1 Text Tests

Georgia: 0123456789, $20, €30, £60. Naive Asop’s Buvres in francais were
my first reading. Lorem ipsum dolor sit amet, consectetuer adipiscing elit. Ut
purus elit, vestibulum ut, placerat ac, adipiscing vitae, felis. Curabitur dictum
gravida mauris. Nam arcu libero, nonummy eget, consectetuer id, vulputate a,
magna. Donec vehicula augue eu neque. Pellentesque habitant morbi tristique
senectus et netus et malesuada fames ac turpis egestas. Mauris ut leo. Cras
viverra metus rhoncus sem. Nulla et lectus vestibulum urna fringilla ultrices.
Phasellus eu tellus sit amet tortor gravida placerat. Integer sapien est, iaculis
in, pretium quis, viverra ac, nunc. Praesent eget sem vel leo ultrices bibendum.
Aenean faucibus. Morbi dolor nulla, malesuada eu, pulvinar at, mollis ac, nulla.
Curabitur auctor semper nulla. Donec varius orci eget risus. Duis nibh mi,
congue eu, accumsan eleifend, sagittis quis, diam. Duis eget orci sit amet orci
dignissim rutrum.

Georgia Italic: 0123456789, $20, €30, £60. Naive Zsop’s Euvres in
francais were my first reading. Nam dui ligula, fringilla a, euismod sodales,
sollicitudin vel, wisi. Morbi auctor lorem non justo. Nam lacus libero, pretium
at, lobortis vitae, ultricies et, tellus. Donec aliquet, tortor sed accumsan biben-
dum, erat ligula aliquet magna, vitae ornare odio metus a mi. Morbi ac orci
et nisl hendrerit mollis. Suspendisse ut massa. Cras nec ante. Pellentesque a
nulla. Cum sociis natoque penatibus et magnis dis parturient montes, nasce-
tur ridiculus mus. Aliquam tincidunt urna. Nulla ullamcorper vestibulum
turpis. Pellentesque cursus luctus mauris.

Georgia Bold: 0123456789, $20, €30, £60. Naive Asop’s (Eu-
vres in francais were my first reading. Nulla malesuada porttitor
diam. Donec felis erat, congue non, volutpat at, tincidunt tristique,
libero. Vivamus viverra fermentum felis. Donec nonummy pellen-
tesque ante. Phasellus adipiscing semper elit. Proin fermentum
massa ac quam. Sed diam turpis, molestie vitae, placerat a, mo-
lestie nec, leo. Maecenas lacinia. Nam ipsum ligula, eleifend at, ac-
cumsan nec, suscipit a, ipsum. Morbi blandit ligula feugiat magna.
Nunc eleifend consequat lorem. Sed lacinia nulla vitae enim. Pel-
lentesque tincidunt purus vel magna. Integer non enim. Praesent
euismod nunc eu purus. Donec bibendum quam in tellus. Nullam
cursus pulvinar lectus. Donec et mi. Nam vulputate metus eu enim.
Vestibulum pellentesque felis eu massa.

Georgia Bold Italic: 0123456789, $20, €30, £60. Naive Asop’s
(Euvres in francais were my first reading. Quisque ullamcorper
placerat ipsum. Cras nibh. Morbi vel justo vitae lacus tincidunt
ultrices. Lorem ipsum dolor sit amet, consectetuer adipiscing elit.
In hac habitasse platea dictumst. Integer tempus convallis augue.
Etiam facilisis. Nunc elementum fermentum wisi. Aenean plac-
erat. Ut imperdiet, enim sed gravida sollicitudin, felis odio plac-
erat quam, ac pulvinar elit purus eget enim. Nunc vitae tortor.
Proin tempus nibh sit amet nisl. Vivamus quis tortor vitae risus



porta vehicula.

