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(ABSTRACT) 

An expert system for dairy herd reproductive management for microcomputer was developed using 

an expert system shell and Turbo Pascal. A dairy extension reproductive specialist provided infor- 

mation for the system and empirical support was provided by research. The expert system initially 

examines days open, days to first insemination, percent of possible estruses observed, and number 

of breedings per conception to determine whether a problem exists. Interpretations ranging from 

“excellent” to “severe” were established for each parameter. “Excellent” and “adequate” interpreta- 

tions correspond to a 12 to 13 mo calving interval. The system then selects for evaluation one of 

three areas that influences days open; days to first insemination, efficiency of detection of estrus, 

or conception percentage. Once an area has been selected for further evaluation, the expert system 

utilizes information from the user and from DHIA reproductive management reports developed by 

the Dairy Records Processing Center in Raleigh, NC. The reproductive reports are captured in a 

computer file and read by the expert system to identify problems of conception categorized by 

production, parity, service, days in milk, breed, and service sire. In addition, questions are asked 

by the expert system to isolate problems in data accuracy, semen handling, AI technique, detection 

of estrus, signs of estrus, and other management areas. Recommendations and suggestions are 

given. The expert system was designed to be used by extension personnel who may not have ex- 

tensive knowledge of computers or reproductive management. The compiled program runs on an



IBM compatible personal computer with 640K memory. Ten Virginia DHIA herds with con- 

ception problems were evaluated by the expert system and the extension specialist. Of 100 potential 

problem areas, the expert system and extension specialist identified 47, agreeing on 85% of them. 

Most discrepancies resulted from the expert applying a more restrictive standard when values were 

close to a preselected threshold.
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Introduction 

Reproductive inefficiency is one of the most serious and frustrating problems of dairy farming. The 

problem is serious because of the economic losses associated with poor reproduction and frustrating 

because the problems are not always obvious and are often difficult to correct. A calving interval 

(CI) of 12 to 13 mo has been shown to be the most economically beneficial but is often difficult 

to obtain due to the biological and managerial problems associated with the reproductive cycle of 

the cow. The sum of the number of days open after calving, plus gestation length equals CI. From 

a management standpoint, the length of gestation cannot be altered; however, days open can be 

controlled by farm practices and management decisions. To obtain a 12 to 13 mo CI, the days open 

must be between 85 and 115. To correct problems with extended days open, three areas which 

influence days open must be evaluated. Days open is a function of when breeding begins after 

calving, how efficiently estrus is detected, and conception rate. A problem with any of these areas 

will result in extended days open. Each area should be analyzed when a problem with days open 

exists. The evaluation process should include an examination of herd records and management 

factors which influence these three areas. 

Extension agents have long been the source of new information and technology and have solved 

many practical problems for dairy farmers. However, this has changed over the last few years for 

a variety of reasons. Because the number of people involved in production agriculture has been 
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declining, the number of highly trained and specialized extension agents has also declined, thus 

many extension agents have become generalists instead of specialists. There is less money available 

for specialized training and traveling. Therefore, extension agents may have to deal with problems 

they know little about. Many times problems associated with dairy herd reproductive management 

represent one such area. 

Recent technology in the area of computer programming, namely expert systems (ES), allows for 

simulating the thought process of human experts within a specific area of expertise. An ES for 

improving reproductive management captures the knowledge of the extension dairy reproductive 

specialist and allows that knowledge to be used by dairy farmers, extension agents, and herd con- 

sultants. From an initial evaluation of a herd summary form, a decision is made on which areas 

to evaluate. Average days open (DO), average days to first breeding (DFB), number of breedings 

per conception (CR), and percent of possible heats detected (ED) represent areas that are initially 

investigated. The area in need of the most attention is evaluated and suggestions for improvement 

are given. The goal of this project is to investigate the factors which influence DFB, CR, and ED 

and develop an expert system that will help dairy farmers reduce DO and shorten CI. 
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Review of Literature 

Expert Systems 

Rolston (61) defined ES as computer programs which capture the basic knowledge that allows 

humans to act as experts when dealing with complicated problems within a specific domain, or area 

of knowledge. The most important difference between an ES and other computer programs is the 

ability of the ES to evaluate and solve problems much like a human. An ES uses extensive specific 

knowledge, i.e data and facts, from a specific area and then applies search techniques to locate rules 

similar to those used by humans to solve the problem. Much of the human decision process is 

heuristic, which implies the understanding of relationships between data and facts. This relation- 

ship is also known as knowledge and common sense. An ES is able to support heuristics, thus al- 

lowing for non-algorithmic reasoning, which ts not as easily available in other computer programs. 

Expert Systems also have the ability to use data to infer new knowledge. Unlike other computer 

programs, ES can utilize symbolic processing which eliminates the need for complex computer 

languages and allows people with limited computer skills to develop an ES. An ES can also explain 

the reasoning process which led to the solultion of the problem. This explanation can serve as a 

teaching tool for the ES user. 
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There are several reasons why ES are being developed. Many times human experts are not available 

when and where they are needed. There are not many experts within a specific area. By capturing 

the expert’s knowledge in an ES, more people can benefit and the knowledge and experience of the 

expert will not perish. An ES is also more consistent in its problem solving ability than a human, 

because the same problem is solved the same way every time. However, this can also be a disad- 

vantage. Humans can take into account human conditions which a computer can not. For ex- 

ample, a computer cannot look into someone’s eyes and determine whether or not the truth is being 

told. Human expertise is also expensive and an ES should be able to reduce the cost of having 

human expertise to solve problems. However, the cost of developing an ES must be weighed 

against potential benefits. A problem with the knowledge within the ES is that it may change as 

the knowledge base changes. Data and facts must constantly be updated so that the ES remains 

consistent with human expertise. The most difficult problem associated with ES development is 

documenting and transferring human expertise into the ES. A human expert must exist in the 

specific area of interest. The expert must be willing and able to articulate the expertise to the 

knowledge engineer, who then transfers the knowledge into the ES. Although the potential uses 

for ES are limitless, the most popular area of ES use is the area of diagnostics. 

An ES consists of three parts. The knowledge base contains data, facts, rules and relationships. 

An inference engine uses the knowlege base to solve problems and then gathers and displays in- 

formation through the third part of the ES, the user interface. The inference engine can use several 

problem solving techniques which are similar to a human’s ability and reasoning. Backward 

chaining is the most common method used by ES. The ES begins with a goal and tries to prove 

the goal to be true by working backward through the knowledge base. Forward chaining refers to 

the ES working forward through the knowledge base to gather data to prove a goal is true. Most 

ES developers use ES shell programs which contain all three parts and are capable of both forward 

and backward chaining. The developer writes the knowledge base within the shell program. The 

shell provides the inference engine and user interface. This process reduces the need for complex 

computer programming languages. The eventual user of the ES must be known to the developer 
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so that an appropriate level of knowledge is written into the ES. An effort must be made to make 

the ES reasonably easy to use. 

Expert Systems were first developed in the 1970’s and have not been used in dairy herd management 

extensively. Smith (76) and Spahr et al. (79) reviewed potential ES applications in dairy manage- 

ment and indicated that research is going on in this area. They pointed out several problems as- 

sociated with developing ES for dairy management. Many times computer programmers develop 

an ES without the assistance of a dairy management expert, which sometimes makes their program 

difficult to understand and use. The goals and purpose of the ES are not well defined. Too large 

a problem is often defined and may not be suitable for an ES. The problem may have to be divided 

into smaller knowledge bases and the technique of knowledge base chaining, or connecting, used. 

An ES is only a tool for problem solving and is only as good as the information which is in the 

knowledge base and the information which the user provides. 

Economics of Reproduction 

Before developing an ES in reproductive management, it is important to understand the importance 

of dairy herd reproductive efficiency. Pelissier (59) concluded that reproductive inefficiency is one 

of the most serious problems facing dairy farmers. He suggested that breeding problems reduce 

gross income because milk production is reduced and fewer calves are born. Furthermore, pro- 

duction costs increase due to higher replacement, veterinary and breeding expenses. The combi- 

nation of lower milk production and higher production costs reduces net income. The estimated 

losses from these factors totaled $116.25 per cow in 1981. Unrealized milk sales accounted for 53% 

of the total while the additional cost of herd replacements and loss of calves made up 37%. The 

remaining 10% was due to increased breeding and veterinary costs. In addition, the negative in- 

fluence of poor reproduction on genetic progress must be considered, but it is difficult to assign a 
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cost to this loss. Breeding problems decrease the number, and genetic potential, of calves that are 

born, which is due to reduced use of high PTA bulls which are often more expensive. High PTA 

bulls are avoided because of the fear of repeat services which may be needed. In 1975, Lineweaver 

(43) suggested that in Virginia the average yearly loss per cow due to poor reproduction was nearly 

$92, as indicated by a 410 d CI for the state. Britt (7) concluded that the profit of dairy herds was 

adversely affected by poor reproductive performance, which in turn affected milk produced per cow 

per day, number of replacements produced and rates of voluntary and involuntary culling. 

Work of Louca and Legates (44) provides the foundation on which much of the research in the area 

of reproduction and economics is based. They concluded that from an economic standpoint, milk 

yield per unit of time a cow is in the herd is more important than individual lactation performance. 

They performed two separate studies. The first study examined total production of individual cows 

to the end of the lactation completed nearest to 48 mo after first calving. This was to eliminate the 

bias of having older, selected cows in the data. Regression analyses within herd and year of first 

calving, holding constant age at calving, total days dry and total days in milk, revealed a quadratic 

relationship between DO and production. An average decrease of 1.31 to 3.49 kg of milk pro- 

duction and .072 to .152 kg of fat production occurred with each additional day open. An upward 

trend in total milk yield occurred at 700 total DO, which suggested that the 44 cows that were be- 

yond 700 DO were not culled because their production was high enough to compensate for poor 

reproduction. The second study utilized shorter production intervals, 1580 first and second, 1050 

second and third and 700 third and fourth lactation pairs. Yields per day for the interval from 210 

d after calving to 305 d of the next lactation were used as dependent variables in the model. The 

exclusion of the first 210 d of production accurately reflected the effect of days open rather than the 

inclusion of total production. It was concluded that pregnancy did not affect milk yield until 5 

mo after conception. Therefore, the first 210 d of yield was not influenced by pregnancy. Using a 

similar regression model as in the first study, they found that each DO was not uniformly expensive 

for all lactations. An increase of 1.16 kg of milk and .071 kg of fat for each additional DO was 

calculated for first lactation. Second and third lactations declined by 3.58 and 3.68 kg of milk, re- 
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spectively. The difference between first and later lactations was attributed to the greater persistency 

of first lactation. Each additional DO in first lactation had less effect than a DO in second or greater 

lactations. From an economic standpoint, they considered a reduced calving rate and loss in milk 

yield and determined that a net decrease in income for each additional DO would be between $0.25 

and $0.75 based on a return of $0.05 to $0.12 per kg of milk and $25.00 to $100.00 per calf. From 

this research, they suggested a CI of 13 months for first lactation and 12 for second and beyond. 

Schmidt (67) determined the effect of calving intervals on income over feed cost (IOFC) and vari- 

able costs using a microcomputer spreadsheet. Various milk yields and prices, feed prices, and 

culling strategies were used. Income over feed costs for 12 and 13 mo CI were virtually the same 

across three different production levels. However, 14 and 15 mo CI had lower IOFC. When the 

culling decision was based on a cow age of 78 mo, and milk yield was 10,000 kg/yr, the decrease 

of IOFC per day was $0.02, $0.59 and $0.56 for increasing CI of 13, 14 and 15 mo. When culling 

was on the basis of lactations, extending the CI increased IOFC because the increased milk yield 

from the longer CI was greater than the increased variable and maintenance costs used in the 

analysis. The greatest increase in IOFC occurred between 12 and 13 mo. However, in the model, 

culling took place at the end of the lactation, where in practice, culling is a continuous process. The 

difference in IOFC between the two culling practices indicated the importance of milk yield per unit 

of time the cow is in the milking herd. High milk price and low feed cost had the greatest effect 

on IOFC. A 12 to 13 mo CI appeared to be the best strategy under the economic considerations 

in this study. 

Holmann et al. (38) found little effect on IOFC in the short run for modest changes in CI. De- 

pending on the level of milk production used in their budgets, a gain of $0.21 to $0.41 in IOFC 

per day was calculated for each day open between a 12 and 13 mo CI. A decrease of between $0.04 

and $0.23 per day was found for increasing to a 15 mo CI. A 13 mo CI appeared to be optimal. 

However, they suggested that there may be an incentive to milk cows in late lactation as long as the 

difference in IOFC per day compared to the dry period exceeds the cost of milking. This study only 

examined short run situations and did not take into account culling and reduced replacements from 
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extended DO. Olds et al. (55) concluded that milk yield per day of CI decreased as DO increased. 

More time was spent at the lower end of the lactation curve. Days open influenced days in milk, 

days dry and the rate of decline in production after 120 days of lactation. Increased persistency 

associated with additional DO accounted for higher 305 d production. For first lactation, each 

additional DO between 40 and 140 d postpartum resulted in $0.71 less IOFC per day, while for 

second or greater the loss was $1.18. Although the dollar values observed by Louca and Legates 

(44) were different than those of (38) and (55), all of the research indicated that extended DO af- 

fected second or greater lactations more than first lactations. 

Rounsaville et al. (64) simulated 21 herds of 65 cows and quantified changes in DO, DFB, CI, 

number of annual services, and annual culling rates over a 10 yr period due to three levels of ED, 

CR and culling policies. Estrus detection percentages of 35, 55 and 75%, CR of 42, 50 and 58% 

and culling after three, four, or five services were compared in all possible combinations. Minimum 

DFB was 60 d. Differences in ED appeared to be the primary factor affecting DFB, DO and CI. 

Changes in CR and culling policy also significantly influenced DO, CI and culling. A DFB average 

of 90 d and a DO of 120 d was found when ED was 55%, CR was 50% and culling was after four 

services. Increasing ED to 75% decreased DO to 104 d while decreasing ED to 35% increased DO 

to 140 d. The economic consequences of changing the level of each variable in the simulation were 

also studied. A change in culling policy required no extra expense to the farmer. Changes in ED 

and CR may require significant expenditures in labor and materials. For example, labor is needed 

to implement ED programs or AI re-training may be necessary to improve CR. In their economic 

analysis, which does not include differences in milk yield due to increased DO or the implications 

of poor reproduction on genetic progress, changes in CR and culling policies were most econom- 

ically beneficial to the farmer. A change from poor to average CR resulted in a savings of $596.00 

per herd annually due to decreased number of services and herd replacements needed. According 

to their analysis, changes in ED were more costly to implement and not economically beneficial, a 

fact which may be useful in the design of an ES. Their cost analysis was not complete enough to 

make general recommendations regarding appropriate levels of DO, ED and CR. 
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Oltenacu et al. (57) simulated the effects on profit from an improvement in ED and CR. When 

CR was constant at 50%, an improvement of ED rate from 35 to 55% resulted in an additional 

return of $60.00 per cow annually. When the ED rate improved from 55 to 75% and CR was 58%, 

an increase of $8.00 in additional return was found. Their study indicated that a point of dimin- 

ishing returns is reached beyond an ED rate of 60% and a CR of 50%. However, in this simu- 

lation, the postpartum delay to first breeding was 60 d for all cows, which may not represent actual 

farm practices. Olds (52) in a review of management techniques for shortening CI, concluded that 

a 12 to 13 mo CI should be the goal for dairy farmers. 

General Factors Affecting Conception 

Conception rates of dairy cattle can be affected by many factors. There are several main areas in 

which conception and conception problems can be classified. DeKruif (16) considered the bull, the 

method of insemination, the cow, conditions of herd management, and chance as the main areas 

of interest when discussing CR. The bull effects CR through artificial insemination (AI) and na- 

tural service. The fertility and health of natural service bulls needs to be considered in appropniate 

situations. Artificial Insemination organizations should provide high quality frozen semen that has 

ability to fertilize cows so that the bull’s affect on CR will be limited. Insemination techniques, 

including timing of AI and site of semen deposition, also affect CR. The cow’s effect on CR in- 

cludes age, milk production and disease. Conditions of herd management refer to climate, season, 

size of herds and housing. Furthermore, the effect of management decisions and practices such as 

choice of bull, animal hygiene, interval between calving and first breeding, accuracy of estrus de- 

tection, nutrition and culling all affect CR. 

Hillers et al. (36) and Ron et al. (63) concluded that accuracy of estrus detection, proper 

inseminating techniques and good herd health can directly influence CR. Factors beyond the im- 
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mediate scope of reproductive management, such as milk yield, age and season, can be controlled 

if their relationship to reproduction is understood. For example, efforts to cool cows during warm 

months is beneficial to reproduction. A study in West Virginia (14) found that individual cow re- 

productive performance was affected by season of calving, production, age and reproductive disor- 

ders. Research by Shanks et al. (73) concluded that season, parity, uterine involution, ovarian 

condition, retained placenta, dystocia, embryonic death, reproductive treatment and number of 

services explained 71% of the variation in CR. Call and Stevenson (11) felt that the key to im- 

proving herd reproduction begins with the individual cow due to the wide difference in fertilization 

and calving rates among cows. 

Timing of Insemination 

Once a cow has been observed in estrus, only a short period of time is available for insemination 

and conception to take place. On day 17 of the estrous cycle, progesterone from the corpus luteum 

(CL) is declining and estrogen from the maturing follicles is increasing. This increase in estrogen 

causes a surge of luteinizing hormone followed by ovulation 19 to 33 h later. Duration of the LH 

surge is 4 to 10 h and corresponds with the beginning of standing estrus. Unlike most farm animals, 

ovulation occurs after estrus has ended. After ovulation, the ovum moves down the oviduct and for 

12 to 24 h is capable of being fertilized (21,77). Not only is the cow’s physiology important to the 

timing of insemination and conception, but sperm and sperm transport plays a key role. Hawk (35) 

indicated that sperm is viable in the cow’s reproductive tract for up to 48 h, with maximum con- 

centration of sperm occurring in the oviduct, the site of fertilization, 8 to 12 h after insemination. 

For capacitation, which is required for fertilization, sperm have to present in the reproductive tract 

for 6 to 8h. The sperm and ovum should meet at an optimum time so that there is a higher 

probability that conception will occur. Because the ovum has a shorter fertile life than sperm, 

knowing when the cow ovulates would help determine a precise time of insemination. The only 

way to know when a cow is going to ovulate is to observe her in estrus unless breeding is preset 
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after some type of hormonal treatment is administered. Early work in this area (2) demonstrated 

that CR was lowest when insemination occurred less than 3 h or more than 20 h after estrus. From 

this information, Trimberger (88) developed the AM/PM rule, whereby cows observed in estrus in 

the morning were inseminated the same evening and those in estrus in the evening were serviced the 

following morning. Most researchers generally agree with this guideline. However, variation exists 

because of the variable interval between the onset of estrus and its detection, which is a direct 

function of frequency and efficiency of estrus observation, cow variation and other environmental 

factors. Reimers et al. (60) utilized the AM/PM guideline and found CR of 52.2% for evening and 

47.1% for morning inseminations, which were statistically different. Foote (26) used fresh semen 

and AI technicians to compare 150 d percent non return rates among different times of insemination 

after detection of estrus. He found that CR was lower for inseminations taking place more than 

24 h after detection of estrus. Work in Kansas (82) involving 732 cows inseminated the same 

morning, the next afternoon, or the morning following detection of estrus measured a CR of 53, 

47, and 47%. Cows inseminated the same afternoon of estrus had a CR of 26% which indicates 

that cows which came into estrus during the afternoon were being inseminated near the beginning 

of estrus, whereas other cows were being inseminated at later times relative to the onset of estrus. 

Gwazdauskas and co-workers have investigated this area extensively (29,31,90). Their work indi- 

cates there is no difference in CR in cattle when insemination takes place when first observed in 

estrus or 12 h later if estrus checks are performed twice daily. Conception rate ranged from 42.7 

to 57.3% for varying times of insemination after detection. Estrous behavior 12 h after being de- 

tected was related to CR. Cows in standing estrus had a higher CR than those not standing, 57.2 

to 48.1%. Olds (53) concluded that maximum CR occurs when insemination takes place 20 h after 

the onset of estrus and that knowing when estrus begins is the key to maximizing CR. Because the 

detection of estrus is often difficult, the AM/PM guideline should be followed by most farms. 

Nebel et al. (49) suggested that milk progesterone testing can be used to confirm estrus and prevent 

insemination of a cow not in estrus. High progesterone levels indicate no estrus and cows should 
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not be inseminated. Therefore, CR would improve because cows not in estrus would not be 

insemininated. 

Control of the Estrous Cycle 

Because of the difficulty of detecting estrus, which is important in determining when ovulation will 

take place, work has been done to determine if the estrous cycle could be controlled in such manner 

that a scheduled insemination could improve CR. Control of the estrous cycle means controlling 

the life span of the progesterone producing CL (8). The CL controls the estrous cycle by producing 

progesterone from day 5 to 16. Progesterone is the dominate hormone until prostaglandinF2« (PG) 

from the uterus stimulates the regression of the CL. This regression allows a follicle to develop, 

produce estrogen, and ovulate. After ovulation a CL forms by day five and the cycle begins again 

unless conception occurs. A single, timed breeding resulting in maximum fertility is the goal of 

ovulation control (42). 

One of the more popular methods of controlling ovulation is the use of PG. However, other 

methods have been researched (42). Many methods are complicated and may not be practical on 

dairy farms. Treatment with PG will affect estrus and methods used for detection of estrus. 

Simmons et al. (74) found that 56.9% cows treated with PG were observed in estrus within 5 d of 

treatment, which they felt was low when compared to 66% from other research. They felt that this 

difference was related to differences in efficiency of detection of estrus between experiments. 

Lauderdale (41) reported that adminstration of PG on days 2 to 5 of the estrous cycle, estrus 

occured an average of 17 d later, which indicated that administration of Pg had no effect. Admin- 

istration between days 6 to 16 produced estrus 2 to 4d later. For PG to be effective, a CL must 

be present. Insemination between 72 and 96 h post PG treatment would appear to be optimum. 

Frequently a routine of two inseminations is implemented so that viable sperm can be available for 

longer periods of time. 
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Sequin et al. (72) found that 72 cows bred at 72 and 96 h post PG treatment had a CR of 59% 

while 72 cows bred on signs of estrus had a CR of 40%. He concluded that double appointment 

breeding may yield higher CR than single appointment, but a single insemination between 72 and 

96 h should be adequate. A review by Lauderdale (41) indicated that CR of controls, PG bred on 

estrus and PG bred by appointment at 72 and 90 h were 58, 57 and 58% respectively. Simmons 

et al. (74) classified 22 cows as non-responders (no observed heat) to PG treatment at 60 d 

postpartum. Three of the 22 cows conceived to an insemination 75 h after treatment. However, 

six non- responders had no palpable CL on day 60 and five cows had progesterone levels below 

1.0 ng/ml. This indicates the importance of using PG only on cows having a mature CL. 

Gwazdauskas et al. (31) found a CR of 20.7% on 87 PG treated cows that were not seen in estrus 

by 60 d postpartum or failed to return to estrus by 90 d and were inseminated by appointment at 

80h. Conception rate was 49.5% for 99 cows treated with PG and inseminated on signs of estrus. 

Whether or not cows had a CL at time of injection is not stated. The current recommendation for 

scheduled breeding is one insemination at 80 h post treatment. If the cow is seen in estrus before 

or after 80 h, the cow should be inseminated or re-inseminated (75). 

Cow Effects on Conception Rate 

After calving, the cow needs time to return to reproductive soundness and cyclicity. In addition, 

high producing cows are under stress of milk production. Both of these factors may lower CR. 

However, under good herd management, their effect can be reduced. Britt (6), in a review of early 

postpartum breeding research, found that the CR for cows bred less than 25 d postpartum was 25% 

and increased to 60% at 60 d and then stabilized. Hillers et al. (36) examined CR in four large 

commercial dairies in Washington and found a CR of 32% for 36 cows inseminated less than 50 

d postpartum. Of 578 cows bred between 50 to 59 d, 49% conceived, and of 829 cows bred between 

60 and 69 d, 53% conceived. Reasons for this lower CR at earlier breeding are varied, but uterine 

involution is known to be important. Fonseca et al. (24) found that the average days for uterine 
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involution for 96 cows was 23.8 d, with a maximum of 70 d. Factors which affected uterine 

involution included milk yield, age, and abnormalities at parturition and postpartum. Abnor- 

malities at parturition and postpartum increased days to uterine involution by 8.6 and 4.9 d, re- 

spectively. Days to uterine involution declined as 70 d milk yield increased up to 1400 kg, but then 

increased with higher production. Only Jersey data were presented, although the author stated that 

results for Holsteins in the study were similar. Days to uterine involution increased with cow age. 

This study utilized university herds with cows that were not culled as selectively for low production 

as commercial herds. Studies involving commercial herds maybe a more accurate indicator of the 

effects of age and milk yield on CR, especially from a practical standpoint. Older cows maybe more 

susceptible to effects of higher production and also require more time to recover from calving 

abnormalities. 

Oltenacu et al. (56) examined 492 cows at 8 to 21 d postpartum and again 2 wk later. Cervix di- 

ameter was divided into small (40 mm), medium (40 to 55 mm) and large (55 mm) for first lactation 

and added 5 mm for second or greater lactations. Cervical involution was adversely affected by 

increased cow age and abnormal uterine discharges. First service CR was 67, 52 and 46% for each 

group. Days open and first detected estrus were adversely affected by calving abnormalities. A total 

of 14.1% of all calvings were abnormal and 38% had an abnormal discharge. They concluded that 

the optimum time to determine cervical size is at 3 wk postpartum when the difference between 

normal and abnormal diameter is greatest. Thompson et al (87) found that on California dairies the 

incidence of dystocia and calf mortality decreased with parity, while problems such as milk fever 

and retained placenta increased with parity. Erb and Martin (20) concluded that cows from 2 to 4 

yr of age had more dystocia than older cows, while 7 to 10 yr old cows had more retained placentas 

and metritis. 

Taylor and co-workers (85) reviewed DHI records for 97,245 cows in 1075 herds in New York. 

They found that CR increased with herd milk production, which they attributed to higher levels 

of management. Conception rate decreased with both increased cow age and increased number of 

older cows in the herd. Furthermore, CR for inseminations one to five were 55.5, 52.5, 51.3, 49.7 
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and 48.1%. Laban et al. (40) utilized 201 dairies in California in their research. They found that 

for an individual cow, high yield and associated factors, including age, had a small antagonistic as- 

sociation with CR. Number of breedings for conception increased .014 for each increase of 100 

kg in 180 d yield of FCM. However, the number of breedings changed little as herd yield increased, 

which was attributed to more competent levels of management in higher producing herds. The 

highest producing herds averaged one estrous period (21d) shorter DO than lower producing herds, 

which suggests better heat detection. Olds et al. (54) used 120 d cumulative milk yields in their 

research for two reasons. The earliest effect of gestation on milk yield is at 95 d of gestation. They 

also suggested that there is disagreement among researchers on whether higher 305 d milk yields 

increase DO or more DO increase 305 d milk yields. From 26,805 Holstein records they developed 

a partial regression coefficient which indicated about .014 more services for every additional 100 kg 

in 120 d milk yields. The correlation coefficient between 305 d milk and number of services was 

.165. When this correlation was independent of DO, the correlation was .03 which indicates that 

305 d milk and services per conception are unrelated after being mediated through DO. Therefore, 

they concluded that 305 d production does not affect services per conception directly. Services per 

conception and DO are correlated at .66. The small effect of 120 d milk on services per conception 

is related to DO, which in turn affects 305 d production. Hamudikuwanda (34) found a .009 in- 

crease in services per conception for each 100 kg increase in cumulative milk yields at 60 d indicating 

a slight linear antagonistic relationship. However, Spalding (78), utilizing 305 d milk records from 

9750 Holsteins, discovered that CR declined significantly with increased production when age, herd 

size and farm management factors were not allowed to vary. First service CR declined by 20.7 

percentage units for cows producing greater than 908 kg above herdmates compared to cows 

producing more than 908 kg below herdmates. This trend continued for the first three services. 

Average first service CR was 50%. Conception rate also declined for cows greater than 4 yr of age. 

Faust et al. (22) used 305 d ME records and three production categories, less than 7250 kg (1174 

cows), 7250 to 9750 kg (1978) and more than 9750 kg (241) and found that CR was 56.5. 37.8 and 

17.4%, respectively. Hillers et al. (36) concluded that CR was not severely influenced by pro- 

duction, noting only a slight difference in lactation production groups and first service CR, with 
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higher producers having slightly lower CR. He concluded that it is difficult to separate confounding 

affects of management with possible biological effects. Conception rates declined with lactation 

number, 54, 55, 48 and 44% for one, two, three, and greater than three lactations. Shanks et al. 

(73) concluded that cows giving more milk had a higher CR because they are healthier than less 

fertile cows. Ron et al. (63) showed that heifers had a CR 20 percentage units higher than cows, 

indicating that milk production does affect CR. Milk yield, calving problems, cow age and service 

number effect CR, but management can minimize adverse effects of these factors. 

Cow Health 

Cow health and body condition affect CR by altering biological processes important to CR. 

Stevenson and Call (81), and Erb and Grohn (19) reviewed research associated with reproductive 

and metabolic disorders in the periparturient dairy cow. Several disorders were reviewed. The in- 

cidence of dystocia in eight studies comprising 218 herds averaged 5.8%, with a range of 0.9 to 

13.7%. Retained placentas had an average incidence rate of 9.4%, with a range of 2.0 to 17.8%. 

The incidence of milk fever ranged from 1.2 to 14.1%, with most herds surveyed reporting below 

7%. A range of 1.1 to 9.2% was reported for ketosis. One of the problems associated with research 

concerning incidence rates of certain disorders is the definition used to describe the disorder. All 

of the disorders have been shown to lower reproductive efficiency. 

