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INTRODUCTION 

When planning a sample, allocating it to 
strata is a central problem. One tries to a- 
chieve a sample with least possible cost that pro- 
vides estimates with sampling errors no larger 
than specified goals. When only one mean or pro- 
portion is estimated, with specified sampling er- 
ror, the problem is a classical one [Cochran 
(1953), p. 75]. When several upper bounds on 
sampling errors are specified, the problem is 
more complex, but it has been solved by non-lin- 
ear mathematical programming [Kokan (1963), Jagan- 
nathan (1965), Schwartz (1978)]. An interesting 
and powerful method of this kind is geometric 
programming [Duffin, Peterson and Zener (1967), 
Beightler and Phillips (1976), Ecker (1980)3. In 
this paper, it is applied to the allocation of 
stratified samples when several constraints on 
sampling errors and sample sizes are imposed. An 
example from the allocation of integrated samples 
[Schwartz, (1978)] is used to illustrate the 
method. Allocations with complex variance con- 
straints and constraints requiring equal work- 
loads over time are also shown. They were pre- 
pared for use by the Redetermination Review Sys- 
tem for quality control in the Supplemental Se- 
curity Income program of the Social Security Ad- 
ministration of the United States of America. 

STRATIFIED SAMPLE ALLOCATION 

Optimum allocation in stratified random sam- 
pling is discussed by Cochran (1953). In his no- 
tation (p. 66), a population of N items is di- ~ 
vided into L strata, indexed by h. The popula- 
tion sizes N are known. Also known, or esti- 
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mated externally, are variances S~ and costs per 
sampled unit CM in each stratum. A sampling al- 
location consists of choices of n~, the sample 
size in each stratum. Clearly, 0 < n h < Nh, 

since the sample cannot be larger than the popu- 
lation. 

t 
The cost of the entire sample is C = a +k~, 

C • , where a is an overhead cost The variance h ~ 
of the estimate~of the mean is 

An optimal sample allocation is found by 
minimizing the variance V with respect to the 
sample sizes "K, subject to fixed cost Co. Using 
a Lagrange multiplier, one minimizes V + A(C-Co) • 
An alternative is to minimize the cost C with re- 
spect to the ,k, subject, to a fixed variance V o. 
Then one minimizes C + ~" (V-V o) , an equivalent 
problem. Actually, the constraint on the vari- 
ance than specified could be found at the same 
minimal cost. If several variance constraints 
are imposed, the cost of sampling is minimized. 
Several constraints imply several terms with 
Lagrange multipliers in the quantity to be mini- 
mized. Some constraints, however, do not active- 
ly constrain the problem, even though they are 
satisfied. Then their Lagrange multipliers are 
zero. Lagrange multipliers for active constraints 
are like weights expressing the importance of the 

constraints. They are al~o the variables in the 
dual problem of geometric programming, by means 
of which we allocate samples. 

GEOMETRIC PROGRAMMING 

Developed in an engineering context by 
Duffin, Peterson and Zener (1967), geometric 
programming is a technique for minimizing a func- 
tion called a "posynomial" subject to several 
constraints consisting of "posynomials" being 
less than or equal to i. A "posynomial" is a 
polynomial in several variables with positive co- 
efficients in all terms. The powers to which the 
variables are raised can be any real numbers. 
Both the cost function and the variance con ~ 
straint functions are "posynomials", so geo- 
metric programming is applicable to these alloca- 
tion problems. 

Geometric programming transforms the primal 
problem of minimizing a "posynomial" subject to 
"posynomial" constraints to a dual problem of 
maximizing a function of the weights on each con- 
straint. Usually, there are fewer constraints 
than strata, so the transformation simplifies. 
Exhibit i, copied from Duffin, Peterson and Zener 
C1967, pp. 78-81) defines geometric programming 
concisely. Ecker (1980) reviews the extensive 
literature. 

Application of geometric programming to al- 
location is best described in an example. First, 
allocation of sampling units to strata in an in- 
tegrated sample is stated as a problem. Second, 
the problem is interpreted as a primal problem in 
gecmetrlc programming. Third, the dual problem 
is found by transforming frcm the primal problem. 
Fourth, the dual problem is solved, partly ana- 
lytically and partly by an iterative numerical 

calculation. 

ALLOCATION IN INTEGRATED SAMPLING 

Schwartz (1978) designed an integrated sam- 
ple combining quality control samples from three 
welfare programs of the U.S. Federal Government: 
Aid to Families with Dependent Children (AFDC), 
Food Stamps (FS) and Medicaid (Md). Seven strata 
were identified, including families with all pos- 
sible combinations of assistance. Three variance 
constraints were established, to achieve accept- 
able estimates of the proportions of errors in 
each program. Population sizes, costs and vari- 
ance constraint coefficients were: 

~ u l a t i  . . . . . .  ~ c e  ¢~s t2~Lnt  oo ~ . . . . . .  ~ e s  ~ r l  . . . .  o o e  . 
SJ.ze, R h h o ~ s  1 2 3 

J~DC rS  Nd rs Md 

I RFDC %,000 9.5 67.01 0 0 636.27 0 0 

2 JLwDC,PS 18,000 11.5 294.55 119.83 0 3387.27 1378.01 0 

3 JEPDC ,IPS ,Md 2,000 13.5 2.97 2.15 0.27 40.15 29.00 3.59 

4 JUrDC,I~ 1,000 11.5 0.66 0 0. I0 7.56 0 I.I0 

5 F8 23,000 9.5 0 312.20 0 0 2965.87 0 

6 1~,Itd 7,000 11.5 o 23.65 3.38 0 271.96 38.87 

7 lid 45,000 9.5 0 0 193.10 0 0 1834.47 
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PRIMAL PROBLEM and an expository example. 

Minimize g0(t) = 9.5t I + ll.5t 2 + 13.5t 3 + 
ll.5t 4 + 9.5t 5 + ll.5t 6 + 9.5t 7 

subject to 

gl(t) = 67.01t[ 1 . 294.55t21 + 2.97t31 + 0.66t~ 1 
<_I 

g 2 ( t )  = i 1 9 . 8 3 t 5 1  + 2 .15 t~  1 + 312.20t~ 1 + 23 .65t~  1 

< 1 

g3(t) = 0.27t~ 1 + 0.10t~ 1 + 3.38t~ 1 + 193.10t~ l 

where t h = nh = sample size in stratum h. 

