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A P P E N D I X : C O X E T E R G R O U P S A N D 

U N I P O T E N T R E P R E S E N T A T I O N S 

G E O R G E LUSZTIG 

M. I. T. 

1. INTRODUCTION 

1.1. Let (W,S) be a finite Coxeter group. We shall regard W as a group 
generated by reflections in a real liSl-dimensional vector space E defined as in 
[2, Ch.4, 4.3]; we shall write det(g—w) G for the characteristic polynomial 
of w G W on E (q is an indeterminate). 

Our objective is to attach to W a finite set U(W) together with a function 
Deg which associâtes to each p G U(W) a polynomial Deg(/>) G R[ç] which, in 
the case where W is a Weyl group, should be the set of unipotent représenta­
tions over C of a corresponding Chevalley group over a finite field, together 
with the dimension of such représentations, regarded as a polynomial in the 
cardinal of the finite field. 

The fact that our objective is reasonable, is suggested by the following 
considérations : 

(a) in the case where (W, 5 ) is a Weyl group, U(W) and Deg are provided 
by the results of [12]; 

(b) the classification and dimensions of unipotent représentations of Cheval­
ley groups of type Bn and Cn given in [12] is the same, so that it dépends 
only on the underlying Coxeter group and not on the root datum; thus, one 
may hope that this makes sensé even when there is no root System and no 
Chevalley group around, that is, in the non-crystallographic case; 

(c) a crucial ingrédient in the description of U(W) for Weyl groups is its 
partition into families; thèse are indexed by the two-sided cells of W and the 
complexity of a family is related to the pattern of intersections of left cells 
and right cells inside a fixed two-sided cell; now cells are well defined even in 
the non-crystallographic case (see [7]). 

We will give a description of U(W) and Deg in the gênerai case, based on 
heuristic arguments: namely, we will postulate various properties for them 
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that are known in the crystallographic case and make sensé in the gênerai 
case. 

It should be noted that the "results" below (which were obtained in 1980-
1982, except for those in 4.2) are not theorems in the accepted sensé; rather, 
they are an indication of a not yet discovered theory. A rigorous treatment of 
thèse matters and an explanation of their meaning remain to be found. 

It would be interesting to understand the non-abelian Fourier transform 
(see [10]) for families in the non-crystallographic case. 

I would like to thank M. Broué and G. Malle for their help in preparing 
this appendix. 

1.2. We set 9 = e 2 ^ 1 - / 3 ^ = e 2 ^ 1 " / 5 . Let A = -(C 2 + C~2) = (l + VE)/2 
(the golden ratio) and let V = -(C + C"1) = (1 - >/5)/2. Let G Z[q] be 
the d-ih cyclotomic polynomial; thus, (3>i, $ 2 , $3? • • • ) = (? — 1?Q + 1?Q2 + 
q + 1,... ). For d G {5,10,15, 20,30} we write $ d = where 

$5 = Q2 + 1 ,$5 = Q2 + X'Q+ 1 
*io = Q2 - Ag + 1 ,^0 = q2-\'q+l 

*is = Q4 - V + V " M + 1 ,*i5 = Q4 - AV + Vg2 - \'q + 1 

$20 = Q4 - M2 + 1, $20 = Q4 ~ A V + 1 
$30 = Q4 + V + Ag2 + Xq + 1, *£ 0 = ç 4 + A'ç3 + \'q2 + \'q + l. 

1.3. We set P(W) = J2wew G W ^ Z[g] where /(w) is the length of w. 
Let S' be a subset of S. Let (S7) be the subgroup of W generated by S'. 

Then ((.S7), 5') is a Coxeter group. Let n(Sf) be the number of reflections in 
(S'). Let W(S') be the Coxeter group on the generators S — S' such that for 
s 7̂  tin S - S", the order of s* in W(S') is 

2(n(S' U {s, <}) - n(S'))/(n(S' U {5}) + n(S' U {*}) - 2n(5')). 
Let / : S —S' —• { 1 , 2 , . . . } be a fonction such that /(s) = f(t) whenever s ̂  t 
in 5 - S" are such that s* has odd order in W(S') and let / ) be the 
Iwahori-Hecke algebra over C(v/g) attached to the Coxeter group W(S') and 
to /; thus, the quadratic relation satisfied by the générât or Ts is (Ts + 1)(TS — 
qK*>) = 0. If x is a simple H(W(Sf); /)-module, we dénote by D(x) G C(q) 
the formai degree of x- We extend / to a function W(S') —• {0,1, 2 , . . . } by 

f(s1s2 "'Sp) = f(si)f(s2) • • • f(sp) 

where si, 52, • • • , sp is any séquence in 5 — S such that $1̂ 2 ... sp is a reduced 
expression in W(5 ;). 