The importance and problems involved with herd reproductive health programs were outlined by 

Drost (17,18) and Youngquist and Bierschwal (91). Reproductive health considers all factors which 

may affect reproduction, including disease, metabolic disorders and difficulties associated with 

calving. Vaccination programs for brucellosis, leptospirosis and other diseases should be a part of 

a health program and have been shown to play a part in umproving herd reproductive performance 

(51). Regular herd visits by a veterinarian have been found to be the most consistent factor influ- 

encing herd reproductive performance (14). Drost (18) suggested that three different groups of cows 
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should be examined at regular herd visits. Group | should consist of cows 30 d post partum so 

uterine involution and ovarian activity can be checked. Group 2 should be cows ready to be 

checked for pregnancy (40 d after service). Group 3, the most important group, includes cows with 

any abnormality such as retained placenta, irregular cycle or abortion. This systematic approach 

to reproductive health allows for early recognition and disposition of breeding problems. Galton 

et al. (27) investigated the effects of a herd health program on reproduction. Cows in a herd health 

program which included routine veterinary visits had a CR of 58% compared to 41% for the con- 

trol. Days open were 99 and 140, respectively. Herd health cows also produced 255 kg more FCM 

per lactation. Cows in the herd health program had a net return of $0.16 more per cow per ex- 

perimental day than controls. Zweigbaum et al. (93) found that the use of veterinarian for com- 

prehensive reproductive health program increased net cash income by $152 per cow annually. 

Cows in early lactation cannot increase dietary intake sufficiently to keep up with nutritional de- 

mands of increasing milk production. Therefore, cows must mobilize body reserves to compensate 

for dietary deficiencies. This condition is referred to as negative energy balance and will affect the 

body reserves of the cow (10). This change in body condition has been related to reproductive 

performance. Ferguson (23) reviewed research associated with body condition scoring and re- 

production. Utilizing the body condition scoring system developed by Wildman et al. (89), changes 

in body condition scores affected CR. Cows were scored on a scale of 1 to 5, with 1 being ex- 

tremely thin and 5 being extremely fat. No change in body condition score from calving to breeding 

resulted in highest CR at 50%. A decrease of 1 or 2 had a CR of 34 and 21%, respectively. The 

effects of body condition score changes can be reduced by proper nutrition, especially during late 

lactation and the dry period. 
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�E�n�v�i�r�o�n�m�e�n�t�a�l� �F�a�c�t�o�r�s� 

�E�n�v�i�r�o�n�m�e�n�t�a�l� �e�f�f�e�c�t�s� �c�a�n� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�e� �p�h�y�s�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t� �i�n�c�l�u�d�i�n�g� �c�l�i�m�a�t�e�,� �s�h�e�l�t�e�r� �a�n�d� 

�s�p�a�c�e�,� �a�n�d� �t�h�e� �b�i�o�l�o�g�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t� �e�n�c�o�m�p�a�s�s�i�n�g� �f�o�o�d� �a�n�d� �w�a�t�e�r�,� �d�i�s�e�a�s�e� �p�r�e�v�a�l�e�n�c�e�,� �a�n�d� �s�o�c�i�a�l� 

�a�n�d� �h�u�m�a�n� �i�n�t�e�r�a�c�t�i�o�n�s�.� �D�a�i�r�y� �f�a�r�m�e�r�s� �h�a�v�e� �s�o�m�e� �c�o�n�t�r�o�l� �o�v�e�r� �t�h�e� �b�i�o�l�o�g�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �n�u�t�r�i�t�i�o�n�i�s�t�s� �c�a�n� �b�a�l�a�n�c�e� �r�a�t�i�o�n�s� �t�o� �p�r�o�v�i�d�e� �p�r�o�p�e�r� �n�u�t�r�i�t�i�o�n�.� �T�h�e� �p�h�y�s�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�,� 

�s�p�e�c�i�f�i�c�a�l�l�y� �c�l�i�m�a�t�e�,� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �c�o�n�t�r�o�l� �w�i�t�h� �r�e�a�s�o�n�a�b�l�e� �c�o�s�t� �a�n�d� �c�a�n� �h�a�v�e� �a� �d�e�t�r�i�m�e�n�t�a�l� �e�f�f�e�c�t� �o�n� 

�C�R�.� �T�h�e� �m�o�v�e�m�e�n�t� �o�f� �t�h�e� �d�a�i�r�y� �i�n�d�u�s�t�r�y� �i�n�t�o� �t�h�e� �w�a�r�m�e�r� �c�l�i�m�a�t�e�s� �o�f� �C�a�l�i�f�o�r�n�i�a�,� �A�r�i�z�o�n�a� �a�n�d� 

�F�l�o�r�i�d�a� �m�a�k�e�s� �u�n�n�e�c�e�s�s�a�r�y� �t�h�e� �e�x�t�e�n�s�i�v�e� �h�o�u�s�i�n�g� �u�t�i�l�i�z�e�d� �i�n� �t�h�e� �c�o�o�l�e�r� �n�o�r�t�h�e�r�n� �s�t�a�t�e�s�.� �H�o�w�e�v�e�r�,� 

�s�e�v�e�r�e� �a�n�d� �s�t�r�e�s�s�f�u�l� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �e�x�i�s�t� �d�u�r�i�n�g� �s�u�m�m�e�r� �m�o�n�t�h�s�.� �G�w�a�z�d�a�u�s�k�a�s� �e�t� �a�l�.� 
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�f�e�r�t�i�l�i�t�y� �t�o� �t�h�e� �f�e�m�a�l�e� �m�o�r�e� �t�h�a�n� �t�h�e� �m�a�l�e�.� �H�i�g�h� �t�e�m�p�e�r�a�t�u�r�e�s� �m�a�y� �a�c�t� �d�i�r�e�c�t�l�y� �o�n� �t�h�e� �d�e�v�e�l�o�p�i�n�g� 
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�s�t�r�e�s�s� �s�y�n�d�r�o�m�e�. �� 
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�i�n�s�e�m�i�n�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �n�o� �C�R� �w�a�s� �r�e�p�o�r�t�e�d�.� �F�u�r�t�h�e�r� �w�o�r�k� �a�t� �F�l�o�r�i�d�a� �(�3�2�)� �f�o�u�n�d� �a�n� �o�v�e�r�a�l�l� �C�R� 

�o�f� �3�7�.�9�%� �o�n� �5�0�6�2� �s�e�r�v�i�c�e�s� �o�v�e�r� �1�1� �y�r�.� �T�h�e� �f�i�v�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �c�l�i�m�a�t�i�c� �m�e�a�s�u�r�e�m�e�n�t�s� �i�n� �t�h�e� �m�o�d�e�l� 

�w�e�r�e� �m�a�x�i�m�u�m� �t�e�m�p�e�r�a�t�u�r�e� �t�h�e� �d�a�y� �a�f�t�e�r� �i�n�s�e�m�i�n�a�t�i�o�n�,� �r�a�i�n�f�a�l�l� �o�n� �d�a�y� �o�f� �i�n�s�e�m�i�n�a�t�i�o�n�,� �m�i�n�i�m�u�m� 

�t�e�m�p�e�r�a�t�u�r�e� �t�h�e� �d�a�y� �o�f� �i�n�s�e�m�i�n�a�t�i�o�n�,� �s�v�i�a�r� �r�a�d�i�a�t�i�o�n� �o�n� �t�h�e� �d�a�y� �o�f� �i�n�s�e�m�i�n�a�t�i�o�n� �a�n�d� �m�i�n�i�m�u�m� 
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�t�e�m�p�e�r�a�t�u�r�e� �t�h�e� �d�a�y� �a�f�t�e�r� �i�n�s�e�m�i�n�a�t�i�o�n�.� �W�a�r�m� �m�o�n�t�h�s� �h�a�d� �a� �C�R� �o�f� �3�3�.�7�%�,� �w�h�i�l�e� �w�i�n�t�e�r� �m�o�n�t�h�s� 

�w�e�r�e� �4�0�.�1�%�.� �A�v�e�r�a�g�e� �m�a�x�i�m�u�m� �d�a�i�l�y� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �2�4�.�4�C�.� �R�o�n� �e�t� �a�l�.� �(�6�3�)� �i�n� �I�s�r�a�e�l� �f�o�u�n�d� �t�h�a�t� 

�C�R� �w�a�s� �5�1�.�0�%� �i�n� �J�a�n�u�a�r�y� �a�n�d� �2�6�.�0�%� �i�n� �A�u�g�u�s�t� �a�n�d� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �n�o� �o�t�h�e�r� �f�a�c�t�o�r� �a�f�f�e�c�t�e�d� �C�R� 

�m�o�r�e� �t�h�a�n� �m�o�n�t�h� �o�f� �i�n�s�e�m�i�n�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �m�o�n�t�h� �o�f� �i�n�s�e�m�i�n�a�t�i�o�n� �h�a�d� �l�i�t�t�l�e� �e�f�f�e�c�t� �o�n� �C�R� �o�f� 

�h�e�i�f�e�r�s�,� �w�h�i�c�h� �w�o�u�l�d� �s�u�g�g�e�s�t� �t�h�a�t� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �e�x�a�c�e�r�b�a�t�e�s� �t�h�e�r�m�a�l� �s�t�r�e�s�s�.� �S�t�e�v�e�n�s�o�n� �e�t� �a�l�.� �(�8�3�)� 

�i�n� �K�a�n�s�a�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �w�h�e�n� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �b�e�t�w�e�e�n� �1� �a�n�d� �3�2�C�,� �C�R� �w�a�s� �a�b�o�v�e� �4�0�%�.� 

�M�o�r�n�i�n�g� �i�n�s�e�m�i�n�a�t�i�o�n�s� �h�a�d� �a�n� �1�1�%� �h�i�g�h�e�r� �C�R� �t�h�a�n� �e�v�e�n�i�n�g� �i�n�s�e�m�i�n�a�t�i�o�n�s�,� �w�h�i�c�h� �m�a�y� �b�e� �r�e�l�a�t�e�d� 

�t�o� �t�e�m�p�e�r�a�t�u�r�e�.� �G�w�a�z�d�a�u�s�k�a�s� �e�t� �a�l�.� �(�3�1�)� �d�e�t�e�r�m�i�n�e�d� �i�n� �a� �u�n�i�v�e�r�s�i�t�y� �h�e�r�d� �t�h�a�t� �a� �m�a�x�i�m�u�m� �C�R� �o�f� 

�5�5�%� �o�c�c�u�r�r�e�d� �w�h�e�n� �t�h�e� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e� �t�h�e� �d�a�y� �a�f�t�e�r� �i�n�s�e�m�i�n�a�t�i�o�n� �w�a�s� �1�0�C�.� �A� �r�a�p�i�d� �d�e�c�l�i�n�e� 

�i�n� �C�R� �o�c�c�u�r�r�e�d� �a�t� �l�e�s�s� �t�h�a�n� �5� �a�n�d� �m�o�r�e� �t�h�a�n� �1�5�C�.� �R�e�s�e�a�r�c�h� �o�n� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �C�R� 

�i�n� �m�i�l�d� �c�l�i�m�a�t�e�s� �s�h�o�w�e�d� �t�e�m�p�e�r�a�t�u�r�e�s� �d�o� �n�o�t� �a�f�f�e�c�t� �C�R� �a�s� �s�e�v�e�r�e�l�y�.� �M�H�i�l�l�e�r�s� �e�t� �a�l�.� �(�3�6�)� �i�n� 

�W�a�s�h�i�n�g�t�o�n� �S�t�a�t�e� �a�n�d� �M�a�t�s�o�u�k�a�s� �a�n�d� �F�a�i�r�c�h�i�l�d� �(�4�6�)� �i�n� �N�e�w� �H�a�m�p�s�h�i�r�e� �f�o�u�n�d� �n�o� �m�o�n�t�h�l�y� �o�r� 

�s�e�a�s�o�n�a�l� �e�f�f�e�c�t� �o�n� �C�R�.� 

�T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �m�e�t�h�o�d�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �r�e�d�u�c�i�n�g� �t�h�e�r�m�a�l� �s�t�r�e�s�s�.� �T�h�e� �s�i�m�p�l�e�s�t� �m�e�t�h�o�d� �o�f� �c�o�n�t�r�o�l� 

�i�s� �t�o� �p�r�o�v�i�d�e� �s�h�a�d�e�.� �R�o�m�a�n�-�P�o�n�c�e� �e�t� �a�l�.� �(�6�2�)� �u�s�i�n�g� �a� �s�i�m�p�l�e� �s�h�a�d�e� �s�t�r�u�c�t�u�r�e� �i�n� �F�l�o�r�i�d�a� �f�o�u�n�d� �a� 

�C�R� �o�f� �4�4�.�4�%� �f�o�r� �c�o�w�s� �w�i�t�h� �a�v�a�i�l�a�b�l�e� �s�h�a�d�e� �a�n�d� �2�5�.�3�%� �f�o�r� �c�o�w�s� �w�i�t�h�o�u�t� �s�h�a�d�e� �u�n�d�e�r� �t�h�e� �s�a�m�e� 

�m�a�n�a�g�e�m�e�n�t� �c�o�n�d�i�t�i�o�n�s�,� �w�h�i�c�h� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �e�v�e�n� �t�h�e� �s�i�m�p�l�e�s�t� �s�y�s�t�e�m� �o�f� �r�e�l�i�e�f� �i�s� �b�e�t�t�e�r� �t�h�a�n� �n�o�n�e�.� 

�I�n� �a� �r�e�v�i�e�w� �o�f� �r�e�s�e�a�r�c�h� �r�e�l�a�t�e�d� �t�o� �e�n�v�i�r�o�n�m�e�n�t�a�l� �e�f�f�e�c�t�s�,� �G�w�a�z�d�a�u�s�k�a�s� �(�2�8�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� �o�p�-� 

�t�i�m�u�m� �m�a�x�i�m�u�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �c�o�n�c�e�p�t�i�o�n� �i�s� �b�e�t�w�e�e�n� �1�0� �a�n�d� �2�3� �C�.� �D�i�f�f�e�r�e�n�t� �m�a�n�a�g�e�m�e�n�t� �a�n�d� 

�h�o�u�s�i�n�g� �m�e�t�h�o�d�s� �c�a�n� �b�e� �u�s�e�d� �t�o� �r�e�d�u�c�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �C�R�.� 

�S�i�r�e� �I�n�f�e�r�t�i�l�i�t�y� 

�T�h�e� �f�e�r�t�i�l�i�t�y� �o�f� �t�h�e� �s�i�r�e� �c�a�n� �a�f�f�e�c�t� �C�R�.� �N�a�t�u�r�a�l� �s�e�r�v�i�c�e� �i�s� �s�t�i�l�l� �b�e�i�n�g� �u�s�e�d� �b�y� �m�a�n�y� �f�a�r�m�s� �a�n�d� �i�f� �b�u�l�l�s� 

�a�r�e� �n�o�t� �m�a�n�a�g�e�d� �p�r�o�p�e�r�l�y�,� �C�R� �p�r�o�b�l�e�m�s� �w�i�l�l� �d�e�v�e�l�o�p�.� �A�r�t�i�f�i�c�i�a�l� �I�n�s�e�m�i�n�a�t�i�o�n� �e�l�i�m�i�n�a�t�e�s� �t�h�e� 

�p�r�o�b�l�e�m� �o�f� �b�u�l�l� �m�a�n�a�g�e�m�e�n�t�,� �b�u�t� �i�n�t�r�o�d�u�c�e�s� �d�i�f�f�e�r�e�n�t� �p�r�o�b�l�e�m�s� �t�h�a�t� �c�a�n� �a�f�f�e�c�t� �C�R�.� �W�i�t�h� �n�a�t�u�r�a�l� 
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�s�e�r�v�i�c�e�,� �b�u�l�l�s� �m�u�s�t� �b�e� �e�v�a�l�u�a�t�e�d� �f�o�r� �r�e�p�r�o�d�u�c�t�i�v�e� �s�o�u�n�d�n�e�s�s�.� �E�v�a�l�u�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� �w�h�i�c�h� �i�n�c�l�u�d�e� 

�a� �g�e�n�e�r�a�l� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �r�e�p�r�o�d�u�c�t�i�v�e� �o�r�g�a�n�s� �a�n�d� �s�e�m�e�n� �a�r�e� �r�e�v�i�e�w�e�d� �b�y� �(�2�1�,�7�7�)�.� �T�h�e� �g�e�n�e�r�a�l� 

�h�e�a�l�t�h� �a�n�d� �c�o�n�d�i�t�i�o�n� �o�f� �t�h�e� �b�u�l�l� �i�s� �a�l�s�o� �c�o�n�s�i�d�e�r�e�d�.� �M�a�s�c�u�l�i�n�e� �t�r�a�i�t�s� �o�f� �t�h�e� �b�u�l�l� �i�n�d�i�c�a�t�e� �l�e�v�e�l�s� �o�f� 

�t�e�s�t�o�s�t�e�r�o�n�e�,� �w�h�i�c�h� �i�s� �a�n� �i�n�d�i�c�a�t�i�o�n� �o�f� �a�d�e�q�u�a�t�e� �s�p�e�r�m� �p�r�o�d�u�c�t�i�o�n�.� �G�o�o�d� �f�e�e�t� �a�n�d� �l�e�g�s� �a�r�e� �n�e�e�d�e�d� 

�f�o�r� �m�o�u�n�t�i�n�g�.� �O�f� �a�l�l� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �o�r�g�a�n�s�,� �t�h�e� �s�i�z�e�,� �s�h�a�p�e� �a�n�d� �t�o�n�e� �o�f� �t�h�e� �s�c�r�o�t�u�m� �c�a�n� �g�i�v�e� �t�h�e� 

�m�o�s�t� �c�l�u�e�s� �a�s� �t�o� �t�h�e� �f�e�r�t�i�l�i�t�y� �o�f� �t�h�e� �b�u�l�l�.� �S�c�r�o�t�a�l� �c�i�r�c�u�m�f�e�r�e�n�c�e� �i�s� �r�e�l�a�t�e�d� �t�o� �s�p�e�r�m� �p�r�o�d�u�c�t�i�o�n� �a�n�d� 

�s�h�o�u�l�d� �b�e� �a�b�o�u�t� �4�1� �c�m� �f�o�r� �a� �m�a�t�u�r�e� �H�o�l�s�t�e�i�n�.� �I�n�t�e�r�n�a�l� �a�c�c�e�s�s�o�r�y� �g�l�a�n�d�s� �c�a�n� �b�e� �p�a�l�p�a�t�e�d� �t�o� �i�d�e�n�t�i�f�y� 

�e�n�l�a�r�g�e�m�e�n�t�s� �w�h�i�c�h� �m�a�y� �s�i�g�n�i�f�y� �a�n� �i�n�f�e�c�t�i�o�n�.� �A�n� �e�v�a�l�u�a�t�i�o�n� �o�f� �s�e�m�e�n� �s�h�o�u�l�d� �b�e� �p�a�r�t� �o�f� �t�h�e� 

�b�r�e�e�d�i�n�g� �s�o�u�n�d�n�e�s�s� �e�x�a�m� �a�n�d� �s�h�o�u�l�d� �d�e�t�e�r�m�i�n�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �p�e�r�c�e�n�t� �l�i�v�e�,� �m�o�r�p�h�o�l�o�g�y�,� �a�n�d� 

�m�o�t�i�l�i�t�y� �o�f� �s�p�e�r�m� �i�n� �t�h�e� �e�j�a�c�u�l�a�t�e�.� �A� �b�u�l�l� �e�j�a�c�u�l�a�t�e� �s�h�o�u�l�d� �b�e� �b�e�t�w�e�e�n� �5� �a�n�d� �1�5� �m�l� �i�n� �v�o�l�u�m�e� �a�n�d� 

�c�o�n�t�a�i�n� �8�0�0�x�1�0�°� �t�o� �1�2�0�0�x�1�0�°� �s�p�e�r�m� �p�e�r� �m�l�,� �7�5�%� �l�i�v�e� �c�e�l�l�s� �a�n�d� �8�5�%� �n�o�r�m�a�l� �m�o�r�p�h�o�l�o�g�y�.� �L�o�w�e�r� 

�l�e�v�e�l�s� �o�f� �a�n�y� �o�f� �t�h�e�s�e� �f�a�c�t�o�r�s� �w�i�l�l� �c�a�u�s�e� �r�e�d�u�c�e�d� �f�e�r�t�i�l�i�t�y�.� �T�h�e� �c�o�w� �t�o� �b�u�l�l� �r�a�t�i�o� �s�h�o�u�l�d� �b�e� �n�o� �m�o�r�e� 

�t�h�a�n� �2�5� �t�o� �1� �f�o�r� �b�e�s�t� �r�e�s�u�l�t�s�.� 

�A�r�t�i�f�i�c�i�a�l� �I�n�s�e�m�i�n�a�t�i�o�n� �e�l�i�m�i�n�a�t�e�s� �t�h�e� �m�a�n�a�g�e�m�e�n�t� �p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e�,� �b�u�t� 

�p�r�o�b�l�e�m�s� �w�i�t�h� �s�e�m�e�n� �q�u�a�l�i�t�y� �a�n�d� �A�I� �t�e�c�h�n�i�q�u�e� �c�a�n� �e�f�f�e�c�t� �C�R�.� �S�a�a�c�k�e� �(�6�6�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� 

�q�u�a�l�i�t�y� �o�f� �s�e�m�e�n� �u�s�e�d� �i�n� �A�I� �i�s� �i�n�f�l�u�e�n�c�e�d� �b�y� �t�h�e� �m�a�l�e� �p�r�o�d�u�c�i�n�g� �t�h�e� �s�e�m�e�n� �a�n�d� �h�u�m�a�n ��s� �i�n�t�e�r�a�c�t�i�o�n� 

�w�i�t�h� �t�h�a�t� �s�e�m�e�n�.� �T�h�e� �g�o�a�l� �o�f� �a�n�y� �A�I� �o�r�g�a�n�i�z�a�t�i�o�n� �i�s� �t�o� �p�r�o�v�i�d�e� �t�h�e� �b�e�s�t� �q�u�a�l�i�t�y� �a�n�d� �q�u�a�n�t�i�t�y� �o�f� 

�s�e�m�e�n� �p�o�s�s�i�b�l�e�.� �H�o�w�e�v�e�r�,� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �f�e�r�t�i�l�i�t�y� �o�f� �b�u�l�l�s� �u�s�e�d� �i�n� �A�I� �h�a�v�e� �b�e�e�n� �o�b�s�e�r�v�e�d�,� �a�n�d� 

�t�h�e� �r�e�a�s�o�n�s� �f�o�r� �t�h�e�s�e� �d�i�f�f�e�r�e�n�c�e�s� �h�a�v�e� �b�e�e�n� �i�n�v�e�s�t�i�g�a�t�e�d�.� �D�a�v�i�d�s�o�n� �a�n�d� �F�a�r�v�e�r� �(�1�5�)� �u�t�i�l�i�z�e�d� �a� �2�5�0�0� 

�c�o�w� �d�a�i�r�y� �a�n�d� �b�u�l�l�s� �f�r�o�m� �s�e�v�e�n� �A�I� �o�r�g�a�n�i�z�a�t�i�o�n�s� �i�n� �C�a�l�i�f�o�r�n�i�a� �t�o� �s�t�u�d�y� �t�h�e� �C�R� �o�f� �b�u�l�l�s�.� �O�n�l�y� �b�u�l�l�s� 

�t�h�a�t� �h�a�d� �3�0� �o�r� �m�o�r�e� �f�i�r�s�t� �s�e�r�v�i�c�e�s� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s�,� �w�h�i�c�h� �r�e�s�u�l�t�e�d� �i�n� �a� �d�a�t�a� �s�e�t� �o�f� �1�6�0�5� �c�o�w�s� 

�b�r�e�d� �t�o� �1�8� �b�u�l�l�s�.� �T�h�e� �C�R� �f�o�r� �b�u�l�l�s� �r�a�n�g�e�d� �f�r�o�m� �3�4�.�1� �t�o� �7�1�.�1�%�.� �B�u�l�l�s� �w�e�r�e� �d�i�v�i�d�e�d� �i�n�t�o� �l�o�w�,� �m�e�-� 

�d�i�u�m� �a�n�d� �h�i�g�h� �C�R� �g�r�o�u�p�s� �o�f� �l�e�s�s� �t�h�a�n� �5�0�,� �5�0� �t�o� �6�0�,� �a�n�d� �g�r�e�a�t�e�r� �t�h�a�n� �6�0�%�.� �A�f�t�e�r� �3�0� �t�o�t�a�l� �s�e�r�v�i�c�e�s�,� 

�b�u�l�l�s� �d�i�d� �n�o�t� �c�h�a�n�g�e� �C�R� �g�r�o�u�p�s� �w�i�t�h� �i�n�c�r�e�a�s�e�d� �i�n�s�e�m�i�n�a�t�i�o�n�s�.� �C�o�w�s� �b�r�e�d� �t�o� �t�h�e� �h�i�g�h� �g�r�o�u�p� 

�p�r�o�d�u�c�e�d� �6�6�7� �k�g� �m�o�r�e� �m�i�l�k� �t�h�a�n� �t�h�o�s�e� �b�r�e�d� �t�o� �t�h�e� �l�o�w� �g�r�o�u�p�.� �T�h�e� �m�e�a�n�i�n�g� �o�f� �t�h�i�s� �d�i�f�f�e�r�e�n�c�e� �i�s� 

�u�n�c�l�e�a�r� �e�x�c�e�p�t� �t�h�a�t� �a� �h�i�g�h�e�r� �y�i�e�l�d� �o�f� �m�i�l�k� �w�a�s� �a�p�p�a�r�e�n�t�l�y� �n�o�t� �d�e�t�e�r�i�m�e�n�t�a�l� �t�o� �C�R�.� �N�o� �a�s�s�o�c�i�a�t�i�o�n� 

�w�a�s� �f�o�u�n�d� �b�e�t�w�e�e�n� �i�n�s�e�m�i�n�a�t�o�r� �a�n�d� �C�R� �g�r�o�u�p� �a�n�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �C�R� �g�r�o�u�p�s� 

�R�e�v�i�e�w� �o�f� �L�i�t�e�r�a�t�u�r�e� �2�0



�w�e�r�e� �s�e�e�n� �f�o�r� �P�r�e�d�i�c�a�t�e�d� �D�i�f�f�e�r�e�n�c�e�s� �a�n�d� �s�e�m�e�n� �c�o�s�t�s�.� �A�v�e�r�a�g�e� �d�a�y�s� �o�p�e�n� �f�o�r� �t�h�e� �l�o�w�,� �m�e�d�i�u�m� �a�n�d� 

�h�i�g�h� �g�r�o�u�p�s� �w�e�r�e� �1�0�9�,� �9�2� �a�n�d� �8�5�.� �S�e�n�g�e�r� �e�t� �a�l�.� �(�7�1�)� �u�t�i�l�i�z�i�n�g� �1�0� �b�u�l�l�s� �f�r�o�m� �o�n�e� �A�I� �o�r�g�a�n�i�z�a�t�i�o�n� �i�n� 

�h�e�r�d�s� �f�o�u�n�d� �t�h�a�t� �w�i�t�h� �4�0� �i�n�s�e�m�i�n�a�t�i�o�n�s� �7�0�%� �o�f� �t�h�e� �b�u�l�l�s� �w�e�r�e� �c�o�r�r�e�c�t�l�y� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �h�i�g�h� �(�m�o�r�e� 

�t�h�a�n� �5�5�%�)�,� �m�e�d�i�u�m� �(�5�0� �t�o� �5�5�%�)� �a�n�d� �l�o�w� �(�l�e�s�s� �t�h�a�n� �5�0�%�)� �C�R� �g�r�o�u�p�s�.� �W�i�t�h� �3�0�0� �s�e�r�v�i�c�e�s�,� �9�0�%� 

�o�f� �t�h�e� �b�u�l�l�s� �w�e�r�e� �c�l�a�s�s�i�f�i�e�d� �c�o�r�r�e�c�t�l�y�.� �T�h�e� �r�a�n�g�e� �o�f� �C�R� �w�a�s� �4�7� �t�o� �6�2�%�,� �w�i�t�h� �a� �d�i�f�f�e�r�e�n�c�e� �o�f� �1�1�.�6�%� 

�i�n� �C�R� �b�e�t�w�e�e�n� �h�i�g�h� �a�n�d� �l�o�w� �g�r�o�u�p�s�.� �T�a�y�l�o�r� �(�8�5�)� �f�o�u�n�d� �t�h�a�t� �C�R� �d�e�c�r�e�a�s�e�d� �f�o�r� �b�u�l�l�s� �m�o�r�e� �t�h�a�n� �8� 

�y�r� �o�l�d� �a�n�d� �f�o�r� �h�i�g�h�e�r� �p�r�i�c�e�d� �b�u�l�l�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �S�t�e�v�e�n�s�o�n� �(�8�2�)� �f�o�u�n�d� �n�o� �e�f�f�e�c�t� �o�f� �s�e�r�v�i�c�e� �s�i�r�e� �o�n� 

�C�R� �f�o�r� �7�3�2� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�n�d� �2�0� �b�u�l�l�s�,� �w�h�i�c�h� �m�a�y� �i�n�d�i�c�a�t�e� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �h�a�v�i�n�g� �a� �l�a�r�g�e� 

�n�u�m�b�e�r� �o�f� �i�n�s�e�m�i�n�a�t�i�o�n�s� �p�e�r� �b�u�l�l�.� 

�A�n� �e�v�a�l�u�a�t�i�o�n� �s�y�s�t�e�m� �b�e�i�n�g� �d�e�v�e�l�o�p�e�d� �b�y� �r�e�s�e�a�r�c�h�e�r�s� �a�t� �N�C� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �g�i�v�e�s� �d�a�i�r�y� �f�a�r�m�e�r�s� �a� 

�t�o�o�l� �t�o� �u�s�e� �i�n� �e�v�a�l�u�a�t�i�n�g� �a� �b�u�l�l ��s� �i�n�f�l�u�e�n�c�e� �o�n� �C�R� �(�1�2�,�1�3�,�4�8�)�.� �T�h�i�s� �e�v�a�l�u�a�t�i�o�n� �i�s� �k�n�o�w�n� �a�s� �E�s�t�i�-� 

