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AN ANALYSIS OF CARRY TRANSHISSION IN
COLPUTER ADDITION

Since all arithmetic operations reduce ultimately to addition,
the basic conslderation in designing a high speed computing automa-
ton is fast additlon; and the basic difficulty in achieving fast
addition 1s the carry problem, inasmuch as a single carry may propa-
gate through an entire addition. The carry protiem is particularly
serious in binary addition. To see why, we observe that there are

four baslec situatione:

1 0 0 1
1 2 L 9
10 00 01 01

The first two will not propagate carries; the second two will propa-
gate but willl not ori ;inate carries; and only the first will originate
carries, Hence the probaviiity that a randomly chosen stage in a
binary addition will generate a carry is 1/4, but the probability

thot n randomly chosen stage will propagnte n carry is 1/3. More
genernlly, 1n - radix R system, there nre R? possible situntlons

(27 in binary, ns we have seen) of which 1 + 2 + . +» « « « + BR~1

will originnte carries, If we sum this arithmetic progregsion, we

see that carres can originate in R(B~1}/3 ways, giving the probabil-
ty R(R-1)/2R® or (R-1)/2R tht a randomly chosen stage will originate
a carry. A4 carry wlll be propagnted 1f and only if the units digit

1s R-1, which ¢nn be the sum of two digits 1n R @ifferent ways, so

that the probability thnt a randomly chosen stnge will proprgate a
carry 1s R/R® or 1/R. A4 earry will, of course, be O or 1 regnardless
of the rondix, becnuse the worst possible case is (B~1) + (R-1) =

2R - 2 = R + {B-3) so that the carry diglt will be at most a 1, and



in that canse the units diglt will be at most R-2.

The probabilities that a random stage of an addition in radix R
will originate a carry or propagate an incoming carry make 1t clear
that, as the radix increases, carry generation 1s essentially un~
changed s 1t appronches the limit 1/3, while carry propagation ap-
proaches O as 1/R. Blnary addition thus glves the worst possible
carry situntion,

Inasnmuch as computer construction generally calls for the use
of binary arithmetic on account of high storage effl cilency and easy
mechanlizntion, we shall conslder methods of facilitating carry trans-
mission in binary addition. To do this, we first introduce some
operations of the classical two-valued logle, in which events are
elther ®rue® or Pnlse,® a palr of steady states which can be rep—
resented by 1 and O respectively. The operands of our logical repre—
sentations will correspond to signnls (O or 1) on wires in the elec—
tronic clrcultry of the computer. The operations which we wish to

consider nre:

Logl cal
Logicrpl Operation Representation Interpretation
1. Conjunction a*d (or, ab) a M"and® b
2, Negation {Inversion) a Tot" a
3. Inclusive disjunction avb a Wor" b
4. Z=xclusive disjunction a g b a %or® b but

not both,.

The arithmetic interpretation of these operations is demonstrated
by the so-called truth table definitions of the operations,.
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a=o0 |a=l a [ a =0 a=l a=n a=1
b=0 la*b=0 {a*b= 0 1 b=o |avb=o |avb=l b=o | afb=0 |agb=1
b=1 {a*b=0 {a-b=1 1] 0 b=1 | avb=1 |[~vb=1 b=1 | agb=1 | afb=0

In electronic clrcuitry, we shnll represent

tlons by the followlng dlagrams:

1.

These are the diagramas of Wand®,

gntes respectively.

g———>

these logical opera-

Conlunction

r—>

a
Negation (Inversion)

Lo N |

>0

Inclusive dlslunction Z }

Exclusive disjunction

!U‘ !S‘J
o)

>0 c=a°b

»C  C=avb

c=n#b

Bcomplenent®, ¥Wor®?, and "excl—or®

Although exclusive disJunction is usually given

as a combinatlion of other operations, we have chosen to use 1t as a

basic operation for convenlience, lnasmuch as "excl-or® gates of sim-

plicity comparable to the other gates may now be built,

The loglcal

deslgn of a computing automaton may be descrited with these diagram-

matic symbols.