We set P(W(5'); / ) = E ^ s ' ) 9 / ( , d ) 6 Zfe]. Taking S' = 0 and / = 1, 
this specializes to P(W) G Z[ç]. Replacing W by (5'), we obtain P((S')) G 
Z[q]. 
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COXETER GROUPS AND UNIPOTENT REPRESENTATIONS 

2. P O S T U L Â T E S 

In this section we postulate a number of properties of U(W) and Deg. 
2.1. Deg(/>) divides the polynomial qn^P(W)(q - and the coefficient 

of the highest power of q appearing in Deg(p) is a real algebraic number > 0. 
(Hence ail coefficients of Deg(p) are real algebraic numbers.) 

2.2. Let a be an automorphism of the field of real algebraic numbers. There 
exists a bijection à : U(W) —• U(W) such that, for any p, the polynomial 
Deg(a(p)) is equal up to sign to the polynomial obtained by applying a to 
each coefficient of Deg(p). 

2.3. If W is another finite Coxeter group, then 
(a) U(W x W) = U(W) x U(W) and Deg(p, p') = Deg(p) Deg(p') 
for peU(W),p' eU(W). 

2.4. Let U°(W) be the subset of U{W) consisting of those p such that 
the highest power of (q - 1) dividing Deg(p) is (q — l ) ' 5 ' . The éléments in 
this subset are said to be cuspidal Then U{W) is naturally partitioned into 
subsets U(W; S'; p') indexed by pairs (S ' , / / ) , where Sf C S and pf G U°((S')) 
such that 

(a) U(W- W; p) = {p} for any p G U°(W) and 
(b) U{W\ S'; pf) is naturally in bijection with the set of isomorphism classes 

of simple modules of the algebra H(W{S')\ f) for a well defined function / as 
in 1.3. 

Let x be a simple ?ï(W(S'); /)-module and let S'[p', x] be the correspond-
ing élément of U(W; S'; p'). Then 

(c) D e g ( S V , X ] ) = Deg(p0^(x)p ( (^)fff(50;/)-
(It follows that, if p G U(W; S'; p'), then the highest power of (q — 1) 

dividing Deg(p) is (q — l ) l 5 ' .) Further, 
(d) if s G S — 5", then the function / : S — S' —y { 1 , 2 , . . . } takes the same 

value at s as the analogous function {s} —• { 1 , 2 , . . . } , defined like / , in terms 
of S' U {s}, S' instead of 5, 5 r . 

2.5. In the case where the longest élément of W is central in there 
exists an involution p \—> p of U(W) such that Deg(p) is ± the polynomial 
obtained from Deg(p) by the change of variable q \—> —q. 

2.6. Let w G W be a regular élément in the sensé of Springer [13]. Let 
d > 1 be the order of w and let a; G C* be a primitive root of 1 of order d 
which is a root of det(q — w). Let Z(w) be the centralizer of w in W. Let 
U(W)„ = {p£ U(W)\ Deg(p)L = w ^ 0 } . Then 
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(a) there exists a 1 — 1 correspondence </> «-• p ^ between the set of irreducible 
characters of Z(w) and the set U(W)U such that Deg(p<j>)\q=LJ = ± ^ ( 1 ) for ail 
<j>. 