DUAL PROBLEM 

Maximize in v~) = 

+~ 3387, its: + i~78.01&. 
+ 4o i55~ + 29 005 • 3.59S~ 
+~7.56S, + 1,10~) 
+n~6 s. 87 ~ 

+'A C S, + $~ + S3- ~ 

The ~'s are weights, one for each constraint, 
which must add to one. Their coefficients are 
costs multiplied by variance constraint coeffi- 
cients. This expression is derived analytically 
in this special case from the general dual expres- 
sion in Exhibit I. Computational methods for 
solving dual problems are described in Rosen (1960 
Dinkel, Kochenberger and McCarl (1974) and Dinkel, 
Elliott and Kochenberger (1977). A slow, but sim- 
ple and serviceable, method iterates to a solution: 

$, = .34232 ~'Z, = .54582 ~} = .11186 

In substituting these values of the ~'s into 
In v~), each term is the quantity used to calcu- 
late the optimum sample size and its cost: 

Stratum __V'- Ch th = nh = 
number term (~,~ ~~)/~ ~ 

1 14.76 9.5 206 
2 43.73 11.5 504 
3 5.47 13.5 54 
4 1.65 11.5 19 
5 40.23 9.5 561 
6 12.36 11.5 142 
7 14.32 9.5 200 

sum 132.52 1686 

Optimum sample sizes are calculated by multi- 
plying each ~ term by their sum and dividing each 
by Chr-its cost. The total sample size is 1686. 
The to~al cost is 17,563 hours, equal to (~- 
terms) except for rounding up the sample sizes to 
integers. Checking the primal problem, using th, 

g0(t) = 17,563 hours, gl(t) = 0.99945, g2(t) = 

1.00062, g3(t) = 0.99957, so the variance con- 
straints are satisfied. 

Programs written in Basic are available for 
this special case, which was used as a test case 

ALLOCATION OF REDETERMINATION REVIEW SYSTEM 
SAMPLES 

Exhibit 2 shows allocations of samples devel- 
oped by geometric programming. The sample size 
per month and region is minimized subject to sev- 
eral constraints on variances of proportions of 
defective cases taken over several months. In 
addition to variance constraints, sample sizes 
per region per month are required to be equal over 
months, to stabilize workloads. To achieve this, 
a common upper bound t* on the monthly sample size 
for each region is minimized. The monthly sample 
sizes for areas within a region are the variables 
t h in the primal problem. They are not necessar- 
ily equal over months, but they are constrained 
by "posynomial" constraints to add to a sum less 
than or equal to t*. The constraints are: 

tlt,-I + t2 t*-I + ... + t9t*-i <_ 1 

The resulting primal geometric program is 
more intricate and larger than the expository 
problem drawn from Schwartz {1978), but the same 
methods are Used to solve it. 

In Exhibit 2, allocated sample sizes are 
shown. Total sample sizes per region are nearly 
equal, for each month, as specified. At the end 
of Exhibit 2, expected sampling errors are shown 
for each area over nine months and also over the 
six sets of four consecutive month "rolls". The 
samples were designed to produce 4% expected samp- 
ling errors over nine months. Those calculated 
from the allocations range from 3.96% to 3.99%. 

COMPUTER PROGRAMS 

Several programs have been written in APL to 
produce these allocations and similar ones. Write 
for details to Dr. Miles Davis, 1214 Bolton Street~ 
Baltimore, Maryl and 21217, U. S. A. 
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EXHIBIT 1 
from Duffin, Peterson & Zener (1967) pp. 78-81. 

I. PMIMAL PMOGgAM~ AND DUAL PROGR.AMS 

We begin this section by presenting the most ~ n e r a l  primal program. 

Progrmn A. Find the minimum miu~ o f  a function go(t) subject to 
the constraints 

t~>O, t,>O . . . . .  t.>O (1) 
and 

H e r e  

/h(t) ~ I, g~(t) ~ 1 . . . . .  s,(t)  ~ I. (2) 

g~(t) -- ~ c , t ~ , t ~ ,  " " t,~,., k - O, l . . . . .  p, (3) 
I 

wh~re 

J[k] - {m~, ,n~ + 1, m,  + 2, . . . .  nJ, k - 0, 1 . . . . .  p, (4) 

and 

mo - I, m, - no + 1, ma - n, + 1 . . . .  , 

m, - n , . ,  + 1, n, - n. (5) 

The exponents a ,  are arbitrary real numbcra, but the coe~cients c~ are 
aa.mmcd to I~ $oaiti~.  Thus the functions g~(t) are posynomia~. 

The p o s ~ o i  to be r n m ~ ,  namely go(t), is termed the 
f m t - r ~ ,  and the variables t,, t~ . . . . .  t ,  axe called ~ mr/ab/~.  The 
comtmints  imposed by (1) are termed ~ comm.a i~ ,  whereas those 
imposed by (2) axe called f ~ r ~ f  cmmva/mJ. Collectively, these constraints 
.are referred to at, ~ comrraimt~. 
The matrix (a,) is ttTmed the e x p o ~ m  ~wi.~. It has n rows and m 

columns. 
The dual program corresponding to primal program A is the following: 

Dual ~ & F'md the maximum mlue o f  a product function 

p(5) = ~ , /  J . - ,  
where 

(6) 

~ 5 )  - ~, ~0, k - 1, 2, . . . .  p. (7) 

Here 

J[k] - {m,, m, + 1, m, + 2, . . . .  n,}, k - 0, 1 . . . . .  p, (8) 

where 

me - 1, m,  - ne + 1, m~ - n, + I, . . . ,  

m ,  - n , _  x + 1, n ,  - n. (9) 

The factora c~ are a.~nned to be positive and the vector variable 
5 -- ( ~  . . . . .  ~ )  is subject to the linear comtrainta: 

~, ~ 0 ,  ~0 ..... ~i, ;~0, (10) 

7_ s , -  ~, 01) 
ta~[OI 

a.d  

~ a~,~5, - 0. j - 1 .2  . . . . .  m. (12) 

Here the co¢~icienta a ,  are real monber$. 

In evaluating the product function v(8), it is to be u n ~ t o o d  that 
x ~ - x - "  - 1 for x - 0. This will make ~(5) continuous over its domain 
of definition. 

The product function v(5) is termed the d m / ~ , ,  and the variables 
~,, ~ . . . . .  ~t. are called d a m / ~ / ~ e . s .  Relation (I0) is termed the pos/n'~ity 
emd/I/o& (11) is called the ~ conelit4m, and (12) constitutes the 
o~ko~tma/~'y co~d/t4m. Collectively, these conditions are referred to ts  

c ~ .  

Notice how dual program B is obtained from its corresponding primal 
program A. The factors c, appearing in the dual function 0(5) are the 
coefficients of the posynomiah g~(t), k - 0, 1, 2, . . . .  p. We say that 8, is 
associated with the /th term c , t~ , . . . t~ , -  of  primal program A. so that 
each term of g~,(t), k - 0, 1, 2, . . . .  p, is associated with one and only one 
of the dual variables /t,, 8, . . . . .  /f,,. Each factor A~,(8)^, '*~ of 0(8) comes 
from a forced constraint g~(t) ~ 1. Notice that no such factor appears 
from the primal function because the normality condition fo r~s  Ao(8) to 
be one. The normality condition is the only part of  dual program B that 
distmguahes between the primal function go(t) and those posy'nomials 
&~,(t), k - 1.2, . . . .  p, that appear in the forced constraints. F'mally, it 
should be noted that the coeffu:ient matrix (a,)  appearing in the ortho- 
$ouality condition is simply the exponent matrix of primal prOlFam A. 