At any glven stage s, of a binary addition, n Dbit (binary digit)

uy of the sum and an ocutgolng carry Cy (O or 1) are developed from

the corresponding blts of the nugend and addend, 2y nnd by, and the

lncoming carry C4.4.

quently tabulanted).

(The possibllities for such stages are subse-

Addltion mny be nccomplished logically in sev—

eral apparently differcnt ways, but we choose the followlng loglcal

functions to define Uy and ci:



uy (ag, by, c449) = (a4 £y) £ gy
o1 (og, by, c141) = oa1by v (ag £By) o441

Inasmuch as the truth value tables of these logical functlons corres-
pond exactly to values for c4 and uy given below in Table 1, the
functions correctly define the carries and the bits of the sum. These
logical functions are reflected in the circult dlagram for an addi-
tion unit sy 1in Figure 1.

In order to zdd two n-d1t nunbers, we need either n of the indi-
vidunl addition units connected linenrly (in parallel) as 1n Figure 2,
or sultable delay rechanlaor such that one addltion unit of the type
shown 1in Figure 1 could develop the hlts uy at successive noments of
tine (with the a4 and b, changing at each monment of time and the ¢y
nf one norient being fed Dack in as the Ci4q of the next noment). The
former course 1s niuch nore desiravle in ncconplishing rapid addition.
The signals ay and by are then appiied @teadily untll the nunber rep-
resenting the sun, UjUslgeroseseely, reaches o steady state.

e chould 1like to note Triefly that binary subtraction mzy he
acconplished Yy the unit in Figure 3 which ic gufficlently sinllar
to our addition unit that borrow transnission with our subtraction
unit partankes of the same general transformations subhsequently to bte
developed 1in thls paper for carry transmission. Again the validity
of the loglcnl functions erhodied in the circuitry nay te deronstra-
ted by truth table analysise.

A clear plcture of what the carry situation is suggests slterna-
tive solutions. On one extrene, the easiest way out is sinply to
allow enough tine for a complete carry of n places; the nost diffi-

cult 1s to adopt a systen of sinultaneous carry for all digits, which
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will be shown to involve a very large anount of equipment, but which
will speed up the addltlion process considerably. Between these ex-
trenes are various other possihilities, including sinultaneous carry
within each successive group of n digits (where n/m 1s an integer) and
innediate transrmission of carries entering najor stages 51 ( coriposed
of several adjacent ninor stages si) when the inconing carry will be
propagated through the entire stage Si' Thus, a sort of carry sensing
1s involved in the latter, to be accomplished by what we shall call
Yorouped? circultry. Various other nore conplex nethods of handling
carry transnlssion will present thenselves as we progress. For sev—
eral nmethods of handling carries, we shall give a circultry diagram
and also seek an expression of the effective transfornation as to the
nunber of places traveled which carries undergo in such a cilrcultry.
The effective nunber of places traveled hy carries 1s, in one sense,
an expression of the rapldity of an addition. For example, consider
a parallel asynchronous adder in which addition times vary fron
tx to t1 + t8 ; egsentially tl 1s the time redquired for an addition in
which there are no carries and ta is the time required for a full n
stage earry. Then, reducing the longest carry from n tc k by some
carry transfornation will reduce additlicen time approxinately to

t + -—E ta ; that 1s, the reductlon will be by tn (n—k) .

n
Assune that parallel a~ddiltion circultry is grouped as shown in
Figure 4, each group of n additlon units having an (m+l)-fold %and®
gote to facilitate the transmission of carries. A carry of ] places
in ordinary non-grouped parallel addltion clrcuitry hecomes effective-
ly a carry of only R places wlth the grouped circultry given in
Figure 4. That 1s, cJ - cR.