Moreover, we have 
(b) E p D e g ( ^ ) | g = < , D e g ( ^ ) = (-1)™ P(W)q»W (q - 1)^ det(q - w)~\ 

2.7. In the setup of 2.6, assume in addition that the centralizer of w in W 
consists precisely of the powers of w. Then 

(a) there exist distinct éléments Ai, A 2 , . . . , Xd of Cf^/g] (each Xj is a root 
of 1 times a power of y/q) and distinct éléments pi, p 2 î • • •, pd of U(W) such 
that 

Deg(pj) = ±P(W)q»W(q - 1)^ det(q - w^Xj1 Uj-j^i " V ) ' 1 for 
j = l , 2 , . . . , d ; 

(b) we have Ai = 1 and Deg(/>i) = qn(s^; 
(c) U(W)U = {pup2,...,pd}-
If W is irreducible or 1 and w is a Coxeter élément, then the corresponding 

set T(W) = {Ai, A 2 , . . . , Ad} (e?=Coxeter number) can be determined induc-
tively as follows. There is a subset T°(W) of T(W) such that 

(d) T(W) = US'{\qm\\ € T° ( (5 ' ) ) , 0 < m < \S - S'\} 
(here S' runs over the subsets of S such that (S') is irreducible or 1; 
(e) if A € T°(W) then A is ( v ^ ) ' 5 ' times a root of 1; 
(f) if W = 1 then T(W) = { 1 } ; 
(g) Ilxenw)-{i}^ " ^ = (-l)WP(W)(q - 1)1*1 det(g " 

2.8. We have 
(a) E p D e g ( p ) 2 = \W\-*P(W)*(q - 1) 2 I 5 I E ^ d e t ^ - w)~*. 
(p runs over U(W).) 

2.9. We now comment on the postulâtes above assuming that W is a Weyl 
group. Let G be the group of rational points of a split reductive algebraic 
group over a finit e field with Weyl group W. 

The property in 2.1 cornes from the fact that the dimension of an irre­
ducible représentation of G divides \G\. The bijection in 2.2 is the identity 
map. The bijection in 2.3(a) is given by external tensor product of unipotent 
représentations. 

For the properties in 2.4, see [9, 3.25, 3.26]. The property in 2.5 is stated 
in [10, no.8]. 

For w G W, let Rw be the virtual représentation of G attached in [5] to 
the maximal torus of type w and the unit character. 

It is reasonable to expect that the non-zero numbers (p, Rw) (multiplicities 
of unipotent représentations p) are the same up to sign as the degrees of the 
irreducible characters of Z(w) for good enough w (both sets of numbers have 
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the sum of squares equal to |Z(w)|). (Whether such a property holds was a 
question that C. W. Curtis and J . Bernstein separately asked the author in the 
early 1980's.) This had been checked in some examples, but not in gênerai; it 
was reasonable to use it as a heuristic tool (this has been now checked for ail 
regular w in [5], thm. 3.2). 

In the setup of 2.6, the multiplicity (/>, Rw) is given by setting q = u in the 
polynomial in q which gives the dimension of p (see [9, 3.30]). This justifies 
2.6(a). 

The properties in 2.7 appeared for w a Coxeter élément in [8, 6.1], where 
the Xj were the eigenvalues of Frobenius. The analogous properties for w as 
in 2.7, were known in exceptional groups (the example of the élément of order 
24 in the Weyl group of type Es is discussed in [12, 11.6]) (thèse have been 
now checked in ail cases in [6], §2). 

The property 2.8(a) appeared in [9, 3.13]. 

2.10. Since the case where W is a Weyl group is understood, we see using 
2.3 that it is enough to define U{W) and Deg in the case where W is irreducible 
and non-crystallographic, hence a dihedral group hip) of order 2p (p = 5 or 
p > 7) or a Coxeter group of type i J 3 or H4. 

3. T Y P E S H2,H3,H4 

3.1. We consider the case where W is a dihedral group of order 10; we 
say that W has type H2. By 2.4, the subset ZY(W;0;1) may be identified 
with the set of irreducible représentations (up to isomorphism) of the Hecke 
algebra W(W(0); 1) (1 is the function with constant value 1 on 5 ) ; since 
the corresponding formai degrees are known from [6], we see that U{W\ 0; 1) 
consists of 4 éléments, with Deg() given by 

i ; 
5 - V5 

10 
Q(<1 + 

5 + y/5 

10 
j(q+l)^;q5, 

respectively. 
With the notation of 2.7, we have T(W) = { 1 , ç, g 2, (2q, (~2q}; the two 

éléments of U(W) corresponding to C2(Z?C~2<7 have Deg() given by the same 
polynomial -^ç(ç ~ 1)(<?2 — 1)? hence are cuspidal. The six objects of U(W) 
constructed above exhaust U(W) by 2.8(a). 