Franklin Gothic Book: 0123456789, $20, €30, £60. Naive &£sop’s CEuvres
in frangais were my first reading. Fusce mauris. Vestibulum luctus nibh at lectus.
Sed bibendum, nulla a faucibus semper, leo velit ultricies tellus, ac venenatis arcu
wisi vel nisl. Vestibulum diam. Aliguam pellentesque, augue quis sagittis posuere,
turpis lacus congue quam, in hendrerit risus eros eget felis. Maecenas eget erat
in sapien mattis porttitor. Vestibulum porttitor. Nulla facilisi. Sed a turpis eu lacus
commodo facilisis. Morbi fringilla, wisi in dignissim interdum, justo lectus sagittis
dui, et vehicula libero dui cursus dui. Mauris tempor ligula sed lacus. Duis cursus
enim ut augue. Cras ac magna. Cras nulla. Nulla egestas. Curabitur a leo. Quisque
egestas wisi eget nunc. Nam feugiat lacus vel est. Curabitur consectetuer.

Franklin Gothic Book Italic: 0123456789, $20, €30, £60. Naive /£sop’s CEu-
vres in francais were my first reading. Suspendisse vel felis. Ut lorem lorem, in-
terdum eu, tincidunt sit amet, laoreet vitae, arcu. Aenean faucibus pede eu ante.
Praesent enim elit, rutrum at, molestie non, nonummy vel, nisl. Ut lectus eros,
malesuada sit amet, fermentum eu, sodales cursus, magna. Donec eu purus.
Quisque vehicula, urna sed ultricies auctor, pede lorem egestas dui, et convallis
elit erat sed nulla. Donec luctus. Curabitur et nunc. Aliquam dolor odio, commodo
pretium, ultricies non, pharetra in, velit. Integer arcu est, nonummy in, fermentum
faucibus, egestas vel, odio.

Franklin Gothic Medium: 0123456789, $20, €30, £60. Naive £sop’s (Euvres
in francais were my first reading. Sed commodo posuere pede. Mauris ut est. Ut
quis purus. Sed ac odio. Sed vehicula hendrerit sem. Duis non odio. Morbi ut dui.
Sed accumsan risus eget odio. In hac habitasse platea dictumst. Pellentesque
non elit. Fusce sed justo eu urna porta tincidunt. Mauris felis odio, sollicitudin sed,
volutpat a, ornare ac, erat. Morbi quis dolor. Donec pellentesque, erat ac sagittis
semper, nunc dui lobortis purus, quis congue purus metus ultricies tellus. Proin
et quam. Class aptent taciti sociosqu ad litora torquent per conubia nostra, per
inceptos hymenaeos. Praesent sapien turpis, fermentum vel, eleifend faucibus,
vehicula eu, lacus.

Franklin Gothic Medum Italic: 0123456789, $20, €30, £60. Naive A£sop’s
GEuvres in francais were my first reading. Pellentesque habitant morbi tristique
senectus et netus et malesuada fames ac turpis egestas. Donec odio elit, dic-
tum in, hendrerit sit amet, egestas sed, leo. Praesent feugiat sapien aliquet odio.
Integer vitae justo. Aliquam vestibulum fringilla lorem. Sed neque lectus, con-
sectetuer at, consectetuer sed, eleifend ac, lectus. Nulla facilisi. Pellentesque
eget lectus. Proin eu metus. Sed porttitor. In hac habitasse platea dictumst. Sus-
pendisse eu lectus. Ut mi mi, lacinia sit amet, placerat et, mollis vitae, dui. Sed
ante tellus, tristique ut, iaculis eu, malesuada ac, dui. Mauris nibh leo, facilisis
non, adipiscing quis, ultrices a, dui.