1 M DUAIJTY M O l l Y  

We my that a program (either primal or dual) is cemivtem if there is at 
least one point (vector) that satisfies its constraints. Primal program A 
is said to be s~em~cmt~.~c~ if there is at least one vector ff that has 
positive components and the property 

g,(t*) < 1, k - I, 2, . . . .  p. (1) 

It should be noted that primal program A can be consistent without being 
superr~nsistent but that each superconsistent program is consistent. 

In terms of the preceding concepts we state Theorem 1, which is called 
the first duality theorem of geometric programming and is the main 
theorem of the present formulation of geometric programming. 

TlNortm 1. Suppose that primal program A is supercons£stent and that 
the pronal function go(t) attains its constrained minimum mh~e at a 
point that sattffies the primal constraints. Then 

(i) ~ e  correspona~g dual program B is consistent and the dual 
function v~5) attains its corutramed maxunum value at a point 
which satisfies the dual constraints. 

(ii) The constrained maximum value o f  the dual function is equal to the 
constrained minimum mlue o f  the primal function. 

(iii) I f  t" is a minimizing point for  prmml program A. there are non- 
negatzve La£range multipliera ~.k', k - 1.2, . . . .  p. such that the 
Lagrange function 

L(t, It) - go(t) + :~ ~Jl,(t) - l] (2) 
mt 

has the property 

~f, It) ~ go(f) - L(f, It') ~ L(t, It') (3) 

for  arbitrary t t > 0 and arbitrary ~ ;~ O. Moreover, there is a 
maxUnizmg vector 5' for dual program B whoa• componenta are 

c,t~ . . . .  ,.~- 
, i e J [ O ] ,  

go(t) 
&' - (4) 

~ t  ~ , . . . t.',- 

Io(t) i • Jlk], k - 1 . . . . .  p, 

where t - f and It - I t ' .  Furthermore, 

,~5") = ~ k - l ,  2, . . . .  p. (5) 

(iv) I f  S" ~ a ,naximi:ing point for  dual program S, each , ,¢n~iz ing  
potm t" for  primal program A satisfies the system o f  equat ions 

f s,' ~s'), i • s[0], 
c, tp* " " t~= -- .I~'8( i • J[k], (6) 

where k ranges over all p o s i t ~  integers foe which AdS9 > O. 

Relation (4) provides a formula for computin$ a maximizing vector 5' 
from the knowledge of a minimizing vector t' and appropriate Lagrange 
multipliers ~ ' ,  k - 1, 2, . . . .  p. On the other hand, (6) gives a method for 
finding a minlmi~in[I vector f from the knowledge of a maximizing vector 
$'. It should be mentioned that (6) is easily reduced to a system of linear 
equations in the variables log t ,  j - 1.2. . . . .  m. by taking the logarithm 
of both sides of each equation. Thus a minimizing point f is easily found 
from a maximizing point $'. F'mally, it should be noted from (5) that the 
numbers Ab(S'), aside from a commmt factor, are the Lasrange multipliers 
for primal program A. 
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EXHIBIT 2 
POPULAT I ON S I ZE 

REOION 1 CHANISE CASE AREA MAR APR MaY JUN JUL AUG SEP OC:T NOV .¢LIM AVE 
BOSTON DEF RATE =' ,38 "PERCENT 1 90 138 234 290 150 142 122 115 I I 0  13<;I 155 

SAMPLE S I Z E  2 ,390 2 0 4  3 1 7  3 6 9  2 8 5  3 6 2  3 4 6  3 4 6  2 0 2  3201  356  
AREA MAR APR MAY JI.IN JLIL AUG SEP OCT NOV SLIM AVE 20:9 318 244 342 190 177 I 19 154 12"3 1873 208 

I 59 50 56 52 53 45 ~.9 4,3 48 448 50 4 5')7 518 282 4.?,4 319 297 164 I $3" 250 -:044 338 
2 43 58 53 "30 56 66 75 75 77 5o3 63 5 802 914 50.- °. 505 529 17.9 "927 256 211 4220 469 
.3 55  6,0 58  ,33 ,33 ,53 73 67  57 5 5 ~  02  c. 2'~9 44.9 3 6 6  44<; 196  3 3 5  145 157 20?. 2 5 3 8  252  
4 73 ,33 65 57 i.0 57 45 44 49 513 57 2'98 329 52o 272 19<; 2<;5 195 173 24c. 255:9 281 

:{~. 207 351 402 409 9,35 255 248 216 219 2652 2':~5 
'.:;UM 230  231 2 9 2  2 3 2  2 3 2  251 2 3 2  2 3 2  231 2 0 8 3  231 ":: 7:32 472  9':':9 2,37 9 0  150 158 1 ').9 1 ¢. 1 2.':..26 2'92 

I 0 2:9o 21 'F~ ":99 9(:'5 3 8 6  226. : 4-'9 151 1 :.31 2 -.01 250 

I: :~44 915 42:-: c.7~ 292 ":57 _.92 I'97 24,9 ":7:94 415 
POPULATION SIZE 12 114 :,2::: 515 53:7 287 ~02 90::: 5 ~:~. 22.:'. 9792 421 

AREA MAR APR MAY ,JIJN ,JUL AIJG SEP" OCT NOV SUM AVE I :'. 2(~(3 225 287 270 59 107 181 i i 7 13:1 I ..-..97 182 
1 165 1:90 2 0 2  2 4 3  197 186 173 172 191 1709 190 l.~ 2~)i 2'34 Ia.:: 2'.-'/7 _%49 2.~::.' 2~.,1~ 200  ,'r?~ . 2 1 1 2  235  
2 475 862 :917 1222 :994 1198 1469 1206 1268 9414 I(.346 
.:: 5:9~ 784 774 1119 86.9 978 1225 929 322 :?,058 893 "L,M 5,9,5 -: e I ~-'-". 5(,a4 5425 .3c.?0 ~5,T,c. -"~'~:". 9,~,4.-: 2779 ~ 7.-..54 4134 
4 -:53 "_-:97 4(:,':/ 464  $ 8 8  4 1 4  $47  2:'~2 338  :95"92 377  

.'- !.:M 1532 2223 22(92 . ~ 0 4 8  2347 2776 3214 2592 2619 22553 2506 REGION ~ 
~-AN:-.A$ I.':ITY DEF RATE CHANGE CASE =, 3 0  PERCENT 