For convenlence in annlysis, let us provide that } = nk + p,



where p is always less than m. The point of originatlion of a carry
within some stage {or group) S, will be denoted by ¢ . For origina-
tion at the first addltion unit (ta the left) in B4, 4 = 1; for
origination at the seccond, o = 3; etc, For origination at the

{(m - 1)st addition unit, ¢ =mn - 1. But we shall temporarily pro-
vide that origination at the mth addition unit in Sy be denoted by
¢ = 0 rather than by ¢ = n.

For given values of J and c’, the value of R nay be determined
by conslderation of the circultry. Such values are glven in Table 3,
for the genernl case. The general case nay be nade specific by as-—
glgning a value to m., For purposes of illustration, we have given
the addition circultry and the corresponding ta»le form = 4, (See
Figure 5 and Tahle 3).

It 1s obvious that R nust be a function of J and ¢ ; that is,
R=R{J,0 ). Exaninotion of the tables shows that we may define R
thus:

R(j,07 ) = for J<n

R(),0” ) = R(1-1,¢0" )+ 1 ~ (.r.1-1)5"5',1°J for ) »>n,
where e?d’,PJ is the Kronecker delta function and Py l1s that part of
J which 1s not a rultiple of m., ( J =10k + p, pen).

Inasnuch as applicatlion of this recursive formula to obtain =n
nunerlcal volue for R nay he sonewhat cumbersome, we ghall sirmplify
the functionnl definition of R as followe:

Jom
R, ) = 1 - (;mel1) c’,Pj + R(J-1,07 )

R( J-1,0" )
R( J"'B’ O/ )

i
=
i

(o=1}  o,Py .y + R 3-2,07 )

il
i
1

(m-1) o ,By_g + R(3-3,0 )



R(m+1,6 )= 1= (-1)5¢,p,., + R(n,¢ )
R(n,o@ ) = n
Adding these equations, we obtaind
RS ) = (D) + m= (o)) B pubgp, ber

+"'"*éame+l)'

Eipirical consideratlion of Table 2 reveals that exactly
(<]
n
of the above Kronecker delta functions have the value unlty, where the
brackets indicate that only the integral part of the number J - o
is to be taken, and where we now let ¢ tnke on the value n form

origination of a carry at the n-th addition unit in Si.

The non-recursive definitlion of R 1s given, then, as:

R(J,0” ) = for 0<J<n
R(),& )= 3§ ~ (m-1) [] - o’] for m<i<n.,
i}

We may disallow the value zero for J and define R more simply as

R(J,o )= 3~ (m-1) [,J—c(:, for 1<3<n.
n

Taking the anount of tine necessary for a carry to travel through
one addition unit as a unit of tine, we state that a J place carry is
speeded up by some rultiple of {m~1) units of time when the addition
units are grouped, m unlts to a group, as shown in Figure 4, and
J-d>nm.

Assuning that n is an integral factor of n, a carry with J =n

(and & = m, hecessarily) hecomes a carry of

a

n - (m-1) [n—m] or n + m - 1 places,
m



while a carry with } = n-1 and ¢ = m becomes a carry of

(n-1) + (m=1) [I’h-l"ﬂl] or n + 3n - 3 places,
hos]

=

which 1s the longest possible carry under the given carry transforma—
tion (grouped ciremitry transformation), provided that m» 3,

Another nethod of facilitating carry transmigsion may he found in
similtaneous Mriring® of the addition circuitry. A completely simul~
taneaus circultry would provide the fastest carry transmissi on hut
would require many more component parts, thus entailing much greater
expense and possiBility of mechanlcal fallure than the less rapld
circuits. A completely simultaneous adder for n= 4 1s shown 1in
Flgure 6a. For n addition units, this type of circuit requires
n{n-1)/2 multi~-fold ®and® gates in addition to the 5n two~-input gates
necessary for addition with linear carry transmission (1l.e., 2n ¥and®
gates, 3n %excl-or? gates, and n Bor® gates).