3.2. We consider the case where W is of type # 3 . 
By 2.4, the subset U(W; 0; 1) may be identified with the set of irreducible 

représentations (up to isomorphism) of the Hecke algebra H(W($); 1) (1 is the 
function with constant value 1 on 5 ) ; since the corresponding formai degrees 
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are known from [11], we see that U(W; 0; 1) consists of 10 éléments, with the 
Deg-function given by 

1: 
5 + 

10 g$3$6$5$io ; 
5-y/5 

10 7$3$6$5^10 q M i o ; 1 
2 

q3<f>l$6<ï>10 ; 

-g 3$2$ 6$io ; g 5$ 5$io ; 5 + V5 
10 g6$3^6$5*io ; 

5 - Vb~ 
10 

r 6$ 3 $ 6 $^' / 0 ;ç l5 

respectively. With the notation of 2.7, we have 

T(W) = {l,q,q2,q\(\ C V , C 8 « , C V , V=îq3/2, - v ^ î ? 3 / 2 } ; 
the four éléments of U(W) corresponding to (2q, Ç2q2X~2Q, C~2Q2 have Deg() 
given by 

J_ 
9*1 £|$3$6 ; 

J _ 
?

6 $ f $ |$ 3 $6 ; 
v̂ 5 

^l$3$6 ; 
7 ! 

^|$3$6 

respectively; the two éléments of U(W) corresponding to V^ïg 3 / 2 , — \/—ïq 3^ 2 

have DegO given bv 
1 
2 

?3$f $ 3 $5 ; l 
2 

g 3 $?$ 3 $ 5 

respectively (the last two objects are cuspidal). The 16 objects of U{W) 
constructed above exhaust U(W) by 2.8(a). 

3.3. We consider the case where W is of type H4. By 2.4, the subset 
U(W; 0; 1) may be identified with the set of irreducible représentations (up to 
isomorphism) of the Hecke algebra H,(W($); 1) (1 is the function with constant 
value 1 on 5); since the corresponding formai degrees are known from [1], we 
see that U(W; 0; 1) consists of 34 éléments, with explicitly known Deg(). 

Let S' C S be such that (S') is of type H2. The corresponding Coxeter 
group W(Sr) (see 1.3) is a dihedral group of order 20, and the function / : 
S—Sr —+ {1, 2 , . . . } attached to one of the two cuspidal objects p', p" oîU((S')) 
takes the values 1 and 5 on the two éléments of S — S' (this can be deduced 
from the analysis of the case #3). The formai degrees of the simple modules 
of the corresponding Iwahori-Hecke algebra 7i(W(S')] / ) are known from [6]. 
Using 2.4, we obtain the classification of objects of U(W; S"; p')UU{W\ 5'; p"). 
We thus obtain 16 new objects of U(W) with explicitly known Deg(). 

With the notation of 2.7, we have 

T(W) = { l , g , g 2 , g

3 , g 4 , C 2 9 , C V , C V , C - 2 9 , r V , C - V , 

v ^ 3 ' 2 , sTïfi\ -S=ïq3'\-V=îq5'\ - c ? 2 , - C V , - C Y , - C V , 

ecq^ecW^Cq'^cWXq'X-V, 

-q2M\Q\\-H\-Pf\, 

196 



COXETER GROUPS AND UNIPOTENT REPRESENTATIONS 

the four éléments of U(W) corresponding to \/-îq3'2, y/^ïq5'2,-\Z-ïg3/2, 
— v / ^ î ç 5 / 2 have Deg() computable as in 2.4 and are seen to be new (non-
cuspidal) objects; the 15 éléments of U(W) corresponding to the last 15 él­
éments of T(W) have Deg() computable as in 2.4 and axe seen to be new 
(cuspidal) objects. 

Applying 2.2 (with a such that a ( \ /5 ) = - \ / 5 ) to the objects known so 
far, we obtain 6 new cuspidal objects with explicitly known value of Deg(). 

Applying property 2.5 (q i—• —q) to the objects known so far, we obtain 
further 26 cuspidal objects of T(W) with explicitly known values of Deg(). 

We now use 2.7 for an élément of order 20 in W with an eigenvalue u on 
E. Using the définition and the known values of Deg(), we can check that 18 
of the objects of U(W) known so far belong to U(W)u. Using 2.7(a) and the 
known values of Deg()-function for thèse 18 objects, we can détermine the 
set Ai, À 2 , . . . , A20 in our case. Prom this we can compute the value of Deg() 
for the two missing objects of UÇiV)^ and we find two new cuspidal objects 
of U(W) with explicitly known value of Deg(). 

