILQLWLRQV ZLOO GR IRU QRZ�
FIU &DWHJRU\�*HRPHWU\
FIU ?�

������ &RQGLWLRQDOV

,I LW LV VXQQ\� WKHQ , FDQ SOD\ RXWVLGH� ,I WKHUH DUH FORXGV� WKHQ LW ZLOO UDLQ VRRQ� ,I \RX DGG VRGLXP WR ZDWHU� WKHQ \RX ZLOO FUHDWH DQ
H[SORVLRQ� ,I D VWDWHPHQW FRQWDLQV LI DQG WKHQ� WKHQ LW LV FDOOHG D FRQGLWLRQDO�
$ FRQGLWLRQDO LV VLPSO\ DQ LI�WKHQ VWDWHPHQW� ,I \RX DFFHSW WKH SDUW DIWHU WKH �LI�� DOVR FDOOHG WKH K\SRWKHVLV� WKHQ \RXPXVW DFFHSW WKH
VWDWHPHQW DIWHU WKH �WKHQ�� DOVR NQRZQ DV WKH FRQFOXVLRQ� 6R� DOO FRQGLWLRQDOV DUH LQ WKH IRUP
,I K\SRWKHVLV� WKHQ FRQFOXVLRQ
<RX PD\ UHFDOO XVLQJ WKHVH VWDWHPHQWV LQ VFLHQFH FODVV ZLWK WKH VFLHQWLILF PHWKRG� +RZHYHU� UHPHPEHU WKDW RQO\ WKH VWDWHPHQW DIWHU
WKH �LI� LV FDOOHG WKH K\SRWKHVLV� 7KH ZKROH VWDWHPHQW LV MXVW FDOOHG WKH FRQGLWLRQDO� 5HPHPEHU� LI \RX DFFHSW WKH K\SRWKHVLV RI D
FRQGLWLRQDO WR EH WUXH� WKHQ WKH FRQFOXVLRQ PXVW DOVR EH WUXH� 1RZ� WDNH D ORRN DW VRPH RI WKH ROG SRVWXODWHV� <RXsOO QRWLFH WKDW WKH\
FDQ EH UHZRUGHG LQWR FRQGLWLRQDOV� )RU H[DPSOH� WKH SRVWXODWH ZKLFK VD\V 7KURXJK DQ\ WZR SRLQWV WKHUH LV RQO\ RQH OLQH FDQ EH UHDG
DV ,I WKHUH DUH WZR SRLQWV� WKHQ WKHUH LV D XQLTXH OLQH WKURXJK WKH SRLQWV� <HV� WKDW LV DNZDUG ZRUGLQJ� EXW LW VKRZV WKDW SRVWXODWHV FDQ
EH ZULWWHQ DV FRQGLWLRQDOV�
,I WKHUH DUH WKUHH FROLQHDU SRLQWV $� %� DQG &� DQG % LV EHWZHHQ $ DQG &� WKHQ $%�%& $&� ,I WKHUH DUH WKUHH SRLQWV� WKHQ WKHUH LV DW OHDVW
RQH SODQH WKURXJK DOO WKUHH SRLQWV� ,I WKHUH LV D OLQH� WKHQ WKHUH DUH DW OHDVW WZR SRLQWV RQ WKDW OLQH�
7KHUH DUH DOVR VRPH QHZ FRQGLWLRQDOV ZKLFK ZH ZLOO LQWURGXFH LQ �� �� ����

������ &RQGLWLRQDOV ZKLFK KDYH WUDYHOHG IURP DOJHEUD WR JHRPHWU\

7KH IROORZLQJ FRQGLWLRQDOV DUH DOZD\V WUXH� ,W ZLOO PDNH VHQVH LI� ZKLOH \RX UHDG WKHP� \RX VKRXW� �7KHVH DUH DQ LQVXOW WR P\ LQ�
WHOLJHQFH�� IRU LQ IDFW� WKDWsV ZKDW WKH\sOO VHHP OLNH�
7KH ILUVW RQH LV FDOOHG WKH UHIOH[LYH SURSHUW\�
,I D LV D QXPEHU� WKHQ D D�
7KH VHFRQG RQH LV FDOOHG WKH V\PHWULF SURSHUW\�
,I D E� WKHQ E D�
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7KH WKLUG RQH LV FDOOHG WKH WUDQVLWLYH SURSHUW\�
,I D E DQG E F� WKHQ D F�
1RZ� H[SODQDWLRQV RI WKH FRQGLWLRQDOV� 7KH ILUVW RQH VD\V DQ\ QXPEHU HTXDOV LWVHOI� 6WUDQJHO\ HQRXJK� WKLV LQFUHGLEO\ REYLRXV VWDWH�
PHQWZLOO EH D FRPPRQ VLJKWZKHQ \RXZULWH SURRIV� 7KH VHFRQG RQH VD\V WKDW HTXDWLRQV FDQ EH UHYHUVHG� ,Q RWKHUZRUGV WKH VWDWHPHQW
[ � LV HTXLYDOHQW WR WKH VWDWHPHQW � [� 7KH WKLUG VWDWHPHQW VD\V WKDW LI WZR QXPEHUV DUH HTXDO WR WKH VDPH QXPEHU� WKHQ WKH\ DUH
HTXDO� 7KXV� LI [ � DQG \ �� WKHQ [ \�
7KH QH[W IRXU FRQGLWLRQDOV DUH YHU\ VLPLODU WR HDFK RWKHU�
7KH ILUVW RQH LV FDOOHG WKH DGGLWLRQ SURSHUW\ RI HTXDOLW\�
,I D E DQG F G� WKHQ D�F E�G�
7KH VHFRQG RQH LV FDOOHG WKH VXEWUDFWLRQ SURSHUW\ RI HTXDOLW\�
,I D E DQG F G� WKHQ D�F E�G�
7KH WKLUG RQH LV FDOOHG WKH PXOWLSOLFDWLRQ SURSHUW\ RI HTXDOLW\� �$UH \RX VHHLQJ WKH SDWWHUQ"�
,I D E DQG F G� WKHQ DF EG�
7KH IRXUWK RQH LV FDOOHG WKH GLYLVLRQ SURSHUW\ RI HTXDOLW\�
,I D E DQG F G DQG QHLWKHU F QRU G HTXDO �� WKHQ D�F E�G�
1RZ� DOO RI WKHVH SURSHUWLHV DUH YHU\ VLPLODU� DV \RX SUREDEO\ FDQ WHOO� IRU H[DPSOH� LI [ � DQG \ �� WKHQ
<RX PD\ QRWLFH WKDW WKH GLYLVLRQ SURSHUW\ RI HTXDOLW\ KDV DQ H[WUD SDUW LQ LWV K\SRWKHVLV WKDW LVQsW LQ DQ\ RWKHU SURSHUW\ RI HTXDOLW\�
�5HPHPEHU WKH QDPH K\SRWKHVLV" ,I K\SRWKHVLV� WKHQ FRQFOXVLRQ� ,I WKH K\SRWKHVLV LV DFFHSWHG DV WUXH� WKHQ WKH FRQFOXVLRQ PXVW EH
DFFHSWHG DV WUXH DV ZHOO�� 7KDW LV EHFDXVH GLYLVLRQ LV XQGHILQHG ZKHQ WKH GHQRPLQDWRU LV �� ��� GRHVQsW H[LVW� 1HLWKHU GRHV ���� �������
RU ���� 7KH H[WUD SDUW RI WKH K\SRWKHVLV LV WR SUHYHQW GLYLVLRQ E\ ��
7KH ILQDO FRQGLWLRQDO ZH ZLOO ORRN DW WRGD\ LV NQRZQ DV WKH VXEVLWXWLRQ SURSHUW\� DQG LW LV LQFUHGLEO\ XVHIXO LQ SURRIV�
,I WZR YDOXHV DUH HTXDO� WKHQ WKH\ PD\ VXEVLWXWH IRU HDFKRWKHU�
)RU H[DPSOH� VXSSRVH ZH NQRZ [ \� DQG WKDW [�� �� 7KHQ ZH DOVR NQRZ E\ WKH VXEVLWXWLRQ SURSHUW\ WKDW \�� �� VLQFH [ DQG \ FDQ
VXEVLWXWH IRU HDFKRWKHU� ,W LV YHU\ LPSRUWDQW WKDW \RX UHPHPEHU WKH QDPHV RI WKHVH FRQGLWLRQDOV� 7KH IRXU �SURSHUWLHV RI HTXDOLW\�
VKRXOG EH HDV\ WR UHPHPEHU� VLQFH WKH\ DUH QDPHG IRU WKH DULWKPHWLF RSHUDWLRQ WKDW WKH\ KDYH LQ WKHLU SURSHUW\� 7KH VXEVLWXWLRQ
SURSHUW\ DOVR VKRXOG EH HDV\ WR UHPHPEHU� VLQFH \RX VXEVLWXWH YDOXHV� 7KDW MXVW OHDYHV WKH WUDQVLWLYH� V\PHWULF� DQG UHIOH[LYH SURSHUW\�
<RX FDQ UHPHPEHU WKH 7UDQVLWLYH SURSHUW\ LI \RX UHPHPEHU WKDW LW XVHV 7KUHH YDOXHV� ,I \RX UHPHPEHU OLQHV RI V\PHWU\� WKHQ \RX
FDQ VD\ WKDW WKH V\PHWULF SURSHUW\ VD\V WKDW HTXDWLRQV KDYH OLQHV RI V\PHWU\ ULJKW GRZQ WKHLU HTXDOV VLJQ� $V IRU UHIOH[LYH" :HOO�
\RXsOO MXVW KDYH WR UHPHPEHU LW� $OVR QRWH WKDW \RX FDQ XVH RWKHU SURSHUWLHV IURP DOJHEUD� IRU H[DPSOH D�E�F� DE�DF E\ WKH GLVWULEXWLYH
SURSHUW\�

������ 3URRI

*LYHQ�
3URYH�
6WDWHPHQWV 5HDVRQV

�� �� *LYHQ

�� $& %' �� 'HILQLWLRQ RI FRQJUXHQW VHJPHQWV

�� $%�%& $&� %&�&' %' �� 6HJPHQW DGGLWLRQ SRVWXODWH

�� $%�%& %&�&' �� 6XEVWLWXWLRQ SURSHUW\

�� %& %& �� 5HIOH[LYH SURSHUW\

�� $% &' �� 6XEWUDFWLRQ SURSHUW\ RI HTXDOLW\

�� �� 'HILQLWLRQ RI FRQJUXHQW VHJPHQWV

������ 6HH DOVR

FIU &DWHJRU\�*HRPHWU\
FIU &DWHJRU\�0DWKHPDWLFV
+HOOR� DQG ZHOFRPH WR :LNLYHUVLW\sV RQOLQH JHRPHWU\ FRXUVH�

������ 6\OODEXV�&XUULFXOXP

������ /HVVRQV

�

������ +RPHZRUN DVVLJQPHQWV

������ 7HVWV� TXL]]HV� DQG H[DPV

FIU &DWHJRU\�0DWKHPDWLFV
FIU &DWHJRU\�*HRPHWU\
FIU HV�*HRPHWU¯D
FIU IU�'«SDUWHPHQW�*«RP«WULH
FIU LW�0DWHULD�*HRPHWULD
FIU ?�
FIU &DWHJRU\�0DWKHPDWLFV
FIU GH�.DWHJRULH�*HRPHWULH
FIU IU�&DW«JRULH�*«RP«WULH
FIU LW�&DWHJRULD�*HRPHWULD
FIU SW�&DWHJRULD�*HRPHWULD
FIU ?�
FIU KWWS���GH�ZLNLERRNV�RUJ�ZLNL�*HRPHWU\�&KDSWHUB�

������ 7ULDQJOH &RQJUXHQF\

�������� 7ULDQJOH &RQJUXHQF\ 3RVWXODWHV

�� 7KH 666 7ULDQJOH &RQJUXHQF\ 3RVWXODWH
3RVWXODWH� (YHU\ 666 �6LGH�6LGH�6LGH� FRUUHVSRQGHQFH LV D FRQJUXHQFH�
�� 7KH 6$6 7ULDQJOH &RQJUXHQF\ 3RVWXODWH
3RVWXODWH� (YHU\ 6$6 �6LGH�$QJOH�6LGH� FRUUHVSRQGHQFH LV D FRQJUXHQFH�
1RWH� ,W LV LPSRUWDQW WKDW WKH DQJOH LV LQFOXGHG� WKDW LV� LW LV DGMDFHQW WR WKH WZR FRQJUXHQW VLGHV�
�� 7KH $6$ 7ULDQJOH &RQJUXHQF\ 3RVWXODWH
3RVWXODWH� (YHU\ $6$ �$QJOH�6LGH�$QJOH� FRUUHVSRQGHQFH LV D FRQJUXHQFH�
1RWH� ,W LV LPSRUWDQW WKDW WKH VLGH LV LQFOXGHG� WKDW LV� LW LV DGMDFHQW WR WKH WZR FRQJUXHQW DQJOHV�

������ &RQJUXHQF\ YV� 6LPLODULW\

&RQJUXHQF\ LV� VLPSO\ SXW� ZKHQ WZR WKLQJV KDYH WKH VDPH VL]H DQG WKH VDPH VKDSH� 6LPLODULW\� KRZHYHU� KDV RQO\ SDUW RI WKDW GHILQL�
WLRQ� WZR WKLQJV DUH VLPLODU LI WKH\ KDYH WKH VDPH VKDSH� EXW QRW QHFHVVDULO\ WKH VDPH VL]H� $Q\ WZR FLUFOHV� IRU H[DPSOH� DUH VLPLODU�
EHFDXVH WKH\ KDYH WKH VDPH VKDSH� EXW RQH FLUFOH FDQ EH KXJH DQG DQRWKHU VPDOO� 7KH VDPH JRHV IRU DOO VTXDUHV DQG HTXLODWHUDO
WULDQJOHV�

������ 7ULDQJOH 6LPLODULW\

�������� 7ULDQJOH 6LPLODULW\ 7KHRUHPV

�� 7KH $$ 7ULDQJOH 6LPLODULW\ 7KHRUHP
7KHRUHP� (YHU\ $$ �$QJOH�$QJOH� FRUUHVSRQGHQFH LV D VLPLODULW\�
�� 7KH 666 7ULDQJOH 6LPLODULW\ 7KHRUHP
:HOFRPH WR WKH /HVVRQ RI 7ULODWHURPHWU\
7ULODWHURPHWU\ RU 7ULDQJOH *HRPHWU\ UHIHUV WR WKH DVSHFW RI SODQH JHRPHWU\ ZKLFK GHDOV ZLWK WULDQJOHV� ZKLFK DUH WKH WKH PRVW EDVLF
SRO\JRQ ZLWK RQO\ � �PLQLPXP SRVVLEOH� VLGHV� ,WV LPSRUWDQFH FDQ EH MXVWLILHG E\ WKH IDFW WKDW DOO SRO\JRQV FDQ FXW LQWR WULDQJOHV ZLWK
DOO LWV YHUWLFHV EHLQJ YHUWLFHV RI RULJLQDO SRO\JRQ�
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������ 7KHRUHPV