The simultaneous carry princlple nay be effectively used in
another way, however, The n addition units of an adder may be divided
into n/m stages, each stage having simultaneous carry transmission
within that stage. This type of circultry provides all the henefits
of the grouped circultry (Figure 4) and in addition glves nore rapid
carry transmission within the individual stages. A diagram of a
simultaneous carry stage 1s given in Figure 6.

Let us say that a carry of ) places in ordinary linear circultry
becomes effectively a carry of N places with circuitry having sinmul-
taneous stages (linearly connected). Once again, we introduce o , a
position varlable, to indlcate the polnt of origination of a carry
within a glven stage: 1< ¢'< m., Some of the values of o” and ) are

systenatically tabulated in Tahle 4 for general m and in Table 5 for



m= 4,
By emplrical consideration of these tahles, we define N as

follows?

N3, ) =1(3-1,07 ) +8cr’,1=

j-1 for Jm,

where 8o’,P is the Kronecker delta function and Pj-—l is that part

J=-1
f (3-1) which is not a multiple of n. {A4s before, J = mk + p, p«m);
H1,6 ) =2+ Z S¢, % for 3<iem,
and K(3,07 ) = for 0<)e3.

To obtaln a non-recursive definltion of N over the range m<j¢n,

we ohserve that:

N(J-1,0" ) + éo’PJ_l

N3, o ) =
N3-1,07 ) = N( —-zc’)+<5 Fya
N j-2,¢ ) = K(3-3,07 ) + OO’,PJ”E
w{3-3,0" ) = u()-4,07 ) + ‘50’,133__4

a & " & +

ol @ ) = Hmo ) + o, P

Nn,o” ) =3+31% Sy x .

Adding thesec equations, we ottaln

-1
Nj()=2+L5€P+’aZ‘fO§x for jyn.

X3

An alternative empirically formed definition of I for Jm 1is

¥(3,0 )=3—5c’,1 +[‘!—»o’—l] ,

n

where the brackets indlcate that only the integral part of the
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number [] - - 1] 13 to be trken, Since the latter is the nore
n

convenlent formula to apply, we shall use the following definition

of the simultaneousgs—-sgtaze carry transformation:

H(3,07) =) 0<€)£3
-1
N(j,c{)=2+JZSJ,X 3< J<m
X=2
N(§,d ) =3 - 50',1+[1-cf— 1] ne¢i<n.
o

Having considercd the basic stages Si, let us now briefly conslder
macro—stages.ézz, each conposed of ¢ of the Si‘ The effectiveness of
such a macro-stage lics, of course, in 1ts ablility %o transmit rela-
tively long carries very rapldly. The type of analysis needed to de~
fine the carry transformation from a table of 1ts values is already
familiar. However, we rust introduce a new position varliahle, 7’, to
denote the S of.§:¢ within which a carry originates. For origination

i

in the first Si to the left in Z , T=1. etc, 1< T2q.

Let us tnke q grouped stages 51 and combine them into a grouped
nacro~stage EZ;. We shall designate the resulting carry transmission
clrcultry as grouped grouped {giving first the type of macro-stage
and then the type of component stages). This type of circultry is
shown in Figure 7, and values of 1ts characteristic carry transforma-
tion are given in Tahle 6 for the general case. This general case
may be specifically illustrated ™y assigning values to ¢ and m, 4
carry of J places in ordinary linear circultry bveconmes a carry of T
places in grouped grcuped circuitry, and T is obviously a function of
3,67y, and T. That 1is, T ="T(3},00,T).

From empirical consideration of Table 6, we ohserve that the

following recursive function gives the anpropriate values of T:



(3,0, T) = (-1, 1) + 1 = (2-1)(1 -@-Lk)

- (n+q- B)J’F-l,kgdf[’ Jom

T(m,o’,‘f‘) =m
where ¢ = o for carry originatlon at the mth unit in 5,
We may derive a non-recursive definition in the manner previously

demonstrated. A non-recursive definltion of T 1s, then!