We now use 2.6 for a regular élément w of order 5 in W. Let u be an 
eigenvalue of w on E. The centralizer of w in W is isomorphic to the binary 
icosahedral group times a cyclic group of order 5; this has 45 irreducible 
characters. Using the définitions we see that from the objects of U(W) known 
so far, 44 belong to U(W)U. By 2.6(a), there is one new object p of U(W) 
which appears in U(W)U and we have Deg(p) |ç = u ; = ±2 . Using 2.6(b) we can 
détermine Deg(p) and we see that we have found a new cuspidal object of 
U(W). 

Applying 2.5 (q 1 — > —q) to this cuspidal object gives us yet another (cuspi­
dal) object of U(W) with explicitly known value of Deg() (which differs from 
that of the previous cuspidal object). 

The 104 objects of U(W) constructed above exhaust U(W) by 28(a). They 
are listed (by specifying the values of Deg() on them) in the Table. Note 
that 50 out of the 104 objects are cuspidal. They ail belong to one family 
consisting of the 74 objects p such that the highest power of q dividing Deg(p) 
is q6. 

4. DIHEDRAL GROUPS 

4.1. We now assume that W is a dihedral group of order 2p where p > 3. 
Let f = e

2 v / = I Î 7 r / p . We define an integer k > 1 by p = 2k + 1 if p is odd and 
by p = 2k + 2 if p is even. 

By methods similar to those in §3 we see that, if p = 2k + 1, then U(W) 
consists of two objects 1, S and of k2 other objects denoted pi (1 < i < k) 
and pijip'ij (1 < i < J' < k); if p = 2k + 2, then U(W) consists of two 
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objects 1, S and of k2 + k + 2 other objects denoted />,-, p\ (1 < i < k), 
Pi,h Pi,j (! < *' < 3 < *) and e', e". 

The values of Deg() are given as follows. 
Deg(l) = l,Deg(5) = gP, 

Deg(p,-; ^ ( l - e ) ( l - r O 9(1 - g 2)(l - qp) 
p (i-9) 2(<7-e')(<z-£-')' 

Deg(p;-) _ ( i + n a + r 8 ) 9 ( i - g 2 ) ( i - g p ) 
p ( i + 9 ) 2 ( 9 - e ' ) ( 9 - e - i r 

Deg(p»,i) = Deg(/»i,j) 
P (q-t'Xq-t-'Xq-mq-t-iy 

Deg(e') = Deg(e") = 2 g(l - g')(l - qP) 
P ( l -<7 2 ) 2 ' 

4.2. The objectives stated in 1.1 can be extended to include Coxeter groups 
(W,S) with a given automorphism rj). We can again seek to define a set 
U(W, ijï) with a function Deg on it which should reduce to the case discussed 
earlier for xp = 1 and which, for ^ 1, should mimic as closely as possible 
the theory of unipotent représentations of non-split reductive groups over a 
finite field. We can again assume that W is irreducible. The only case which 
is not covered by the known theory is the dihedral group of order 2p with a 
non-trivial xjj. 

Let f = e 2 v / Z l 7 r / p , ^ = e^^/P. With the notation of 4.1, we see that, 
if p = 2k + 1, then U(Wyip) consists of two non-cuspidal objects 1,5 and of 
k2 cuspidal objects denoted pi (1 < iî < k) and Pij,Pij (1 < i< j < k); 
if p = 2k + 2, then U(W, x/j) consists of two non-cuspidal objects 1, S and of 
k2 + k cuspidal objects denoted Pij,Pij (i < j odd in the interval [l,p — 1]). 