Franklin Gothic Medium Condensed: 0123456789, $20, €30, £60. Naive £sop’s (Euvres
in francais were my first reading. Morbi luctus, wisi viverra faucibus pretium, nibh est plac-
erat odio, nec commodo wisi enim eget quam. Quisque libero justo, consectetuer a, feugiat
vitae, porttitor eu, libero. Suspendisse sed mauris vitae elit sollicitudin malesuada. Maece-
nas ultricies eros sit amet ante. Ut venenatis velit. Maecenas sed mi eget dui varius euismod.
Phasellus aliquet volutpat odio. Vestibulum ante ipsum primis in faucibus orci luctus et ultrices



posuere cubilia Curae; Pellentesque sit amet pede ac sem eleifend consectetuer. Nullam ele-
mentum, urna vel imperdiet sodales, elit ipsum pharetra ligula, ac pretium ante justo a nulla.
Curabitur tristique arcu eu metus. Vestibulum lectus. Proin mauris. Proin eu nunc eu urna hen-
drerit faucibus. Aliquam auctor, pede consequat laoreet varius, eros tellus scelerisque quam,
pellentesque hendrerit ipsum dolor sed augue. Nulla nec lacus.

Franklin Gothic Demibold: 0123456789, $20, €30, £60. Naive £sop’s Eu-
vres in francais were my first reading. Suspendisse vitae elit. Aliquam arcu
neque, ornare in, ullamcorper quis, commodo eu, libero. Fusce sagittis erat at
erat tristique mollis. Maecenas sapien libero, molestie et, lobortis in, sodales
eget, dui. Morbi ultrices rutrum lorem. Nam elementum ullamcorper leo. Morbi
dui. Aliquam sagittis. Nunc placerat. Pellentesque tristique sodales est. Mae-
cenas imperdiet lacinia velit. Cras non urna. Morbi eros pede, suscipit ac, varius
vel, egestas non, eros. Praesent malesuada, diam id pretium elementum, eros
sem dictum tortor, vel consectetuer odio sem sed wisi.

Franklin Gothic Demibold Italic: 0123456789, $20, €30, £60. Naive £sop’s
CEuvres in francais were my first reading. Sed feugiat. Cum sociis natoque pe-
natibus et magnis dis parturient montes, nascetur ridiculus mus. Ut pellen-
tesque augue sed urna. Vestibulum diam eros, fringilla et, consectetuer eu,
nonummy id, sapien. Nullam at lectus. In sagittis ultrices mauris. Curabitur
malesuada erat sit amet massa. Fusce blandit. Aliquam erat volutpat. Aliquam
euismod. Aenean vel lectus. Nunc imperdiet justo nec dolor.

Franklin Gothic Demibold Condensed: 0123456789, $20, €30, £60. Naive £sop’s (Eu-
vres in frangais were my first reading. Etiam euismod. Fusce facilisis lacinia dui. Sus-
pendisse potenti. In mi erat, cursus id, nonummy sed, ullamcorper eget, sapien. Prae-
sent pretium, magna in eleifend egestas, pede pede pretium lorem, quis consectetuer tortor
sapien facilisis magna. Mauris quis magna varius nulla scelerisque imperdiet. Aliqguam non
quam. Aliquam porttitor quam a lacus. Praesent vel arcu ut tortor cursus volutpat. In vi-
tae pede quis diam bibendum placerat. Fusce elementum convallis neque. Sed dolor orci,
scelerisque ac, dapibus nec, ultricies ut, mi. Duis nec dui quis leo sagittis commodo.

Franklin Gothic Heavy: 0123456789, $20, €30, £60. Naive Z£sop’s (Eu-
vres in francais were my first reading. Aliquam lectus. Vivamus leo. Quisque
ornare tellus ullamcorper nulla. Mauris porttitor pharetra tortor. Sed fringilla
justo sed mauris. Mauris tellus. Sed non leo. Nullam elementum, magna
in cursus sodales, augue est scelerisque sapien, venenatis congue nulla
arcu et pede. Ut suscipit enim vel sapien. Donec congue. Maecenas urna
mi, suscipit in, placerat ut, vestibulum ut, massa. Fusce ultrices nulla et
nisl.