(3,6 ,T) = § = (n-1) l",:_;»_g:]

|’1 - tr-l) m - 0'7
] >0
1< o< m,

It is quite apparcnt that we nay form a grouped macro-stage in
which the S1 are sinultaneous stages and a simultaneous macro-stage
in which the 51 are elther sinultaneous or grouped. That 1is, we may
construct grouped sinultaieous, sinultaneous sinultaneous, and simul-
tnneous grouped carry transmlsslion clrcuits as well as the grouped
grouped clrcultry, maklng use of maero-stageslzzg. Other possiblli-
tles include the construction of hyhrid macro-~gtages in whilch some S1
are grouped, some simultaneous, and/or some linear as well as the
construction of even larger stages conslsting of some combination of
macro—stageszgzg. ®* In each cnse, we rnight follow the type of analy-
sls used heretoforel after drawing the circuiltry, we could construct
tables char:scterizing the carry transformation emtodied in the ol r—

cuitry and then obtain an empirical formulation of that transforma-

tion.

# Jote: 1n the construction of hybrid stages mentioned above, a
probabllistic analysis of the carry problem is invaluable in deter-
mining the strategic locatlon of the variouws types of stages along the
carry transnission line, so as to facilitate a profitable corpromise
between rapidity of adaition and econony of construction of the
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After considering these transformations, we should also note
that the speed of computer addition nay be lncreased by a sensing
device for the completion of 2ll carries. In the case of an asyn=-
chronous parallel adder with addition tires varying between tl and

Ty + %, {as previously considered), this procedure would reduce the

average time in terms of *the longest cxpected carry to tl +{?2°

(log8 n/ni&since the longest expected carry in blnary addition is

less than 1og2 n for n ®its., This 1ls a rather pessimlstic bound for
the average time; with forty bits the actual figure is about tl +
1.151;3. Thus some of our carry transformations are virtually ecquiva-
lent to sensing completlon of carries, and some of them are netter,
The transformations have the further advantage that there is much

less disperslon about the average value tthen they are usedj with carry
sensing there can still he from O to n carries while with carry trans-
fornations cy — cx and X is the longest possible carry.

Actually, the two approaches may be comblned, in which case the
longest possible carry now becomes oy where cp ~9'cx un@er the trans~
formatlon. If the longest expected carry for the system is CE, then
the transformation sends CE —~3 GJ, s0 that GJ is the longest expected
carry 1in the transforned system. Since 4<E<S5 for most reasonable
binary computers, the transformation tables 1ncluded with this paper

show what happens when a combination of carry transformation and carry

sensing ls used; edditlon time becones tl + ta (ci/n).

{Note - continued)

circult,. ©Such an analysis is briefly undertaken in S, G, Campbellts
Numerical analysls, now being prepared for prepared for publlication.
Cne particularly interesting result of thls analysis glves the
probabllity that a carry will be emitted from any glven stage of an
addition, whether from originatiom in that stage or from propagation
of a carry originated in some previous stage. Thus, 1t 1is shown that,
in radix R, adding two n diglt numbers with clrcultry having each m
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Finally, we should like to note that such results as are devel-
oped in this paper make it possidle to transform immediately any
information about ordinary binary carry into equivalent information
about any transformed circult. For this reason, the analysis of
carry transfornations i1s qulte valuabie im approaching the general
problem of carry transmisslon in conputer addition.

Some characteristics of some of the carry transforning circults

which we have mentioned in this paper are tabulated below.