�������� $UHD RI D 7ULDQJOH

$OWKRXJK VLPSOH� WKLV IRUPXOD LV RQO\ XVHIXO LI WKH KHLJKW FDQ EH UHDGLO\ IRXQG� )RU H[DPSOH� WKH VXUYH\RU RI D WULDQJXODU ILHOGPHDVXUHV
WKH OHQJWK RI HDFK VLGH� DQG FDQ ILQG WKH DUHD IURP KLV UHVXOWV ZLWKRXW KDYLQJ WR FRQVWUXFW D sKHLJKWs ZLWK WKH +HURQsV )RUPXOD�
7KH VKDSH RI WKH WULDQJOH LV GHWHUPLQHG E\ WKH OHQJWKV RI WKH VLGHV DORQH� 7KHUHIRUH WKH DUHD 6 DOVR FDQ EH GHULYHG IURP WKH OHQJWKV RI
WKH VLGHV� %\ +HURQsV IRUPXOD�
ZKHUH V  � �D � E � F� LV WKH VHPLSHULPHWHU� RU KDOI RI WKH WULDQJOHsV SHULPHWHU�
7KUHH HTXLYDOHQW ZD\V RI ZULWLQJ +HURQsV IRUPXOD DUH
+HURQsV IRUPXOD LV D VSHFLDO FDVH RI %UDKPDJXSWDsV 7KHRUHP�

������ ,QWHUFHSW 7KHRUHP

7KH LQWHUFHSW WKHRUHP LV DQ LPSRUWDQW WKHRUHP LQ HOHPHQWDU\ JHRPHWU\ DERXW WKH UDWLRV RI YDULRXV OLQH VHJPHQWV� WKDW DUH FUHDWHG LI
� LQWHUVHFWLQJ OLQHV DUH LQWHUFHSWHG E\ D SDLU RI SDUDOOHOV� ,W LV HTXLYDOHQW WR WKH WKHRUHP DERXW UDWLRV LQ VLPLODU WULDQJOHV� 7UDGLWLRQDOO\
LW LV DWWULEXWHG WR *UHHN PDWKHPDWLFLDQ 7KDOHV� ZKLFK LV WKH UHDVRQ ZK\ LW LV QDPHG WKHRUHP RI 7KDOHV LQ VRPH ODQJXDJHV�
7KHRUHP DQG 3URRI�

������ 3\WKDJRUHDQ 7KHRUHP

3URRI ��
/HW $%& UHSUHVHQW D ULJKW WULDQJOH� ZLWK WKH ULJKW DQJOH ORFDWHG DW &� DV VKRZQ RQ WKH ILJXUH� :H GUDZ WKH DOWLWXGH IURP SRLQW &� DQG
FDOO + LWV LQWHUVHFWLRQ ZLWK WKH VLGH $%� 7KH QHZ WULDQJOH $&+ LV VLPLODU WR RXU WULDQJOH $%&� EHFDXVH WKH\ ERWK KDYH D ULJKW DQJOH �E\
GHILQLWLRQ RI WKH DOWLWXGH�� DQG WKH\ VKDUH WKH DQJOH DW $� PHDQLQJ WKDW WKH WKLUG DQJOH ZLOO EH WKH VDPH LQ ERWK WULDQJOHV DV ZHOO� %\ D
VLPLODU UHDVRQLQJ� WKH WULDQJOH &%+ LV DOVR VLPLODU WR $%&� 7KH VLPLODULWLHV OHDG WR WKH WZR UDWLRV���
$V
3URRI � �DV JLYHQ LQ %DXGKD\DQD 6XOED6XWUD��
7KH $�VLGH DQJOH DQG %�VLGH DQJOH RI HDFK RI WKHVH WULDQJOHV DUH FRPSOHPHQWDU\ DQJOHV� VR HDFK RI WKH DQJOHV RI WKH EOXH DUHD LQ WKH
PLGGOH LV D ULJKW DQJOH� PDNLQJ WKLV DUHD D VTXDUH ZLWK VLGH OHQJWK &� 7KH DUHD RI WKLV VTXDUH LV &�� 7KXV WKH DUHD RI HYHU\WKLQJ WRJHWKHU
LV JLYHQ E\�

������ $QJOH %LVHFWRU 7KHRUHP

&RQVLGHU D WULDQJOH $%&� /HW WKH DQJOH ELVHFWRU RI DQJOH $ LQWHUVHFW VLGH %& DW D SRLQW '� 7KH DQJOH ELVHFWRU WKHRUHP VWDWHV WKDW WKH
UDWLR RI WKH OHQJWK RI WKH OLQH VHJPHQW %' WR WKH OHQJWK RI VHJPHQW '& LV HTXDO WR WKH UDWLR RI WKH OHQJWK RI VLGH $% WR WKH OHQJWK RI
VLGH $&
7KH JHQHUDOL]HG DQJOH ELVHFWRU WKHRUHP VWDWHV WKDW LI ' OLHV RQ %&� WKHQ
7KLV UHGXFHV WR WKH SUHYLRXV YHUVLRQ LI $' LV WKH ELVHFWRU RI %$&�
3URRI RI JHQHUDOL]DWLRQ�
/HW %� EH WKH EDVH RI DOWLWXGH LQ WKH WULDQJOH $%' WKURXJK % DQG OHW &� EH WKH EDVH RI DOWLWXGH LQ WKH WULDQJOH $&' WKURXJK &� 7KHQ�
,W LV DOVR WUXH WKDW ERWK WKH DQJOHV '%�% DQG '&�& DUH ULJKW� ZKLOH WKH DQJOHV %�'% DQG &�'& DUH FRQJUXHQW LI ' OLHV RQ WKH VHJPHQW
%& DQG WKH\ DUH LGHQWLFDO RWKHUZLVH� VR WKH WULDQJOHV '%�% DQG '&�& DUH VLPLODU �$$$�� ZKLFK LPSOLHV WKDW

������ $SROORQLXVs 7KHRUHP

,W VWDWHV WKDW JLYHQ D WULDQJOH $%&� LI ' LV DQ\ SRLQW RQ %& VXFK WKDW LW GLYLGHV %& LQ WKH UDWLR Q�P �RU
6SHFLDO FDVHV RI WKH WKHRUHP�
,Q VLPSOHU ZRUGV� LQ DQ\ WULDQJOH