Franklin Gothic Heavy Italic: 0123456789, $20, €30, £60. Naive /£sop’s
CEuvres in francais were my first reading. Etiam ac leo a risus tristique
nonummy. Donec dignissim tincidunt nulla. Vestibulum rhoncus molestie
odio. Sed lobortis, justo et pretium lobortis, mauris turpis condimentum
augue, nec ultricies nibh arcu pretium enim. Nunc purus neque, placerat
id, imperdiet sed, pellentesque nec, nisl. Vestibulum imperdiet neque non
sem accumsan laoreet. In hac habitasse platea dictumst. Etiam condimen-
tum facilisis libero. Suspendisse in elit quis nisl aliquam dapibus. Pellen-
tesque auctor sapien. Sed egestas sapien nec lectus. Pellentesque vel dui



vel neque bibendum viverra. Aliquam porttitor nisl nec pede. Proin mattis
libero vel turpis. Donec rutrum mauris et libero. Proin euismod porta felis.
Nam lobortis, metus quis elementum commodo, nunc lectus elementum
mauris, eget vulputate ligula tellus eu neque. Vivamus eu dolor.

2 Math Tests

Math test are taken from[1]. Note that we do not have \ jmath, so we took one
from CM.

2.1 Math Alphabets

Math Italic (\mathnormal)

0,1,23,4,56,7,8,9,
ABCD,EF,G,H,1,J,K,LLM,N,O,P,Q,R,S, T, U,V,W,X,Y,Z,
ab,c,def,g,h1,j,k,Lmno,p,q,r,s,t,uv,w,xy,z1,7,
ABIT AEZH,O,I,K,AAM,N,5,0,I,P,X,T,Y,?,X,¥V,Q,V,
a,B,y,6,6,¢,1n,0,,k,A,1,v,& 0,71,p,0,T,0,0,X, P, 0,8 9,7, 0,8, ©,
Math Roman (\mathrm)
0,1,23,4,56,7,8,9,
AB,C,D,E,F,GHLLJ,K,L,M,N,O,P,Q,R,S, T,U,V,W, XY, Z,
a,b,c,d, e f,g,h,i,jk 1, mn,o,p,qrstuv,wxy,z17
ABTI,AEZHO,IL,K,AM,N,EO,ILP,XTY,®,X,¥,Q,V,
a,B,v,6,6,¢,1n,0,,,A,4,v,&, 0,7, p,0,T,0, P, X, P, W, &, T, 0,G, ©,

Math Bold (\mathbf)

0,1,2,3,4,5,6,7,8,9,
A,B,C,D,E,F,G,H,LJ,K,L,LM,N,0,P,Q,R,S,T,U,V,W,X,Y, Z,
a,b,c,d,e f,g hijklmnonp,q,rs,tuv,wxyzzij,
A,B,ILAE,ZH,O0,LK,AM,N,Z,0,M,P,ZT,Y,0,X,W,QV,

Math Sans Serif (\mathsf)

0,1,2,3,4,56,7,8,9,
AB,C,D,E,F,G,H,I,J,K,L,M,N,0,P,Q,R,S, T,U,V,W, X,Y, Z,
a,b,c,d,e,f,g h,i,j,k I,mn,0,p,q,r,s,tU,V,W,XY,271,7,
ABT,AEZHO,LK,AMN,ZO0MP,LTY,o X, W QV,



2.2 Character Sidebearings

|A[ + |B| + [C| + [D| + |[E| + |F| + |G| + [H| + [I| + |J| + |K| + [L| + [M]+
INT+ [0+ [P| +|Q| + [R] + |S| + [T| + |U| + [V| + [W] + | X] + |Y]| + |Z]+
laf +[b] + [c| + |d| + [e| + If| + g + A +|i] + [j| + [k| + 1] + |[m|+

[n| + o] + |p| + gl + [r] + |s| + [t| + [u] + [v] + [w] + [x]| + |y[ + |z] + 2| + [5]+
|Al + |B| + [T + [A] + [E| + |Z] + |H| + [O] + [I] + |[K| + |A] + [M]|+

IN|+ [E] +[O] + [TI] + [P| + [Z[ + |T| + [Y] + [®] + [X] + [P] + |Q[ + [V ]+
lal + Bl + [yl + 18] + |e| + 1] + [l + |01 + [d + || + [A] + ||+