SAMPLE '.'; I Z E 
;E'-, I 0N 2 CHANGE CASE AREA MAR APR MAY .JLIN ..IlolL AUG 3:EP 0(. T NOV '-~I.IM AVE 
I'~E~ YORK DEF RATE = 42 PERCENT 1 45  5,3 44  45 49  4'.~ 52  4(9 41 421 47  

SAMPLE SIZE 2 3:8 57 59 55 51 41 4([} 44 4:9 493 48 
AREA MAR APR MAY ,JUN JUL AUG SEP OCT NOV SLIM AVE 3 59 49 42 O1 50 55 5(.3 5.': 4 9  4"38 52 

54 36 51 :-:5 45 52 54 .~.,.') 58 445 4~ 1 6:9 62 54 47 78 62 60 60 60 546 61 4 
44 4,3 53 04  71 65 6 3  82 70 579 64 

_:: 7.9 "3.,5 ¢.4 54 ,30 57 53 58 51 541 6 0  :':UM 196 19.9 19d 19,3 195 197 196 197 19,5 1767 1":/6 
57 04  ,35 77 69 5~ 71 57 51 5o8 63 

5 67 42 59 62 .,30 7 4  .95 5<; 57 5,35 6 3  
:. :33 55 0 4  74  4,9 52 o6 GO o7 5¢.I ,52 POPULATION 31ZE 

45 88  67  3 0  41 74 5 2  6 5  74 5 9 6  60 AREA MAR APR" MAY ..ION ' JUL AUI3 '-:;EP OCT NOV '-~IoIM AVE 
:~ 60 75 74 71 .90 56 50 58 6:~ 592 66 1 155 27:9 1'9.,3 223 196 214 I.,38 108 I0,5 1659 132 

2 142 :902 28?, 29(.') 221 1'9~ 139 129 195 1834 204 
'.::I.IM 497  4 9 8  4":~8 4<;9 4 9 9  4 9 9  5 0 0  49<; 498  4 4 8 7  499  :.. -2.15 :960 2:92 4 6 2  908 974 249  22(.') 198 2 7 7 4  ~=)8 

4 229 215 280  214 223 284 214 202 18") 2050 228 

POPL,,ATION SIZE .:.UM :.341 115,5 I(:941 11:99 948 1065 770 c.56~ o28 :9297 ';'22 
AREA MAR APR MAY JUN JIJL AuG SEP OCT NOV '.~UM AVE 

I 264 445 9 3 2  :936 407 30<; 240 200 171 2704 300 
2 2:35 420 4 1 3  767 467 4 1 3  319 344 256 3~32 404 ~Er, I r,N 7 CHANGE CASE 

907 449 971 361 292 264 197 182 138 2561 285 -~=ALLAS DEF RATE =, 41 PERCENT 
4 276 542 459 650 419 343 950 221 171 3411 379 SAMPLE SIZE 
5 .-':34 .~62 487 526 ~74 458 403 232 195 3801 367 AREA MAR APR MAY JUN JUL AUG SEP OCT NOV S.UM AVE 

:.-'.7';' 433 432 575 225 280 2.35 217 210 8036 3:37 l 4 <; 59 75 91 64 70 59 o0 02 579 ,34 
7 14.9 574 :377 16<~ 190 33"3 187 194 193 2386 -:'O'~- .~ 52 ,35 54 51 59 ~o ,99 7.3 79 =,,o:~: ,93 
:' ~.'31 822 ~')O 7,56 631 418 2<;8 289 297 4598 511 .:: 4') 52 .S 1 O0 76 "32 74 65 57 57,3 o4 

• ~ 92  6:9 ,52 64 6 1  71 61  6 7  58 5';'9 O7 
r:l.IM 2543 4047 : 9 5 1 7  4147 3005 2 . 9 0 1  2259 1879 1,331 25629 2848 =. 37 -..'~ 54. 72 94 61 OO o9 57 =..81 ,95 

:: 50 ¢.o c.c, 54 6 3  6 1  6 7  79 35 591 0 6  
<;2 7 5  ,~. I ,37 5.5 "30 . 75 99 61 5:.::4 65 

~EG ION 9 CHANGE CA:~E -: 9:9 71 ::.3 6 9  45 .,:,7 48 Go 59 =-,8o 05 
F~ILADELPHIA DEF RATE = 54 PERCENT 

SAMPLE SIZE .: r.~M 519 518 51:9 518 518 518 519 518 518 46,~4 518 
AREA MAR APR MAY .JUN JUL AUG 3EP OCT NOV '31JM AVE 

I 71 55 54. 54 50 65 57 00 c.5 5 3 3  59 
2 56 70 51 80 63 50 56 51 50 527 59 POPULATION SIZE 
:: ~r) 51 51 3(.3 3,3 45  65  6 5  71 444  49 .-~=.EA MAR APR MAY .JUN .JUL AUG SEP OCT NOV SUM AVE 
4 5"# o0 ,97 72 71 64 50 :99 5,3 532 5'9 1 53.5 755 :340 1052 605 ..~24 434 " 427 435 5705 ,534 
5 39 54 60 62 52 59 58 57 51 492 55 2 477 701 511 555 475 4"v9 431 437 4o7 4551 506 
c. ,37 77 57 65 :34 66 55 60 61 592 66 :: 52:3 656 ':~01 76.8 7 1 6  549 545 457 400 5520 613'. 

86 48 60 52 75 52 57 53 39 522 5.9 ~ 1570 1 2 ¢ . 4  1071 1294 905 ~'~3 ,399 79~ ~33 91 ~8 i 019 
:~. 54 44. 61 47 30 61 64 77 76 516 57 428 928 o55 :,:33 ~33 577 "5.,09 51,5 422 5951 .:.,51 

.:, 65d. 1025 8:.3:.3 848 718 0,38 599 674 726 6792 755 
":.UM 4 6 2  461 4 6 3  4 6 2  461 4 6 2  4 6 2  4,32 4 6 3  4 1 5 8  462  I 115 1(.',25 74(,  ~51 5 7 7  5 9 3  6 1 1  2 9 6  4 7 2  ~:-:.9rl 70"~ 

3 1 1 ' 9 2  1(.')I(.') 779 ~91 472 4.o.9 3<)0 51,3." 45,8 ,3476 720 

-L'M ,3501 7St.2 ¢.380 7 4 4 0  5 4 0 1  51.~6 421.9 4 0 6 2  4 0 1 8  50543:  5,316 POPULATION '.3 IZE 
AREA MAR APR MAY .JUN .JUL AUG SEP OCT NOV '-~UM AVE 