{Note - continued)

of the basic additlon units combined into a stage S,, with ¢ the
position varia™le as heretofore used and 1 the numb%r of the nmajor
stage, 1< 1< n/n, the probability of carry enission fron the

(d +135t unit of the i1th stage is

3
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Longesgt Possihle
Carry Under the

Transformation Transfornation Ariount of Equipment
Linear ey — cy }=n 2n ®excl-or® gates

an %and% gatoes
n for® gates

Grouped cj -9 cp R=2n- 3+ n/n gg :gig%uorﬂ
n Fors®
n/nn (n+l)~fold %Tand®

Completely slrnultancous 2 an_®excl-or®
cy =3 ¢ 2n Jand
J R RE: n For¥W
n(n-1)/2 nulti-fold
Wand ¥
Sirmultaneous stages N=2+n/n 3n %excl-or®
Cy -3 oy 2n Band"
W
n %or
n({m-1)/2 multi-fold
Tand®
Grouped Grouped T=3an + 3 gn Pexcl-or?
03’“9 Crp -5 + n/ngq an Band®
n Wort
n(q+l)/ng nulti-fold
“ang®
Sirultaneous Simultaneous V = 3 + n/ng 2n ®oxcl-ort
¢y = Oy an %and®
n tor®

n{m-1)/3 +
n(g-1)/8m nulti-fold

R(J,0) =4 - (m—l)f] -] fori<i<n
Loy
N(}, 0 ) = 3 for 032

J-1
(3,0 ) =2+ gaf,x for 2¢ J&m
X=a3

N(J, o)

3-50, 3 +r,] - o - 1] for n< 1< n.
? L n

n ng

(3,0, T) = 3 = (1~1) [.1 = o’]- {(q-1) [J ~(T-1)m - O:‘ifor 1£ )&n



TABLE 1

T T ————

Augont 0 0 0 0 1l 1 1 1
Addcnd ] 0 1 1 0 0 1 1
Carry 0 1 0 1 0 1 Q 1

eA——  E———

COO 01 0L 10 01 10 10 11
(

First diglt in cach palr is the outgoing carry; sccond
is thc units dlgit of the sum in the given position,)



¥ (d = 0)
= nk + p g =1]|d =2 o = n-1 d=n
== p=20 R=20 R =0 R=20 R=20

1 1 1 1l 1

2 ] 2 3 3

m-:-l m~1 n-1 n-1 n-1

= p=20 m n n n
1 3 n+l l m+1

3 3 3 3 n+3

m;1 n ! n Hn-1

= p=20 4l n+l r+l el
1l 3 n+3 n+3 +3

2] 4 4 n+3 n+3

m:1 o+l n+l n+l n+n

= p=20 m+3 Li+g n+2 n+a
1 4 L+3 n+3 n+3

3 5 5 n+4d n+4

n-1 3 I3 42 nl

= 1 p=0 IH-n—s n+n-8 § . -3 2

e} n n n

1 n/n nel+n/m n~1+n/m n-1+n/n

2 1+n/n 1+n/n n+n/n n+n/n

n-1 e | e D et — e
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TABLE 4

g = 0)
= 1k + p peny & = g =23 ceeiisenba ‘d=n
=0 p=0 0= 0=1N cseisie st 0=N

1 1 1 1
2 a a3 3
n-1 3 3 3
=1 p=o 8 3 s b g tasaw e 8
1 a 3 3
a 3 3 3
A1 3 4 3
=8 p=o I 3 4 R EEEE RN 3
1 3 4 4
b 4 4 4
o1 4 5 4
=3 p=2~0 4 5 ccesitenne 4
1 4 5 5
a 5 5 5
a1 5 8 5
=4 p=O 5 6 T s et et sy 5
1 5 o) 6
a 8 5 8
1 & 7 &