�m�a�t�e�d� �R�e�l�a�t�i�v�e� �C�o�n�c�e�p�t�i�o�n� �R�a�t�e� �(�E�R�C�R�)�.� �C�o�n�c�e�p�t�i�o�n� �r�a�t�e�s� �a�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �D�H�I� �i�n�f�o�r�m�a�t�i�o�n� 

�f�r�o�m� �t�h�e� �p�r�e�v�i�o�u�s� �3� �y�r�.� �A�l�l� �s�e�r�v�i�c�e�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �f�o�r� �t�h�e� �f�i�r�s�t� �2� �y�r� �a�s� �l�o�n�g� �a�s� �a� �c�a�l�v�i�n�g� �t�a�k�e�s� �p�l�a�c�e� 

�w�i�t�h�i�n� �a� �r�e�a�s�o�n�a�b�l�e� �C�I�.� �T�h�e� �t�h�i�r�d� �y�e�a�r� �u�t�i�l�i�z�e�s� �9�0� �d� �n�o�n�-�r�e�t�u�r�n� �r�a�t�e�s� �t�o� �i�n�c�l�u�d�e� �r�e�c�e�n�t�l�y� �r�e�l�e�a�s�e�d� 

�b�u�l�l�s� �i�n� �t�h�e� �a�n�a�l�y�s�i�s�.� �T�h�e� �m�o�d�e�l� �f�o�r� �a�n�a�l�y�s�i�s� �r�e�m�o�v�e�s� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �b�u�l�l� �f�e�r�t�i�l�i�t�y� �d�u�e� �t�o� �h�e�r�d� �m�a�n�-� 

�a�g�e�m�e�n�t�,� �y�e�a�r� �a�n�d� �s�e�a�s�o�n�.� �T�h�e�r�e�f�o�r�e� �E�R�C�R� �i�s� �a�p�p�l�i�c�a�b�l�e� �t�o� �t�h�e� �a�v�e�r�a�g�e� �c�o�w�,� �a�n�d� �b�u�l�l�s� �c�a�n� �b�e� 

�c�o�m�p�a�r�e�d� �m�o�r�e� �f�a�i�r�l�y�.� �T�h�e� �a�v�e�r�a�g�e� �E�R�C�R� �e�v�a�l�u�a�t�i�o�n� �i�s� �0�,� �w�i�t�h� �a� �r�a�n�g�e� �o�f� �-�1�0� �t�o� �+�5�,� �w�i�t�h� �p�o�s�i�t�i�v�e� 

�e�v�a�l�u�a�t�i�o�n�s� �r�e�f�l�e�c�t�i�n�g� �a� �h�i�g�h�e�r� �C�R�.� �A� �b�u�l�l� �n�e�e�d�s� �1�0�0�0� �s�e�r�v�i�c�e�s� �b�e�f�o�r�e� �a�n� �E�R�C�R� �i�s� �p�u�b�l�i�s�h�e�d�.� 

�N�i�n�e�t�y� �p�e�r�c�e�n�t� �o�f� �a�l�l� �b�u�l�l�s� �h�a�v�e� �a�n� �E�R�C�R� �b�e�t�w�e�e�n� �-�3� �a�n�d� �+�3�.� �N�o� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �E�R�C�R� 

�a�n�d� �p�r�o�d�u�c�t�i�o�n� �o�r� �t�y�p�e� �t�r�a�i�t�s� �h�a�s� �b�e�e�n� �f�o�u�n�d�.� �D�a�i�r�y� �f�a�r�m�e�r�s� �n�e�e�d� �t�o� �b�e� �c�o�n�c�e�r�n�e�d� �a�b�o�u�t� �b�u�l�l�s� �w�i�t�h� 

�a�n� �E�R�C�R� �o�f� �-�3� �o�r� �l�e�s�s� �b�e�c�a�u�s�e� �t�h�e�s�e� �b�u�l�l�s� �w�i�l�l� �p�r�o�b�a�b�l�y� �n�o�t� �i�m�p�r�o�v�e� �i�n� �C�R� �i�n� �t�h�e� �f�u�t�u�r�e� �a�n�d� �a�r�e� 

�l�e�s�s� �l�i�k�e�l�y� �t�o� �a�c�h�i�e�v�e� �c�o�n�c�e�p�t�i�o�n� �t�h�a�n� �b�u�l�l�s� �w�i�t�h� �a� �h�i�g�h�e�r� �E�R�C�R�.� 

�R�e�v�i�e�w� �o�f� �L�i�t�e�r�a�t�u�r�e� �2�1



�S�e�m�e�n� �H�a�n�d�l�i�n�g� 

�A� �.�5� �m�l� �s�t�r�a�w� �o�f� �s�e�m�e�n� �s�h�o�u�l�d� �c�o�n�t�a�i�n� �a� �m�i�n�i�m�u�m� �o�f� �1�0� �m�i�l�l�i�o�n� �m�o�t�i�l�e� �c�e�l�l�s� �a�t� �t�h�e� �t�i�m�e� �o�f� 

�i�n�s�e�m�i�n�a�t�i�o�n� �(�6�5�,�6�6�,�7�7�)�.� �M�a�n�y� �f�a�c�t�o�r�s� �c�a�n� �e�f�f�e�c�t� �t�h�e� �n�u�m�b�e�r� �o�f� �m�o�t�i�l�e� �s�p�e�r�m� �a�t� �i�n�s�e�m�i�n�a�t�i�o�n�,� �w�i�t�h� 

�t�h�e� �f�r�e�e�z�i�n�g� �a�n�d� �t�h�a�w�i�n�g� �p�r�o�c�e�s�s� �h�a�v�i�n�g� �t�h�e� �l�a�r�g�e�s�t� �e�f�f�e�c�t� �a�f�t�e�r� �t�h�e� �e�f�f�e�c�t� �o�f� �d�i�f�f�e�r�e�n�t� �m�a�l�e�s�.� �D�a�i�r�y� 

�f�a�r�m�e�r�s� �a�r�e� �n�o�t� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �f�r�e�e�z�i�n�g� �p�r�o�c�e�s�s� �b�u�t� �w�i�t�h� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �n�u�m�b�e�r� �o�f� �A�I� �t�e�c�h�n�i�c�i�a�n�s�,� 

�t�h�e�y� �c�a�n� �a�f�f�e�c�t� �s�e�m�e�n� �q�u�a�l�i�t�y� �a�n�d� �q�u�a�n�t�i�t�y� �t�h�r�o�u�g�h� �t�h�e� �t�h�a�w�i�n�g� �p�r�o�c�e�s�s�.� �S�e�n�g�e�r� �(�6�8�)�,� �i�n� �a� �r�e�v�i�e�w� 

�o�f� �s�e�m�e�n� �h�a�n�d�l�i�n�g� �r�e�s�e�a�r�c�h�,� �i�d�e�n�t�i�f�i�e�d� �f�o�u�r� �a�r�e�a�s� �i�n� �w�h�i�c�h� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �c�h�a�n�g�e�s� 

�a�f�f�e�c�t� �s�p�e�r�m�;� �t�r�a�n�s�f�e�r� �o�f� �s�e�m�e�n� �b�e�t�w�e�e�n� �s�e�m�e�n� �t�a�n�k�s�,� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �s�e�m�e�n� �w�i�t�h�i�n� �t�h�e� �t�a�n�k�,� 

�t�h�a�w�i�n�g� �s�e�m�e�n� �f�o�r� �u�s�e�,� �a�n�d� �e�x�p�o�s�u�r�e� �t�o� �v�a�r�y�i�n�g� �p�o�s�t�-�t�h�a�w� �t�e�m�p�e�r�a�t�u�r�e�s�.� �S�t�r�a�w�s� �o�f� �s�e�m�e�n� �a�r�e� 

�s�t�o�r�e�d� �i�n� �l�i�q�u�i�d� �n�i�t�r�o�g�e�n� �a�t� �-�1�9�6� �C� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e�s� �a�b�o�v�e� �-�8�0� �C� �b�e�g�i�n� �t�o� �a�f�f�e�c�t� �s�p�e�r�m� �m�o�t�i�l�i�t�y� �(�5�0�)�.� 

�T�h�e� �p�e�r�c�e�n�t� �o�f� �m�o�t�i�l�e� �s�p�e�r�m� �b�e�g�i�n�s� �t�o� �d�r�o�p� �a�f�t�e�r� �|� �m�i�n� �a�n�d� �i�s� �v�e�r�y� �l�o�w� �a�f�t�e�r� �2� �m�i�n� �w�h�e�n� �t�h�e� �s�t�r�a�w� 

�i�s� �e�x�p�o�s�e�d� �t�o� �2�0� �C� �a�f�t�e�r� �t�h�a�w�i�n�g�.� �S�t�r�a�w�s� �w�i�t�h�i�n� �g�o�b�l�e�t�s� �a�r�e� �l�e�s�s� �a�f�f�e�c�t�e�d� �b�y� �t�h�i�s� �c�h�a�n�g�e� �i�n� �t�e�m�p�e�r�-� 

�a�t�u�r�e�.� �T�e�m�p�e�r�a�t�u�r�e�s� �a�l�s�o� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�e�c�k� �o�f� �n�i�t�r�o�g�e�n� �t�a�n�k�s� �a�n�d� �p�r�o�l�o�n�g�e�d� �e�x�p�o�s�u�r�e� �t�o� �t�h�a�t� �a�r�e�a� 

�i�s� �h�a�r�m�f�u�l�.� �T�h�e� �a�m�o�u�n�t� �o�f� �n�i�t�r�o�g�e�n� �i�n� �t�h�e� �t�a�n�k� �a�f�f�e�c�t�s� �n�e�c�k� �t�e�m�p�e�r�a�t�u�r�e�s�.� �W�i�t�h� �f�u�l�l� �n�i�t�r�o�g�e�n� �t�a�n�k�s�,� 

�t�e�m�p�e�r�a�t�u�r�e�s� �c�h�a�n�g�e� �l�e�s�s�,� �1�5� �v�e�r�s�u�s� �7�2� �C� �f�o�r� �s�t�r�a�w�s� �h�e�l�d� �i�n� �t�h�e� �n�e�c�k� �f�o�r� �1� �m�i�n�.� �T�h�e�r�e�f�o�r�e�,� �r�e�p�e�a�t�e�d� 

�r�a�i�s�i�n�g� �a�n�d� �l�o�w�e�r� �o�f� �s�t�r�a�w�s� �i�n� �t�a�n�k�s� �c�o�n�t�a�i�n�i�n�g� �l�o�w� �l�e�v�e�l�s� �o�f� �n�i�t�r�o�g�e�n� �m�a�y� �h�a�v�e� �n�e�g�a�t�i�v�e� �e�f�f�e�c�t�s� �o�n� 

�s�p�e�r�m�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �p�r�o�p�e�r� �s�e�m�e�n� �t�a�n�k� �m�a�i�n�t�e�n�a�n�c�e�,� �i�n�c�l�u�d�i�n�g� �m�o�n�i�t�o�r�i�n�g� �o�f� �n�i�t�r�o�g�e�n� �l�e�v�e�l�s� 

�w�a�s� �d�e�s�c�r�i�b�e�d� �i�n� �a� �r�e�v�i�e�w� �b�y� �(�7�0�)�.� 

�M�a�n�y� �m�e�t�h�o�d�s� �o�f� �t�h�a�w�i�n�g� �s�e�m�e�n� �a�r�e� �r�e�c�o�m�m�e�n�d�e�d� �a�n�d� �v�a�r�y� �a�m�o�n�g� �A�I� �o�r�g�a�n�i�z�a�t�i�o�n�s�.� �T�h�e� 

�m�e�t�h�o�d� �o�f� �s�e�m�e�n� �p�r�o�c�e�s�s�i�n�g� �d�i�c�t�a�t�e�s� �h�o�w� �t�h�e� �s�e�m�e�n� �s�h�o�u�l�d� �b�e� �t�h�a�w�e�d� �(�5�0�)�.� �D�i�f�f�e�r�e�n�t� �t�h�a�w�i�n�g� 

�m�e�t�h�o�d�s� �h�a�v�e� �b�e�e�n� �e�x�a�m�i�n�e�d�,� �w�i�t�h� �t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �l�e�n�g�t�h� �o�f� �t�i�m�e� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �v�a�r�i�a�b�l�e�s� 

�s�t�u�d�i�e�d�.� �S�t�e�v�e�n�s�o�n� �(�8�2�)� �f�o�u�n�d� �a� �1�0� �t�o� �1�1�%� �u�n�i�t� �i�n�c�r�e�a�s�e� �i�n� �C�R� �f�o�r� �s�e�m�e�n� �t�h�a�w�e�d� �i�n� �6�5� �C� �w�a�t�e�r� 

�f�o�r� �7� �s� �a�n�d� �3�5� �C� �f�o�r� �3�0� �s� �c�o�m�p�a�r�e�d� �t�o� �s�e�m�e�n� �t�h�a�w�e�d� �i�n� �t�h�e� �i�n�s�e�m�i�n�a�t�i�o�n� �r�o�d�.� �A�l�m�q�u�i�s�t� �(�1�)� �r�e�p�o�r�t�e�d� 

�t�h�a�t� �6�6� �d� �n�o�n� �r�e�t�u�r�n� �r�a�t�e�s� �w�e�r�e� �h�i�g�h�e�r� �f�o�r� �s�t�r�a�w�s� �t�h�a�w�e�d� �i�n� �3�5�C� �f�o�r� �3�0� �s� �c�o�m�p�a�r�e�d� �t�o� �1�2�s�.� �T�h�e� 

�m�o�s�t� �r�e�c�o�m�m�e�n�d�e�d� �m�e�t�h�o�d� �o�f� �t�h�a�w�i�n�g� �s�e�m�e�n� �i�s� �i�n� �a� �3�5� �C� �w�a�t�e�r� �b�a�t�h� �f�o�r� �1� �m�i�n�.� �H�o�w�e�v�e�r�,� �A�I� 

�o�r�g�a�n�i�z�a�t�i�o�n� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �s�h�o�u�l�d� �b�e� �f�o�l�l�o�w�e�d� �(�5�0�)�.� 

�R�e�v�i�e�w� �o�f� �L�i�t�e�r�a�t�u�r�e� �2�2



�A�f�t�e�r� �t�h�a�w�i�n�g�,� �a�d�d�i�t�i�o�n�a�l� �f�a�c�t�o�r�s� �c�a�n� �i�n�f�l�u�e�n�c�e� �C�R�.� �P�o�s�t�-�t�h�a�w� �p�r�o�c�e�d�u�r�e�s� �w�e�r�e� �r�e�v�i�e�w�e�d� �b�y� �S�a�a�c�k�e� 

�(�6�5�)� �a�n�d� �S�o�r�e�n�s�o�n� �(�7�7�)�.� �C�l�e�a�n�l�i�n�e�s�s� �o�f� �e�q�u�i�p�m�e�n�t� �i�s� �i�m�p�o�r�t�a�n�t�.� �T�h�e� �s�t�r�a�w� �s�h�o�u�l�d� �b�e� �d�r�i�e�d� �c�o�m�-� 

�p�l�e�t�e�l�y� �a�n�d� �p�l�a�c�e�d� �i�n� �a� �w�a�r�m�e�d� �i�n�s�e�m�i�n�a�t�i�o�n� �r�o�d�.� �A� �9�0� �d�e�g�r�e�e� �c�u�t� �o�f� �t�h�e� �s�t�r�a�w� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�e� 

�s�h�e�a�t�h� �t�o� �f�o�r�m� �a� �s�e�a�l� �w�i�t�h� �t�h�e� �s�t�r�a�w� �a�n�d� �p�r�e�v�e�n�t� �s�e�m�e�n� �l�e�a�k�a�g�e� �d�u�r�i�n�g� �i�n�s�e�m�i�n�a�t�i�o�n�.� �I�n�s�e�m�i�n�a�t�i�o�n� 

�s�h�o�u�l�d� �t�a�k�e� �p�l�a�c�e� �a�s� �s�o�o�n� �a�s� �p�o�s�s�i�b�l�e� �a�f�t�e�r� �s�e�m�e�n� �t�h�a�w�i�n�g�.� 

�A�r�t�i�f�i�c�i�a�l� �I�n�s�e�m�i�n�a�t�i�o�n� �T�e�c�h�n�i�q�u�e� 

�T�h�e� �c�h�a�n�g�e� �f�r�o�m� �p�r�o�f�e�s�s�i�o�n�a�l� �A�I� �t�e�c�h�n�i�c�i�a�n�s� �t�o� �h�e�r�d� �t�e�c�h�n�i�c�i�a�n�s� �h�a�s� �b�r�o�u�g�h�t� �a�b�o�u�t� �a� �g�r�e�a�t�e�r� 

�a�w�a�r�e�n�e�s�s� �o�f� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �A�I� �t�e�c�h�n�i�q�u�e� �a�n�d� �i�t�s� �e�f�f�e�c�t� �o�n� �C�R�.� �T�h�e� �s�i�t�e� �o�f� �s�e�m�e�n� �d�e�p�o�s�i�t�i�o�n� 

�a�n�d� �s�e�m�e�n� �d�e�p�o�s�i�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �a�r�e� �p�r�i�m�a�r�y� �a�r�e�a�s� �o�f� �c�o�n�c�e�r�n�.� �U�n�l�i�k�e� �t�h�e� �b�u�l�l� �w�h�o� �d�e�p�o�s�i�t�s� �5� 

�b�i�l�l�i�o�n� �s�p�e�r�m� �i�n� �t�h�e� �v�a�g�i�n�a�,� �A�I� �s�t�r�a�w�s� �u�s�u�a�l�l�y� �c�o�n�t�a�i�n� �1�5� �t�o� �2�0� �m�i�l�l�i�o�n� �s�p�e�r�m� �w�h�i�c�h� �s�h�o�u�l�d� �b�e� �d�e�-� 

�p�o�s�i�t�e�d� �a�n�t�e�r�i�o�r� �t�o� �t�h�e� �c�e�r�v�i�x� �t�o� �b�y�p�a�s�s� �t�h�e� �p�r�i�m�a�r�y� �b�a�r�r�i�e�r� �o�f� �s�p�e�r�m� �t�r�a�n�s�p�o�r�t�.� �M�a�r�s�h�a�l�l� �(�4�5�)� �r�e�-� 

�v�i�e�w�e�d� �A�I� �t�e�c�h�n�i�q�u�e�s� �a�n�d� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �m�i�s�p�l�a�c�e�m�e�n�t� �o�f� �s�e�m�e�n� �u�s�u�a�l�l�y� �o�c�c�u�r�s� �b�y� �o�n�e� �o�f� �t�h�r�e�e� 

�m�e�t�h�o�d�s�.� �T�h�e� �i�n�s�e�m�i�n�a�t�i�o�n� �r�o�d� �i�s� �i�n�s�e�r�t�e�d� �t�o�o� �f�a�r� �u�p� �o�n�e� �u�t�e�r�i�n�e� �h�o�r�n�.� �O�n�e� �u�t�e�r�i�n�e� �h�o�r�n� �i�s� �b�l�o�c�k�e�d� 

�o�f�f� �b�y� �m�a�n�i�p�u�l�a�t�i�o�n� �i�n�s�i�d�e� �t�h�e� �c�o�w�,� �t�h�u�s� �s�e�m�e�n� �d�o�e�s� �n�o�t� �m�o�v�e� �u�p� �t�h�e� �h�o�r�n�.� �T�h�e� �i�n�s�e�m�i�n�a�t�i�o�n� �r�o�d� 

�i�s� �w�i�t�h�d�r�a�w�n� �d�u�r�i�n�g� �d�e�p�o�s�i�t�i�o�n� �s�o� �t�h�a�t� �s�e�m�e�n� �i�s� �d�e�p�o�s�i�t�e�d� �i�n� �t�h�e� �p�o�s�t�e�r�i�o�r� �c�e�r�v�i�x� �o�r� �v�a�g�i�n�a�.� 

�B�e�c�a�u�s�e� �t�h�e� �A�I� �s�t�r�a�w� �c�o�n�t�a�i�n�s� �i�n� �t�h�e� �o�r�d�e�r� �o�f� �m�i�l�l�i�o�n�s� �i�n�s�t�e�a�d� �o�f� �b�i�l�l�i�o�n�s� �o�f� �s�p�e�r�m�,� �i�t� �c�a�n� �b�e� �c�o�n�-� 

�c�l�u�d�e�d� �t�h�a�t� �d�e�p�o�s�i�t�i�o�n� �h�a�s� �t�o� �b�e� �b�e�y�o�n�d� �t�h�e� �c�e�r�v�i�x�,� �w�h�i�c�h� �a�c�t�s� �a�s� �a� �b�a�r�r�i�e�r� �i�n� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �t�r�a�c�t�.� 

�H�u�n�t�e�r� �(�3�9�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �n�u�m�b�e�r� �o�f� �s�p�e�r�m� �p�e�r� �i�n�s�e�m�i�n�a�t�i�o�n� �w�a�s� �r�e�l�a�t�e�d� �t�o� �p�e�r�c�e�n�t� �n�o�n�r�e�t�u�r�n� 

�r�a�t�e�s�.� �H�e� �d�i�v�i�d�e�d� �A�I� �t�e�c�h�n�i�c�i�a�n�s� �i�n�t�o� �h�i�g�h� �a�n�d� �l�o�w� �C�R� �g�r�o�u�p�s� �a�n�d� �t�h�e�n� �c�o�m�p�a�r�e�d� �n�o�n�r�e�t�u�r�n� �r�a�t�e�s� 

�f�o�r� �i�n�s�e�m�i�n�a�t�i�o�n�s� �o�f� �2�0� �o�r� �1�0� �m�i�l�l�i�o�n� �s�p�e�r�m�/�d�o�s�e�.� �N�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �n�o�n�r�e�t�u�r�n� �r�a�t�e�s� �w�a�s� �s�e�e�n� �b�e�-� 

�t�w�e�e�n� �d�o�s�e�s� �f�o�r� �t�h�e� �h�i�g�h� �C�R� �t�e�c�h�n�i�c�i�a�n�s�.� �H�o�w�e�v�e�r�,� �l�o�w� �C�R� �t�e�c�h�n�i�c�i�a�n�s� �d�r�o�p�p�e�d� �f�r�o�m� �8�0�.�0� �t�o� 

�7�1�.�2�%� �w�i�t�h� �t�h�e� �l�o�w�e�r� �s�p�e�r�m� �n�u�m�b�e�r�s�.� �H�i�g�h� �C�R� �t�e�c�h�n�i�c�i�a�n�s� �w�e�r�e� �a�b�l�e� �t�o� �c�o�r�r�e�c�t�l�y� �d�e�p�o�s�i�t� �f�e�w�e�r� 

�n�u�m�b�e�r�s� �o�f� �s�p�e�r�m�,� �w�h�e�r�e�a�s� �l�o�w�e�r� �C�R� �t�e�c�h�n�i�c�i�a�n�s� �n�e�e�d�e�d� �m�o�r�e� �s�p�e�r�m� �p�e�r� �d�o�s�e� �t�o� �a�c�h�i�e�v�e� �h�i�g�h� 

�n�o�n�r�e�t�u�r�n� �r�a�t�e�s�,� �w�h�i�c�h� �p�o�i�n�t�s� �o�u�t� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �p�r�o�p�e�r� �s�e�m�e�n� �d�e�p�o�s�i�t�i�o�n�.� �W�i�l�l�i�a�m�s� �e�t� �a�l�.� �(�9�0�)� 

�R�e�v�i�e�w� �o�f� �L�i�t�e�r�a�t�u�r�e� �2�3



�r�e�p�o�r�t�e�d� �s�e�m�e�n� �d�e�p�o�s�i�t�i�o�n� �i�n� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �a�r�e�a�s� �o�f� �t�h�e� �t�r�a�c�t�.� �S�i�x�t�y�-�s�i�x� �c�e�r�v�i�c�a�l� �i�n�s�e�m�i�n�a�t�i�o�n�s� �h�a�d� 

�C�R� �o�f� �3�9�.�4�%�,� �9�7�5� �u�t�e�r�i�n�e� �b�o�d�y� �i�n�s�e�m�i�n�a�t�i�o�n�s� �h�a�d� �4�8�.�1�%� �C�R� �a�n�d� �8�7�4� �b�i�l�a�t�e�r�a�l� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�t� 

�2�.�5� �c�m� �i�n�t�o� �t�h�e� �e�a�c�h� �u�t�e�r�i�n�e� �h�o�r�n� �h�a�d� �a� �C�R� �o�f� �4�9�.�3�%�.� �G�w�a�z�d�a�u�s�k�a�s� �e�t� �a�l�.�(�2�9�)� �r�e�p�o�r�t�e�d� �s�e�m�e�n� �i�n� 

�t�h�e� �v�a�g�i�n�a�,� �c�e�r�v�i�x� �o�r� �u�t�e�r�i�n�e� �b�o�d�y� �a�n�d� �f�o�u�n�d� �a� �C�R� �o�f� �1�0�.�0�,� �3�5�.�2� �a�n�d� �5�2�.�6�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �A�d�d�i�t�i�o�n�a�l� 

�w�o�r�k� �b�y� �G�w�a�z�d�a�u�s�k�a�s� �e�t� �a�l�.� �(�3�1�)� �i�n�d�i�c�a�t�e�d� �a� �4�8�.�3�%� �C�R� �f�o�r� �u�t�e�r�i�n�e� �b�o�d�y� �d�e�p�o�s�i�t�i�o�n� �a�s� �c�o�m�p�a�r�e�d� 

�t�o� �2�6�%� �f�o�r� �c�e�r�v�i�c�a�l� �d�e�p�o�s�i�t�i�o�n�.� �S�t�e�v�e�n�s�o�n� �e�t� �a�l�.� �(�8�2�,�8�3�)� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �e�a�s�e� �o�f� �c�e�r�v�i�c�a�l� 

�p�e�n�e�t�r�a�t�i�o�n� �o�n� �C�R�.� �A� �s�u�b�j�e�c�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �e�a�s�y� �o�r� �n�o�r�m�a�l� �c�e�r�v�i�c�a�l� �p�e�n�e�t�r�a�t�i�o�n� �a�t� �i�n�s�e�m�i�n�a�t�i�o�n� 

�w�a�s� �u�s�e�d�.� �E�a�s�y� �p�e�n�e�t�r�a�t�i�o�n� �t�e�n�d�e�d� �t�o� �h�a�v�e� �2�1�%� �l�o�w�e�r� �C�R�.� �T�h�i�s� �s�u�b�j�e�c�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �p�e�n�e�-� 

�t�r�a�t�i�o�n� �m�a�y� �h�a�v�e� �r�e�f�l�e�c�t�e�d� �t�h�e� �e�x�p�e�r�t�i�s�e� �o�f� �t�h�e� �i�n�s�e�m�i�n�a�t�o�r� �a�s� �w�e�l�l� �a�s� �t�h�e� �t�o�n�i�c�i�t�y� �o�f� �t�h�e� �c�e�r�v�i�x�.� �T�h�e� 

�i�n�s�e�m�i�n�a�t�o�r�s� �m�a�y� �h�a�v�e� �t�h�o�u�g�h�t� �t�h�e�y� �h�a�d� �p�a�s�s�e�d� �t�h�e� �c�e�r�v�i�x� �w�h�e�n� �t�h�e�y� �p�r�o�b�a�b�l�y� �h�a�d� �n�o�t�.� �I�n� �c�o�n�-� 

�t�r�a�s�t�,� �H�a�h�n� �(�3�3�)� �f�o�u�n�d� �t�h�a�t� �C�R� �t�e�n�d�s� �t�o� �d�e�c�r�e�a�s�e� �w�i�t�h� �d�i�f�f�i�c�u�l�t� �c�e�r�v�i�c�a�l� �p�a�s�s�a�g�e� �d�u�r�i�n�g� �A�I�.� �T�h�e�s�e� 

�s�t�u�d�i�e�s� �p�o�i�n�t� �o�u�t� �t�h�e� �p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �p�e�n�e�t�r�a�t�i�n�g� �t�h�e� �c�e�r�v�i�x� �a�n�d� �d�e�p�o�s�i�t�i�n�g� �s�e�m�e�n� �i�n� �t�h�e� 

�u�t�e�r�i�n�e� �b�o�d�y�.� 

�T�h�e�r�e� �i�s� �s�o�m�e� �q�u�e�s�t�i�o�n� �a�s� �t�o� �w�h�e�r�e� �t�h�e� �s�e�m�e�n� �c�a�n� �b�e� �d�e�p�o�s�i�t�e�d� �b�e�y�o�n�d� �t�h�e� �c�e�r�v�i�x�.� �A� �c�o�w� �w�i�l�l� 

�o�v�u�l�a�t�e� �a�b�o�u�t� �4�0�%� �o�f� �t�h�e� �t�i�m�e� �o�n� �t�h�e� �l�e�f�t� �o�v�a�r�y� �a�n�d� �6�0�%� �o�n� �t�h�e� �r�i�g�h�t�.� �T�h�e�r�e�f�o�r�e�,� �i�t� �m�a�y� �b�e� �b�e�n�-� 

�e�f�i�c�i�a�l� �t�o� �d�e�p�o�s�i�t� �s�e�m�e�n� �o�n� �t�h�e� �s�i�d�e� �o�f� �o�v�u�l�a�t�i�o�n� �t�o� �i�n�c�r�e�a�s�e� �C�R�.� �S�e�n�g�e�r� �e�t� �a�l�.� �(�6�9�)� �d�e�p�o�s�i�t�e�d� 

�o�n�e�-�h�a�l�f� �o�f� �a� �s�t�r�a�w� �o�f� �s�e�m�e�n� �i�n�t�o� �e�a�c�h� �u�t�e�r�i�n�e� �h�o�r�n�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t� �C�R� �w�a�s� �6�4�.�6�%� �f�o�r� �h�o�r�n� 

�i�n�s�e�m�i�n�a�t�a�t�i�o�n� �a�n�d� �4�4�.�7�%� �f�o�r� �u�t�e�r�i�n�e� �b�o�d�y� �i�n�s�e�m�i�n�a�t�i�o�n�s�.� �T�h�e� �A�I� �t�e�c�h�n�i�c�i�a�n�s� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� 