VI +1El + ol + 7| + |p| + |o| + [7] + [v] + [ + [x| + @] + |@|+

lel + 9] + [x] + ol + g + [+

|A[ +[B] +[C| + |D| + [E[ + [F| + |G| + [H| + [I| + |J] + [K]| + |L| + [M]+

IN| +|O] + [P| + |Q[ + [R| + [S[ + [T| + [U] + [V[ + [W[ + [X] + |Y] + |Z]+

|a| + [b] + |c[ +|d| + [e[ + [f| + [g] + [h] + [i] + [j[ + [K[ + [1] + |m]+

In| + o] +|p| + lqf + [r] + [s| + [t + [u| + [v| + |w| + |x| + |y| + |z + [2] + |5]+
|A[ + [B] + [T + [A] + |E] + |Z] + [H| + [©] + [I] + K| + [A] + |M|+

IN|+|E[ + [O] + [IT] + [P| + [Z] + [T| + [Y] + [®] + [X] + [¥] + |Q + [V[+

|Al +|B| +|C| + |D| + [E| + [F| + |G| + [H[ + |T| + [J] + |K[ + |L| + [M[+
INI+ O] + [P[ +|Q| + [R[ + [S| + [T + [U[ + [V[ + [W]| + |X] + [Y] + |Z]+



2.3 Superscript positioning

A2+ B2+ C?°+D?’+E?+F?+G?+H?> + I’ +J? + K> + L? + M+
N2+0?+P2+Q®?+R>+8%+T?+U?+ V2 + W2+ X%+ Y2 + Z°+
A+ ++ 2+l P+ g+ R+ P+ P+ P+ P rmP+

NP+ +p? + @+ +2+ 2+ 12 + v +w + X2+ Yy + 22 + 2 + P
A2+ B2+ T2+ A2+ E2+Z? + H> + ©? + I? + K2 + A? + M+
N2+B240%+T12+P?+ 32+ T2+ Y2+ D% + X2 + W2 + Q% + V24
PP+ P+ + PP+ 07+ 2+ + 2%+ P+

V248 + 0%+ +p? + 02+ T2+ VP + % + X2 + P + w2+
E+02+ 7%+ 0%+ % + o2+

A2 +B2+C?+D?+E?+F?+G? + H> + I + J + K® + L? + M2+
N2+0%2+P?+Q%?+R?+S2+T2+ U2+ V2 + W2 + X% +Y? + Z2%+
a2 +b?+c?+d?+e?+ P +g2 +h? +i2+P + K2+ 1P + m?+

N2 +02+p°+ P+ + 82+ 2+ P + VWP X2+ Y 4+ 22 + 17 + o+
A2+ B2+T2+ A2+ E2+Z°+H2+ 0% + 12 + K% + A + M%+
N2+B24+02+TP2+P2+ 22+ T2+ Y2+ D2 + X2 + W2 + Q2 + V24

A2+ B2 +CP+D?+E2+FP+ G2+ H> + P+ 2+ K + L2 + M+
N2+0%2+P?+Q?+R%2+S2+T2+ U2+ V2 + W2 + X%+ Y? + 72+



2.4 Subscript positioning

Ai+B;i+Ci+D;+Ei+Fi+Gi+Hi+ I; + J; + K; + L + M;+
Ni+O;+Pi+Qi+Ri+Si+Ti+ Ui + Vi + W; + X; + Y + Zi+
al-+bl-+cl-+dl-+el~+fi+gl-+hl~+ii+ji+kl-+li+mi+
n+o;+pi+qi+trit+Si+ti+u+vi+w;i+x+yY+z; +1;+ 5+
Ai+Bi+ 1+ A+ Ei+Z; + Hi + O; + I; + K + A + M+
Ni+5+0;i+IL+ P+ 2+ T+ Y+ Qi+ X; + Wi + Q2 + Vi+
ai+Pi+yi+0i+ei+G+ni+0i+u+u+ A+ i+
Vl'+§i+Oi+.7Ti+pl'+0i+’l'i+vl'+(pi+xi+lpl‘+wi+