TABLE b
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b o
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Tz TABLE 6 = ]
h k »p o=l B5=2 g=nl|l8d=z1 =2 ,, 8z=2mn .
o 0 0 0 0 0 0 0 " - 0
0 0 1 1 1 1 1 1 1
Q 0O 2 ? 2 a 2 2 2
0 0 m-il m~-l m-1 - mel| m~l  mel - - - omel
O 1 0 m m m m " T om
0 1 1 2 m+1 i+ 2 m+1 m+1
0 1 2 3 3 2 3 3 m42
0 1 m-1! m ni - wam-1 m mn - ~mem-1 .
0O 2 0 T+l mel mn+1l | n+l m+1 > T m+l -
0 2 1 & M2 T142 3 42 m+2
0 2 2 4 4 r1+3 4 4 n+3
0 2 m-ll msl mal - rdn | mal rial - - mem .
0 g-1 0 [mig—-2 m4g-2 - meg-2im4g-2 m4g-2 o+ MHQ-2 .
0 g-11 q m-+g-1 m<+3-11 q m+q-1 m4q-1
Q g-1 2 q+l g+l m+q q+l g+l m4q
0 q..']_ I;l-l m.;.fi-z m-&ci—?, Bm-}é-s m+£:l-2 m+q~-2 2m4q-~3 -
1 0 O m+g-1 mbq-1l « mbg~Llimigq-1 m+g-1l ~ -~ m+g-1'!
1 0 1 2 m+a m+q | g+l maq m+4q !
1 0 2 3 3 m+q4t] Q42 Q+2 m4a+l
1 0 mel] n m 2m+q=-2|meq-1 m-q‘-l ~ s 2n4q-2 ]
1 1 O m4+l m+1 m+l M+q m+q merq
1 1 1 3 pul ¥ m+2 3 mbo4l m+0+1
1 1 2 4 4 me 4 4 "4G+2
1 1 m-1] mel  mal may | sl w4l TR
1L 2 0 T4 2 m+2 m-+2 m+2 m+2 m+2
1 2 1 4 M43 m«3 4 m+43 m+3
1 2 2 5 5 my4 5 5 m+4
1 2 m-1| ma2 re2 m4r4l| m+2  m42 mom41
1 g-1 0 (meg-1 m-+a-1 m+q-1imrq-1 m40-1 - ymyg-1
1 3-11 qsL m+q m+Q g+1 m+q m+4q
l g1 2 g+2 qQ+2 m-g-1{ g+2 Q+2 m+g~1
1 q;l m-1 m+£1-1 m-ril-l 2n4g-2 m-&ci-l m-}c';-l v - 2m+q-2 =




TABLE 6 (Continued)

P | ?“‘ - 1

h k p OJ - 1 o = 2 M M d =m , d = 1 d = 2 » @ d =m . @ P .
2 0 0 m+qg m+g . - m+q . Ju o] m+q - mbq v o
2 0 1 rirg+l m+ql | g+2 meq<l Tm+q+1l,
2 0 2 4 4 m+q42 q+3 qQ+3 m4q42
2 0 m-}4 m+l m+l - 2rn+qg-4 n+g m'-q .« - an-;q'_'-l R
2 1 0 m+2 m+2 ri¢2 m+g+l nmyg-4l m+g4l! - - :
2 1 1 4 T143 n+3 4 m-+q42 m+q+2
2 1 2 5] 5 r+4 S 5 m+g+3
2 1 m-1l m4+2 m42  c - mmel m+2 m4e - m+ni+q
3 0 0 |m%g+4l meqel m+4q+l|meg+l megal - m+q+41
3 0 1 4 m+q+2 m+qg+2| g+3 meQ+2 m+Q+2
3 0 2 5 5 m+0+3! q+d q-4 m+q+3
3 0 in-L m:'-z m+2 2m+q im-g<1". m+ci+1 - 2m4q S
3 1 ¢ m+3 m4+3 m+3 {m+q+2 mM+Q942 m+q+42] - - |
3 1 1 5 m+4 m+4 ) m4q+43 M+g+3
3 1 2 6 3 m+5 6 6 T4q+4
3 1 m-l me3  med nam42] M43 43 omaqal| - - | -
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