�u�t�i�l�i�z�e�d� �b�o�d�y� �b�r�e�e�d�i�n�g� �f�o�r� �6� �m�o� �a�n�d� �t�h�e�n� �s�w�i�t�c�h�e�d� �t�o� �h�o�r�n� �b�r�e�e�d�i�n�g�.� �T�e�c�h�n�i�c�i�a�n�s� �w�e�r�e� �r�e�-�t�r�a�i�n�e�d� 

�i�n� �p�r�o�p�e�r� �t�e�c�h�n�i�q�u�e�s� �b�e�f�o�r�e� �e�a�c�h� �6� �m�o� �p�e�r�i�o�d�.� �O�n�c�e� �t�r�a�i�n�e�d� �t�o� �t�h�e� �h�o�r�n� �b�r�e�e�d�i�n�g� �t�e�c�h�n�i�q�u�e�,� 

�i�n�s�e�m�i�n�a�t�o�r�s� �t�e�n�d�e�d� �t�o� �r�e�m�a�i�n� �m�o�r�e� �c�o�n�s�i�s�t�e�n�t� �i�n� �t�h�e�i�r� �p�l�a�c�e�m�e�n�t� �o�f� �s�e�m�e�n� �a�s� �e�v�a�l�u�a�t�e�d� �b�y� 

�r�a�d�i�o�g�r�a�p�h�y�.� �M�o�m�o�n�t� �e�t� �a�l�.� �(�4�7�)� �f�o�u�n�d� �t�h�a�t� �C�R� �w�a�s� �n�o�t� �s�t�a�t�i�s�t�i�c�a�l�l�y� �d�i�f�f�e�r�e�n�t� �b�e�t�w�e�e�n� �h�e�i�f�e�r�s� �w�h�e�r�e� 

�s�e�m�e�n� �w�a�s� �e�i�t�h�e�r� �d�e�p�o�s�i�t�e�d� �i�n� �t�h�e� �u�t�e�r�i�n�e� �b�o�d�y� �(�6�8�%�)�,� �t�h�e� �h�o�r�n� �c�o�n�t�r�a�l�a�t�e�r�a�l� �t�o� �o�v�u�l�a�t�o�r�y� �f�o�l�l�i�c�l�e� 

�(�7�5�%�)�,� �o�r� �t�h�e� �i�p�s�i�l�a�t�e�r�a�l� �(�6�5�%�)�.� �H�o�r�n� �b�r�e�e�d�i�n�g� �t�e�n�d�s� �t�o� �i�n�c�r�e�a�s�e� �C�R� �b�e�c�a�u�s�e� �s�e�m�e�n� �i�s� �d�e�p�o�s�i�t�e�d� 

�f�a�r�t�h�e�r� �a�w�a�y� �f�r�o�m� �t�h�e� �c�e�r�v�i�x� �a�n�d� �d�e�c�r�e�a�s�e�s� �r�e�t�r�o�g�r�a�d�e� �f�l�o�w� �o�f� �s�e�m�e�n� �o�u�t� �o�f� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �t�r�a�c�t�.� 

�I�f� �p�r�o�p�e�r� �A�I� �t�e�c�h�n�i�q�u�e�s� �a�r�e� �f�o�l�l�o�w�e�d�,� �t�h�e�r�e� �a�p�p�e�a�r�s� �t�o� �b�e� �l�i�t�t�l�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �h�o�r�n� �o�r� �b�o�d�y� �b�r�e�e�d�i�n�g� 

�C�R�.� 

�R�e�v�i�e�w� �o�f� �L�i�t�e�r�a�t�u�r�e� �2�4



�P�r�o�b�l�e�m�s� �o�f� �D�e�t�e�c�t�i�o�n� �o�f� �E�s�t�r�u�s� 

�F�o�r� �a� �c�h�a�n�c�e� �o�f� �s�u�c�c�e�s�s�f�u�l� �i�n�s�e�m�i�n�a�t�i�o�n�,� �e�s�t�r�u�s� �m�u�s�t� �b�e� �d�e�t�e�c�t�e�d�.� �A�l�t�h�o�u�g�h� �t�h�e� �c�o�w� �m�a�y� �b�e� �p�a�r�-� 

�t�i�a�l�l�y� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �n�o�t� �s�h�o�w�i�n�g� �o�b�v�i�o�u�s� �s�i�g�n�s� �o�f� �e�s�t�r�u�s�,� �p�o�o�r� �m�a�n�a�g�e�m�e�n�t� �i�s� �t�h�e� �p�r�i�m�a�r�y� �r�e�a�s�o�n� 

�f�o�r� �r�e�d�u�c�e�d� �E�D� �e�f�f�i�c�i�e�n�c�y�.� �B�a�r�r� �(�3�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �O�h�i�o� �d�a�i�r�y� �f�a�r�m�e�r�s� �i�n�c�r�e�a�s�e�d� �D�O� �b�y� �4�0�.�3� �d� 

�b�e�c�a�u�s�e� �o�f� �m�i�s�s�e�d� �e�s�t�r�u�s� �p�e�r�i�o�d�s�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �5�3�%� �o�f� �a�l�l� �e�s�t�r�u�s�e�s� �w�e�r�e� �m�i�s�s�e�d�.� �A�n�e�s�t�r�u�s� �a�n�d� 

�e�m�b�r�y�o�n�i�c� �l�o�s�s� �a�c�c�o�u�n�t�e�d� �f�o�r� �t�h�e� �c�o�w ��s� �i�n�f�l�u�e�n�c�e� �o�n� �p�o�o�r� �E�D�,� �b�u�t� �p�o�o�r� �e�s�t�r�u�s� �o�b�s�e�r�v�a�t�i�o�n� �w�a�s� �t�h�e� 

�l�a�r�g�e�s�t� �c�o�m�p�o�n�e�n�t�.� �P�e�l�l�i�s�i�e�r� �(�5�8�)� �e�s�t�i�m�a�t�e�d� �t�h�a�t� �o�n� �2�4� �C�a�l�i�f�o�r�n�i�a� �d�a�i�r�i�e�s�,� �o�n�e� �o�u�t� �o�f� �s�i�x� �e�s�t�r�u�s� �p�e�-� 

�r�i�o�d�s� �w�a�s� �m�i�s�s�e�d� �a�f�t�e�r� �t�h�e� �f�i�r�s�t� �p�o�s�t�p�a�r�t�u�m� �e�s�t�r�u�s� �w�a�s� �r�e�c�o�r�d�e�d�.� �S�p�a�l�d�i�n�g� �e�t� �a�l�.� �(�7�8�)� �f�o�u�n�d� �a�n� �a�v�-� 

�e�r�a�g�e� �i�n�t�e�r�v�a�l� �o�f� �4�1� �d� �b�e�t�w�e�e�n� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �s�e�r�v�i�c�e� �a�n�d� �4�0� �d� �b�e�t�w�e�e�n� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �s�e�r�v�i�c�e� 

�o�n� �N�e�w� �Y�o�r�k� �d�a�i�r�y� �f�a�r�m�s�.� �T�h�u�s�,� �o�n�e� �e�s�t�r�u�s� �p�e�r�i�o�d� �w�a�s� �b�e�i�n�g� �m�i�s�s�e�d� �b�e�t�w�e�e�n� �s�e�r�v�i�c�e�s�.� �B�o�z�w�o�r�t�h� 

�e�t� �a�l�.� �(�5�)� �d�i�v�i�d�e�d� �h�e�r�d�s� �i�n�t�o� �s�h�o�r�t� �(�3�6�0� �t�o� �3�7�4� �d�)� �a�n�d� �l�o�n�g� �(�g�r�e�a�t�e�r� �t�h�a�n� �4�0�1� �d�)� �C�I� �g�r�o�u�p�s� �a�n�d� �f�o�u�n�d� 

�t�h�a�t� �t�h�e� �s�h�o�r�t� �C�I� �g�r�o�u�p� �d�e�t�e�c�t�e�d� �1�7�%� �m�o�r�e� �h�e�a�t�s� �b�e�t�w�e�e�n� �1�7� �a�n�d� �2�4� �d� �i�n�t�e�r�v�a�l�s�.� �S�t�e�v�e�n�s�o�n� �(�8�2�)� 

�c�o�n�c�l�u�d�e�d� �t�h�a�t� �e�s�t�r�u�s� �c�o�u�l�d� �r�a�n�g�e� �i�n� �i�n�t�e�n�s�i�t�y� �f�r�o�m� �p�r�o�n�o�u�n�c�e�d� �s�t�a�n�d�i�n�g� �e�s�t�r�u�s� �t�o� �s�i�l�e�n�t� �e�s�t�r�u�s�.� 

�F�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �t�h�e� �i�n�t�e�n�s�i�t�y� �o�f� �e�x�p�r�e�s�s�i�o�n� �o�f� �h�e�a�t� �i�n�c�l�u�d�e�d� �g�r�o�u�p� �s�i�z�e�,� �h�o�u�s�i�n�g� �f�a�c�i�l�i�t�i�e�s�,� �p�r�o�p�e�r� 

�t�r�a�i�n�i�n�g� �f�o�r� �c�a�r�e�f�u�l� �o�b�s�e�r�v�a�t�i�o�n�,� �u�s�e� �o�f� �r�e�c�o�r�d�s�,� �a�n�d� �f�r�e�q�u�e�n�c�y� �o�f� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s�.� 

�E�s�t�r�o�g�e�n� �i�s� �t�h�e� �h�o�r�m�o�n�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �e�s�t�r�u�s� �a�n�d� �m�a�n�y� �o�f� �t�h�e� �f�a�c�t�o�r�s� �w�h�i�c�h� �i�n�f�l�u�e�n�c�e� �o�v�u�l�a�t�i�o�n� 

�w�i�l�l� �a�l�s�o� �a�f�f�e�c�t� �e�s�t�r�u�s� �a�n�d� �e�s�t�r�u�s� �e�x�p�r�e�s�s�i�o�n�.� �B�r�i�t�t� �a�n�d� �c�o�-�w�o�r�k�e�r�s� �(�9�)� �e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

�e�s�t�r�o�g�e�n� �o�n� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �e�s�t�r�u�s�.� �T�h�i�r�t�e�e�n� �l�a�c�t�a�t�i�n�g� �H�o�l�s�t�e�i�n� �c�o�w�s�,� �4� �t�o� �6� �w�k� �p�o�s�t�p�a�r�t�u�m� �w�e�r�e� 

�o�v�a�r�i�e�c�t�o�m�i�z�e�d� �t�o� �r�e�m�o�v�e� �t�h�e� �s�o�u�r�c�e� �o�f� �e�s�t�r�o�g�e�n�.� �C�o�w�s� �w�e�r�e� �p�r�i�m�e�d� �w�i�t�h� �p�r�o�g�e�s�t�e�r�o�n�e� �f�o�r� �5� �d� 

�f�o�l�l�o�w�e�d� �b�y� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �e�s�t�r�a�d�i�o�l� �b�e�n�z�o�a�t�e� �3�6� �h� �l�a�t�e�r� �t�o� �i�n�d�u�c�e� �e�s�t�r�u�s�.� �O�b�s�e�r�v�a�t�i�o�n� �f�o�r� �e�s�t�r�u�s� 

�o�c�c�u�r�r�e�d� �a�t� �8� �h�r� �i�n�t�e�r�v�a�l�s�.� �C�o�w�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �f�o�r� �3�0� �m�i�n� �o�n� �d�i�r�t� �a�n�d� �3�0� �m�i�n� �o�n� �c�o�n�c�r�e�t�e�.� �T�h�e� 

�d�o�s�a�g�e� �o�f� �e�s�t�r�a�d�i�o�l� �b�e�n�z�o�a�t�e� �i�n�f�l�u�e�n�c�e�d� �t�h�e� �l�e�n�g�t�h� �a�n�d� �e�x�p�r�e�s�s�i�o�n� �e�s�t�r�u�s�.� �H�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �e�s�t�r�a�d�i�o�l� 

�b�e�n�z�o�a�t�e� �a�n�d� �m�o�r�e� �f�r�e�q�u�e�n�t� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �i�n�d�u�c�e�d� �l�o�n�g�e�r� �a�n�d� �m�o�r�e� �a�c�t�i�v�e� �e�s�t�r�u�s� �p�e�r�i�o�d�s�.� �T�h�i�s� 

�i�n�f�o�r�m�a�t�i�o�n� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �l�e�v�e�l� �o�f� �e�s�t�r�o�g�e�n� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �f�o�l�l�i�c�l�e� �a�f�f�e�c�t�s� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �o�f� 

�e�s�t�r�u�s�.� �O�n�e� �m�g� �o�f� �e�s�t�r�a�d�i�o�l� �b�e�n�z�o�a�t�e� �w�u�,� �g�i�v�e�n� �t�o� �a�p�p�r�o�x�i�m�a�t�e� �a�c�t�u�a�l� �e�s�t�r�u�s� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �c�o�w�.� 

�R�e�v�i�e�w� �o�f� �L�i�t�e�r�a�t�u�r�e� �2�5



�D�u�r�i�n�g� �e�a�c�h� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �e�s�t�r�u�s� �a�c�t�i�v�i�t�y� �w�a�s� �m�o�n�i�t�o�r�e�d�.� �M�o�u�n�t�i�n�g� �a�n�d� �s�t�a�n�d�i�n�g� �a�c�t�i�v�i�t�y� �w�a�s� 

�d�i�f�f�e�r�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �l�o�c�a�t�i�o�n�s�.� �C�o�w�s� �o�n� �t�h�e� �d�i�r�t� �l�o�t�s� �e�x�p�r�e�s�s�e�d� �m�o�r�e� �e�s�t�r�u�s� �a�c�t�i�v�i�t�y� �f�o�r� �a� 

�l�o�n�g�e�r� �p�e�r�i�o�d� �o�f� �t�i�m�e�.� �S�o�m�e� �c�o�w�s� �e�x�p�r�e�s�s�e�d� �l�i�t�t�l�e� �e�s�t�r�u�s� �a�c�t�i�v�i�t�y� �o�n� �c�o�n�c�r�e�t�e�,� �b�u�t� �m�o�r�e� �o�n� �d�i�r�t�.� 

�T�h�e� �m�o�v�e�m�e�n�t� �o�f� �c�o�w�s� �t�o� �d�i�f�f�e�r�e�n�t� �l�o�c�a�t�i�o�n�s� �a�r�o�u�s�e�d� �s�e�x�u�a�l� �a�c�t�i�v�i�t�y�.� �S�t�a�n�d�i�n�g� �a�n�d� �m�o�u�n�t�i�n�g� �b�e�-� 

�h�a�v�i�o�r� �w�a�s� �n�o�t� �i�n�f�l�u�e�n�c�e�d� �b�y� �p�o�s�t�p�a�r�t�u�m� �i�n�t�e�r�v�a�l�,� �s�e�a�s�o�n�,� �o�r� �m�i�l�k� �y�i�e�l�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

�F�o�n�s�e�c�a� �e�t� �a�l�.� �(�2�4�)� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �f�i�r�s�t� �o�v�u�l�a�t�i�o�n� �o�c�c�u�r�r�e�d� �a�t� �a�b�o�u�t� �3� �w�k� �p�o�s�t�p�a�r�t�u�m� �i�n� �n�o�r�m�a�l� 

�c�o�w�s�.� �A�v�e�r�a�g�e� �d�a�y�s� �f�r�o�m� �c�a�l�v�i�n�g� �t�o� �f�i�r�s�t� �d�e�t�e�c�t�e�d� �e�s�t�r�u�s� �w�a�s� �6�6�.�9� �d� �a�n�d� �w�a�s� �a�f�f�e�c�t�e�d� �b�y� �c�l�i�n�i�c�a�l� 

�p�o�s�t�p�a�r�t�u�m� �a�b�n�o�r�m�a�l�i�t�i�e�s� �a�n�d� �m�i�l�k� �y�i�e�l�d�.� �A�l�t�h�o�u�g�h� �o�v�u�l�a�t�i�o�n� �o�c�c�u�r�s� �a�t� �3� �w�k�,� �l�i�t�t�l�e� �e�x�p�r�e�s�s�i�o�n� �i�s� 

�n�o�t�i�c�e�d�.� �B�l�a�k�e� �e�t� �a�l�.� �(�4�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �r�e�p�r�o�d�u�c�t�i�o�n� �i�s� 

�s�e�e�n� �t�h�r�o�u�g�h� �l�e�s�s� �o�v�e�r�t� �e�s�t�r�u�s� �s�y�m�p�t�o�m�s� �i�n� �c�o�w�s� �s�u�f�f�e�r�i�n�g� �f�r�o�m� �n�e�g�a�t�i�v�e� �e�n�e�r�g�y� �b�a�l�a�n�c�e�.� �N�e�g�a�t�i�v�e� 

�e�n�e�r�g�y� �b�a�l�a�n�c�e� �h�a�s� �a� �d�e�t�r�e�m�e�n�t�a�l� �e�f�f�e�c�t� �o�n� �t�h�e� �h�o�r�m�o�n�e�s� �o�f� �t�h�e� �e�s�t�r�o�u�s� �c�y�c�l�e�.� �S�m�i�t�h� �(�7�5�)� �c�o�n�-� 

�c�l�u�d�e�d� �t�h�a�t� �t�h�e� �c�o�w�s� �d�i�f�f�e�r� �i�n� �t�h�e� �i�n�t�e�n�s�i�t�y� �a�n�d� �f�r�e�q�u�e�n�c�y� �o�f� �e�s�t�r�u�s�,� �a�n�d� �h�e� �a�t�t�r�i�b�u�t�e�d� �p�o�o�r� �e�s�t�r�u�s� 

�d�e�t�e�c�t�i�o�n� �t�o� �p�e�o�p�l�e� �p�r�o�b�l�e�m�s� �r�a�t�h�e�r� �t�h�a�n� �c�o�w� �p�r�o�b�l�e�m�s�.� �Z�e�m�j�a�n�i�s� �(�9�2�)� �f�o�u�n�d� �t�h�a�t� �a�b�o�u�t� �9�0�%� �o�f� 

�c�o�w�s� �r�e�p�o�r�t�e�d� �b�y� �d�a�i�r�y� �f�a�r�m�e�r�s� �a�s� �b�e�i�n�g� �a�n�e�s�t�r�u�s� �w�e�r�e� �a�c�t�u�a�l�l�y� �c�y�c�l�i�n�g�,� �w�h�i�c�h� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� 

�v�i�s�u�a�l� �s�i�g�n�s� �o�f� �e�s�t�r�u�s� �w�e�r�e� �m�i�s�s�e�d� �b�y� �t�h�e� �f�a�r�m�e�r�.� �L�a�u�d�e�r�d�a�l�e� �(�4�1�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �p�o�o�r� �e�s�t�r�u�s� �d�e�-� 

�t�e�c�t�i�o�n� �i�s� �r�e�l�a�t�e�d� �t�o� �o�b�s�e�r�v�a�t�i�o�n� �f�a�i�l�u�r�e�s�.� 

�F�o�o�t�e� �(�2�5�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �b�e�s�t� �s�i�n�g�l�e� �i�n�d�i�c�a�t�o�r� �o�f� �e�s�t�r�u�s� �i�s� �t�h�e� �c�o�w� �s�t�a�n�d�i�n�g� �t�o� �b�e� �m�o�u�n�t�e�d� �b�y� 

�a�n�o�t�h�e�r� �a�n�i�m�a�l�,� �w�h�i�c�h� �i�s� �k�n�o�w�n� �a�s�  ��s�t�a�n�d�i�n�g� �h�e�a�t �� �a�n�d� �i�s� �c�o�n�s�i�d�e�r�e�d� �t�h�e� �p�r�i�m�a�r�y� �s�i�g�n� �o�f� �e�s�t�r�u�s�.� 

�H�o�w�e�v�e�r�,� �n�o�t� �a�l�l� �c�y�c�l�i�n�g� �c�o�w�s� �d�i�s�p�l�a�y� �a� �c�l�e�a�r� �s�t�a�n�d�i�n�g� �h�e�a�t�,� �a�n�d� �s�e�c�o�n�d�a�r�y� �s�i�g�n�s� �o�f� �e�s�t�r�u�s� �s�u�c�h� �a�s� 

�b�a�w�l�i�n�g� �a�n�d� �r�e�s�t�l�e�s�s�n�e�s�s� �h�a�v�e� �t�o� �b�e� �r�e�c�o�g�n�i�z�e�d�.� �F�i�g�u�r�e� �1� �l�i�s�t�s� �s�i�g�n�s� �o�f� �e�s�t�r�u�s� �c�o�m�m�o�n�l�y� �u�s�e�d� �b�y� 

�d�a�i�r�y� �f�a�r�m�e�r�s�.� �E�s�s�l�e�m�o�n�t� �e�t� �a�l�.� �(�2�1�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e�r�e� �i�s� �a� �9�0�%� �c�e�r�t�a�i�n�t�y� �t�h�a�t� �a� �c�o�w� �o�b�s�e�r�v�e�d� 

�i�n� �s�t�a�n�d�i�n�g� �h�e�a�t� �i�s� �t�r�u�l�y� �i�n� �e�s�t�r�u�s�.� �N�o� �o�t�h�e�r� �s�i�g�n� �o�f� �e�s�t�r�u�s� �i�n�d�i�c�a�t�e�d� �e�s�t�r�u�s� �w�i�t�h� �a�s� �m�u�c�h� �c�e�r�t�a�i�n�t�y�.� 

�T�h�e� �n�u�m�b�e�r� �o�f� �c�o�w�s� �i�n� �e�s�t�r�u�s� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �a�f�f�e�c�t�e�d� �e�s�t�r�u�s� �a�c�t�i�v�i�t�y�.� �W�h�e�n� �t�h�r�e�e� �o�r� �f�o�u�r� �c�o�w�s� 

�w�e�r�e� �i�n� �e�s�t�r�u�s� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e�,� �m�o�r�e� �e�s�t�r�u�s� �a�c�t�i�v�i�t�y� �w�a�s� �n�o�t�i�c�e�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� �6�5�%� �o�f� �c�o�w�s� �w�e�r�e� 

�i�n� �e�s�t�r�u�s� �d�u�r�i�n�g� �t�h�e� �n�i�g�h�t�,� �w�h�i�c�h� �a�d�d�e�d� �t�o� �t�h�e� �d�i�f�f�i�c�u�l�t�y� �o�f� �d�e�t�e�c�t�i�n�g� �e�s�t�r�u�s� �d�u�r�i�n�g� �t�h�e� �d�a�y�.� �E�s�t�r�u�s� 

�d�e�t�e�c�t�i�o�n� �a�i�d�s� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �t�o� �h�e�l�p� �r�e�d�u�c�e� �t�h�e� �p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �a�n�d� 

�-� �R�e�v�i�e�w� �o�f� �L�i�t�e�r�a�t�u�r�e� �2�6



�t�h�e�r�e�f�o�r�e� �i�n�c�r�e�a�s�e� �t�h�e� �n�u�m�b�e�r� �o�f� �e�s�t�r�u�s�e�s� �d�e�t�e�c�t�e�d�.� �E�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �a�i�d�s� �h�a�v�e� �b�e�e�n� �r�e�v�i�e�w�e�d� �b�y� 

�(�7�,�2�1�,�2�5�,�7�5�,�7�7�)� �a�n�d� �a�r�e� �l�i�s�t�e�d� �i�n� �F�i�g�u�r�e� �1�.� 

�S�t�e�v�e�n�s�o�n� �a�n�d� �B�r�i�t�t� �(�8�0�)� �d�e�t�e�c�t�e�d� �e�s�t�r�u�s� �u�s�i�n�g� �t�h�r�e�e� �m�e�t�h�o�d�s� �a�n�d� �c�o�m�p�a�r�e�d� �e�f�f�i�c�i�e�n�c�y� �a�n�d� �a�c�c�u�r�a�c�y� 

�o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �r�a�t�e�s� �r�a�t�e�s�.� �T�h�i�r�t�y�-�o�n�e� �c�o�w�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �a�n�d� �s�e�r�v�e�d� �a�s� �c�o�n�t�r�o�l�s�,� �w�h�i�l�e� �3�3� 

�c�o�w�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �w�i�t�h� �a� �r�u�m�p�-�m�o�u�n�t�e�d� �h�e�a�t� �d�e�t�e�c�t�i�o�n� �d�e�v�i�c�e�.� �A� �f�i�n�a�l� �g�r�o�u�p� �o�f� �2�4� �w�e�r�e� �e�x�p�o�s�e�d� 

�t�o� �a� �t�e�s�t�o�s�t�e�r�o�n�e�-�t�r�e�a�t�e�d� �m�a�r�k�i�n�g� �h�e�i�f�e�r�.� �P�r�o�g�e�s�t�e�r�o�n�e� �w�a�s� �m�e�a�s�u�r�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �a�c�c�u�r�a�c�y�.� �N�o� 

�d�i�f�f�e�r�e�n�c�e� �i�n� �e�f�f�i�c�i�e�n�c�y� �w�a�s� �s�e�e�n� �b�e�t�w�e�e�n� �g�r�o�u�p�s�;� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�5�%� �o�f� �a�l�l� �e�s�t�r�u�s�e�s� �w�e�r�e� �d�e�t�e�c�t�e�d� 

�i�n� �e�a�c�h� �g�r�o�u�p�.� �A�c�c�u�r�a�c�i�e�s� �f�o�r� �e�a�c�h� �g�r�o�u�p� �w�e�r�e� �6�8�,� �6�6� �a�n�d� �7�9�%�.� �H�o�w�e�v�e�r�,� �c�o�w�s� �w�e�r�e� �o�n�l�y� �a�l�l�o�w�e�d� 

�t�o� �i�n�t�e�r�a�c�t� �a�m�o�n�g� �t�h�e�m�s�e�l�v�e�s� �o�r� �w�i�t�h� �t�h�e� �t�h�e� �t�r�e�a�t�e�d� �h�e�i�f�e�r� �f�o�r� �2� �t�o� �3� �h�/� �d�,� �w�h�i�c�h� �m�a�y� �h�a�v�e� �l�i�m�i�t�e�d� 

�t�h�e� �u�s�e�f�u�l�n�e�s�s� �o�f� �t�h�e� �d�e�t�e�c�t�i�o�n� �a�i�d�s�.� �I�n� �g�r�o�u�p�s� �t�h�a�t� �u�s�e�d� �a�i�d�s�,� �o�n�l�y� �2�7� �a�n�d� �3�7�%� �o�f� �e�s�t�r�u�s�e�s� �d�e�t�e�c�t�e�d� 

�w�e�r�e� �b�y� �s�t�a�n�d�i�n�g�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �o�b�s�e�r�v�e�r�s� �d�e�p�e�n�d�e�d� �o�n� �a�i�d�s� �f�o�r� �d�e�t�e�c�t�i�o�n� �r�a�t�h�e�r� �t�h�a�n� �v�i�s�u�a�l� �o�b�-� 

�s�e�r�v�a�t�i�o�n� �o�f� �s�t�a�n�d�i�n�g� �o�r� �o�t�h�e�r� �s�e�c�o�n�d�a�r�y� �s�i�g�n�s� �o�f� �e�s�t�r�u�s�.� �T�h�e�y� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �a�i�d�s� 

�b�e� �u�s�e�d� �o�n�l�y� �t�o� �s�u�p�p�l�e�m�e�n�t� �c�a�r�e�f�u�l� �o�b�s�e�r�v�a�t�i�o�n�.� �H�o�l�m�a�n�n� �e�t� �a�l�.� �(�3�7�)� �e�v�a�l�u�a�t�e�d� �t�h�e� �e�c�o�n�o�m�i�c�s� �o�f� 

�f�o�u�r�t�e�e�n� �m�e�t�h�o�d�s� �o�f� �e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n�.� �C�o�m�b�i�n�a�t�i�o�n�s� �o�f� �r�o�u�t�i�n�e� �d�a�i�l�y� �o�b�s�e�r�v�a�t�i�o�n�s� �a�n�d� �e�s�t�r�u�s� �d�e�-� 

�t�e�c�t�i�o�n� �a�i�d�s� �w�e�r�e� �c�o�m�p�a�r�e�d�.� �I�f� �C�R� �w�a�s� �h�i�g�h�,� �t�h�e� �u�s�e� �o�f� �e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �a�i�d�s� �b�e�c�a�m�e� �m�o�r�e� �e�c�o�-� 

�n�o�m�i�c�a�l� �b�e�c�a�u�s�e� �m�o�r�e� �c�o�w�s� �b�e�c�o�m�e� �p�r�e�g�n�a�n�t� �s�o�o�n�e�r� �a�f�t�e�r� �c�a�l�v�i�n�g�,� �t�h�u�s� �l�o�w�e�r�i�n�g� �D�O�.� �T�h�e�y� 

�s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �m�o�s�t� �e�c�o�n�o�m�i�c�a�l� �m�e�t�h�o�d� �o�f� �e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �i�s� �t�h�e� �u�s�e� �o�f� �t�a�i�l� �p�a�i�n�t� �o�r� �h�e�a�t� �m�o�u�n�t� 

�d�e�v�i�c�e�s� �a�l�o�n�g� �w�i�t�h� �r�o�u�t�i�n�e� �v�i�s�u�a�l� �o�b�s�e�r�v�a�t�i�o�n�.� 
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� � 