1 9,'55 ..~d.8 :':03 ~ 1 o  2 9 9  254  1S2 189 212  2 4 2 5  2 7 0  
;~' 26.-: 42:_::. 2 5 6  4:.--.4 2 7 9  181 14.7 147 14<; 2 3 0 4  256  :, -_-'-i I ,SN 8 L"HANOE CA!SE 
:' :':4. 2 1 9  1 7 7  7 5  1 1 2  1 1 4  1 3 4  1 5 1  1 4 8  1 1 9 6  1 3 3  - Z : : ' . ' E ~  DEF RATE : c.O P E R C E N T  ., 
4 .305 ~:':-~ 9 9,:,$ 423  942 2 5 2  1 o 0  123 1,32 253:4 2.92 SAMPLE S I Z E  
5 152 274 250 27.'3.- I ~2 17.. °. 149 195 125 1727 I ")2 ~---:EA MAR APR MA ( ._IIJN .JUL AUG SEP OCT NOV '-.UM AVE 

597 $':~ I 539 072 7,9:3 a'~,') ~ 0'-~ 92c. 34"3 4838 538 I 55 55 55 55 55 55 55 55 55 495 55 
,'7 4 t 5 2'97 -:')5 2:96 l i~ i i 70 154 117 2274 253 2 54 54 54 54 54 54 54 54 54 4:9o 54 
::5 248 2.78 -:01 247 I ::9 218 186 21:.:: 225 2("97 226 -:: 51 52 52 52 52 52 51 51 51 4,34 52 

SUM 24.-':1 _-'.154 24'r~<; 2 7 " 1  2B2"v 18:':.9 1451 142:9 1452  195-:: :9. 2 1 4 9  "~:JM . 16(.') 161 1~1 161 161 161 160 160 160 1445  161 

RE010N 4 .;MANOE CASE POPULATION SIZE 
ATLANTA DEF RATE == 4:~. F'ERI"ENT AREA MAR APR MAY ..IUN ..IUL A GI3 SEP OCT NOV SUM AVE 

:.:;AMPLE S IZE  1 2 0 0  :313 25:9 271 2 1 9  241 154 1 5 6 "  126 1998  2 1 5  
AREA MAR APR MA Y .JUN JUL AUG ";EP OCT NOV SUM AVE 2 1:94 28:.3 2;_::7 249 201 221 142 143 116 1781 19S 

i 7.,> 79 7..'9 :30 44 58 .-,8 60 50 5":r:~ 66 ~ 157 24,3 202 212 171 I..°.9 121 122 9 <~ 151'71 16'9 
2 oq, :34 45  e.:3 ,53 64  ,:.0 75. 4.2 5 C~(', oc. 
:B 57 .:5 46 d.2 50 83 ,~.I 59 :-:4 561 o2 ~:.'M 541 847 ~.'~7 732 591 651 417 421 341 52~8 5.92 
4 o i  49 c.9 5 8  57 4.:'.-: 74 64  d.3 5,35 ,'33 
5 ~0 81 59 58 61 d.O .59 73 ,3-~ 583 ,95 

o0 75 05 57 7.9 52 57 7;,' 79 5':,5 ,9C. 
7 45 ,33 5:.:< 72 70 75 o9 c. I 63 5:-.': I o5 REI", (,'IN 9 CHANOE ,: ASE 
$ o4 .52 ~7 ;:7 4~ ,55 52 7o 51 578 .~4 .-'.AN FRANCISCO DEF RATE = 57. PERCENT 

,9o ~5 o i  59 ~7 o2 70 7,5 65 5:,1 Go SAMPLE '.-'. I Z E 
1L', ,32 31. 61 5('} 8 8  59  49  6 0  O 1 521 58 AREA MAR APR MAY ..lUN .JIJL AI.I'3 '3EP I-ICT NCIV SUM AVE 
I i 75 53 75 78 59 65 o5 53 o0 58~ ~5 1 ~4 57 77 o3 64 $7 o2 :%2 58 564 6:-: 

--" ..~O :.2 8 0  C.7 ,39 4~ 7q 55  52 57'~ ,54 2 42 ::7 :: 1 49  57 8(" 67  31 32 9 7 6  42 
.~') 56  63  37  6 8  ,39 57  51 7:9 54:9 O 1 -: .~.:.3 5 3  C.':1 5 3  ::::9 55  74 ~_=., 52  5 7 7  64 

4 48 :':9 5O 4"> 52 99 4:': 49 6,3 55O o I 
.: ,_,~ $30  8 3 0  :327 8 2 8  32.¢- . 8 2  ~' :.::3(.') :329 $ 3 0  74c. 1 :.::2'.9 5 :'-:2 4':, 57  ,~."; :-::q' -:4 4.7 1 ,)5 6:-: 5d. 1 ,92 

48  55  d,:-': 7 1  49 ,.-.c, .'~ 1 o 2  94 571 ,93 .> 
75 :-:5 ,'~.9 55 72 96 _-':4 41 49 57,3 64 

POPULATION SIZE 8 63 61 55 ,93 5:9 74 79 54 7.9 5:93 ,~5 
A~EA MAR APR MAY ..ILIN .JUL AUG SEP OCT NOV '51.1M AVE 5:9 54 .:.~ 74 d4 58 51 56 51 5:~O 59 

1 77~'. 1,951 '~5:~ 1180 502 o67 ,317 540 412 .~705 745 
-. 
.~ 4,70 1057  5 2 5  8 8 4  7 5 2  o 9 o  5 1 9  644  488  .v2~5 ,393 .:.I.IM 5 4 5  5 4 ~  54~: 5 4 2  54:-: 5 4 3  5 4 5  54.5 54::: 48:-:8 54:.3 

:~62 539 ?,4<; 565 357 588 341 296 4~9 9:336 42,3 
4 415 42.9 55:3 565 494 515 443 3.94 346 4'):38 454 
5 521 '~1 <; 4.14 733 602 584 535 507 441 5516 613 POPULATION SIZE 
.'.'. 047 1086 :9:35 87 <; 951 '527 539 6,33 6.97 o::'.83 7o5 AREA MAR APR MAY JIJN JUL AUG SEP OCT NOV :~I.IM AVE 

.372 7:".5 575 .959 "30 1 ':..~'2 506 445 42~ 5;:71 5.9,3 I 445 494 ,372 ,94.7 575 .%58 534 7,31 542 5051 5,31 
:': 402 5.92 579 910 402 5;:5 330 492 304 45:':6 510 2 :92 :99 ,33 144 146 61 14.1 73 7:': :997 100 