������ &HYDsV 7KHRUHP

������ ([DPSOHV

�

������ 5HVRXUFHV

�������� 7H[WERRNV

������ 3UDFWLFH 4XHVWLRQV

������ 5HODWHG :HE$SSV

������ $FWLYH SDUWLFLSDQWV

7KH KLVWRULHV RI :LNLYHUVLW\ SDJHV LQGLFDWH ZKR WKH DFWLYH SDUWLFLSDQWV DUH� ,I \RX DUH DQ DFWLYH SDUWLFLSDQW LQ WKLV GLYLVLRQ� \RX FDQ
OLVW \RXU QDPH KHUH �WKLV FDQ KHOS VPDOO GLYLVLRQV JURZ DQG WKH SDUWLFLSDQWV FRPPXQLFDWH EHWWHU� IRU ODUJH GLYLVLRQV D OLVW RI DFWLYH
SDUWLFLSDQWV LV QRW QHHGHG��
,I LW LV VXQQ\� WKHQ , FDQ SOD\ RXWVLGH� ,I WKHUH DUH FORXGV� WKHQ LW ZLOO UDLQ VRRQ� ,I \RX DGG VRGLXP WR ZDWHU� WKHQ \RX ZLOO FUHDWH DQ
H[SORVLRQ� ,I D VWDWHPHQW FRQWDLQV LI DQG WKHQ� WKHQ LW LV FDOOHG D FRQGLWLRQDO�
$ FRQGLWLRQDO LV VLPSO\ DQ LI�WKHQ VWDWHPHQW� ,I \RX DFFHSW WKH SDUW DIWHU WKH �LI�� DOVR FDOOHG WKH K\SRWKHVLV� WKHQ \RXPXVW DFFHSW WKH
VWDWHPHQW DIWHU WKH �WKHQ�� DOVR NQRZQ DV WKH FRQFOXVLRQ� 6R� DOO FRQGLWLRQDOV DUH LQ WKH IRUP
,I K\SRWKHVLV� WKHQ FRQFOXVLRQ
<RX PD\ UHFDOO XVLQJ WKHVH VWDWHPHQWV LQ VFLHQFH FODVV ZLWK WKH VFLHQWLILF PHWKRG� +RZHYHU� UHPHPEHU WKDW RQO\ WKH VWDWHPHQW DIWHU
WKH �LI� LV FDOOHG WKH K\SRWKHVLV� 7KH ZKROH VWDWHPHQW LV MXVW FDOOHG WKH FRQGLWLRQDO� 5HPHPEHU� LI \RX DFFHSW WKH K\SRWKHVLV RI D
FRQGLWLRQDO WR EH WUXH� WKHQ WKH FRQFOXVLRQ PXVW DOVR EH WUXH� 1RZ� WDNH D ORRN DW VRPH RI WKH ROG SRVWXODWHV� <RXsOO QRWLFH WKDW WKH\
FDQ EH UHZRUGHG LQWR FRQGLWLRQDOV� )RU H[DPSOH� WKH SRVWXODWH ZKLFK VD\V 7KURXJK DQ\ WZR SRLQWV WKHUH LV RQO\ RQH OLQH FDQ EH UHDG DV
,I WKHUH DUH WZR SRLQWV� WKHQ WKHUH LV D XQLTXH OLQH WKURXJK WKH SRLQWV� <HV� , NQRZ WKDW LV DNZDUG ZRUGLQJ� EXW LW VKRZV WKDW SRVWXODWHV
FDQ EH ZULWWHQ DV FRQGLWLRQDOV�
,I WKHUH DUH WKUHH FROLQHDU SRLQWV $� %� DQG &� DQG % LV EHWZHHQ $ DQG &� WKHQ $%�%& $&� ,I WKHUH DUH WKUHH SRLQWV� WKHQ WKHUH LV DW OHDVW
RQH SODQH WKURXJK DOO WKUHH SRLQWV� ,I WKHUH LV D OLQH� WKHQ WKHUH DUH DW OHDVW WZR SRLQWV RQ WKDW OLQH�
7KHUH DUH DOVR VRPH QHZ FRQGLWLRQDOV ZKLFK ZH ZLOO LQWURGXFH LQ �� �� ����

������ &RQGLWLRQDOV ZKLFK KDYH WUDYHOHG IURP DOJHEUD WR JHRPHWU\

7KH IROORZLQJ FRQGLWLRQDOV DUH DOZD\V WUXH� ,W ZLOO PDNH VHQVH LI� ZKLOH \RX UHDG WKHP� \RX VKRXW� �7KHVH DUH DQ LQVXOW WR P\ LQWHOOL�
JHQFH�� IRU LQ IDFW� WKDWsV ZKDW WKH\sOO VHHP OLNH�
7KH ILUVW RQH LV FDOOHG WKH UHIOH[LYH SURSHUW\�
,I D LV D QXPEHU� WKHQ D D�
7KH VHFRQG RQH LV FDOOHG WKH V\PPHWULF SURSHUW\�
,I D E� WKHQ E D�
7KH WKLUG RQH LV FDOOHG WKH WUDQVLWLYH SURSHUW\�
,I D E DQG E F� WKHQ D F�
1RZ� H[SODQDWLRQV RI WKH FRQGLWLRQDOV� 7KH ILUVW RQH VD\V DQ\ QXPEHU HTXDOV LWVHOI� 6WUDQJHO\ HQRXJK� WKLV LQFUHGLEO\ REYLRXV VWDWH�
PHQW ZLOO EH D FRPPRQ VLJKW ZKHQ \RX ZULWH SURRIV� 7KH VHFRQG RQH VD\V WKDW HTXDWLRQV FDQ EH UHYHUVHG� $.$ WKH VWDWHPHQW [ � LV
HTXLYDOHQW WR WKH VWDWHPHQW � [� 7KH WKLUG VWDWHPHQW VD\V WKDW LI WZR QXPEHUV DUH HTXDO WR WKH VDPH QXPEHU� WKHQ WKH\ DUH HTXDO�
$.$ LI [ � DQG \ �� WKHQ [ \�
7KH QH[W IRXU FRQGLWLRQDOV DUH YHU\ VLPLODU WR HDFK RWKHU�
7KH ILUVW RQH LV FDOOHG WKH DGGLWLRQ SURSHUW\ RI HTXDOLW\�
,I D E DQG F G� WKHQ D�F E�G�
7KH VHFRQG RQH LV FDOOHG WKH VXEWUDFWLRQ SURSHUW\ RI HTXDOLW\�
,I D E DQG F G� WKHQ D�F E�G�
7KH WKLUG RQH LV FDOOHG WKH PXOWLSOLFDWLRQ SURSHUW\ RI HTXDOLW\� �$UH \RX VHHLQJ WKH SDWWHUQ"�
,I D E DQG F G� WKHQ DF EG�
7KH IRXUWK RQH LV FDOOHG WKH GLYLVLRQ SURSHUW\ RI HTXDOLW\�
,I D E DQG F G DQG QHLWKHU F QRU G HTXDO �� WKHQ D�F E�G�
1RZ� DOO RI WKHVH SURSHUWLHV DUH YHU\ VLPLODU� DV \RX SUREDEO\ FDQ WHOO� IRU H[DPSOH� LI [ � DQG \ �� WKHQ
<RX PD\ QRWLFH WKDW WKH GLYLVLRQ SURSHUW\ RI HTXDOLW\ KDV DQ H[WUD SDUW LQ LWV K\SRWKHVLV WKDW LVQsW LQ DQ\ RWKHU SURSHUW\ RI HTXDOLW\�
�5HPHPEHU WKH QDPH K\SRWKHVLV" ,I K\SRWKHVLV� WKHQ FRQFOXVLRQ� ,I WKH K\SRWKHVLV LV DFFHSWHG DV WUXH� WKHQ WKH FRQFOXVLRQ PXVW EH
DFFHSWHG DV WUXH DV ZHOO�� 7KDW LV EHFDXVH GLYLVLRQ LV XQGHILQHG ZKHQ WKH GHQRPLQDWRU LV �� ��� GRHVQsW H[LVW� 1HLWKHU GRHV ���� �������
RU ���� 7KH H[WUD SDUW RI WKH K\SRWKHVLV LV WR SUHYHQW GLYLVLRQ E\ ��
7KH ILQDO FRQGLWLRQDO ZH ZLOO ORRN DW WRGD\ LV NQRZQ DV WKH VXEVLWXWLRQ SURSHUW\� DQG LW LV LQFUHGLEO\ XVHIXO LQ SURRIV�
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OXDWH[ OXQDWLF�
WKDW·V DOO IRONV�
KWWS���ZLNL�FRQWH[WJDUGHQ�QHW�8VHU�/XLJL�VFDUVR�OXDWH[BOXQDWLF

The lunatic is on the grass
The lunatic is on the grass

Remembering games and daisy chains and laughs
Got to keep the loonies on the path

-- Brain Damage,
The dark side of the Moon,

Pink Floyd 1970

Mr. luaTEX hosts a Python,
and become a bit lunatic

-- Anonymous