�S�i�g�n�s� �o�f� �e�s�t�r�u�s� 

�S�t�a�n�d�i�n�g� �t�o� �b�e� �m�o�u�n�t�e�d� 

�M�o�u�n�t�i�n�g� �a�n�d� �r�i�d�i�n�g� �o�t�h�e�r� �a�n�i�m�a�l�s� 

�L�i�c�k�i�n�g� �a�n�d� �r�u�b�b�i�n�g� �o�t�h�e�r� �a�n�i�m�a�l�s� 

�R�o�u�g�h� �o�r� �r�u�b�b�e�d� �t�a�i�l�h�e�a�d� 

�M�u�d� �o�n� �h�i�p�s� �a�n�d� �b�a�c�k� 

�R�e�s�t�l�e�s�s� �a�n�d� �n�e�r�v�o�u�s� 

�R�e�d�u�c�e�d� �m�i�l�k� �y�i�e�l�d� �a�n�d� �l�e�t�d�o�w�n� 

�E�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �a�i�d�s� 

�T�a�i�l� �p�a�i�n�t� �a�n�d� �c�h�a�l�k�i�n�g� 

�H�e�a�t� �m�o�u�n�t� �d�e�v�i�c�e�s� 

�A�c�c�u�r�a�t�e� �c�o�w� �r�e�c�o�r�d�s� 

 ��H�e�a�t �� �e�x�p�e�c�t�a�n�c�y� �l�i�s�t�s� 

 ��H�e�a�t �� �d�e�t�e�c�t�o�r� �a�n�i�m�a�l�s� 

�R�e�p�r�o�d�u�c�t�i�v�e� �t�r�a�c�t� �p�a�l�p�a�t�i�o�n� 

�P�r�o�s�t�a�g�l�a�n�d�i�n� 

� � 

�R�e�d�u�c�e�d� �f�e�e�d� �i�n�t�a�k�e� �M�i�l�k� �p�r�o�g�e�s�t�e�r�o�n�e� �t�e�s�t�s� 

�V�a�g�i�n�a�l� �m�u�c�o�u�s� �d�i�s�c�h�a�r�g�e� �V�a�g�i�n�a�l� �e�l�e�c�t�r�o�n�i�c� �p�r�o�b�e�s� 

�B�a�w�l�i�n�g� �P�e�d�o�m�e�t�e�r�s� 

�F�i�g�u�r�e� �1�.� �S�i�g�n�s� �o�f� �e�s�t�r�u�s� �a�n�d� �e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �a�i�d�s�.� 
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�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

�P�r�o�g�r�a�m� �D�e�v�e�l�o�p�m�e�n�t� 

�T�h�e� �E�S� �w�a�s� �d�e�v�e�l�o�p�e�d� �u�s�i�n�g� �t�h�e� �P�C� �E�x�p�e�r�t� �P�r�o�f�e�s�s�i�o�n�a�l� �(�A�p�p�e�n�d�i�x� �A�)� �s�h�e�l�l� �p�r�o�g�r�a�m�.� �T�h�e� �E�S� �s�h�e�l�l� 

�i�s� �a� �s�e�l�f�-�c�o�n�t�a�i�n�e�d� �p�r�o�g�r�a�m� �t�h�a�t� �i�n�t�e�r�a�c�t�s� �w�i�t�h� �T�u�r�b�o� �P�a�s�c�a�l� �5� �(�A�p�p�e�n�d�i�x� �A�)� �t�o� �p�r�o�v�i�d�e� �g�r�e�a�t�e�r� 

�f�l�e�x�i�b�i�l�i�t�y� �i�n� �i�n�p�u�t�t�i�n�g� �d�a�t�a�,� �p�r�o�g�r�a�m�m�i�n�g� �c�o�m�p�u�t�a�t�i�o�n�s�,� �a�n�d� �s�e�t�t�i�n�g� �u�p� �d�i�s�p�l�a�y� �s�c�r�e�e�n�s�.� �F�u�r�t�h�e�r�-� 

�m�o�r�e�,� �t�h�e� �u�s�e� �o�f� �P�a�s�c�a�l� �a�l�l�o�w�s� �f�o�r� �t�h�e� �E�S� �t�o� �b�e� �c�o�m�p�i�l�e�d� �w�i�t�h� �t�h�e� �P�a�s�c�a�l� �c�o�m�p�i�l�e�r�,� �w�h�i�c�h� �s�a�v�e�s� 

�e�x�p�e�n�s�e� �a�n�d� �p�r�o�v�i�d�e�s� �a� �c�o�m�p�i�l�e�d� �v�e�r�s�i�o�n� �f�o�r� �u�s�e�r�s� �a�t� �n�o� �a�d�d�i�t�i�o�n�a�l� �c�o�s�t� �t�o� �t�h�e�m�.� �M�a�n�y� �s�h�e�l�l� �p�r�o�-� 

�g�r�a�m�s� �r�e�q�u�i�r�e� �t�h�e� �p�u�r�c�h�a�s�e� �o�f� �c�o�m�p�i�l�e�r�,�  ��r�u�n�-�t�i�m�e �� �m�o�d�u�l�e�s�,� �o�r� �a� �s�h�e�l�l� �f�o�r� �e�a�c�h� �u�s�e�r�.� �T�h�e� �s�h�e�l�l� 

�p�r�o�g�r�a�m� �p�r�o�v�i�d�e�s� �a� �t�e�x�t� �e�d�i�t�o�r� �i�n�t�o� �w�h�i�c�h� �I�F�-�T�H�E�N� �r�u�l�e�s� �a�r�e� �w�r�i�t�t�e�n�.� �P�a�s�c�a�l� �i�s� �u�s�e�d� �a�s� �a�n� �i�n�t�e�r�f�a�c�e� 

�b�e�t�w�e�e�n� �t�h�e� �s�h�e�l�l� �a�n�d� �t�h�e� �u�s�e�r�.� �N�u�m�e�r�i�c� �c�a�l�c�u�l�a�t�i�o�n�s� �a�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �P�a�s�c�a�l�,� �w�h�i�l�e� �h�e�u�r�i�s�t�i�c� 

�k�n�o�w�l�e�d�g�e� �(�n�o�n�-�n�u�m�e�r�i�c� �r�u�l�e�s�)� �i�s� �w�r�i�t�t�e�n� �i�n� �t�h�e� �s�h�e�l�l� �p�r�o�g�r�a�m� �b�e�c�a�u�s�e� �o�f� �t�h�e� �g�r�e�a�t�e�r� �e�a�s�e� �i�n� �w�h�i�c�h� 

�t�h�e� �s�h�e�l�l� �p�r�o�g�r�a�m� �c�a�n� �u�s�e� �t�h�i�s� �t�y�p�e� �o�f� �i�n�f�o�r�m�a�t�i�o�n�.� �T�h�e� �E�S� �w�i�l�l� �r�u�n� �o�n� �I�B�M� �c�o�m�p�a�t�i�b�l�e� �p�e�r�s�o�n�a�l� 

�c�o�m�p�u�t�e�r�s� �f�r�o�m� �a� �h�a�r�d� �o�r� �f�l�o�p�p�y� �d�i�s�k�.� �S�c�r�e�e�n�s� �c�o�n�t�a�i�n� �u�s�e�r� �i�n�p�u�t� �i�n�s�t�r�u�c�t�i�o�n�s� �a�n�d� �p�r�o�g�r�a�m� �d�i�-� 

�r�e�c�t�i�o�n�s� �t�o� �m�a�k�e� �t�h�e� �E�S� �e�a�s�y� �t�o� �u�s�e�.� �T�h�e� �p�r�o�g�r�a�m� �i�s� �d�e�s�i�g�n�e�d� �t�o� �b�e� �u�s�e�d� �b�y� �e�x�t�e�n�s�i�o�n� �p�e�r�s�o�n�n�e�l� 

�w�h�o� �m�a�y� �o�r� �m�a�y� �n�o�t� �h�a�v�e� �a� �c�o�m�p�u�t�e�r� �b�a�c�k�g�r�o�u�n�d�.� �T�h�e� �f�a�c�t�s� �a�n�d� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �E�S� �p�r�i�m�a�r�i�l�y� 

�c�o�m�e� �f�r�o�m� �t�w�o� �s�o�u�r�c�e�s�.� �A�n� �e�x�p�e�r�t� �w�i�t�h�i�n� �t�h�e� �f�i�e�l�d� �o�f� �d�a�i�r�y� �h�e�r�d� �r�e�p�r�o�d�u�c�t�i�v�e� �m�a�n�a�g�e�m�e�n�t� �p�r�o�-� 
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�v�i�d�e�d� �m�u�c�h� �o�f� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �a�n�d�,� �w�h�e�r�e� �p�o�s�s�i�b�l�e�,� �i�n�f�o�r�m�a�t�i�o�n�,� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s�,� �a�n�d� �s�u�g�-� 

�g�e�s�t�i�o�n�s� �w�e�r�e� �s�u�p�p�o�r�t�e�d� �b�y� �r�e�s�e�a�r�c�h� �t�h�r�o�u�g�h� �D�H�I�A� �i�n�f�o�r�m�a�t�i�o�n� �a�n�d� �t�h�e�o�r�e�t�i�c�a�l� �m�o�d�e�l�s�.� 

�R�e�p�r�o�d�u�c�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �t�h�e� �D�a�i�r�y� �R�e�c�o�r�d�s� �P�r�o�c�e�s�s�i�n�g� �C�e�n�t�e�r� �i�n� �R�a�l�e�i�g�h�,� 

�N�C� �f�o�r� �a�l�l� �h�e�r�d�s� �i�n� �D�H�I�A�.� �T�h�e� �D�H�I�A� �2�0�2� �H�e�r�d� �S�u�m�m�a�r�y� �s�h�e�e�t� �i�s� �u�s�e�d� �t�o� �p�r�o�v�i�d�e� �i�n�f�o�r�m�a�t�i�o�n� 

�a�b�o�u�t� �t�h�e� �h�e�r�d ��s� �r�e�p�r�o�d�u�c�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �o�v�e�r� �t�h�e� �l�a�s�t� �1�2� �m�o�.� �I�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� �2�0�2� �s�h�e�e�t� �i�s� 

�e�n�t�e�r�e�d� �i�n�t�o� �t�h�e� �E�S� �f�r�o�m� �t�h�e� �k�e�y�b�o�a�r�d�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �E�S� �h�a�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �r�e�a�d� �D�i�r�e�c�t� �A�c�c�e�s�s� 

�t�o� �R�e�c�o�r�d�s� �b�y� �T�e�l�e�p�h�o�n�e� �(�D�A�R�T�)� �r�e�p�o�r�t�s�.� �S�e�v�e�n� �D�A�R�T� �r�e�p�o�r�t�s� �a�r�e� �c�a�p�t�u�r�e�d� �a�s� �A�S�C�I�I� �f�i�l�e�s� �a�n�d� 

�a�n�a�l�y�z�e�d� �b�y� �t�h�e� �E�S�.� �F�i�n�a�l�l�y�,� �t�h�e� �E�S� �g�e�n�e�r�a�t�e�s� �a� �s�e�r�i�e�s� �o�f� �s�p�e�c�i�f�i�c� �m�a�n�a�g�e�m�e�n�t� �q�u�e�s�t�i�o�n�s� �t�o� �f�u�r�t�h�e�r� 

�i�d�e�n�t�i�f�y� �p�r�o�b�l�e�m�s�.� �T�h�e� �q�u�e�s�t�i�o�n�s� �a�r�e� �a�n�s�w�e�r�e�d� �y�e�s�/�n�o� �o�r� �b�y� �m�u�l�t�i�p�l�e� �c�h�o�i�c�e�.� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

�a�n�d� �s�u�g�g�e�s�t�i�o�n�s� �a�r�e� �g�i�v�e�n� �o�n� �h�o�w� �t�o� �i�m�p�r�o�v�e� �r�e�p�r�o�d�u�c�t�i�v�e� �e�f�f�i�c�i�e�n�c�y�.� �T�h�e� �E�S� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�r�e�e� 

�c�o�m�p�o�n�e�n�t�s� �o�f� �w�h�i�c�h� �o�n�l�y� �o�n�e� �w�i�l�l� �b�e� �l�o�a�d�e�d� �a�n�d� �e�v�a�l�u�a�t�e�d�,� �t�h�e� �o�t�h�e�r� �t�w�o� �r�e�m�a�i�n�i�n�g� �o�p�t�i�o�n�a�l�.� 

�E�v�a�l�u�a�t�i�o�n� �o�f� �o�n�e� �a�r�e�a� �r�e�d�u�c�e�s� �t�h�e� �a�m�o�u�n�t� �o�f� �d�a�t�a� �e�n�t�r�y� �a�n�d� �p�r�e�v�e�n�t�s� �t�h�e� �u�s�e�r� �f�r�o�m� �b�e�i�n�g� �s�a�t�u�r�a�t�e�d� 

�w�i�t�h� �t�o�o� �m�u�c�h� �i�n�f�o�r�m�a�t�i�o�n�.� 

�I�n�i�t�i�a�l� �E�v�a�l�u�a�t�i�o�n� �o�f� �R�e�p�r�o�d�u�c�t�i�v�e� �P�a�r�a�m�e�t�e�r�s� 

�T�h�e� �i�n�i�t�i�a�l� �h�e�r�d� �r�e�p�r�o�d�u�c�t�i�v�e� �a�n�a�l�y�s�i�s� �d�e�t�e�r�m�i�n�e�s� �i�f� �a�n�d� �w�h�e�r�e� �a� �p�r�o�b�l�e�m� �e�x�i�s�t�s�.� �T�h�e� �E�S� �i�n�v�e�s�t�i�g�a�t�e�s� 

�t�h�e� �m�a�n�a�g�e�m�e�n�t� �c�o�m�p�o�n�e�n�t� �o�f� �C�I�,� �w�h�i�c�h� �i�s� �D�O�.� �T�h�e� �l�e�n�g�t�h� �o�f� �D�O� �i�s� �a�f�f�e�c�t�e�d� �b�y� �t�h�r�e�e� �a�r�e�a�s�;� �t�h�e� 

�n�u�m�b�e�r� �o�f� �d�a�y�s� �t�o� �f�i�r�s�t� �i�n�s�e�m�i�n�a�t�i�o�n�,� �w�h�e�t�h�e�r� �c�o�n�c�e�p�t�i�o�n� �o�c�c�u�r�s�,� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �e�s�t�r�u�s�e�s� �d�e�-� 

�t�e�c�t�e�d�.� �F�i�g�u�r�e� �2� �d�e�p�i�c�t�s� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �D�O� �a�n�d� �t�h�e� �t�h�r�e�e� �a�r�e�a�s� �t�h�a�t� �i�n�f�l�u�e�n�c�e� �D�O�.� �F�o�r� 

�c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�m�i�n�g� �p�u�r�p�o�s�e�s�,� �e�a�c�h� �a�r�e�a� �t�h�a�t� �a�f�f�e�c�t�s� �D�O� �i�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �m�u�t�u�a�l�l�y� �e�x�c�l�u�s�i�v�e�;� 

�h�o�w�e�v�e�r�,� �f�r�o�m� �a� �b�i�o�l�o�g�i�c�a�l� �s�t�a�n�d�p�o�i�n�t�,� �e�a�c�h� �a�r�e�a� �a�c�t�u�a�l�l�y� �i�n�f�l�u�e�n�c�e�s� �t�h�e� �o�t�h�e�r� �a�n�d� �m�a�y� �n�o�t� �b�e� 

�s�e�p�a�r�a�t�e�d�.� �E�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� �a�r�e�a�s� �t�h�a�t� �i�n�f�l�u�e�n�c�e� �D�O� �i�s� �a� �s�m�a�l�l� �E�S� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �i�m�p�o�r�t�a�n�t� �i�n�-� 

�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �s�p�e�c�i�f�i�c� �a�r�e�a� �b�e�i�n�g� �i�n�v�e�s�t�i�g�a�t�e�d�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �3�0
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�3�1



�A�v�e�r�a�g�e� �d�a�y�s� �o�p�e�n�,� �a�v�e�r�a�g�e� �d�a�y�s� �t�o� �f�i�r�s�t� �s�e�r�v�i�c�e�,� �p�e�r�c�e�n�t� �o�f� �p�o�s�s�i�b�l�e� �h�e�a�t�s� �o�b�s�e�r�v�e�d�,� �a�n�d� �t�h�e� �n�u�m�b�e�r� 

�o�f� �s�e�r�v�i�c�e�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �r�e�p�r�e�s�e�n�t� �t�h�e� �v�a�l�u�e�s� �n�e�e�d�e�d� �f�r�o�m� �t�h�e� �D�H�I�A� �2�0�2� �M�o�n�t�h�l�y� �H�e�r�d� �S�u�m�-� 

�m�a�r�y�.� �B�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �i�s� �t�h�e� �i�n�v�e�r�s�e� �o�f� �C�R� �t�h�a�t� �i�s� �a�l�s�o� �r�e�p�o�r�t�e�d� �o�n� �t�h�e� �D�H�I� �2�0�2� �s�h�e�e�t�.� 

�T�w�o� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �i�s� �e�q�u�i�v�a�l�e�n�t� �t�o� �a� �5�0�%� �C�R�,� �w�h�i�l�e� �o�n�e� �b�r�e�e�d�i�n�g� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �i�s� 

�e�q�u�i�v�a�l�e�n�t� �t�o� �a� �1�0�0�%� �C�R�.� �V�a�l�u�e�s� �u�s�e�d� �a�r�e� �f�r�o�m� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�u�m�m�a�r�y� �o�f� �t�h�e� �t�o�t�a�l� �h�e�r�d� �p�o�r�-� 

�t�i�o�n� �o�f� �t�h�e� �D�H�I� �2�0�2� �s�h�e�e�t�.� �T�h�e�s�e� �v�a�l�u�e�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �m�a�n�a�g�e�m�e�n�t� �c�o�n�d�i�t�i�o�n�s� �a�n�d� 

�p�r�a�c�t�i�c�e�s� �f�o�r� �t�h�e� �e�n�t�i�r�e� �h�e�r�d� �o�v�e�r� �t�h�e� �l�a�s�t� �1�2� �m�o�.� �I�f� �t�h�e� �D�H�I� �2�0�2� �s�h�e�e�t� �i�s� �u�n�a�v�a�i�l�a�b�l�e�,� �v�a�l�u�e�s� �c�a�n� 

�b�e� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �i�n�d�i�v�i�d�u�a�l� �c�o�w� �r�e�c�o�r�d�s� �a�n�d� �e�n�t�e�r�e�d� �i�n�t�o� �t�h�e� �E�S�.� �A� �s�c�r�e�e�n� �l�i�s�t�s� �t�h�e� �f�o�u�r� �D�H�I� �2�0�2� 

�c�a�t�e�g�o�r�i�e�s� �f�o�r� �w�h�i�c�h� �v�a�l�u�e�s� �a�r�e� �n�e�e�d�e�d�.� 

�T�o� �d�e�t�e�r�m�i�n�e� �w�h�i�c�h� �o�f� �t�h�e� �t�h�r�e�e� �a�r�e�a�s� �n�e�e�d�s� �t�o� �b�e� �e�v�a�l�u�a�t�e�d�,� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �a�r�e� �s�e�t� �f�o�r� �r�a�n�g�e�s� 

�o�f� �v�a�l�u�e�s�.� �I�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �r�a�n�g�e� �f�r�o�m�  ��e�x�c�e�l�l�e�n�t �� �t�o�  ��s�e�v�e�r�e�. �� �A�l�l�  ��e�x�c�e�l�l�e�n�t �� �a�n�d�  ��a�d�e�q�u�a�t�e �� 

�i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �c�o�r�r�e�s�p�o�n�d� �t�o� �v�a�l�u�e�s� �n�e�e�d�e�d� �f�o�r� �t�h�e� �a�c�h�i�e�v�e�m�e�n�t� �o�f� �a� �1�2� �t�o� �1�3� �m�o� �C�I�,� �w�h�i�c�h� 

�s�h�o�u�l�d� �b�e� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �g�o�a�l� �o�f� �d�a�i�r�y� �f�a�r�m�s�.� �I�f� �a�l�l� �a�r�e�a�s� �a�r�e�  ��e�x�c�e�l�l�e�n�t �� �o�r�  ��a�d�e�q�u�a�t�e�, �� �n�o� �r�e�p�r�o�-� 

�d�u�c�t�i�v�e� �p�r�o�b�l�e�m� �e�x�i�s�t�s� �i�n� �t�h�e� �h�e�r�d� �a�n�d� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �n�o� �f�u�r�t�h�e�r� �e�v�a�l�u�a�t�i�o�n� �i�s� �n�e�e�d�e�d�.� 

�I�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �f�o�r� �D�O� �r�a�n�g�e� �f�r�o�m� �8�5� �t�o� �1�4�5� �d� �a�n�d� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �1�.� �A� �D�O� �o�f� �l�e�s�s� �t�h�a�n� 

�8�5� �d� �i�s� �i�n�t�e�r�p�r�e�t�a�t�e�d� �a�s�  ��t�o�o� �l�o�w �� �f�o�r� �t�w�o� �r�e�a�s�o�n�s�.� �W�h�e�n� �D�O� �i�s� �l�e�s�s� �t�h�a�n� �8�5� �d�,� �C�R� �w�i�l�l� �u�s�u�a�l�l�y� �b�e� 

�c�o�m�p�r�o�m�i�s�e�d� �b�e�c�a�u�s�e� �c�o�w�s� �a�r�e� �b�e�i�n�g� �i�n�s�e�m�i�n�a�t�e�d� �t�o�o� �s�o�o�n� �a�f�t�e�r� �c�a�l�v�i�n�g�.� �T�h�e� �E�S� �w�i�l�l� �e�v�a�l�u�a�t�e� �t�h�e� 

�C�R� �a�r�e�a� �i�n� �t�h�i�s� �c�a�s�e�.� �I�f� �C�R�,� �D�F�B� �a�n�d� �E�D� �a�r�e� �n�o�t� �a�f�f�e�c�t�e�d� �a�n�d� �D�O� �i�s� �b�e�l�o�w� �8�5� �d�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� 

�t�h�a�t� �n�o� �r�e�p�r�o�d�u�c�t�i�v�e� �p�r�o�b�l�e�m� �e�x�i�s�t�s�,� �b�u�t� �p�r�o�f�i�t�a�b�i�l�i�t�y� �c�o�u�l�d� �b�e� �s�u�f�f�e�r�i�n�g� �b�e�c�a�u�s�e� �t�h�e� �l�e�n�g�t�h� �o�f� 

�l�a�c�t�a�t�i�o�n� �i�s� �s�h�o�r�t�e�n�e�d�.� �T�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �c�h�e�c�k�i�n�g� �p�r�o�f�i�t�a�b�i�l�i�t�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a� �l�o�n�g�e�r� �D�O�.� 

�A� �D�O� �b�e�t�w�e�e�n� �8�5� �a�n�d� �1�1�0� �d� �i�s� �c�o�n�s�i�d�e�r�e�d�  ��e�x�c�e�l�l�e�n�t �� �b�y� �t�h�e� �E�S�.� �I�f� �D�F�B�,� �C�R� �a�n�d� �E�D� �a�r�e� �r�a�t�e�d� 

 ��e�x�c�e�l�l�e�n�t �� �o�r�  ��a�d�e�q�u�a�t�e�, �� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �n�o� �p�r�o�b�l�e�m� �e�x�i�s�t�s� �a�n�d� �n�o� �f�u�r�t�h�e�r� �a�n�a�l�y�s�i�s� �i�s� �n�e�e�d�e�d�.� 

�W�h�e�n� �D�O� �i�s� �b�e�t�w�e�e�n� �1�1�8� �a�n�d� �1�3�0� �d�,� �a�  ��s�l�i�g�h�t� �p�r�o�b�l�e�m �� �e�x�i�s�t�s�.� �A� �D�O� �b�e�t�w�e�e�n� �1�3�1� �a�n�d� �1�4�5� �d� �i�n�-� 

�d�i�c�a�t�e�s� �a�  ��m�o�d�e�r�a�t�e� �p�r�o�b�l�e�m�. �� �W�h�e�n� �D�O� �1�s� �o�v�e�r� �1�4�5� �d�,� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �a� �C�I� �o�f� �a�t� �l�e�a�s�t� �1�4�.�3� 

�m�o�,� �a�  ��s�e�v�e�r�e� �p�r�o�b�l�e�m �� �e�x�i�s�t�s�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �3�2



�T�a�b�l�e� �1�.� �I�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �f�o�r� �a�v�e�r�a�g�e� �d�a�y�s� �o�p�e�n� �a�n�d� �a�v�e�r�a�g�e� �d�a�y�s� �t�o� �f�i�r�s�t� �b�r�e�e�d�i�n�g�.� 
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� � 

�A�v�e�r�a�g�e� 
�A�v�e�r�a�g�e� �d�a�y�s� �t�o� 
�d�a�y�s� �f�i�r�s�t� 

�I�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�p�e�n� �b�r�e�e�d�i�n�g� 

�T�o�o� �l�o�w� �u�n�d�e�r� �8�5� �d� �u�n�d�e�r� �6�0� �d� 

�E�x�c�e�l�l�e�n�t� �8�6� �t�o� �1�1�0� �6�1� �t�o� �7�5� 

�A�d�e�q�u�a�t�e� �1�1�]� �t�o� �1�1�7� �7�6� �t�o� �8�2� 

�S�l�i�g�h�t� �p�r�o�b�l�e�m� �1�1�8� �t�o� �1�3�0� �8�3� �t�o� �9�0� 

�M�o�d�e�r�a�t�e� �p�r�o�b�l�e�m� �1�3�1� �t�o� �1�4�5� �9�1� �t�o� �1�0�0� 

�S�e�v�e�r�e� �p�r�o�b�l�e�m� �o�v�e�r� �1�4�5� �o�v�e�r� �1�0�0� 
� � 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �3�3



�T�h�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �f�o�r� �D�F�B� �r�a�n�g�e� �f�r�o�m� �l�e�s�s� �t�h�a�n� �6�0� �d� �(�t�o�o� �l�o�w�)� �t�o� �g�r�e�a�t�e�r� �t�h�a�n� �1�0�0� �d� �(�s�e�v�e�r�e� 

�p�r�o�b�l�e�m�)�.� �I�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �1�.� �W�h�e�n� �D�F�B� �i�s� �l�e�s�s� �t�h�a�n� �6�0� �d�,� �C�R� �i�s� �u�s�u�a�l�l�y� 

�a� �p�r�o�b�l�e�m� �a�r�e�a� �b�e�c�a�u�s�e� �c�o�w�s� �a�r�e� �n�o�t� �r�e�a�d�y� �t�o� �c�o�n�c�e�i�v�e�.� �I�f� �C�R� �a�n�d� �E�D� �a�r�e� �n�o�t� �i�d�e�n�t�i�f�i�e�d� �a�s� �p�r�o�b�-� 

�l�e�m�s�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �l�a�c�t�a�t�i�o�n� �c�u�r�v�e� �o�f� �t�h�e� �c�o�w� �i�s� �b�e�i�n�g� �a�d�v�e�r�s�e�l�y� �a�f�f�e�c�t�e�d� �a�s� �i�n� �t�h�e�  ��t�o�o� 

�l�o�w �� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �D�O�.� �A�n�  ��e�x�c�e�l�l�e�n�t �� �r�a�n�g�e� �f�o�r� �D�F�B� �i�s� �b�e�t�w�e�e�n� �6�1� �a�n�d� �7�5�d�.� �W�h�e�n� �C�R� �a�n�d� 

�E�D� �a�r�e� �a�l�s�o� �a�t�  ��e�x�c�e�l�l�e�n�t �� �o�r�  ��a�d�e�q�u�a�t�e �� �l�e�v�e�l�s�,� �a� �C�I� �o�f� �b�e�t�w�e�e�n� �1�2� �a�n�d� �1�3� �m�o� �c�a�n� �b�e� �a�c�h�i�e�v�e�d�.� 

�P�r�o�b�l�e�m�s� �b�e�g�i�n� �w�h�e�n� �D�F�R�B� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �8�2� �d�.� �A�  ��s�e�v�e�r�e� �p�r�o�b�l�e�m �� �e�x�i�s�t�s� �w�h�e�n� �D�F�B� �i�s� �g�r�e�a�t�e�r� 

�t�h�a�n� �1�0�0�d�.� �I�f� �c�o�w�s� �a�r�e� �n�o�t� �f�i�r�s�t� �i�n�s�e�m�i�n�a�t�e�d� �u�n�t�i�l� �1�0�0� �d� �a�f�t�e�r� �c�a�l�v�i�n�g�,� �a� �1�2� �t�o� �1�3� �m�o� �C�I� �i�s� �i�m�p�o�s�-� 

�s�i�b�l�e� �t�o� �a�c�h�i�e�v�e�,� �e�v�e�n� �i�f� �C�R� �a�n�d� �E�D� �a�r�e� �a�t� �t�h�e�i�r� �h�i�g�h�e�s�t� �p�o�s�s�i�b�l�e� �l�e�v�e�l�s�.� 

�T�h�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �f�o�r� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �2�.� �W�h�e�n� �b�r�e�e�d�i�n�g�s� �p�e�r� 

�c�o�n�c�e�p�t�i�o�n� �i�s� �u�n�d�e�r� �1�.�8�,� �C�R� �i�s� �c�o�n�s�i�d�e�r�e�d�  ��e�x�c�e�l�l�e�n�t�. �� �B�e�t�w�e�e�n� �1�.�8� �a�n�d� �2�.�0�,� �a�n�  ��a�d�e�q�u�a�t�e �� �l�e�v�e�l� �o�f� 

�c�o�n�c�e�p�t�i�o�n� �i�s� �b�e�i�n�g� �a�c�h�i�e�v�e�d�.� �T�h�e�  ��e�x�c�e�l�l�e�n�t �� �a�n�d�  ��a�d�e�q�u�a�t�e �� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �c�o�r�r�e�s�p�o�n�d� 

�t�o� �a� �C�R� �o�f� �g�r�e�a�t�e�r� �t�h�a�n� �5�0�%�.� �I�f� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �2�.�8�,� �w�h�i�c�h� �i�s� �e�q�u�i�v�a�l�e�n�t� 

�t�o� �a� �C�R� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�5�%�,� �a�  ��s�e�v�e�r�e �� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �p�r�o�b�l�e�m� �e�x�i�s�t�s�.� 

�T�h�e� �p�e�r�c�e�n�t� �o�f� �p�o�s�s�i�b�l�e� �e�s�t�r�u�s�e�s� �o�b�s�e�r�v�e�d�,� �o�r� �e�f�f�i�c�i�e�n�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�,� �i�s� �a�v�a�i�l�a�b�l�e� �o�n� �t�h�e� 

�D�H�I� �2�0�2� �s�h�e�e�t�.� �U�n�l�i�k�e� �t�h�e� �o�t�h�e�r� �a�r�e�a�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �d�e�s�c�r�i�b�e�d� �p�r�e�v�i�o�u�s�l�y�,� �t�h�e� �p�e�r�c�e�n�t� �o�f� �p�o�s�s�i�b�l�e� 