,345 822 71 (3 :3~:o 745 6:90 o03 ,354 516 .:.211 o'~0 :': 574 55.9 72,5 ,388 "782 o43 7:31 73~ 58"~ 6.;:74 ..~97 
: ::, 291 17C) -:41 336  4 o 3  9(99 2(90 2 4 8  23:9 2591  2:38 ~ 274. 6 4 4  .3oS 4 2 7  89'2 :.::02 :948 3 7 5  5 1 9  41 : :5 45"~ 
_, o50 5'~.-'. 77~ ~77 5.9_ o. 4.32 502 40"# 425 555(9 ,517 5 5.:'. I ::"?:9 45:9 648 329 3()o 54(.3 911 553 4c.,:..9 519 
l Z .=,41 oc.3 7:9') 792 ~44 44o 571 401 345 5192 577 =5 ::7 ~. 5c.3 601 :947 5O0 o44 557 o43 954 5:-:02 o45 
I .:: 5:96 419 4:95 :902 441 446 283 257 9bo 3350 B72 .~. 14 870 711 6')0 774 l (:~95 3~4 447 53.7 ..~072 ,:..75 

• ;: ,514 7 3 7  ~ 4 5  '~$7 73.%." ~79~ 951 o 9 9  1020  7~:40 :316 
~.UM ,3750 9014 :3(947 9018 7537 7407 5993 6020 5420 6c.014 7535 245 3(.3,3 :36~,3 522 983 974 2'92 .".41 31c.  3175 .::53 

£E'[' I'2N ~ CHANGE CASE {.UM 9754 4654 4695 5570 4822 5 2 : 9 2  4 5 2 " 9  4 9 8 : 9  5132 43415 4824 
"HICA00 DEF RATE - 4~ PERCENT 

SAMPLE S I Z E  
AREA MAR ~PR MAY .JUN ,JUL AUG SEP OCT NOV '~IJM AVE ~:EL',ION 10 CHANGE CASE 

i 90 92 62 72 5,3 54 50 5~ 53 4o8 52 ~.~'TTLE DEF RATE = o5 PERCENT 
2 '~:9 90 42 40 53 ~"~ 7<; :90 69 561 62 SAMPLE '.~ I Z E 
.:: 4/~ ,52 54 72 ,50 57 46 O0 52 509 57 -~&EA MAR AF'R MAY dUN JUL AUG SEP "JCT NOV SI_IM AvE 
4 92 6':~ 43 '52 o8 ~5 43 48 70 560 o2 : 57 5(') 5:-D 59 50 5"3 58 55 57 495 55 
5 95 ":~4 5<; 56 88 ."3. I ,5,3 52 4.,3 587 65 5c. 5 -3 57 56 52 48 44 40 50 456 51 
.:, 54 o9 o5 75 34 $,3 45 49 O6 545 ~0 4::: 55 47 42 55 53 54 61 49 457 51 

52 49 ':~(.') 4 4  48 7~ 58 52  77 5 4 3  60  
:_:: 94 47 05 62 84 60 70 ,31 05 548 01 :.:UM 156 15,5 157 157 157 157 15"3 156 156 140~ 156 

13(, 72 70 44  30  30 48 61 52 545 61 
• ~', 53  95 75 5 3  9 9  60 47 4.9 4.1 52"~ 5':~ 
[ i 4c. 1(')5 5c. :94 54  ¢.8 04  45  5:~. 5:::(:) ~4 POPULATION S I Z E  

- ":(.3 ":' ':~ c.$ 6 2  5 0  =-.3 o.4 123 5':' 5 9 4  .5C. AREA MAR APR MAY dUN JUL AUG SEP OCT NOV SUM AVE 
: :" 49 47 c.9 "31 30 5:9 75 49 58 49o 55 I 24,3 :-354 329 9<;8 252 272 237 20(.3 2(.34 2492 277 
. -  37  93 .::0 51 8 8  :92 ¢.-: ¢.c. 521  5::.: 2 1:91 2 7 9  2~2  2 7 5  194 170 131 10"9 133 17."9.-4 193 

145 284 217 210 211 192 166 170 134 1727 1"#2 
.: ~.'M :.::41 :943 :341 :944 .942 $ 4 3  :943 .944 945  7 5 ~ 4  .943 

"'.LIM 570 9 1 7  :908 .983 657 634 534 479 471 5953 ,361 

736 



EXHIBIT 2 (Continued) 

-,AT ICIN CHANGE CASE 
DEF RATE = 51 PERCENT 

SAMPLE ~ I Z E  
RE010N MAR APR MAY .JUN JLIL AUG 3EP OCT NOV SUM AVE 

I 2£,0 231 292 292 2@2 2B I 292 292 291 2083 231 
2 4'-~7 4.T/:{'. 4"-~8 4 9 9  49"~ 4</9 5 0 0  4":~9 49:£, 4 4 8 7  4':P-~ 
-. 4c,2 4c. 1 4~:' :  4 6 2  4~. I 4 0 2  4 6 2  4c,2 ,1c.~ 415::.: 4~.2 
4 :{::~.0 :-::::0 :927 :~29 ? 2 8  :~29 :990 :.::2~ :~::t') 74~.. 1 :~;2':~ 
5 :941 :~.4~: :_::.41 :-344 :_~42 :~.49 :£,4:~ ~;44 :~1,~: 75:{ :4 :.::4:-: 

,9,'-. 198 19~ 19¢' 195 197 19̀5 I~7 19"3 17~.7 I"i'6 
":' ; i ' ;  518 51:~ 518 51:£, 518 519 518 518 4664 518 
:~ IoO i o l  161 161 161 161 1440 160 1.50 1445 Io1 

54:--":. 548 543 542 543 543 543 545 543 4888 543 
10 156 156 157 157 157 157 156 156 156 1408 156 

NAT I 0N 44  ~.:4 44?.9  449`5 4 4 9 9  4 4 3 6  4 4 4 0  4 4 4 1  4 4 4 2  4 4 3 8  : 9 9 9 4 5  4 4 3 8  

POPULAT I ON '~ I Z E 
~'E,31 ON MAR APR MAY dUN J U L  AUG SEP 0CT NOV '~.LIM AvE 

I 1592 2223 22r)" . '9048 2 3 4 7  2776 ~214 25~2 261 ':~ 22553 2506 
2 2:£,4?. 4 0 4 7  "£,5 i ; 4147 9005 2 8 0 1  2259 1879 14431 25,52"9 2848 
~, 24.91 9154 2 4  c/';' 2 7 9 1  2329 1838 1451 142---: 1482 1 -~9:{:~:: 2149 

o 750 "~014  9 r ) 4 7  ~81 .?. 75..°.7 7407 5 9 ' ~ 9  6020 5428 .-,..~,:) 14 7~35 
5 50o :~  d 1 ¢..~: 5('144 5 4 2 5  :£,,.- ~ 0  .=:500 29~.9 904c.  2 7 7 ~  { : 7 0 5 4  4 1 8 4  
,> :-'.:41 115,.~ 1(~41 1 1 8 ~  94:9 1 0 o 5  7 7 0  0 5 9  ,52:-: 8 2 ~ 7  9 2 2  
7 o501 7:=-:O2 i. 9:~0 7 4 4 0  5 4 0 1  5 1 0 c .  4 2 1 8  4062 401:3 50543 5,516 
:9 541 ::"47 ...:.97 752 591 051 417 421 341 5298 5:92 