The values of the Deg-function are given as follows. 
Deg(l) = l,Deg(S) = gP, 

Deg(pi) = ( î - e x i - r O g ( g 2 - i ) ( g p + i ) 
P (q + DHq + t'Xq + Ç-'Y 

Deg(p,-j) = Deg(f/itj) 
e + r { - ^ - r J q(q2 - i)(g p +1) 

Deg(pi;i) = Deg^-) = e + r i - e j - r i <?(<?2 - i)(<?p+1) 

For p = 3,4,6 we recover the classification and degrees of unipotent repré­
sentations of the unitary group in three variables, the Suzuki groups of type 
2i?2 and the Ree groups of type 2G 2-
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Table for #4-

1 
g4 $1 $?„ $15 $20 $30 

g5 $1 $1 $ | $12 $15 $20 $30 
g15 $ | $ | $§ $12 $15 $20 $30 

g16 $ | $f o $15 $20 $30 
g60 

^g$i$£$' 1 0 $12$i5*20$30 
^ g $1 ${( $'/0 $12 $'/5 $20 $30 

^g$?$i$ i$ l$ i$ i2 $20 
^g$f$l$^$i$|$i2$20 

5=g£ q2 $1 $5 *2 *10 *12 *15 $2'o *30 
O2 $1 $£ $ 2 $'/<, $12 $15 $20 $30 

4- g2 $ 2 $ 2 $1 $1 $12 $15 $30 
4- g2 $? $ 2 $3 $4 $6 $12 $15 $30 

I g3 $ 3 $ 2 $2 $ 2 q $ 2 Q $ 3 Q 

i Ç3 $?. $2 $6 $?0 $12 $20 $30 
| g3 $? $ | $1 $ | $12 $15 $20 
i g3 $? $1 $1 $1 $12 $15 $20 

\ g18 $?. $ | $ | $f0 $12 $20 $30 
I cl» $3 $2 $2 $2 $ l 2 $ 2 0 $ 3 0 

ig 1 8 $ 3 $ 2 $ 2 $ 2 $12$15$20 
Igl8 $3 $ 2 $ 2 $ 2 $ l 2 $ l 5 $ 2 0 

«±a^ g22 $ 2 $ 2 $ 1 2 $ 1 5 $ 2 0 $30 
5 ^ g22 $2 ^ $ 2 $ n $ 1 5 $ 2 / q $ 3 0 

4- g22 $? $1 $1 $ | $i $12 $15 $30 
1 g22 $2 $ 2 $2 $ 2 $2 ̂  ^ ^ 

5±^ ç31 $2 ^ $ 1 2 $ 2 0 $3/Q 

5 ^ ç31 $2 3, $ 1 2 $/ 5 $ 2 0 

4=g 3 1 $ 2 $i$i$l$l$12 $20 
4^g 3 1 $ 2 $i$i$l$i$i2$20 
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±q6 $1 $1 $| $10 $12 $15 $20 $30 
±g6 $| $1 $1 $?0 $12 $15 $20 $30 
±q6 $| $5 $6 $10 $12 $15 $20 $30 

2̂ g6 $2 $2 ̂  $2 $2q s w $ 2 Q 

$i $1 $5

2 $| $?0 $12 $15 $20 $30 r̂ g" $| $| $5 $10 $12 $15 $20 $30 ig6 $| $1 $f $̂  $̂ 0 $12 $15 $20 $30 
ig6 $| $1 $5

2 *g $?0 $12 $15 $20 $30 
$| $1 $1 $ 1 2 $15 $20 $30 

^ g 6 $| $| $1 $f $'io2 $12 $15 $20 $30 
^Ag6 $| $| $'5

2 $1 $?0 $12 $'/5 $20 $30 2±fgb $̂  $̂  $r $6 $10 $12 $'l5 $20 $30 l±hqe $2 $2 $2 $2 $,o2 $ i 2 $ 2 0 $ 3 Q 

^g 6 $| $1 $| $| $i'0

2 $12 $i5 $20 $30 
ig6 $̂  $| $£ $| $12 $15 $20 $30 
ig6 $| $| $1 $1 $?0 $15 $20 $30 

i^g6 $2 $4 $2 $2 $2 $ 1 2 $15 $20 $3Q 

W $? $4 $2 $2 $2 $2 $ l 2 ^ $ 3 0 

^g6 $2 $| $1 $| $» $2 ̂  $12 $15 $20 

^gb $2 $* $3= $| $£ $̂  $îo $12 $Ï5 $20 $30 
Â g6 $? $̂  $§ $1 $5 $| $io $12 $15 $20 $30 ^g° $̂  $a $̂  n $'5 $̂  $10 $12 «ï5 «20 «30 $2 $4 $2 $2 $2 ̂ 2 ̂  ^ $ 2 ( ) 