�e�s�t�r�u�s�e�s� �o�b�s�e�r�v�e�d� �r�e�p�o�r�t�e�d� �b�y� �D�H�I� �c�a�n� �b�e� �m�a�n�i�p�u�l�a�t�e�d� �t�o� �a�p�p�e�a�r� �b�e�t�t�e�r� �o�r� �w�o�r�s�e� �t�h�a�n� �t�h�e� �t�r�u�e� �E�D�.� 

�F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �n�u�m�b�e�r� �o�f� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �i�s� �c�o�m�p�u�t�e�d� �b�y� �d�i�v�i�d�i�n�g� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�s�u�c�c�e�s�s�f�u�l� �i�n�s�e�m�i�n�a�t�i�o�n�s� �i�n�t�o� �1�0�0�.� �T�h�i�s� �c�a�l�c�u�l�a�t�i�o�n� �i�s� �n�o�t� �b�a�s�e�d� �u�p�o�n� �a�n�y� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s�.� 

�P�e�r�c�e�n�t� �o�f� �p�o�s�s�i�b�l�e� �e�s�t�r�u�s�e�s� �o�b�s�e�r�v�e�d� �i�s� �c�a�l�c�u�l�a�t�e�d� �b�y� �d�i�v�i�d�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �e�s�t�r�o�u�s� �c�y�c�l�e�s� �t�h�a�t� �a�r�e� 

�p�o�s�s�i�b�l�e� �a�f�t�e�r� �t�h�e� �h�e�r�d ��s� �v�o�l�u�n�t�a�r�y� �w�a�i�t�i�n�g� �p�e�r�i�o�d� �(�V�W�P�)� �i�n�t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �e�s�t�r�u�s�e�s� �t�h�a�t� �a�r�e� �s�e�r�-� 

�v�i�c�e�d�,� �o�r� �o�b�s�e�r�v�e�d�,� �a�n�d� �r�e�p�o�r�t�e�d� �t�o� �D�H�I�.� �T�h�e� �V�W�P� �i�s� �t�h�e� �n�u�m�b�e�r� �o�f� �d�a�y�s� �a�f�t�e�r� �c�a�l�v�i�n�g� �t�h�e� �f�a�r�m�e�r� 

�w�a�i�t�s� �b�e�f�o�r�e� �i�n�s�e�m�i�n�a�t�i�n�g� �a� �c�o�w�.� �E�s�t�r�o�u�s� �c�y�c�l�e�s� �a�r�e� �c�o�u�n�t�e�d� �e�v�e�r�y� �2�1� �d� �a�f�t�e�r� �t�h�e� �v�o�l�u�n�t�a�r�y� �w�a�i�t�i�n�g� 

�p�e�r�i�o�d� �e�n�d�s� �u�n�t�i�l� �t�h�e� �c�o�w� �i�s� �r�e�p�o�r�t�e�d� �p�r�e�g�n�a�n�t�.� �T�h�e� �d�a�i�r�y� �f�a�r�m�e�r� �c�a�n� �s�e�t� �t�h�e� �V�W�P� �t�o� �a�n�y� �n�u�m�b�e�r� 

�o�f� �d�a�y�s�.� �A� �d�e�f�a�u�l�t� �o�f� �6�0� �d�i�s� �u�s�e�d� �b�y� �D�H�I� �i�f� �n�o� �V�W�P� �i�s� �r�e�p�o�r�t�e�d�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �3�4



�T�a�b�l�e� �2�.� �I�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �f�o�r� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �a�n�d� �p�e�r�c�e�n�t� �o�f� �p�o�s�s�i�b�l�e� �h�e�a�t�s� �o�b�s�e�r�v�e�d�.� 
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�B�r�e�e�d�i�n�g�s� �P�e�r�c�e�n�t� �o�f� 
�p�e�r� �p�o�s�s�i�b�l�e� �h�e�a�t�s� 

�I�n�t�e�r�p�r�e�t�a�t�i�o�n� �c�o�n�c�e�p�t�i�o�n� �o�b�s�e�r�v�e�d� 

�E�x�c�e�l�l�e�n�t� �u�n�d�e�r� �1�.�8�0� �o�v�e�r� �7�0�%� 

�A�d�e�q�u�a�t�e� �1�.�8�1� �t�o� �2�.�0�0� �6�0� �t�o� �6�9� 

�S�l�i�g�h�t� �p�r�o�b�l�e�m� �2�.�0�1� �t�o� �2�.�3�0� �5�0� �t�o� �5�9� 

�M�o�d�e�r�a�t�e� �p�r�o�b�l�e�m� �2�.�3�1� �t�o� �2�.�8� �4�0� �t�o� �4�9� 

�S�e�v�e�r�e� �p�r�o�b�l�e�m� �o�v�e�r� �2�.�8�0� �u�n�d�e�r� �4�0� 
� � 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s



�T�h�e� �p�e�r�c�e�n�t� �o�f� �e�s�t�r�u�s�e�s� �o�b�s�e�r�v�e�d� �c�a�n� �b�e� �i�n�f�l�u�e�n�c�e�d� �b�y� �s�e�v�e�r�a�l� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �a�n�d� �d�e�c�i�s�i�o�n�s�.� 

�T�h�e� �V�W�P� �h�a�s� �g�r�e�a�t� �e�f�f�e�c�t� �o�n� �E�D� �c�a�l�c�u�l�a�t�i�o�n�.� �I�f�a� �d�a�i�r�y� �f�a�r�m�e�r� �i�s� �n�o�t� �w�a�i�t�i�n�g� �a�s� �l�o�n�g� �a�s� �t�h�e� �s�t�a�t�e�d� 

�V�W�P� �t�o� �b�e�g�i�n� �i�n�s�e�m�i�n�a�t�i�n�g� �c�o�w�s�,� �t�h�e� �E�D� �f�i�g�u�r�e� �w�i�l�l� �b�e� �i�n�f�l�a�t�e�d�.� �T�h�e� �D�H�I� �c�a�l�c�u�l�a�t�i�o�n� �f�o�r� �E�D� 

�b�e�g�i�n�s� �c�o�u�n�t�i�n�g� �e�s�t�r�o�u�s� �c�y�c�l�e�s� �a�f�t�e�r� �t�h�e� �V�W�P� �b�u�t� �u�s�e�s� �a�l�l� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�n�d� �r�e�p�o�r�t�e�d� �e�s�t�r�u�s�e�s� �d�u�r�-� 

�i�n�g� �a�n�d� �a�f�t�e�r� �t�h�e� �V�W�P�.� �I�f�a� �d�a�i�r�y� �f�a�r�m�e�r� �i�s� �w�a�i�t�i�n�g� �l�o�n�g�e�r� �t�o� �i�n�s�e�m�i�n�a�t�e� �c�o�w�s� �t�h�a�n� �t�h�e� �V�W�P� �u�s�e�d� 

�b�y� �D�H�I�,� �t�h�e� �E�D� �c�a�l�c�u�l�a�t�i�o�n� �w�i�l�l� �a�p�p�e�a�r� �t�o� �b�e� �w�o�r�s�e� �t�h�a�n� �a�c�t�u�a�l�i�t�y�.� �T�h�e� �u�s�e� �o�f� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �a�n�d� 

�f�a�i�l�u�r�e� �t�o� �r�e�p�o�r�t� �a�l�l� �o�b�s�e�r�v�e�d� �e�s�t�r�u�s�e�s� �w�i�l�l� �a�l�s�o� �i�n�f�l�u�e�n�c�e� �t�h�e� �D�H�I� �E�D� �c�a�l�c�u�l�a�t�i�o�n�.� 

�I�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �f�o�r� �E�D� �e�f�f�i�c�i�e�n�c�y� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �2�.� �I�f� �7�0�%� �o�r� �m�o�r�e� �o�f� �e�s�t�r�u�s�e�s� �a�r�e� �d�e�t�e�c�t�e�d�,� 

�a�n�  ��e�x�c�e�l�l�e�n�t �� �c�o�n�d�i�t�i�o�n� �e�x�i�s�t�s�.� �W�h�e�n� �E�D� �e�f�f�i�c�i�e�n�c�y� �i�s� �b�e�l�o�w� �4�0�%� �a�  ��s�e�v�e�r�e� �p�r�o�b�l�e�m �� �w�i�t�h� �d�e�-� 

�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �e�x�i�s�t�s�.� �T�h�e� �i�n�i�t�i�a�l� �E�D� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �a�r�e� �s�e�t� �w�i�t�h� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �t�h�e� 

�f�i�g�u�r�e� �r�e�p�o�r�t�e�d� �b�y� �D�H�I� �i�s� �c�o�r�r�e�c�t� �a�n�d� �n�o�t� �b�e�i�n�g� �m�a�n�i�p�u�l�a�t�e�d� �b�y� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �a�n�d� �d�e�c�i�-� 

�s�i�o�n�s�.� 

�I�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �a�n�d� �c�o�r�r�e�s�p�o�n�d�i�n�g� �r�a�n�g�e�s� �f�o�r� �a�l�l� �f�o�u�r� �r�e�p�r�o�d�u�c�t�i�v�e� �v�a�l�u�e�s� �u�s�e�d� �i�n� �t�h�e� �i�n�t�i�a�l� �E�S� 

�e�v�a�l�u�a�t�i�o�n� �a�r�e� �s�e�t� �f�o�r� �u�s�e� �i�n� �V�i�r�g�i�n�i�a� �d�a�i�r�y� �f�a�r�m�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �E�S� �a�l�l�o�w�s� �f�o�r� �a�d�j�u�s�t�m�e�n�t�s� �t�o� �i�n�-� 

�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s�.� �B�e�f�o�r�e� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �b�e�g�i�n�s�,� �a� �d�e�s�c�r�i�p�t�i�o�n� �i�s� �g�i�v�e�n� �o�f� �h�o�w� �t�h�e� �f�o�u�r� �a�r�e�a�s� �w�i�l�l� 

�b�e� �e�v�a�l�u�a�t�e�d�.� �I�f� �t�h�e� �u�s�e�r� �w�a�n�t�s� �t�o� �c�h�a�n�g�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �o�f� �o�n�e� �o�r� �a�l�l� �o�f� �t�h�e� �f�o�u�r� �v�a�l�u�e�s�,� �a� 

�s�c�r�e�e�n� �d�i�s�p�l�a�y�i�n�g� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �f�o�r� �e�a�c�h� �a�r�e�a� �i�s� �g�e�n�e�r�a�t�e�d�.� �T�h�e� �u�s�e�r� �c�a�n� �t�h�e�n� �m�a�k�e� �c�h�a�n�g�e�s� 

�i�n� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s� �t�h�a�t� �t�h�e� �E�S� �w�i�l�l� �u�s�e� �i�n� �t�h�e� �e�v�a�l�u�a�t�i�o�n�.� �A� �w�a�r�n�i�n�g� �i�s� �g�i�v�e�n� �t�o� �m�a�k�e� �s�u�r�e� �t�h�a�t� �t�h�e� 

�n�e�w� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �a�r�e� �r�e�a�l�i�s�t�i�c�.� �T�h�i�s� �E�S� �f�e�a�t�u�r�e� �a�l�l�o�w�s� �t�h�e� �p�r�o�g�r�a�m� �t�o� �b�e� �u�s�e�d� �i�n� �s�t�a�t�e�s� �o�t�h�e�r� 

�t�h�a�n� �V�i�r�g�i�n�i�a�.� �F�o�r� �e�x�a�m�p�l�e�,� �1�.�8� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �i�s� �c�o�n�s�i�d�e�r�e�d�  ��e�x�c�e�l�l�e�n�t �� �i�n� �V�i�r�g�i�n�i�a�.� �I�n� 

�T�e�x�a�s� �o�r� �F�l�o�r�i�d�a�,� �2�.�0� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �m�a�y� �b�e� �c�o�n�s�i�d�e�r�e�d�  ��e�x�c�e�l�l�e�n�t �� �d�u�e� �t�o� �e�f�f�e�c�t�s� �o�f� �h�i�g�h� 

�t�e�m�p�e�r�a�t�u�r�e�s� �o�n� �c�o�n�c�e�p�t�i�o�n�.� 

�O�n�c�e� �a�l�l� �t�h�r�e�e� �a�r�e�a�s� �h�a�v�e� �b�e�e�n� �i�n�t�e�r�p�r�e�t�e�d�,� �t�h�e� �E�S� �s�e�l�e�c�t�s� �o�n�e� �a�r�e�a� �t�o� �b�e� �f�u�r�t�h�e�r� �e�v�a�l�u�a�t�e�d�.� �I�f� �m�o�r�e� 

�t�h�a�n� �o�n�e� �a�r�e�a� �i�s� �e�v�a�l�u�a�t�e�d�,� �t�h�e� �s�u�g�g�e�s�t�i�o�n�s� �a�n�d� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �o�f� �t�h�e� �E�S� �m�a�y� �n�o�t� �b�e� �i�m�p�l�e�-� 

�m�e�n�t�e�d� �i�n� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �m�a�n�a�g�e�m�e�n�t� �p�r�o�g�r�a�m� �o�f� �t�h�e� �f�a�r�m� �b�e�c�a�u�s�e� �t�o�o� �m�u�c�h� �i�n�f�o�r�m�a�t�i�o�n� �r�e�-� 

�g�a�r�d�i�n�g� �p�o�s�s�i�b�l�e� �p�r�o�b�l�e�m�s� �a�n�d� �s�o�l�u�t�i�o�n�s� �m�a�y� �b�e� �g�i�v�e�n� �a�n�d� �n�o�t�h�i�n�g� �w�i�l�l� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d�.� �A� 
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�r�e�c�o�m�m�e�n�d�a�t�i�o�n� �i�s� �g�i�v�e�n� �t�o� �c�o�n�c�e�n�t�r�a�t�e� �o�n� �o�n�e� �o�f� �t�h�r�e�e� �a�r�e�a�s� �t�h�a�t� �i�n�f�l�u�e�n�c�e� �D�O�.� �W�h�e�n� �o�n�e� �a�r�e�a� 

�u�m�p�r�o�v�e�s�,� �o�t�h�e�r� �a�r�e�a�s� �c�a�n� �b�e� �i�n�v�e�s�t�i�g�a�t�e�d�.� �T�h�e� �E�S� �s�e�l�e�c�t�s� �t�h�e� �a�r�e�a� �t�h�a�t� �n�e�e�d�s� �t�o� �b�e� �e�v�a�l�u�a�t�e�d� �b�y� 

�c�o�m�p�a�r�i�n�g� �t�h�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �o�f� �a�l�l� �D�F�B�,� �C�R�,� �a�n�d� �E�D�.� �I�f� �a�l�l� �a�r�e�a�s� �a�r�e�  ��e�x�c�e�l�l�e�n�t �� �o�r�  ��a�d�e�-� 

�q�u�a�t�e�, �� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �b�e�c�a�u�s�e� �n�o� �p�r�o�b�l�e�m� �e�x�i�s�t�s�.� �I�f� �a�  ��s�l�i�g�h�t�, ��  ��m�o�d�e�r�a�t�e�, �� �o�r�  ��s�e�v�e�r�e �� �p�r�o�b�l�e�m� 

�i�s� �f�o�u�n�d� �t�o� �e�x�i�s�t� �i�n� �o�n�e� �o�f� �t�h�e� �t�h�r�e�e� �a�r�e�a�s�,� �t�h�e� �E�S� �w�i�l�l� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �a�r�e�a� �t�h�a�t� �n�e�e�d�s� �t�h�e� �m�o�s�t� �a�t�-� 

�t�e�n�t�i�o�n�.� �W�h�e�n� �a�l�l� �t�h�r�e�e� �a�r�e�a�s� �h�a�v�e� �b�e�e�n� �i�n�t�e�r�p�r�e�t�e�d� �a�s�  ��s�l�i�g�h�t �� �o�r�  ��m�o�d�e�r�a�t�e�, �� �t�h�e� �E�S� �w�i�l�l� �e�v�a�l�u�a�t�e� 

�t�h�e� �C�R� �a�r�e�a�.� �W�h�e�n� �C�R� �a�n�d� �o�n�e� �o�t�h�e�r� �a�r�e�a� �h�a�v�e� �t�h�e� �s�a�m�e� �p�o�o�r� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�,� �t�h�e� �E�S� �w�i�l�l� 

�e�v�a�l�u�a�t�e� �t�h�e� �C�R� �a�r�e�a�.� �T�h�e� �C�R� �a�r�e�a� �i�s� �s�e�l�e�c�t�e�d� �i�n� �t�h�e�s�e� �s�i�t�u�a�t�i�o�n�s� �b�e�c�a�u�s�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�n�d� 

�s�u�g�g�e�s�t�i�o�n�s� �o�f� �t�h�e� �E�S� �r�e�g�a�r�d�i�n�g� �a� �C�R� �p�r�o�b�l�e�m� �a�r�e� �g�e�n�e�r�a�l�l�y� �e�a�s�i�e�r� �t�o� �i�m�p�l�e�m�e�n�t� �a�n�d� �w�i�l�l� �s�h�o�w� �m�o�r�e� 

�i�m�m�e�d�i�a�t�e� �r�e�s�u�l�t�s� �t�h�a�n� �c�o�r�r�e�c�t�i�o�n� �o�f� �t�h�e� �o�t�h�e�r� �t�w�o� �a�r�e�a�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �m�o�r�e� �h�e�r�d� �p�e�r�f�o�r�m�a�n�c�e� �d�a�t�a� 

�i�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �e�v�a�l�u�a�t�i�o�n� �o�f� �a� �C�R� �p�r�o�b�l�e�m�.� �I�f� �C�R� �i�m�p�r�o�v�e�s� �d�u�e� �t�o� �t�h�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �o�f� �t�h�e� 

�E�S�,� �o�t�h�e�r� �p�r�o�b�l�e�m� �a�r�e�a�s� �c�a�n� �b�e� �i�n�v�e�s�t�i�g�a�t�e�d� �a�n�d� �E�S� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �w�i�l�l� �b�e� �m�o�r�e� �l�i�k�e�l�y� �t�o� �b�e� 

�i�m�p�l�e�m�e�n�t�e�d� �d�u�e� �t�o� �t�h�e� �p�a�s�t� �s�u�c�c�e�s�s� �o�f� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�o�r� �C�R�.� 

�W�h�e�n� �E�D� �a�n�d� �D�F�B� �a�r�e� �t�h�e� �l�o�w�e�s�t� �r�a�t�e�d� �a�r�e�a�s�,� �t�h�e� �E�S� �w�i�l�l� �e�v�a�l�u�a�t�e� �t�h�e� �E�D� �a�r�e�a� �b�e�c�a�u�s�e� �E�D� �h�a�s� 

�a� �l�a�r�g�e� �e�f�f�e�c�t� �o�n� �D�F�B�.� �W�h�e�n� �E�D� �i�s� �r�a�t�e�d� �a�s�  ��s�e�v�e�r�e�, �� �t�h�e� �E�S� �a�s�k�s� �q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �m�a�n�a�g�e�m�e�n�t� 

�p�r�a�c�t�i�c�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �E�D� �s�o� �t�h�a�t� �E�D� �e�f�f�i�c�i�e�n�c�y� �c�a�n� �b�e� �a�d�j�u�s�t�e�d�,� �i�f� �n�e�c�e�s�s�a�r�y�,� �t�o� �r�e�f�l�e�c�t� �a�c�t�u�a�l� 

�f�a�r�m� �p�r�a�c�t�i�c�e�s�.� �T�h�e� �D�H�I� �c�a�l�c�u�l�a�t�i�o�n� �f�o�r� �E�D� �e�f�f�i�c�i�e�n�c�y� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �V�W�P� �r�e�p�o�r�t�e�d� �t�o� �D�H�I�.� �T�h�e� 

�E�S� �a�t�t�e�m�p�t�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �a�c�t�u�a�l� �V�W�P� �b�y� �a�s�k�i�n�g� �h�o�w� �l�o�n�g� �t�h�e� �a�v�e�r�a�g�e� �c�o�w� �i�s� �i�n� �m�i�l�k� �b�e�f�o�r�e� 

�f�i�r�s�t� �i�n�s�e�m�i�n�a�t�e�d�.� �T�h�i�s� �n�e�w� �V�W�P�,� �a�l�o�n�g� �w�i�t�h� �t�h�e� �h�e�r�d ��s� �D�F�B� �i�s� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �a� �n�e�w� �E�D� �e�f�f�i�-� 

�c�i�e�n�c�y� �f�o�r� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �b�y� �t�h�e� �E�S�.� �T�h�e� �n�e�w� �E�D� �i�s� �p�r�e�d�i�c�t�e�d� �f�r�o�m� �a�n� �e�q�u�a�t�i�o�n� �w�h�i�c�h� �r�e�g�r�e�s�s�e�d� 

�e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �p�r�o�b�a�b�i�l�i�t�y� �o�n� �D�F�B� �a�n�d� �V�W�P�.� �D�a�t�a� �f�o�r� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �c�a�m�e� �f�r�o�m� �a�n� �e�q�u�a�t�i�o�n� �t�o� 

�p�r�e�d�i�c�t� �D�F�B�.� �T�h�i�s� �e�q�u�a�t�i�o�n� �i�n�c�l�u�d�e�d� �V�W�P� �s�o� �t�h�a�t� �a�n�y� �c�a�l�c�u�l�a�t�i�o�n� �t�o�o�k� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n� �t�h�e� 

�i�n�f�l�u�e�n�c�e� �o�f� �V�W�P� �o�n� �D�F�B�.� 
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�D�F�B�-� �=� �D�a�y�s� �t�o� �f�i�r�s�t� �b�r�e�e�d�i�n�g� 

�V�W�P� �=� �V�o�l�u�n�t�a�r�y� �w�a�i�t�i�n�g� �p�e�r�i�o�d� 

�n� �=� �S�e�r�v�i�c�e� �n�u�m�b�e�r�,� �M�a�x�i�m�u�m� �=� �N� 

�P� �=� �P�r�o�b�a�b�i�l�i�t�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� 

�E�q�u�a�t�i�o�n� �[�1�]� �w�i�l�l� �p�r�e�d�i�c�t� �D�F�B� �u�s�i�n�g� �V�W�P� �a�n�d� �E�D� �p�r�o�b�a�b�i�l�i�t�y�.� �A� �c�o�w� �s�h�o�u�l�d� �b�e� �i�n� �e�s�t�r�u�s� �a�p�-� 

�p�r�o�x�i�m�a�t�e�l�y� �e�v�e�r�y� �2�1� �d�.� �E�a�c�h� �t�i�m�e� �a� �c�o�w� �i�s� �i�n� �e�s�t�r�u�s�,� �t�h�e�r�e� �i�s� �s�o�m�e� �p�r�o�b�a�b�i�l�i�t�y�,� �p�,� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�w�h�e�t�h�e�r� �s�h�e� �w�i�l�l� �b�e� �o�b�s�e�r�v�e�d� �i�n� �e�s�t�r�u�s�.� �H�a�l�f� �a�n� �e�s�t�r�o�u�s� �c�y�c�l�e� �i�s� �a�d�d�e�d� �t�o� �t�h�e� �V�W�P� �b�e�c�a�u�s�e� �t�h�e� 

�a�v�e�r�a�g�e� �c�o�w� �w�i�l�l� �h�a�v�e� �a�n� �e�s�t�r�o�u�s� �c�y�c�l�e� �o�b�s�e�r�v�e�d� �1�0� �d� �a�f�t�e�r� �t�h�e� �V�W�P�.� �E�q�u�a�t�i�o�n� �[�1�]� �i�s� �a� �s�u�m�m�a�t�i�o�n� 

�o�f� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �d�e�t�e�c�t�i�o�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �d�a�y�s� �i�n� �m�i�l�k� �f�o�r� �a� �m�a�x�i�m�u�m� �n�u�m�b�e�r� �o�f� �s�e�r�v�i�c�e�s�,� 

�y�i�e�l�d�i�n�g� �a� �D�F�B� �f�o�r� �a�n�y� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �V�W�P� �a�n�d� �E�D� �e�f�f�i�c�i�e�n�c�y�.� 

�E�q�u�a�t�i�o�n� �[�1�]� �w�a�s� �m�u�l�t�i�p�l�i�e�d� �b�y� �1�-�p� �a�n�d� �s�u�b�t�r�a�c�t�e�d� �f�r�o�m� �i�t�s�e�l�f� �t�o� �c�r�e�a�t�e� �e�q�u�a�t�i�o�n� �[�2�]� �t�h�a�t� �e�l�i�m�i�n�a�t�e�s� 

�t�h�e� �s�u�m�m�a�t�i�o�n� �f�u�n�c�t�i�o�n�.� 

�D�F�B� �=� �(�V�W�P� �+� �1�0�)�[�1�  ��(�1 ��p�)�®�]� �+� �2�1�0�  ��p�)�  �� �N�U�  ��p�)�(�N �� �  �� �p�t� �Y�p� �(�2�]� 

�D�a�y�s� �t�o� �f�i�r�s�t� �b�r�e�e�d�i�n�g� �f�o�r� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �V�W�P� �a�n�d� �E�D� �e�f�f�i�c�i�e�n�c�y� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d�,� �w�i�t�h� �V�W�P� 

�r�a�n�g�i�n�g� �b�e�t�w�e�e�n� �4�0� �a�n�d� �9�0� �d� �a�n�d� �E�D� �e�f�f�i�c�i�e�n�c�y� �b�e�t�w�e�e�n� �1�0� �a�n�d� �9�0�%�,� �b�o�t�h� �i�n� �i�n�c�r�e�m�e�n�t�s� �o�f� �f�i�v�e� 

�u�n�i�t�s�.� �T�h�e� �m�a�x�i�m�u�m� �n�u�m�b�e�r� �o�f� �e�s�t�r�u�s�e�s� �t�h�a�t� �a� �c�o�w� �s�h�o�u�l�d� �h�a�v�e� �d�u�r�i�n�g� �a� �l�a�c�t�a�t�i�o�n� �w�a�s� �s�e�t� �a�t� �s�e�v�e�n�.� 

�I�t� �w�a�s� �a�s�s�u�m�e�d� �t�h�a�t� �a�f�t�e�r� �s�e�v�e�n� �e�s�t�r�u�s�e�s� �w�i�t�h�o�u�t� �a�n� �o�b�s�e�r�v�a�t�i�o�n� �a� �c�o�w� �w�i�l�l� �m�o�s�t� �c�e�r�t�a�i�n�l�y� �b�e� �c�u�l�l�e�d�.� 

�E�q�u�a�t�i�o�n� �[�2�]� �w�a�s� �u�s�e�d� �t�o� �d�e�v�e�l�o�p� �a� �t�a�b�l�e� �o�f� �D�F�B� �f�o�r� �a�l�l� �p�o�s�s�i�b�l�e� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �V�W�P� �a�n�d� �E�D�.� 

�T�h�e� �D�F�B� �t�a�b�l�e� �a�n�d� �V�W�P� �v�a�l�u�e�s� �w�e�r�e� �t�h�e�n� �u�s�e�d� �i�n� �a� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n� �t�o� �p�r�e�d�i�c�t� �E�D�.� �B�o�t�h� �t�h�e� 

�l�i�n�e�a�r� �a�n�d� �q�u�a�d�r�a�t�i�c� �f�o�r�m�s� �w�e�r�e� �f�i�t� �i�n� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s�.� �R�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n� �[�3�]� �i�s� �u�s�e�d� �i�n� �t�h�e� 

�E�S� �t�o� �c�a�l�c�u�l�a�t�e� �a� �n�e�w� �E�D� �e�f�f�i�c�i�e�n�c�y�.� 
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�E�D� �=� �9�3�.�3�  �� �2�.�4�4�1�5�2�(�D�F�B�  �� �V�W�P�  �� �1�0�)� �+� �.�0�2�1�0�1�7�2�(�D�F�B�  �� �V�W�P�  �� �1�0�)�?� �[�3�]� 

�E�q�u�a�t�i�o�n� �[�3�]� �h�a�d� �a�n� �r�?� �o�f� �.�9�7�9�.� �T�h�e� �l�i�n�e�a�r� �S�E� �i�s� �.�1�5�3�7�8�9�4�,� �w�h�e�r�e�a�s� �t�h�e� �q�u�a�d�r�a�t�i�c� �S�E� �i�s� �.�0�0�2�3�9�6�7�.� 

�A�t� �5�8� �d� �b�e�y�o�n�d� �t�h�e� �V�W�P�,� �E�D� �e�f�f�i�c�i�e�n�c�y� �r�e�a�c�h�e�s� �a� �m�i�n�i�m�u�m� �v�a�l�u�e� �o�f� �2�5�%� �a�n�d� �t�h�e�n� �b�e�g�i�n�s� �t�o� �r�i�s�e� 

�s�l�i�g�h�t�l�y�.� �T�h�i�s� �r�i�s�e� �i�s� �d�u�e� �t�o� �e�x�t�e�n�d�e�d� �D�F�B� �a�n�d� �t�h�e� �l�i�m�i�t� �o�f� �s�e�v�e�n� �s�e�r�v�i�c�e�s� �i�n� �e�q�u�a�t�i�o�n� �[�2�]�,� �w�h�e�r�e� 

�c�o�w�s� �n�e�v�e�r� �s�e�e�n� �i�n� �h�e�a�t� �b�e�g�i�n� �t�o� �b�e� �l�o�s�t� �f�r�o�m� �t�h�e� �D�F�B� �a�v�e�r�a�g�e� �b�e�c�a�u�s�e� �o�f� �c�u�l�l�i�n�g�.� �F�o�r� �e�q�u�a�t�i�o�n� 

�[�3�]� �t�o� �b�e� �a�n� �a�c�c�u�r�a�t�e� �p�r�e�d�i�c�a�t�o�r� �o�f� �E�D�,� �a�l�l� �o�b�s�e�r�v�e�d� �e�s�t�r�u�s�e�s� �h�a�v�e� �t�o� �b�e� �r�e�c�o�r�d�e�d�,� �e�v�e�n� �i�f� �n�o� 