&+ Ui + M+ 0i +Gi + pit

Ai+Bi+Ci+Di+E+Fi+ G+ Hiy + L + J; + Ky + L + M+
Ni+O;+P;+Qi+Ri+S;+Ti +U; + Vi + W; + X; + Y; + Zi+
aj+b;+e+di+e+f+g +hi+1; +j; + ki + 1; + m+
ni+0i+pi+qi+ri+si+ti+ui+Vi+Wi+Xi+Yi+Zi+li+]i+
Ai+Bi+T1i+ A+ Ei+Zi + Hi + 0, + I + Ky + Ay + M+
Ni+&E+O0;+IL;+P;+ 5+ Ti + Y +0; + X; + W + Q; + Vi+

Ai+Bi+Ci+Di+Ei+Fi+Gi+Hi+Ii+Ji+Ki+Li+Mi+
Ni+O;+P;+Qi+R;+S;+T; +U; + Vi + W; + X + Y; + Zi+



2.5 Accent positioning

A+B+C+D+E+F+G+H+T+J+K+L+M+
N+O+P+Q+R+8+T+U+V+W+X+YV+2+
a+B+é+A+é+A+Q+ﬁ+§+Q+ﬁ+?+m+
A+0+P+q+P+8+T+N+D+WH+R+Y+2+1+ )+
A+B+T+A+E+Z+H+O+T+K+A+M+
V+E+O0+T+P+S+T+V+0+X+P+Q+V+
&+ﬁ+?+8+€+2+ﬁ+é+i+k+ﬁ+ﬁ+
0+é+6+ﬁ+ﬁ+6+%+0+¢+2+¢+®+
B+O+A+D+C+0+
A+B+C+D+E+F+G+H+1+J+K+L+M+
N+O0+P+Q+R+S+T+0+V+W+X+V+2Z+
é+B+A+A+é+%+g+A+§+j+ﬁ+i+m+
A+0+P+q+T+8+t+A+V+WH+R+9+2+1+ 75+
A+B+T+A+E+Z+H+0+1+K+A+ M+
R+B+0+M+P+8+T+T+d+KaWeson
A+B+C+D+E+F+G+HA+1+J+K+L+M+
N+O0+P+Q+R+S+T+0+V+W+X+¥+2Z+



2.6 Differentials

dA+dB+dC+dD+dE +dF +dG+dH +dI +dJ + dK + dL + dM+
dN +dO+dP+dQ+dR+dS+dT +dU +dV +dW +dX +dY + dZ+
da+db+dc+dd+de+df +dg+dh+di+dj+dk+dl+dm+
dn+do+dp+dg+dr+ds+dt+du+dv+dw+dx+dy+dz+di+dj+
dA+dB+dl'+dA+dE+dZ +dH +dO +dI + dK + dA + dM+

dN +dE+dO+dll+dP +dZ+dT +dY + d® + dX + d¥ + dQ + dV+
da+df+dy+dbé+de+dl+dn+dO+di+dk+d\+du+
dv+d&+do+drn+dp+do+dt+dv+de+dy+dy+do+

de +dVY +dr + do + dg + dp+
dA+dB+dl'+dA+dE+dZ+dH +d® + dl + dK + dA + dM+
dN+dE+dO+dIl+dP+dZ+dT +dY +d® + dX + d¥ + dQ + dV+

dA+dB+dC+dD+dE+dF +dG+dH +dI + dJ + dK + dL + dM+
dN+dO+dP+dQ+dR+dS+dT +dU +dV +dW +dX + dY + dZ+
da+db+dc+dd+de+df +dg + dh+di +dj + dk + dl + dm+
dn+do+dp+dg+dr+ds+dt+du+dv+dw+dx+dy +dz + di + dy+
dA+dB+dl'+dA+dE+dZ +dH +dO® +dI + dK + dA + dM +

dN +dE+dO+dll+dP +dX+dT +dY +d® + dX + d¥ + dQ + dV+
da+df+dy+dé+de+dd+dn+dO+di+dx+dA+du+
dv+dé+do+dr+dp+do+dr+dv+de+dy+dy +do+

de +dv + dw + do + dg + dp+
dA+dB+dl'+dA+dE+dZ+dH +d® + dl + dK + dA + dM+
dN+dE+dO+dIl+dP+dE+dT +dY +d® + dX + d¥W + dQ + dV+