9 7 5 4  4c .54  4d.c~5 5 5 7 0  4 8 2 2  5 2 5 2  4 5 2 9  4 9 ~ 3  5 1 9 2  4.~:415 4 8 2 4  
t 0 570 .--, 7 :.:0:'.-: ~:8:~. 657 c, 94 5 ":4 47"~ 471 5~59 c.e 1 

r~AT I ,.-,N -:0 ~:2 ':. ".-"~,5 :.:7 9.u.", ? r} 40':I:{: :9 {:I 2~.7 ~. 112~.. 24.977 255o4 24524 2:-:4o:94 .::io26 

9 MONTH ROLL ~.AMF'LINO ERRORS 4 MONTH ROLL '-_-;AMPLINO ERROR:.~ 
CHANGE CASE CHANGE ,-:ASE 
DEF RATE = 51 F'ERCENT DEF RATE = 51 PER..':ENT 
RE,-,I,-IN AND AREA MAR-  R E G I O N  AND AREA M A R -  A P R -  M A Y -  J I J N -  . . IUL- AUG-  

NOV ,_IUN ,.IUL AUG {:EP OCT NOV 
9 97 I 1 B0:.-'.TON 5.71 5.7o- . 5.87 ~. I~ c.. i'~ o.2'? I I ~.Cl~ :TCIN 

1 2 E:C,:':.T,'IN :.~ '~9 1 2 BOSTON c..53 c..27 d.15 5.::J8 5.7{9 5.4'~ 
1 E:08TON -~ ':; ":: 1 ,..:" BOSTON .5 • 19  o .  0 2  5 . 9 ~  5 • ~:t:) 5 . 7 4  5 .  :9(:.) 
1 4 ~.0S:TON '~7 I 4 BOSTON 5 . 6 2  5 . 7 3  5 . : : : 2  ¢.(.'}':P o . 2 4  . 4 2  
2 1 NEW YORK :3 9:': 2 I NEW YORK ~.17 5.91 5.:::~ 5.:.::0 5.50 5.0,2 

2 NEW YORk:[ :~ '~:~: 2 NEW YORK d,. 26 5.38 5. d.5 5.59 7.45 5.40 
2 :~ NEW YORK :9 9:.:: 2 3 NEW YORK 5.70 5.: :J4 5.91 c.07 5.81 .9{: 
2 4 NEW YORK ~.'..'~:B 2 4 HEN YORK 5. ;92 5.04 5. C.7 5. ¢.3 5. O5 5.3,:' 
2 5 NEW YORK -':.~L~ 2 5 NEW YORK 6.21 6.23 5.$I  5.56 5 .4~,  5.42 

'- NEW YCIRK :9". 9:-: 6 NEW YORK 5.0~, 6.06 6.09 o. 11 ~_.. (34 5. c.': 
7 NEW YORK _.__ 2 7 NEW YORK 6.O~< 6.04 5.12 ,>.2"~ 5.72 5.29 

NEW YORK :£,.':h9 9 NEW YORK 5 70 5.46 5.#,3 5 . 9 : 3  5.95 0.05 
1 PHILADELPHIA 3.'~'.:': I PHILADELPHIA '99 ~._.23 o.02 6.01 5.71 5.34. 

.:: 2 PHILADELPHIA,, 9.97 ~ 2 PHILADELPHIA 5 c.4 5 57 5.7~. 5.70 5.:.: : I  5.7A 
P H I L A D E L P H I A  '~L:'. 3 P H I L A D E L P H I A  ,5 7 7  .5 o 4  6 . 4 6  5 . 9 1  5.~ ' .2 4 . . 5 7  

.:: ~ P H I L A D E L P H I A  :3.9:-.': ~ 4 P H I L A D E L P H I A  5 6 7  5 5 5  5 . 4 6  5 . c , 5  5.:~:,.!, 5.~:.:: 
~' 5 PHILADELPHIA ::.:h~ $ 5 PHILADELPHIA :> 02 5 3 4  5.70 5.71 5.48 5.-"4 
{: .~ PHILADELPHIA ::..:r.-: :: ~ PHILADELPHIA 5 8 3  '~ .~o 5.75 5.:£,1 5.7,:, 5.37 

~-'HILADELPHIA .'~9 3 , PHILADELPHIA 75 ~J 89 5.79 5.$:': 5.o4 5.2.~ 
PHILADELPHIA .9:', PHILADELPHIA 24 .,5 ~o 44.32 ~.23 5.4~ 4.~3 

4 I A T L A N T A  :£,.'~9 4 1 A T L A N T A  5 4 7  5 7,'5 5 . 9 9  6.1`5  0 . 3 1  6 . 2 1  
1 A T L A N T A  9.99 4 2 A T L A N T A  5 9,9 5 97 o. 22 c., 07 5.~94 5.:9-'-': 
,.1 ~ A T L A N T A  $.9:9 4 9 A T L A N T A  ,~ 22 d. $0 o.05 5 . 9 0  5.:{: 'P 5.4'7 

A T L A N T A  ~.  9:': 4 4 A T L A N T A  .._,,';. 15  : 18 5 . 9 4  5 .Cl l  5 . 7 4  5 .  -..4 
4 A T L A N T A  {:.':~'~ 4 5 A T L A N T A  5.'~8 ~ 95 ,5.21 0 . 1 2  5 . 8 4  5. , '30 
4 o ATLANTA 4 ATLANTA o. 04 5 • 82 o 08 o. ->9 5. -','7 5. "~2 
4 ATLANTA 9.9"~ 4 7 ATLANTA 6.15 5. :£,4 5 7~ 5. >:.:: 5.70 5.75 
4 :.:: ATLANTA :~.9:9 4 o A T L A N T A  5.69 5.89 5 ~,0 6.01 ¢ , . 0 1  5.':~6 
4 ATLANTA .9:9 4 ; ATLANTA .10 6.06 6 I0 c..04 5.7,5 5.75 
4 :~) ATLANTA :9.9:9 4 10 A T L A N T A  _5.41 ~.02 5 0 8  5.'-::~: 5.¢.O 5.~T 
4 I I  ATLANTA .99 4 11 ATLANTA 5.7~ 5.$8 5 76 5.90 o..I0 6.06 
4 12 ATLANTA 9.'.:;9 4 12 ATLANTA 5.77 5,72 5 86 5.92 5.95 6.12 
4 19 ATLANTA 9.':~7 4 18 A T L A N T A  44,22 44.22 44.08 6.12 5.L=~7 5.70 