�i�n�s�e�m�i�n�a�t�i�o�n� �t�a�k�e�s� �p�l�a�c�e�.� �N�a�t�u�r�a�l� �s�e�r�v�i�c�e� �h�e�r�d�s� �a�r�e� �a� �p�r�o�b�l�e�m� �b�e�c�a�u�s�e� �e�s�t�r�u�s�e�s� �a�r�e� �n�o�t� �o�b�s�e�r�v�e�d� 

�a�n�d� �r�e�c�o�r�d�e�d�.� �T�h�e� �V�W�P� �m�u�s�t� �a�l�s�o� �b�e� �a�n� �a�c�c�u�r�a�t�e� �r�e�f�l�e�c�t�i�o�n� �o�f� �f�a�r�m� �p�r�a�c�t�i�c�e�s�.� 

�W�h�e�n� �E�D� �i�s�  ��s�e�v�e�r�e�, �� �t�h�e� �E�S� �u�s�e�s� �e�q�u�a�t�i�o�n� �[�3�]� �t�o� �c�a�l�c�u�l�a�t�e� �a� �n�e�w� �E�D�.� �T�h�e� �m�o�s�t� �r�e�c�e�n�t�l�y� �p�r�o�v�i�d�e�d� 

�V�W�P� �f�i�g�u�r�e� �i�s� �u�s�e�d� �i�n� �e�q�u�a�t�i�o�n� �[�3�]�.� �B�e�f�o�r�e� �t�h�e� �n�e�w� �E�D� �e�f�f�i�c�i�e�n�c�y� �i�s� �d�i�s�p�l�a�y�e�d�,� �t�h�e� �E�S� �q�u�e�s�t�i�o�n�s� �i�f� 

�a�l�l� �o�b�s�e�r�v�e�d� �e�s�t�r�u�s�e�s� �a�r�e� �r�e�c�o�r�d�e�d� �a�n�d� �i�f� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �i�s� �b�e�i�n�g� �u�s�e�d� �o�n� �t�h�e� �f�a�r�m�.� �I�f� �a�l�l� �e�s�t�r�u�s�e�s� �a�r�e� 

�n�o�t� �b�e�i�n�g� �r�e�c�o�r�d�e�d� �o�r� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �i�s� �b�e�i�n�g� �u�s�e�d�,� �t�h�e� �E�S� �w�a�r�n�s� �t�h�a�t� �t�h�e� �n�e�w�l�y� �c�a�l�c�u�l�a�t�e�d� �E�D� 

�s�h�o�u�l�d� �o�n�l�y� �b�e� �u�s�e�d� �a�s� �a�n� �e�s�t�i�m�a�t�e�.� �U�s�e�r� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �t�h�e� �e�s�t�i�m�a�t�e�d� �E�D� �f�i�g�u�r�e� �w�i�l�l� �d�e�p�e�n�d� �o�n� 

�h�o�w� �a�c�c�u�r�a�t�e� �h�e�r�d� �r�e�c�o�r�d�s� �a�r�e� �a�n�d� �h�o�w� �e�x�t�e�n�s�i�v�e�l�y� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �i�s� �u�s�e�d� �i�n� �t�h�e� �h�e�r�d�.� �I�f� �a�f�t�e�r� �t�h�e� 

�a�d�j�u�s�t�m�e�n�t� �t�o� �E�D�,� �D�F�B�,� �C�R� �a�n�d� �e�f�f�i�c�i�e�n�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �a�r�e� �a�l�l� �r�a�t�e�d�  ��s�e�v�e�r�e�, �� �t�h�e� �E�S� �w�i�l�l� 

�m�a�k�e� �a� �r�e�c�o�m�m�e�n�d�a�t�i�o�n� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �C�R� �p�r�o�b�l�e�m� �f�o�r� �t�h�e� �r�e�a�s�o�n�s� �d�e�s�c�r�i�b�e�d� �p�r�e�v�i�o�u�s�l�y�.� 

�T�h�e� �i�n�i�t�i�a�l� �r�e�p�r�o�d�u�c�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �c�o�n�c�l�u�d�e�s� �b�y� �d�i�s�p�l�a�y�i�n�g� �a� �s�c�r�e�e�n� �t�h�a�t� �c�o�n�t�a�i�n�s� �a� �t�a�b�l�e� �t�h�a�t� �l�i�s�t�s� 

�t�h�e� �D�O�,� �D�F�B�,� �C�R�,� �a�n�d� �E�D� �v�a�l�u�e�s� �f�o�r� �t�h�e� �f�a�r�m�.� �H�e�r�d� �v�a�l�u�e�s�,� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s�,� �a�l�o�n�g� �w�i�t�h� �g�o�a�l�s� 

�f�o�r� �e�a�c�h� �p�a�r�a�m�e�t�e�r� �a�r�e� �i�n�c�l�u�d�e�d�.� �T�h�e� �E�S� �s�e�l�e�c�t�s� �f�o�r� �e�v�a�l�u�a�t�i�o�n� �t�h�e� �a�r�e�a� �t�h�a�t� �n�e�e�d�s� �t�h�e� �m�o�s�t� �a�t�t�e�n�-� 

�t�i�o�n�.� �H�o�w�e�v�e�r�,� �t�h�e� �u�s�e�r� �h�a�s� �t�h�e� �o�p�t�i�o�n� �t�o� �s�e�l�e�c�t� �a�n�o�t�h�e�r� �a�r�e�a� �f�o�r� �e�v�a�l�u�a�t�i�o�n�.� �T�h�e� �E�S� �l�o�a�d�s� �t�h�e� 

�p�o�r�t�i�o�n� �o�f� �t�h�e� �p�r�o�g�r�a�m� �t�h�a�t� �w�i�l�l� �e�v�a�l�u�a�t�e� �t�h�e� �a�r�e�a� �s�e�l�e�c�t�e�d� �b�y� �t�h�e� �E�S�,� �o�r� �b�y� �t�h�e� �u�s�e�r�.� 
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�E�v�a�l�u�a�t�i�o�n� �o�f� �C�o�n�c�e�p�t�i�o�n� �R�a�t�e� 

�O�n�c�e� �t�h�e� �E�S� �h�a�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �a� �C�R� �p�r�o�b�l�e�m� �e�x�i�s�t�s� �i�n� �t�h�e� �h�e�r�d�,� �o�r� �t�h�e� �u�s�e�r� �d�e�t�e�r�m�i�n�e�s� �t�h�a�t� �f�a�c�t�o�r�s� 

�a�f�f�e�c�t�i�n�g� �C�R� �s�h�o�u�l�d� �b�e� �e�v�a�l�u�a�t�e�d�,� �t�h�e� �E�S� �l�o�a�d�s� �t�h�e� �C�R� �e�v�a�l�u�a�t�i�o�n� �p�r�o�g�r�a�m�.� �T�h�e� �g�e�n�e�r�a�l� �o�r�g�a�n�-� 

�i�z�a�t�i�o�n� �o�f� �t�h�e� �C�R� �e�v�a�l�u�a�t�i�o�n� �c�a�n� �b�e� �s�e�e�n� �i�n� �F�i�g�u�r�e� �3�.� �A� �C�R� �p�r�o�b�l�e�m� �c�a�n� �b�e� �c�a�u�s�e�d� �b�y� �o�n�e�,� �o�r� 

�s�e�v�e�r�a�l�,� �o�f� �t�h�e� �f�i�v�e� �a�r�e�a�s� �t�h�a�t� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.� �E�a�c�h� �a�r�e�a� �i�s� �e�v�a�l�u�a�t�e�d� �f�o�r� �p�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m�s�.� 

�T�h�e� �E�S� �i�n�v�e�s�t�i�g�a�t�e�s� �c�o�w� �i�n�f�e�r�t�i�l�i�t�y� �b�y� �e�v�a�l�u�a�t�i�n�g� �s�t�a�n�d�a�r�d� �D�H�I� �r�e�p�r�o�d�u�c�t�i�v�e� �r�e�p�o�r�t�s� �a�v�a�i�l�a�b�l�e� 

�t�h�r�o�u�g�h� �D�i�r�e�c�t� �A�c�c�e�s�s� �t�o� �R�e�c�o�r�d�s� �b�y� �T�e�l�e�p�h�o�n�e� �(�D�A�R�T�)�.� �T�h�e� �D�A�R�T� �s�y�s�t�e�m� �h�a�s� �b�e�e�n� �d�e�v�e�l�o�p�e�d� 

�b�y� �t�h�e� �D�a�i�r�y� �R�e�c�o�r�d�s� �P�r�o�c�e�s�s�i�n�g� �C�e�n�t�e�r� �i�n� �R�a�l�e�i�g�h�,� �N�C�.� �D�a�t�a� �f�o�r� �s�t�a�n�d�a�r�d� �D�A�R�T� �r�e�p�o�r�t�s� �c�o�m�e�s� 

�f�r�o�m� �i�n�f�o�r�m�a�t�i�o�n� �n�o�r�m�a�l�l�y� �c�o�l�l�e�c�t�e�d� �o�n� �f�a�r�m�s� �a�n�d� �r�e�p�o�r�t�e�d� �t�o� �D�H�I�.� �A�l�l� �d�a�i�r�y� �f�a�r�m�e�r�s� �o�n� �D�H�I�,� 

�e�x�t�e�n�s�i�o�n� �p�e�r�s�o�n�n�e�l� �a�n�d� �c�o�n�s�u�l�t�a�n�t�s� �c�a�n� �h�a�v�e� �a�c�c�e�s�s� �t�o� �D�A�R�T� �r�e�p�o�r�t�s�.� �I�n�f�o�r�m�a�t�i�o�n� �i�s� �t�r�a�n�s�m�i�t�t�e�d� 

�b�y� �p�h�o�n�e� �b�e�t�w�e�e�n� �t�h�e� �m�a�i�n� �c�o�m�p�u�t�e�r� �i�n� �R�a�l�e�i�g�h� �a�n�d� �t�e�r�m�i�n�a�l�s� �o�n� �f�a�r�m�s� �o�r� �o�f�f�i�c�e�s�.� �S�t�a�n�d�a�r�d� �r�e�-� 

�p�o�r�t�s� �a�v�a�i�l�a�b�l�e� �o�n� �D�A�R�T� �c�a�n� �b�e� �u�s�e�d� �i�n� �t�h�e� �d�a�y� �t�o� �d�a�y� �m�a�n�a�g�e�m�e�n�t� �o�f� �a� �d�a�i�r�y� �f�a�r�m�.� �R�e�p�o�r�t�s� �c�a�n� 

�a�l�s�o� �d�e�s�i�g�n�e�d� �b�y� �t�h�e� �u�s�e�r�.� �T�h�e� �D�A�R�T� �r�e�p�o�r�t�s� �c�a�n� �b�e� �c�a�p�t�u�r�e�d� �o�n� �a� �f�l�o�p�p�y� �d�i�s�k� �a�s� �a�n� �A�S�C�I�I� �f�i�l�e� 

�w�h�i�c�h� �c�a�n� �t�h�e�n� �b�e� �r�e�a�d� �b�y� �t�h�e� �E�S�.� �S�t�a�n�d�a�r�d� �D�A�R�T� �r�e�p�o�r�t�s� �u�s�e�d� �b�y� �t�h�e� �E�S� �i�n�c�l�u�d�e�:� �c�o�n�c�e�p�t�i�o�n� 

�r�a�t�e�s� �b�y� �l�a�c�t�a�t�i�o�n�,� �s�e�r�v�i�c�e� �n�u�m�b�e�r�,� �d�a�y�s� �i�n� �m�i�l�k�,� �s�e�r�v�i�c�e� �s�i�r�e�,� �a�n�d� �b�r�e�e�d�.� �I�n� �a�d�d�i�t�i�o�n�,� �a� �r�e�p�o�r�t� �d�e�-� 

�s�i�g�n�e�d� �b�y� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �e�x�p�e�r�t� �w�h�i�c�h� �c�a�t�e�g�o�r�i�z�e�s� �c�o�w�s� �b�y� �p�r�o�d�u�c�t�i�o�n� �l�e�v�e�l� �a�n�d� �e�x�a�m�i�n�e�s� �r�e�p�r�o�-� 

�d�u�c�t�i�v�e� �p�a�r�a�m�e�t�e�r�s� �i�s� �u�s�e�d� �b�y� �t�h�e� �E�S�.� �E�a�c�h� �r�e�p�o�r�t� �c�o�n�t�a�i�n�s� �s�p�e�c�i�f�i�c� �d�a�t�a� �t�h�a�t� �c�a�n� �b�e� �i�n�t�e�r�p�r�e�t�e�d� 

�b�y� �t�h�e� �E�S�.� 

�T�h�e� �s�i�r�e� �i�n�f�e�r�t�i�l�i�t�y� �p�o�r�t�i�o�n� �o�f� �t�h�e� �p�r�o�g�r�a�m� �e�v�a�l�u�a�t�e�s� �t�w�o� �a�r�e�a�s�.� �I�f� �A�I� �i�s� �u�s�e�d� �o�n� �t�h�e� �f�a�r�m�,� �t�h�e� �E�S� 

�e�v�a�l�u�a�t�e�s� �t�h�e� �C�R� �b�y� �s�e�r�v�i�c�e� �s�i�r�e� �f�r�o�m� �t�h�e� �d�o�w�n�l�o�a�d�e�d� �D�A�R�T� �r�e�p�o�r�t�.� �S�i�r�e�s� �u�s�e�d� �o�n� �t�h�e� �f�a�r�m� �a�r�e� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �E�R�C�R� �l�i�s�t� �t�h�a�t� �i�s� �p�a�r�t� �o�f� �t�h�e� �E�S�.� �P�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m�s� �a�r�e� �d�i�a�g�n�o�s�e�d� �a�n�d� �r�e�c�-� 

�o�m�m�e�n�d�a�t�i�o�n�s� �a�r�e� �g�i�v�e�n�.� �I�f� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �i�s� �u�s�e�d�,� �t�h�e� �E�S� �e�v�a�l�u�a�t�e�s� �m�a�n�a�g�e�m�e�n�t� �f�a�c�t�o�r�s� �r�e�l�a�t�e�d� 

�t�o� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �a�n�d� �l�o�w�e�r� �C�R�.� �T�h�e�s�e� �f�a�c�t�o�r�s� �i�n�c�l�u�d�e�,� �f�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �h�e�a�l�t�h� �a�n�d� �c�o�n�d�i�t�i�o�n� �o�f� 
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�b�u�l�l�s� �u�s�e�d� �i�n� �t�h�e� �h�e�r�d�.� �T�h�e� �E�S� �w�i�l�l� �i�d�e�n�t�i�f�y� �p�r�o�b�l�e�m�s� �a�n�d� �m�a�k�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s�.� �I�f� �n�o� �s�i�r�e� 

�i�n�f�e�r�t�i�l�i�t�y� �p�r�o�b�l�e�m� �c�a�n� �b�e� �f�o�u�n�d�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �s�i�r�e�s� �a�r�e� �n�o�t� �a�f�f�e�c�t�i�n�g� �C�R�.� 

�T�h�e� �E�S� �u�s�e�s� �t�h�e� �r�e�p�o�r�t� �o�f� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �b�y� �b�r�e�e�d�,� �w�h�i�c�h� �i�n�c�l�u�d�e�s� �m�o�n�t�h�l�y� �C�R� �b�y� �b�r�e�e�d� �o�f� �c�o�w� 

�i�n� �t�h�e� �h�e�r�d�,� �t�o� �e�v�a�l�u�a�t�e� �m�o�n�t�h�l�y� �C�R�.� �T�h�i�s� �r�e�p�o�r�t� �i�s� �d�o�w�n�l�o�a�d�e�d� �i�n�t�o� �t�h�e� �E�S� �w�i�t�h� �t�h�e� �o�t�h�e�r� �D�A�R�T� 

�r�e�p�o�r�t�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �c�a�p�t�u�r�e�d�.� �T�h�e� �r�e�p�o�r�t� �c�o�n�t�a�i�n�s� �a� �C�R� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �l�a�s�t� �6� �m�o�.� �T�h�e�s�e� �v�a�l�u�e�s� 

�a�r�e� �c�o�m�p�a�r�e�d� �t�o� �V�i�r�g�i�n�i�a� �m�o�n�t�h�l�y� �C�R� �a�v�e�r�a�g�e�s� �f�o�r� �t�h�e� �l�a�s�t� �3� �y�r�.� �T�h�r�e�e� �y�e�a�r�s� �o�f� �d�a�t�a� �w�e�r�e� �u�s�e�d� �t�o� 

�r�e�d�u�c�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �m�o�n�t�h�l�y� �C�R�.� �A�n� �a�c�c�u�r�a�t�e� �m�o�n�t�h�l�y� �C�R� �f�o�r� �5� �y�r� �c�o�u�l�d� �n�o�t� �b�e� �o�b�t�a�i�n�e�d�.� �T�h�e� 

�E�S� �d�e�t�e�c�t�s� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �s�t�a�t�e� �a�n�d� �h�e�r�d� �m�o�n�t�h�l�y� �C�R� �b�y� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �s�e�t� �f�o�r� 

�c�o�m�p�a�r�i�s�o�n� �p�u�r�p�o�s�e�s�,� �c�a�l�c�u�l�a�t�i�n�g� �a�n�d� �c�o�m�p�a�r�i�n�g� �t�h�e� �r�a�t�e� �o�f� �i�n�c�r�e�a�s�e�,� �o�r� �d�e�c�r�e�a�s�e�,� �o�f� �t�h�e� �h�e�r�d� �a�n�d� 

�s�t�a�t�e� �C�R� �o�v�e�r� �t�h�e� �s�a�m�e� �6� �m�o� �p�e�r�i�o�d�.� �D�i�f�f�e�r�e�n�c�e�s� �i�n�d�i�c�a�t�e� �d�i�f�f�e�r�e�n�t� �h�e�r�d� �m�a�n�a�g�e�m�e�n�t� �c�o�n�d�i�t�i�o�n�s�.� 

�T�h�e� �E�S� �i�d�e�n�t�i�f�i�e�s� �t�h�e�s�e� �a�n�d� �o�t�h�e�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �d�i�f�f�e�r�e�n�c�e�s�,� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �a� �l�a�t�e�r� �s�e�c�t�i�o�n�.� 

�T�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �a�c�c�u�r�a�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �i�n�v�e�s�t�i�g�a�t�e�s� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l� �l�e�n�g�t�h�s� �w�h�i�c�h� �a�r�e� 

�a�v�a�i�l�a�b�l�e� �o�n� �t�h�e� �D�H�I� �2�0�2� �s�h�e�e�t� �a�n�d� �e�n�t�e�r�e�d� �i�n�t�o� �t�h�e� �E�S� �f�r�o�m� �t�h�e� �k�e�y�b�o�a�r�d�.� �M�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� 

�w�h�i�c�h� �c�o�u�l�d� �a�f�f�e�c�t� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l� �l�e�n�g�t�h� �a�n�d� �C�R� �a�r�e� �e�x�a�m�i�n�e�d� �b�y� �t�h�e� �E�S�.� �T�h�e� �E�S� �m�a�k�e�s� �r�e�c�-� 

�o�m�m�e�n�d�a�t�i�o�n�s� �o�n� �h�o�w� �t�o� �c�o�r�r�e�c�t� �p�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m�s�.� 

�T�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �A�I� �t�e�c�h�n�i�q�u�e� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� �a�r�e�a�s�.� �T�h�e� �E�S� �e�v�a�l�u�a�t�e�s� �s�e�m�e�n� �h�a�n�d�l�i�n�g� 

�t�e�c�h�n�i�q�u�e�s� �u�s�e�d� �b�y� �t�h�e� �f�a�r�m�.� �A�n�s�w�e�r�s� �t�o� �m�u�l�t�i�p�l�e� �c�h�o�i�c�e� �q�u�e�s�t�i�o�n�s� �a�r�e� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �p�r�o�b�-� 

�l�e�m�s� �e�x�i�s�t�,� �a�t� �w�h�i�c�h� �t�i�m�e� �t�h�e� �E�S� �g�i�v�e�s� �s�u�g�g�e�s�t�i�o�n�s� �o�n� �h�o�w� �t�o� �c�o�r�r�e�c�t� �t�h�e� �p�r�o�b�l�e�m�.� �I�f� �a�l�l� �a�n�s�w�e�r�s� 

�i�n�d�i�c�a�t�e� �r�e�c�o�m�m�e�n�d�e�d� �p�r�a�c�t�i�c�e�s�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �t�h�e� �s�e�m�e�n� �h�a�n�d�l�i�n�g� �t�e�c�h�n�i�q�u�e�s� �u�s�e�d� �b�y� �t�h�e� 

�f�a�r�m� �a�r�e� �c�o�r�r�e�c�t� �a�n�d� �n�o�t� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �l�o�w�e�r�i�n�g� �C�R�.� �A�n� �e�v�a�l�u�a�t�i�o�n� �o�f� �A�I� �t�e�c�h�n�i�q�u�e� �i�s� �t�h�e�n� �d�o�n�e�.� 

�T�h�e� �E�S� �d�i�s�p�l�a�y�s� �m�u�l�t�i�p�l�e� �c�h�o�i�c�e� �q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �A�I� �p�r�o�c�e�d�u�r�e� �i�n� �a�n� �o�r�d�e�r� �s�i�m�i�l�a�r� �t�o� �t�h�e� �a�c�t�u�a�l� 

�A�I� �p�r�o�c�e�d�u�r�e�.� �A�n�s�w�e�r�s� �d�e�m�o�n�s�t�r�a�t�i�n�g� �i�n�a�d�e�q�u�a�t�e� �t�e�c�h�n�i�q�u�e� �a�r�e� �i�d�e�n�t�i�f�i�e�d� �b�y� �t�h�e� �E�S� �a�n�d� �d�e�-� 

�s�c�r�i�p�t�i�o�n�s� �a�r�e� �g�i�v�e�n� �o�n� �h�o�w� �t�o� �i�m�p�r�o�v�e� �t�e�c�h�n�i�q�u�e�.� �O�t�h�e�r�w�i�s�e�,� �n�o� �p�r�o�b�l�e�m� �e�x�i�s�t�s� �w�i�t�h� �A�I� �t�e�c�h�n�i�q�u�e� 

�a�n�d� �l�o�w� �h�e�r�d� �C�R� �i�s� �d�u�e� �t�o� �s�o�m�e� �o�t�h�e�r� �f�a�c�t�o�r�.� 
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�O�b�t�a�i�n�i�n�g� �a�n�d� �E�v�a�l�u�a�t�i�n�g� �H�e�r�d� �C�o�n�c�e�p�t�i�o�n� �R�a�t�e� �D�a�t�a� 

�C�o�n�c�e�p�t�i�o�n� �r�a�t�e� �b�y� �l�a�c�t�a�t�i�o�n� �n�u�m�b�e�r�,� �s�e�r�v�i�c�e� �n�u�m�b�e�r�,� �d�a�y�s� �i�n� �m�i�l�k�,� �b�r�e�e�d�,� �a�n�d� �D�H�I� �M�E�-�m�i�l�k� �r�a�t�-� 

�i�n�g� �r�e�p�o�r�t� �f�o�r� �t�h�e� �l�a�s�t� �6� �m�o� �a�r�e� �a�v�a�i�l�a�b�l�e� �t�h�r�o�u�g�h� �D�A�R�T� �f�o�r� �a�l�l� �h�e�r�d�s� �o�n� �D�H�I�.� �R�e�p�o�r�t�s� �a�r�e� �p�r�e�-� 

�p�a�r�e�d� �b�y� �D�A�R�T� �a�n�d� �a�r�e� �n�o�r�m�a�l�l�y� �p�r�i�n�t�e�d� �t�o� �a� �h�a�r�d� �c�o�p�y� �a�n�d� �e�v�a�l�u�a�t�e�d�.� �H�o�w�e�v�e�r�,� �r�e�p�o�r�t�s� �c�a�n� �a�l�s�o� 

�b�e� �c�a�p�t�u�r�e�d� �a�n�d� �s�t�o�r�e�d� �o�n� �a� �d�i�s�k� �a�s� �a�n� �A�S�C�I�I� �f�i�l�e�.� �A�l�l� �r�e�p�o�r�t�s� �n�e�e�d�e�d� �b�y� �t�h�e� �E�S� �c�a�n� �b�e� �c�a�p�t�u�r�e�d� 

�i�n� �o�n�e� �s�e�s�s�i�o�n� �o�f� �D�A�R�T�.� �P�r�o�c�e�d�u�r�e�s� �f�o�r� �o�b�t�a�i�n�i�n�g� �D�a�r�t� �R�e�p�o�r�t�s� �a�r�e� �l�i�s�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �B�.� �T�h�e� 

�D�A�R�T� �r�e�p�o�r�t�s� �a�r�e� �s�h�o�w�n� �i�n� �A�p�p�e�n�d�i�x� �C�.� �T�h�e� �E�S� �r�e�q�u�e�s�t�s� �t�h�e� �c�a�p�t�u�r�e�d� �D�A�R�T� �f�i�l�e� �w�h�e�n� �n�e�e�d�e�d� 

�a�n�d� �s�e�a�r�c�h�e�s� �f�o�r� �a� �s�p�e�c�i�f�i�c� �r�e�p�o�r�t� �b�y� �l�o�o�k�i�n�g� �f�o�r� �k�e�y� �w�o�r�d�s� �w�i�t�h�i�n� �t�h�e� �t�i�t�l�e� �o�f� �e�a�c�h� �r�e�p�o�r�t�.� �F�o�r� �e�x�-� 

�a�m�p�l�e�,� �w�h�e�n� �s�e�a�r�c�h�i�n�g� �t�h�e� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �b�y� �m�o�n�t�h� �r�e�p�o�r�t�,� �t�h�e� �E�S� �l�o�o�k�s� �f�o�r� �c�o�n�c�e�p�t�i�o�n�,� �r�a�t�e�,� �a�n�d� 

�m�o�n�t�h�.� �T�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �i�n�s�e�m�i�n�a�t�i�o�n�s�,� �t�o�t�a�l� �s�u�c�c�e�s�s�f�u�l�,� �a�n�d� �C�R� �p�e�r�c�e�n�t�a�g�e� �a�r�e� �l�i�s�t�e�d� �f�o�r� �e�a�c�h� 

�c�a�t�e�g�o�r�y� �o�n� �t�h�e� �r�e�p�o�r�t�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �b�y� �l�a�c�t�a�t�i�o�n� �r�e�p�o�r�t� �e�x�a�m�i�n�e�s� �t�h�e� �C�R� �f�o�r� 

�f�i�r�s�t�,� �s�e�c�o�n�d�,� �t�h�i�r�d�,� �f�o�u�r�t�h�,� �a�n�d� �f�i�f�t�h� �a�n�d� �g�r�e�a�t�e�r� �l�a�c�t�a�t�i�o�n�s�.� �T�h�e�s�e� �d�a�t�a� �a�p�p�e�a�r� �a�t� �t�h�e� �s�a�m�e� �l�o�c�a�t�i�o�n� 

�i�n� �t�h�e� �f�i�l�e� �e�a�c�h� �t�i�m�e� �a� �r�e�p�o�r�t� �i�s� �p�r�e�p�a�r�e�d� �b�y� �D�A�R�T�.� �S�e�a�r�c�h� �p�r�o�c�e�d�u�r�e�s� �a�r�e� �w�r�i�t�t�e�n� �i�n� �t�h�e� �E�S�.� �T�h�e� 

�E�S� �o�b�t�a�i�n�s� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�l�o�n�g� �w�i�t�h� �t�h�e� �t�o�t�a�l� �s�u�c�c�e�s�s�f�u�l� �a�n�d� �t�h�e�n� �c�a�l�c�u�l�a�t�e�s� �a� 

�C�R� �b�y� �d�i�v�i�d�i�n�g� �t�o�t�a�l� �i�n�s�e�m�i�n�a�t�i�o�n�s� �i�n�t�o� �s�u�c�c�e�s�s�f�u�l� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�n�d� �m�u�l�t�i�p�l�y�i�n�g� �b�y� �1�0�0�.� 

�F�o�r� �a� �v�a�l�i�d� �c�o�m�p�a�r�i�s�o�n� �t�o� �b�e� �m�a�d�e� �a�m�o�n�g� �c�a�t�e�g�o�r�i�e�s�,� �a�t� �l�e�a�s�t� �2�0� �t�o�t�a�l� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�r�e� �n�e�e�d�e�d� �f�o�r� 

�e�a�c�h� �c�a�t�e�g�o�r�y� �b�e�i�n�g� �c�o�m�p�a�r�e�d�.� �W�i�t�h� �a�t� �l�e�a�s�t� �2�0� �i�n�s�e�m�i�n�a�t�i�o�n�s� �i�n� �t�h�e� �c�o�m�p�a�r�i�s�o�n�,� �v�a�r�i�a�t�i�o�n� �i�s� �r�e�-� 

�d�u�c�e�d� �d�u�e� �t�o� �c�h�a�n�c�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �c�o�n�c�e�p�t�i�o�n�.� �I�f�a� �c�a�t�e�g�o�r�y� �h�a�s� �l�e�s�s� �t�h�a�n� �2�0� �i�n�s�e�m�i�n�a�t�i�o�n�s� �i�n� �a� 

�c�o�m�p�a�r�i�s�o�n�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �m�a�y� �n�o�t� �b�e� �t�o�t�a�l�l�y� �v�a�l�i�d� �d�u�e� �t�o� �t�h�e� �v�a�r�i�a�t�i�o�n� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �l�e�s�s� �t�h�a�n� �2�0� �i�n�s�e�m�i�n�a�t�i�o�n�s�.� �D�u�e� �t�o� �t�h�e� �s�m�a�l�l� �h�e�r�d� �s�i�z�e�s� �i�n� �V�i�r�g�i�n�i�a�,� �a� �v�a�l�i�d�a�t�i�o�n� 

�n�u�m�b�e�r� �g�r�e�a�t�e�r� �t�h�a�n� �2�0� �w�a�s� �n�o�t� �u�s�e�d�.� �I�n� �a� �g�r�o�u�p� �o�f� �2�0� �i�n�s�e�m�i�n�a�t�i�o�n�s�,� �i�f� �o�n�e� �m�o�r�e� �i�n�s�e�m�i�n�a�t�i�o�n� 