0A+ 0B+ 090C+ 0D+ 0E + 0F + 0G+ 0H + 0l + 0J + 0K + OL + oM+
ON +00+0P+0Q+0R+0S+0T +0U +0V +0W + 90X +9Y + 0Z+
da + 0b + dc + 0d + de + of + g + Oh + 91 + 9j + Ok + Ol + om+
on+0o0+0p+0q+0r+0os+0t+ou+ov+ow+0x+0y+0z+ 01+ dj+
0A+ 0B+ 0l' + 0A+ O0E + 0Z + OH + 00 + 0l + 0K + OA + OM+

ON +0E + 00 + OIl + OP + 90X + OT + 0Y + 0P + 0X + OW + 0Q + OV+
da+ 0f + 0y + 06 + dec + 9 + On + 90 + 01 + Ok + OA + Ou+

Ov+0E+ 00+ 0+ 0p+ 00+ 0T + 0V + 0@ + Iy + oY + D+

O0g + 0V + O + Jp + O¢ + D+

0A+ 0B+ 0T+ 0A + 0E + 0Z + O0H + 90 + 01 + 0K + 0A + OM+

ON +0E + 00 + 0Il + OP + 90X + T + 9Y + 0D + 0X + oW + 0Q2 + OV +



2.7 Slash kerning

1/A+1/B+1/C+1/D+1/E+1/F+1/G+1/H+1/I+1/J+1/K+1/L+ 1/M+
1/N+1/0+1/P+1/Q+1/R+1/S+1/T+1/U+1/V+1/W+1/X+1/Y+1/Z+
1/a+1/b+1/c+1/d+1/e+1/f+1/g+1/h+1/i+1/j+1/k+ 1/1+ 1/m+
I/n+1/o+1/p+1/q+1/r+1/s+1/t+1L/u+1L/v+L/w+1/x+1/y+1/z+1/1+ 1/)+
1/A+1/B+1/T+1/A+1/E+1/Z+1/H+1/0+1/I+1/K+1/A+ 1/ M+
1I/N+1/E+1/0+1/lT+1/P+1/2+1/T+1/Y+1/O+1/X+1/P+1/Q+1/V+
Va+1/p+1/y+1/6+1/e+1/{+1/n+1/0+1/1+1/x+1/A+ 1/u+
1/v+1/E+1/o+1/n+1/p+1/o+L/t+L/v+ L/ +1/x+1/p+ 1/w+
1/e+1/9+1/m+1/o+1/c+1/p+

A/2+B/2+C/2+D/2+E/2+F/2+G/2+H/2+1/2+J/2+K/2+L/2+M/2+
N/2+0/2+P/2+Q/2+R/2+S/2+T/2+U/2+V/2+W/2+X/2+Y/2+Z/2+
a/2+b/2+c/2+d/2+e/2+f/2+¢g/2+h/2+1/2+j/2+k/2+1/2+m/2+
n/2+0/2+p/2+q/2+r/2+s/2+t/2+u/2+v/2+wW/2+x/2+Yy/2+2/2+1/2+3/2+
A/2+B/2+T/2+A/2+E/2+Z/2+H/2+0/2+1/2+K/2+A/2+M/2+
N/2+E/2+0/2+11/2+P/2+%/2+T/2+Y/2+D/2+X/2+W/2+Q/2+V/2+
a/2+B/2+y/2+6/2+¢/2+(/2+1n/2+60/2+1/2+Kk/2+A/2+u/2+
V/2+&/2+0/2+m/2+p/2+0/2+T/2+V/2+@/2+x/2+W/2+w/2+

e/2+9/2+ /2 + 0/2+¢/2+ ¢/2+
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2.8 Big operators

n n n n n
E x" H X" H x" / x" % x"
i=1 i=1 i=1 =1 =

n n n n n n n n n
Q> D Ox At Vo e Ut N [
i=1 i=1 =1 =1 =1 i=1 =1 i=1 =1

2.9 Radicals

g e e (550 (5R)