$2 $4 «J>2 $2 $2 $2o $ l 2 ^ ^ $30 

|g6 $f $| $| $5 $12 $15 $20 $30 
ig 6 $4 $2 $2 $iQ $ l 2 $2Q $3Q ±qb $1 $§= $̂  $| $i'0 $12 $15 $20 $30 

ig6 $? $1 $1 $1 $'l02 $12 $15 $20 $30 
i^fV $f $1 $f $2 $'1Q

Z $12 $15 $20 $30 
^#g6 $? $1 $5

2 $1 $Ï02 $12 $15 $20 $30 
^§V $? $i $| $| &1Q* $12 $15 $20 $3'0 

2±fAg6 $4 $1 $2 $| $'/0

2 $12 $15 $20 $30 ^gD $f $£ $| $ÎQ $12 «15 «20 «30 
ig 6 $| $| $| $1 $| $15 $20 $30 

î Ag6 $| $2 $2 $2 $ ,/ $2 $/ i o $ 1 2 $/i5 $20 $30 

i^g6 $? $1 $| $1 $5

2 $6 $10 $12 $'l5 $20 $30 
if̂ g6 $t $1 $! $1 $i $| $io $12 $15 $20 $30 
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W *f $ § $2 j2 $2 
gb $1 $2= $3= *\ $ r «6 «io «12 «15 «20 $30 
g6 $f $ f $1 $ « $12 $l 5 «20 $30 

&3 $i $i $i *12 *15 $20 $30 

AO6 $? $1. $2 *2 $ 2 $n $12 $15 $ 0 $30 
I g 6 $ 4 # 2 $ 2 $ 2 $ 2 $ 1 5 $ 3 0 

i g 6 $ f $ 2 $ 2 $ 2

0 $ 1 5 $ 3 0 
Ag6$?$i$I$2

;$fo$20$30 
I g 6$î$ 2

: $ 5

: $ 2

i $
2

0 $ 2 o$30 
ft*î*2*3*4®5 $îo $15 «20 

Ig6$ï$2r$
2.$i$i$2

0$15$20 
Ag6 $4 $ 4 $2 $2 $2 $2 
Ag6 $4 $4 $2 $2 $2 $2 
g6 ** $ i $ 2 $ 2 $ 2 $ l 2 $ l 5 $ 2 o # , o 

W $? «! «1 «1 «I «I «12 «15 «20 «30 
Ag° $4 $4 $ 2 $ . «j $ l 2 

Ag6 $4 $ 4 $ 2 $ 2 $ 2 $ 2 Q 3,,. 
i g 6 $? $ 2 $ 2 $ 2 $ 2 q $ 3 0 

W $? «2 «3 «4 «6 «10 «12 $i 5 «20 «30 
Jg6 $? $ ! $ 2

0 $ 1 2 $ 1 5 $ 2 0 $ 3 Q 

* g 6 $1 $ 2 $? 0 $ 1 2 $ 1 5 $ 2 0 $30 
*Jg6 $t $ 2 $ 2 $ 2 o $ i 2 $ , , 6 $ 2 Q $ 3 o 

$? «I «? «1 «?0 «12 «is «20 «30 
Ç6 $* $ 1 $12 $ 5 $20 $30 

2 g 6 $? $4 $1 $1 $f $2 $ 1 2 $ 5 $ 2 0 $ 3 0 

g6 $1 $ 2 $i $ f $ 1 2 $ 1 5 «20 $30 
ifeV $? $4 $ 2 $ f $2 3, $ 2 Q $ 3 0 

g6 $? $2 $ 1 $6= $io «12 $15 $20 $30 
g6 $? $ 1 $1 $io2 $12 $15 $20 $ 3 0 

g6 $? $ 1 $1 $1 $ 0

2 $12 $15 $20 $30 
i g 6 $t $ 1 $ 0

2 «12 $15 $20 $30 
g $f $1 $ 5 = $ f 0 $12 $20 

4d6 $? $2 $1 $! $1 $1 $?n $12 $20 
* g 6 $t $ 1 $1 $?. $1 $f0 «12 «20 
g 6 $t$ i$ i$ i$ i$?o«i2«2o 

g6 $ 4 $ 1 2 $15 $20 $30 
ig 6 $1 $2*$! $?0$12$15$20 $30 
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