.96 5 1 CHICAGO 6.18 5.82 5.49 5. 51 5.21 5.12 5 i CHICA)JO 
CHICAGO 9.9:£, 5 2 CHICAGO ,b.41 7.17 ~ . 4 7  5.94 5.33 5.14 

:' L"HIrAO0 $.':~7 =5 3 CHICA00 5 .$ I  5.4>8 5.P,,7 5 73 5.44 5.44 
CHICAGO . ' - ~  o 4 CHICAGO 5.68 6.01 6.01 44 00 5 88 5.79 

5 5 CHICAGO 3 • 9:': 5 5CHICAGO 5.41 5.54 44.21 
5 r:Hl C AGO .9:9 5 6 CHICAGO 5.03 5.89 5.06 5 
5 7 r:HICAG0 .~.9:9 5 7 CHICAGO 5.97 6.0c, 5.79 ..'3 
5 ::': C:HICAGrl .-3.':h9 8 CHICAGO o.39 5.78 5.c,0 5 

CHICAOI-I ~. 99 ~.~ 9 CHICAGO 5.14 ~ . 3 2  6 . ~ 4  7 
10 CHICAGO .'~'9 5 10 CHICAGO o.21 5.66 5.36 = 

5.50 5.4o 5..82 5 . . '  ' C :HICAG0 .~. 9:': 5 11 C H I C A G O  
12 CHICAGO 9.':h9 5 12 CHICAGO 0.02 5.74 o'.27 
:::: CHICAGO :9.9:£, 5 13 CHICAGO 5.:~5 6.22 5.~9 

5 14 CHICAGO :9.97 5 14 CHICAGO 7.41 6.42 5.79 5 
: '. I" AN~AS: C I TY 9 .  ~:~ ,=.. 1 KANSAS C I TY 5 . ' 9 4  5 .  :9o 5 . 9 4  5 
: 2 "'ANSA~; C I TY 9.97 o 2 KANSAS C I TY 5.72 5.5~-, 5.71 6 
- ": wAN'-;A:~ CITY ::.~:': .:. 3 KANSAS CITY 5.91 o.01 5.91 5 
: 4 KAN'..3AL-': CITY ?...~>7 c. 4 KANSA~ CITY _,'>.:P,2 ~ , . 4 7  6.16 
- I DALLA:-: {'.. ~:': 7 I D A L L A S  5.82 5.67 ".~, 57 5 
7 2 DALLAS 3 .  '~:9 7 2 D A L L A S  44.2'9 ,5 • 21 o .  18  %@ 

DALLAS ~. ';':9 7 ~ 0ALLAS 6 , 0 7  5.77 5 • 06 5 
" 4 "IALLA$ 3 .  ':;9 7 4 DALLAS 5.73 ,5.09 6. OO ,~. 07 5.91 5 

5 DALLAS: £,. 9 9  7 5 DALLAS 6.19 5.57 5.65 5.59 5 48 5 
7 6 DALLA::; :3.98 7 6 DALLAS 0.20 6.06 6.11 44.15 5.72 5 
? 7 DALLAS :3.9:9 7 7 DALLAS 5.54 5.94 ~.09 5.98 6.17 ,5 
7 '..:: D A L L A S  9 . 9 8  7 8 DALLA:~. 5 . 4 7  , 5 . 0 4  6 . 1 0  6 . $ 5  . 2 3  6 

DENVER 9 . 9 8  8 I DENVER 5.95 5.93 5.84 5.86 5.73 5 
DENVER 3.97 8 2 DENVER 5.95 5 • 93. 5.38 5.85 5.70 5 
DENVER $. 97 8 3 DENVER 5.96 5.94 5.82 5.83 5.08 5 

I: '~:AN FRANCI:'tC0 { : . ' 98  9 I SAN FRANCISCO 5.~8 5.~O 6.10 30 ¢..r)2 .5 
'~' 2 t~:AN FRANCISCO ::.97 ':~ 2 SAN FRANCISCO ¢..18 5.96 6.08 5.50 5.d.2 5 

'.-'.AN FRANC I$C:C' :~.9: ' :  '~ ~, SAN F R A N C I S C O  6 . 1 7  5 . 8 9  5 . 8 7  5 . : : : 2  5 . c . 7  
9 ,I :'.-;AN FRANCI:~C0 £,.'7:~: ,~ 4 SAN FRANCISCO 6.09 6.02 5.91 5.94 5.92 5 

'{;'AN FRAN,: I 'S , ' :0  9.9:-: 5 SAN F R A N C I ~ F : 0  5 . 9 6  e . . 51  6 . 7 ~ .  0 . 4 . 0  5..","~ 
9 ~AN FRANr:I : . : ;C0 { : .9 ' ; /  9 b ~;AN FRANC I S r 0  0 . 1 2  o . 0 8  o . 0 0  ,:,. 14 , : , . 23  5 

:...AN FRANI; I'-;l::l:l ~: ".7/::: 7 ~ FRANC It~;C0 ,2..'9 5 .C .9  5 .  ~.';/. 5 . 9 d .  o .  11 
"'.AN FRANr I '{.C ,'i SAN FRANC I $C.0 25 O. "I i 5. ::-;2 ~,. :-~';~ 
=_.;AN FRANCI .~ r :0  .::.9:{: '~AN F R A N C I $ C : 0  8 8  5 . 0 8  5 . . 6 5  5 .E :5  o . 0 1  

: :, : { C A T T L E  ": .:,: ' : IC) 1 S E A T T L E  o 
':.:EATTLE ":. ~::: I0 2 - :CATTLE 

I0 .:' : ; E A T T L E  ~.'-'.'7 10 9 : - ;EATTLE 6 

11 5.:39 ~.41 
39 5 :£,5 5.40 
0c. 5 .'.¢. 5.27 
52 5 24 5.94, 
27 6 34 5. ~7 
56 5 ":~ 5.70 
75 5 '~,', 5.3O 
27 5 29 5. -"~ 
82 5 .::o 5.02 
23 4 :£,8 4 .  '~'~ 
:.~I 5 79 5.37 
0 1  C. c,9 c. .  0:-: 
8::' 5 :B9 5.2. ' ;"  
12 5 c.9 5.4:.:: 
78 5..~:5 5.32 
01 5..¢,2 37 
7 7  5.58 5.74 

91 
32 
46 
06 
()0 
67 
b :: 

o l  
10 
c,:-: 

0:.:: 
7.~ 
7 2  
7O 
42 
c.::: 

, 22  
0,) ,:..c)o 5.94 5.:{:7 5.72 5 5~. 
75 77 5.7~ .-...rt4 . ~ ": 
::; I ¢,. 0'-~ 4.. O0 5 .8o  5 .4 , - ,  5 .  {:6 
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