\l VX +Y

2.10 Over- and underbraces

2 2 2 2 2 2
X xX+y x° +y X; +y] X xX+y Xi+yj xl-+y]-
~

2.11 Normal and wide accents

2.12 Long arrows
e o e T ey R & e = —
2.13 Left and right delimters
() = -Uf1==\f) = =[] = =) - ~{f3-

- --U]--lf1--f1--) --{}-
Y (==1f[-=/f/ ==\ \==/f\-=\f/-
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2.14 Big-g-g delimters

[ e

2.15 Miscellanneous formulae

Taken from [2]

hv=E

Let A = (a;) be the adjacency matrix of graph G. The corresponding Kirchhoff
matrix K = (k;) is obtained from A by replacing in —A each diagonal entry by
the degree of its corresponding vertex; i.e., the ith diagonal entry is identified
with the degree of the ith vertex. It is well known that

det K(i|1) = the number of spanning trees of G, i=1,...,n (1)

where K(i|?) is the ith principal submatrix of K.
Let Cj;) be the set of graphs obtained from G by attaching edge (v;v;) to each
spanning tree of G. Denote by C; = |J; Cij. It is obvious that the collec-
tion of Hamiltonian cycles is a subset of C;. Note that the cardinality of C; is
ki; det K(i]7). Let X = {&4,...,%,}. Define multiplication for the elements of X
by

)’EiJACj = )?fj)%i, Al~2 =0, i,j =1,...,n (2)

12



Let kj = ky%; and ky = — > i k;j. Then the number of Hamiltonian cycles H. is
given by the relation

(chj)Hc - %kl detR(il), i=1,...,n. 3)
=1

The task here is to express (3) in a form free of any X;, 7 = 1,...,n. The result
also leads to the resolution of enumeration of Hamiltonian paths in a graph.

It is well known that the enumeration of Hamiltonian cycles and paths in a
complete graph K, and in a complete bipartite graph K, ,, can only be found
from first combinatorial principles. One wonders if there exists a formula
which can be used very efficiently to produce K, and K,,,,,. Recently, using La-
grangian methods, Goulden and Jackson have shown that H, can be expressed
in terms of the determinant and permanent of the adjacency matrix. However,
the formula of Goulden and Jackson determines neither K, nor K,,,, effec-
tively. In this paper, using an algebraic method, we parametrize the adjacency
matrix. The resulting formula also involves the determinant and permanent,
but it can easily be applied to K, and K, ,. In addition, we eliminate the per-
manent from H, and show that H, can be represented by a determinantal func-
tion of multivariables, each variable with domain {0, 1}. Furthermore, we show
that H, can be written by number of spanning trees of subgraphs. Finally, we
apply the formulas to a complete multigraph K, ., -

The conditions a; = aj;, i,j = 1,...,n, are not required in this paper. All for-
mulas can be extended to a digraph simply by multiplying H, by 2.

The boundedness, property of @y, then yields

/|5u|2e""z|2 > cea/ |u|? el +c76‘2/ |u|? el
D D A

Let B(X) be the set of blocks of Ax and let b(X) = |B(X)|. If ¢ € Qx then ¢ is
constant on the blocks of Ax.

Px =ip € M | Ap = Ax}, Qx ={p € M | Ay = Ax}. 4)

If A, = Ax then A, = Ay for some Y > X so that

Qx = UPY~

Y=X

Thus by Md6bius inversion

1Py = u(Y,X)|Qx|.

X=zY

Thus there is a bijection from Qx to WBX), In particular |Qx| = wb®.
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