�i�s� �s�u�c�c�e�s�s�f�u�l�,� �o�r� �u�n�s�u�c�c�e�s�s�f�u�l�,� �C�R� �c�h�a�n�g�e�s� �b�y� �5�%�.� �W�i�t�h� �a� �s�m�a�l�l�e�r� �g�r�o�u�p�,� �a� �c�h�a�n�g�e� �o�f� �o�n�e� �w�o�u�l�d� 

�c�h�a�n�g�e� �C�R� �b�y� �m�o�r�e� �t�h�a�n� �5�%�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �4�3



�A� �c�o�m�b�i�n�i�n�g� �p�r�o�c�e�d�u�r�e� �i�s� �u�s�e�d� �t�o� �g�r�o�u�p� �c�a�t�e�g�o�n�e�s� �f�o�r� �c�o�m�p�a�r�i�s�o�n�.� �T�h�i�s� �i�n�c�r�e�a�s�e�s� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� 

�o�f� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�n�d� �r�e�d�u�c�e�s� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �c�o�m�p�a�r�i�s�o�n�.� �A� �c�o�m�b�i�n�e�d� �C�R� �i�s� �o�b�t�a�i�n�e�d� �b�y� �t�a�k�i�n�g� 

�t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �s�e�r�v�i�c�e�s� �f�o�r� �e�a�c�h� �g�r�o�u�p� �a�n�d� �d�i�v�i�d�i�n�g� �b�y� �t�h�e� �t�o�t�a�l� �s�u�c�c�e�s�s�f�u�l�.� �T�h�i�s� �n�u�m�b�e�r� �i�s� 

�t�h�e�n� �m�u�l�t�i�p�l�i�e�d� �b�y� �1�0�0� �t�o� �o�b�t�a�i�n� �a� �C�R� �f�o�r� �t�h�e� �c�o�m�b�i�n�e�d� �g�r�o�u�p�.� �T�h�e� �c�o�m�b�i�n�e�d� �C�R� �c�a�n� �t�h�e�n� �b�e� 

�e�v�a�l�u�a�t�e�d� �i�n� �t�h�e� �E�S�.� �F�o�r� �e�x�a�m�p�l�e�,� �a� �c�o�m�p�a�r�i�s�o�n� �i�s� �m�a�d�e� �b�e�t�w�e�e�n� �f�i�r�s�t� �l�a�c�t�a�t�i�o�n� �C�R� �a�n�d� �t�h�e� �c�o�m�-� 

�b�i�n�e�d� �C�R� �f�o�r� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �l�a�c�t�a�t�i�o�n�.� �A� �w�a�r�n�i�n�g� �i�s� �s�t�i�l�l� �g�i�v�e�n� �i�f� �2�0� �t�o�t�a�l� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�r�e� �n�o�t� 

�u�s�e�d� �i�n� �t�h�e� �c�o�m�p�a�r�i�s�o�n�.� 

�A�l�l� �o�t�h�e�r� �d�a�t�a� �q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �C�R� �a�s�k�e�d� �b�y� �t�h�e� �E�S� �c�a�n� �b�e� �a�n�s�w�e�r�e�d� �w�i�t�h� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� 

�D�H�I� �2�0�2� �h�e�r�d� �s�u�m�m�a�r�y� �s�h�e�e�t�.� �M�a�n�a�g�e�m�e�n�t� �q�u�e�s�t�i�o�n�s� �a�r�e� �a�n�s�w�e�r�e�d� �b�y� �s�e�l�e�c�t�i�n�g� �a�p�p�r�o�p�r�i�a�t�e� �a�n�-� 

�s�w�e�r�s� �f�r�o�m� �m�u�l�t�i�p�l�e� �c�h�o�i�c�e� �q�u�e�s�t�i�o�n�s� �t�h�a�t� �a�r�e� �a�s�k�e�d�.� �S�e�m�e�n� �h�a�n�d�l�i�n�g� �a�n�d� �A�I� �t�e�c�h�n�i�q�u�e� �p�r�o�b�l�e�m�s� 

�a�r�e� �i�d�e�n�t�i�f�i�e�d� �u�s�i�n�g� �t�h�e� �a�n�s�w�e�r�s� �t�o� �m�a�n�a�g�e�m�e�n�t� �q�u�e�s�t�i�o�n�s�.� 

�C�o�n�c�e�p�t�i�o�n� �R�a�t�e� �b�y� �L�a�c�t�a�t�i�o�n� �N�u�m�b�e�r� 

�T�h�e� �D�A�R�T� �r�e�p�o�r�t� �f�o�r� �C�R� �b�y� �l�a�c�t�a�t�i�o�n� �c�o�n�t�a�i�n�s� �C�R� �f�o�r� �f�i�r�s�t�,� �s�e�c�o�n�d�,� �t�h�i�r�d�,� �f�o�u�r�t�h�,� �a�n�d� �f�i�f�t�h� �a�n�d� 

�g�r�e�a�t�e�r� �l�a�c�t�a�t�i�o�n�s� �f�o�r� �t�h�e� �l�a�s�t� �6� �m�o�.� �T�h�r�e�e� �C�R� �b�y� �l�a�c�t�a�t�i�o�n� �c�o�m�p�a�r�i�s�o�n�s� �a�r�e� �m�a�d�e�.� �I�f� �f�i�r�s�t� �l�a�c�t�a�t�i�o�n� 

�C�R� �i�s� �1�5�%� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �c�o�m�b�i�n�e�d� �C�R� �f�o�r� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �l�a�c�t�a�t�i�o�n�,� �a� �p�r�o�b�l�e�m� �e�x�i�s�t�s�.� �T�h�e� 

�E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �l�a�c�t�a�t�i�o�n� �c�o�w�s� �a�r�e� �s�u�f�f�e�r�i�n�g� �f�r�o�m� �n�e�g�a�t�i�v�e� �e�n�e�r�g�y� �b�a�l�a�n�c�e�.� �A� 

�r�e�c�o�m�m�e�n�d�a�t�i�o�n� �t�o� �c�h�e�c�k� �r�a�t�i�o�n�s� �f�o�r� �e�n�e�r�g�y� �c�o�n�t�e�n�t�,� �c�h�e�c�k� �i�n�t�a�k�e�,� �a�n�d� �t�o� �s�c�o�r�e� �b�o�d�y� �c�o�n�d�i�t�i�o�n� �i�s� 

�g�i�v�e�n�.� �I�f� �c�o�w�s� �a�r�e� �b�e�i�n�g� �s�c�o�r�e�d� �f�o�r� �b�o�d�y� �c�o�n�d�i�t�i�o�n�,� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�r�e� �g�i�v�e�n� �r�e�g�a�r�d�i�n�g� �s�c�o�r�e�s�.� 

�A� �s�e�c�o�n�d� �c�o�m�p�a�r�i�s�o�n� �i�s� �m�a�d�e� �b�e�t�w�e�e�n� �f�i�r�s�t� �l�a�c�t�a�t�i�o�n� �a�n�d� �t�h�e� �c�o�m�b�i�n�e�d� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �l�a�c�t�a�t�i�o�n� 

�C�R�.� �I�f� �t�h�e� �c�o�m�b�i�n�e�d� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �l�a�c�t�a�t�i�o�n� �C�R� �i�s� �1�5�%� �h�i�g�h�e�r� �t�h�a�n� �f�i�r�s�t� �l�a�c�t�a�t�i�o�n�,� �t�h�e� �E�S� 

�c�o�n�c�l�u�d�e�s� �t�h�a�t� �a� �p�r�o�b�l�e�m� �w�i�t�h� �t�h�e� �h�e�i�f�e�r� �r�e�a�r�i�n�g� �p�r�o�g�r�a�m� �e�x�i�s�t�s�.� �Y�o�u�n�g�e�r� �c�o�w�s� �s�h�o�u�l�d� �h�a�v�e� �a� 

�h�i�g�h�e�r� �C�R� �t�h�a�n� �o�l�d�e�r� �c�o�w�s�.� �T�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �c�h�e�c�k�i�n�g� �t�h�e� �a�g�e� �a�n�d� �w�e�i�g�h�t� �o�f� �f�i�r�s�t� �c�a�l�f� �h�e�i�f�e�r�s� 

�a�t� �b�r�e�e�d�i�n�g� �a�n�d� �a�t� �c�a�l�v�i�n�g�.� �A� �r�e�c�o�m�m�e�n�d�a�t�i�o�n� �i�s� �g�i�v�e�n� �t�o� �c�a�l�v�e� �h�e�i�f�e�r�s� �a�t� �2�4� �t�o� �2�6� �m�o� �o�f� �a�g�e�.� 
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�W�e�i�g�h�t� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�o�r� �h�e�t�f�e�r�s� �v�a�r�y� �w�i�t�h� �t�h�e� �d�e�s�i�r�e�d� �a�g�e� �a�t� �f�i�r�s�t� �c�a�l�v�i�n�g�.� �H�o�l�s�t�e�i�n� �h�e�i�f�e�r�s� 

�s�h�o�u�l�d� �w�e�i�g�h� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�5�0� �k�g� �a�t� �1�5� �m�o� �o�f� �a�g�e� �a�n�d� �s�h�o�u�l�d� �e�n�t�e�r� �t�h�e� �m�i�l�k�i�n�g� �h�e�r�d� �a�t� �5�2�5� �k�g�.� 

�T�h�e� �r�a�t�i�o�n�s� �f�e�d� �t�o� �h�e�i�f�e�r�s� �b�e�f�o�r�e� �c�a�l�v�i�n�g� �m�a�y� �n�e�e�d� �t�o� �b�e� �c�h�e�c�k�e�d� �f�o�r� �p�r�o�t�e�i�n� �a�n�d� �e�n�e�r�g�y� �c�o�n�t�e�n�t�.� 

�T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �w�e�l�l�-�g�r�o�w�n� �h�e�i�f�e�r�s� �i�s� �d�e�s�c�r�i�b�e�d�.� �I�f� �a� �f�i�r�s�t� �c�a�l�f� �h�e�i�f�e�r� �i�s� �s�t�i�l�l� �g�r�o�w�i�n�g� �d�u�r�i�n�g� 

�l�a�c�t�a�t�i�o�n�,� �n�u�t�r�i�e�n�t�s� �n�e�e�d�e�d� �f�o�r� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �r�e�p�r�o�d�u�c�t�i�o�n� �w�i�l�l� �b�e� �u�s�e�d� �f�o�r� �g�r�o�w�t�h�.� 

�T�h�e� �f�i�n�a�l� �c�o�m�p�a�r�i�s�o�n� �o�f� �l�a�c�t�a�t�i�o�n� �C�R� �i�s� �m�a�d�e� �b�e�t�w�e�e�n� �t�h�e� �c�o�m�b�i�n�e�d� �C�R� �f�o�r� �f�o�r� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� 

�l�a�c�t�a�t�i�o�n�s� �a�n�d� �t�h�e� �c�o�m�b�i�n�e�d� �C�R� �f�o�r� �f�o�u�r�t�h� �a�n�d� �g�r�e�a�t�e�r� �l�a�c�t�a�t�i�o�n�s�.� �I�f� �t�h�e� �c�o�m�b�i�n�e�d� �C�R� �f�o�r� �t�h�e� 

�y�o�u�n�g�e�r� �c�o�w�s� �i�s� �1�5�%� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �C�R� �f�o�r� �t�h�e� �o�l�d�e�r� �c�o�w�s�,� �a� �p�r�o�b�l�e�m� �w�i�t�h� �r�e�p�r�o�d�u�c�t�i�v�e� �c�u�l�l�i�n�g� 

�m�a�y� �e�x�i�s�t�.� �T�h�e� �o�l�d�e�r� �c�o�w�s� �m�a�y� �n�o�t� �b�e� �c�u�l�l�e�d� �a�s� �h�e�a�v�i�l�y� �a�s� �t�h�e�y� �s�h�o�u�l�d� �b�e� �f�o�r� �r�e�p�r�o�d�u�c�t�i�v�e� �r�e�a�s�o�n�s�.� 

�O�l�d�e�r� �c�o�w�s� �b�e�c�o�m�e� �l�e�s�s� �r�e�p�r�o�d�u�c�t�i�v�e�l�y� �s�o�u�n�d� �d�u�e� �t�o� �t�h�e� �s�t�r�e�s�s� �o�f� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �c�a�l�v�i�n�g�.� 

�A�l�t�h�o�u�g�h�,� �n�o� �m�o�r�e� �t�h�a�n� �1�0�%� �o�f� �t�h�e� �h�e�r�d� �s�h�o�u�l�d� �b�e� �c�u�l�l�e�d� �f�o�r� �r�e�p�r�o�d�u�c�t�i�v�e� �r�e�a�s�o�n�s� �a�n�n�u�a�l�l�y�,� �o�l�d�e�r� 

�c�o�w�s� �s�h�o�u�l�d� �m�a�k�e� �u�p� �t�h�e� �l�a�r�g�e�s�t� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�o�w�s� �c�u�l�l�e�d� �f�o�r� �r�e�p�r�o�d�u�c�t�i�v�e� �r�e�a�s�o�n�s�.� �T�h�e� �c�u�l�l�i�n�g� 

�p�r�a�c�t�i�c�e�s� �o�f� �t�h�e� �f�a�r�m� �m�a�y� �n�e�e�d� �t�o� �b�e� �c�h�a�n�g�e�d� �s�o� �t�h�a�t� �o�l�d�e�r�  ��p�r�o�b�l�e�m �� �c�o�w�s� �a�r�e� �c�u�l�l�e�d�,� �w�h�i�c�h� �s�h�o�u�l�d� 

�i�n�c�r�e�a�s�e� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �h�e�r�d�.� 

�I�f� �n�o�n�e� �o�f� �t�h�e� �t�h�r�e�e� �c�o�n�d�i�t�i�o�n�s� �e�x�i�s�t�s� �i�n� �t�h�e� �h�e�r�d� �b�e�i�n�g� �e�v�a�l�u�a�t�e�d�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �C�R� �i�s� �n�o�t� 

�b�e�i�n�g� �r�e�d�u�c�e�d� �d�u�e� �t�o� �t�h�e� �e�f�f�e�c�t�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �a�g�e� �o�f� �t�h�e� �c�o�w�.� 

�C�o�n�c�e�p�t�i�o�n� �R�a�t�e� �b�y� �S�e�r�v�i�c�e� �N�u�m�b�e�r� 

�T�h�e� �D�A�R�T� �r�e�p�o�r�t� �f�o�r� �C�R� �b�y� �s�e�r�v�i�c�e� �n�u�m�b�e�r� �c�o�n�t�a�i�n�s� �C�R� �f�o�r� �s�e�r�v�i�c�e� �n�u�m�b�e�r�s� �o�n�e�,� �t�w�o�,� �t�h�r�e�e�,� 

�f�o�u�r�,� �a�n�d� �f�i�v�e� �a�n�d� �g�r�e�a�t�e�r�.� �C�o�n�c�e�p�t�i�o�n� �r�a�t�e�s� �f�o�r� �f�i�r�s�t�,� �s�e�c�o�n�d�,� �a�n�d� �t�h�i�r�d� �s�e�r�v�i�c�e� �f�o�r� �t�h�e� �l�a�s�t� �6� �m�o� �a�r�e� 

�u�s�e�d� �i�n� �t�h�e� �e�v�a�l�u�a�t�i�o�n�.� �F�o�u�r�t�h�,� �a�n�d� �f�i�f�t�h� �a�n�d� �g�r�e�a�t�e�r� �s�e�r�v�i�c�e�s� �a�r�e� �i�g�n�o�r�e�d� �b�e�c�a�u�s�e� �t�h�e�s�e� �g�r�o�u�p�s� 

�u�s�u�a�l�l�y� �r�e�p�r�e�s�e�n�t� �a� �s�m�a�l�l�,� �s�e�l�e�c�t� �g�r�o�u�p� �o�f� �r�e�p�r�o�d�u�c�t�i�v�e� �p�r�o�b�l�e�m� �c�o�w�s�.� �A� �c�o�m�p�a�r�i�s�o�n� �i�s� �m�a�d�e� �o�f� �f�i�r�s�t� 

�a�n�d� �s�e�c�o�n�d� �s�e�r�v�i�c�e� �C�R�.� �I�f� �f�i�r�s�t� �s�e�r�v�i�c�e� �C�R� �i�s� �1�5�%� �l�e�s�s� �t�h�a�n� �s�e�c�o�n�d� �s�e�r�v�i�c�e� �C�R�,� �a� �p�r�o�b�l�e�m� �e�x�i�s�t�s�.� 

�T�h�e� �E�S� �m�a�k�e�s� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �t�o� �c�h�e�c�k� �r�a�t�i�o�n�s� �f�o�r� �a�d�e�q�u�a�t�e� �a�m�o�u�n�t�s� �o�f� �n�u�t�r�i�e�n�t�s� �a�n�d� �i�n�t�a�k�e� 
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�l�e�v�e�l�s�.� �I�n�f�o�r�m�a�t�i�o�n� �i�s� �g�i�v�e�n� �c�o�n�c�e�r�n�i�n�g� �b�o�d�y� �c�o�n�d�i�t�i�o�n� �s�c�o�r�i�n�g�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �r�e�d�u�c�i�n�g� 

�p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �c�a�l�v�i�n�g� �i�s� �d�e�s�c�r�i�b�e�d�.� �I�f� �m�o�r�e� �t�h�a�n� �1�0�%� �o�f� �a�l�l� �c�o�w�s� �i�n� �t�h�e� �h�e�r�d� �h�a�v�e� 

�p�r�o�b�i�e�m�s� �a�t� �o�r� �d�u�r�i�n�g� �c�a�l�v�i�n�g�,� �a� �p�r�o�b�l�e�m� �e�x�i�s�t�s� �a�n�d� �C�R� �w�i�l�l� �b�e� �a�f�f�e�c�t�e�d�.� 

�F�i�r�s�t� �s�e�r�v�i�c�e� �C�R� �i�s� �t�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�i�r�d� �s�e�r�v�i�c�e� �C�R�.� �I�f� �f�i�r�s�t� �s�e�r�v�i�c�e� �C�R� �i�s� �1�5�%� �l�e�s�s� �t�h�a�n� �t�h�i�r�d� 

�s�e�r�v�i�c�e�,� �t�h�e� �E�S� �i�n�v�e�s�t�i�g�a�t�e�s� �r�e�a�s�o�n�s� �f�o�r� �t�h�e� �d�i�f�f�e�r�e�n�c�e�.� �M�a�n�y� �f�a�r�m�e�r�s� �c�h�a�n�g�e� �b�r�e�e�d�i�n�g� �p�o�l�i�c�y� �f�o�r� 

�t�h�i�r�d� �s�e�r�v�i�c�e�,� �w�h�i�c�h� �c�a�n� �a�f�f�e�c�t� �C�R�.� �T�h�e� �E�S� �a�s�k�s� �i�f� �t�h�e� �h�e�r�d� �b�r�e�e�d�i�n�g� �p�o�l�i�c�y� �f�o�r� �t�h�i�r�d� �s�e�r�v�i�c�e� �d�i�f�f�e�r�s� 

�f�r�o�m� �f�i�r�s�t� �o�r� �s�e�c�o�n�d� �s�e�r�v�i�c�e�.� �I�f� �t�h�e� �p�o�l�i�c�y� �i�s� �d�i�f�f�e�r�e�n�t�,� �t�h�e� �E�S� �w�i�l�l� �c�o�n�t�i�n�u�e� �t�o� �i�n�v�e�s�t�i�g�a�t�e�.� �I�f� �t�h�e� 

�b�r�e�e�d�i�n�g� �p�o�l�i�c�y� �i�s� �n�o�t� �d�i�f�f�e�r�e�n�t�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �n�e�g�a�t�i�v�e� �e�n�e�r�g�y� �b�a�l�a�n�c�e� �m�a�y� �b�e� �r�e�d�u�c�i�n�g� �C�R�,� 

�a�n�d� �s�u�g�g�e�s�t�s� �m�e�t�h�o�d�s� �o�f� �r�e�d�u�c�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�f� �n�e�g�a�t�i�v�e� �e�n�e�r�g�y� �b�a�l�a�n�c�e� �o�n� �c�o�n�c�e�p�t�i�o�n�.� �T�h�e� �E�S� �a�l�s�o� 

�s�u�g�g�e�s�t�s� �t�h�a�t� �c�o�w�s� �m�a�y� �n�o�t� �b�e� �r�e�a�d�y� �t�o� �b�e� �i�n�s�e�m�i�n�a�t�e�d� �a�t� �f�i�r�s�t� �s�e�r�v�i�c�e� �b�e�c�a�u�s�e� �u�t�e�r�i�n�e� �i�n�v�o�l�u�t�i�o�n� 

�m�a�y� �n�o�t� �b�e� �c�o�m�p�l�e�t�e�.� �T�h�r�e�e� �q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �t�h�i�r�d� �s�e�r�v�i�c�e� �b�r�e�e�d�i�n�g� �p�o�l�i�c�y� �a�r�e� �g�e�n�e�r�a�t�e�d� �i�f� �a� 

�d�i�f�f�e�r�e�n�t� �p�o�l�i�c�y� �i�s� �b�e�i�n�g� �u�s�e�d�.� �T�h�e� �f�i�r�s�t� �q�u�e�s�t�i�o�n� �d�e�t�e�r�m�i�n�e�s� �i�f� �g�o�n�a�d�o�t�r�o�p�i�n� �r�e�l�e�a�s�i�n�g� �h�o�r�m�o�n�e� �i�s� 

�g�i�v�e�n� �w�i�t�h� �t�h�i�r�d� �s�e�r�v�i�c�e�.� �I�f� �t�h�e� �h�o�r�m�o�n�e� �i�s� �g�i�v�e�n�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �o�v�u�l�a�t�i�o�n� �i�s� �b�e�i�n�g� �c�o�n�-� 

�t�r�o�l�l�e�d� �s�o� �t�h�a�t� �t�h�i�r�d� �s�e�r�v�i�c�e� �w�o�u�l�d� �b�e�t�t�e�r� �c�o�r�r�e�s�p�o�n�d� �t�o� �o�v�u�l�a�t�i�o�n�.� �T�h�e� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �a�c�c�u�r�a�c�y� 

�o�f� �f�i�r�s�t� �s�e�r�v�i�c�e� �m�a�y� �n�o�t� �b�e� �a�s� �p�r�e�c�i�s�e� �w�i�t�h�o�u�t� �t�h�e� �u�s�e� �o�f� �t�h�e� �h�o�r�m�o�n�e�.� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�r�e� �g�i�v�e�n� 

�o�n� �h�o�w� �t�o� �i�m�p�r�o�v�e� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�.� �I�f� �t�h�e� �h�o�r�m�o�n�e� �i�s� �n�o�t� �b�e�i�n�g� �u�s�e�d� �o�n� �t�h�i�r�d� 

�s�e�r�v�i�c�e�s�,� �t�h�e� �E�S� �d�e�s�c�r�i�b�e�s� �h�o�w� �t�h�e� �h�o�r�m�o�n�e� �m�a�y� �h�e�l�p� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e�s� �b�y� �i�m�p�r�o�v�i�n�g� �t�h�e� �t�i�m�i�n�g� 

�o�f� �o�v�u�l�a�t�i�o�n�.� �T�h�e� �s�e�c�o�n�d� �q�u�e�s�t�i�o�n� �a�s�k�s� �i�f� �y�o�u�n�g� �s�i�r�e�s� �a�r�e� �u�s�e�d� �m�o�r�e� �f�r�e�q�u�e�n�t�l�y� �o�n� �t�h�i�r�d� �s�e�r�v�i�c�e� �t�h�a�n� 

�f�i�r�s�t�.� �I�f� �s�o�,� �t�h�e� �E�S� �w�i�l�l� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �l�o�w� �C�R� �o�n� �t�h�e� �f�a�r�m� �i�s� �d�u�e� �t�o� �p�o�o�r� �s�e�m�e�n� �h�a�n�d�l�i�n�g� �a�n�d� 

�A�l� �t�e�c�h�n�i�q�u�e�.� �Y�o�u�n�g� �s�i�r�e� �s�e�m�e�n� �u�s�u�a�l�l�y� �c�o�n�t�a�i�n�s� �m�o�r�e� �s�p�e�r�m�,� �w�h�i�c�h� �m�a�y� �m�a�s�k� �t�h�e� �e�f�f�e�c�t� �o�f� �p�o�o�r� 

�t�e�c�h�n�i�q�u�e�.� �T�h�e� �t�h�i�r�d� �q�u�e�s�t�i�o�n� �a�s�k�s� �i�f� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �i�s� �u�s�e�d� �o�n� �5�0�%� �o�r� �m�o�r�e� �o�f� �a�l�l� �t�h�i�r�d� �s�e�r�v�i�c�e�s�.� 

�A� �h�i�g�h�e�r� �t�h�i�r�d� �s�e�r�v�i�c�e� �C�R� �d�u�e� �t�o� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �i�n�d�i�c�a�t�e�s� �p�o�o�r� �s�e�m�e�n� �h�a�n�d�l�i�n�g� �a�n�d� �A�I� �t�e�c�h�n�i�q�u�e� 

�i�s� �p�r�o�b�a�b�l�y� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �l�o�w� �f�i�r�s�t� �s�e�r�v�i�c�e� �C�R�.� �T�h�e� �E�S� �w�i�l�l� �r�e�v�i�e�w� �t�h�e� �s�e�m�e�n� �h�a�n�d�l�i�n�g� �a�n�d� 

�A�I� �t�e�c�h�n�i�q�u�e� �u�s�e�d� �o�n� �t�h�e� �f�a�r�m�.� �I�f�a� �d�i�f�f�e�r�e�n�t� �t�h�i�r�d� �s�e�r�v�i�c�e� �b�r�e�e�d�i�n�g� �p�o�l�i�c�y� �i�s� �u�s�e�d�,� �b�u�t� �t�h�e� �E�S� �c�a�n�n�o�t� 

�d�e�t�e�r�m�i�n�e� �t�h�e� �p�o�l�i�c�y� �w�i�t�h� �t�h�r�e�e� �q�u�e�s�t�i�o�n�s� �a�s�k�e�d�,� �a� �r�e�c�o�m�m�e�n�d�a�t�i�o�n� �i�s� �g�i�v�e�n� �t�o� �d�i�s�c�u�s�s� �t�h�e� �p�o�l�i�c�y� 

�w�i�t�h� �a� �r�e�p�r�o�d�u�c�t�i�v�e� �s�p�e�c�i�a�l�i�s�t�.� 
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�I�f� �t�h�e�r�e� �i�s� �n�o�t� �a� �1�5�%� �d�i�f�f�e�r�e�n�c�e� �i�n� �C�R� �b�e�t�w�e�e�n� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d�,� �a�n�d� �f�i�r�s�t� �a�n�d� �t�h�i�r�d� �s�e�r�v�i�c�e�,� �t�h�e� �E�S� 

�c�o�n�c�l�u�d�e�s� �t�h�a�t� �n�o� �p�a�r�t�i�c�u�l�a�r� �s�e�r�v�i�c�e� �n�u�m�b�e�r� �i�s� �r�e�d�u�c�i�n�g� �h�e�r�d� �C�R�.� 

�C�o�n�c�e�p�t�i�o�n� �R�a�t�e� �b�y� �D�a�y�s� �i�n� �M�i�l�k� 

�T�h�e� �D�A�R�T� �r�e�p�o�r�t� �f�o�r� �C�R� �b�y� �d�a�y�s� �i�n� �m�i�l�k� �c�o�n�t�a�i�n�s� �C�R� �b�y� �g�r�o�u�p�s� �o�f� �c�o�w�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �d�a�y�s� �i�n� 

�m�i�l�k�.� �D�a�y�s� �i�n� �m�i�l�k� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �n�i�n�e� �g�r�o�u�p�s� �f�o�r� �c�o�m�p�a�r�i�s�o�n� �p�u�r�p�o�s�e�s�.� �L�e�s�s� �t�h�a�n� �5�0� �d� �i�s� �t�h�e� �f�i�r�s�t� 

�g�r�o�u�p� �w�i�t�h� �e�a�c�h� �g�r�o�u�p� �t�h�e�r�e�a�f�t�e�r� �b�e�i�n�g� �5�0� �t�o� �5�9� �d�,� �6�0� �t�o� �6�9� �d�,� �7�0� �t�o� �7�9� �d�,� �8�0� �t�o� �8�9� �d�,� �a�n�d� �9�0� �t�o� �9�9� 

�d�.� �T�h�e� �g�r�o�u�p�s� �a�f�t�e�r� �1�0�0� �d� �a�r�e� �1�0�0� �t�o� �1�1�9� �d�,� �1�2�0� �t�o� �1�4�9� �d� �a�n�d� �g�r�e�a�t�e�r� �t�h�a�n� �1�5�0� �d�.� �A� �C�R� �f�o�r� �e�a�c�h� 

�g�r�o�u�p� �i�s� �c�a�l�c�u�l�a�t�e�d�.� �A�l�l� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �C�R� �c�a�l�c�u�l�a�t�i�o�n� �f�o�r� �a� �s�p�e�c�i�f�i�c� �g�r�o�u�p� �o�f� 

�d�a�y�s� �i�n� �m�i�l�k�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�f� �a� �c�o�w� �w�a�s� �i�n�s�e�m�i�n�a�t�e�d� �a�t� �7�5� �d� �a�n�d� �r�e�t�u�r�n�e�d� �t�o� �e�s�t�r�u�s� �a�t� �9�6� �d�,� �a�n�d� 

�c�o�n�c�e�i�v�e�d�,� �b�o�t�h� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�n�d� �o�n�e� �p�r�e�g�n�a�n�c�y� �w�o�u�l�d� �a�p�p�e�a�r� �i�n� �t�h�e� �r�e�p�o�r�t�.� �T�h�e� �f�i�r�s�t� �s�e�r�v�i�c�e� �a�t� 

�7�5� �d� �w�a�s� �u�n�s�u�c�c�e�s�s�f�u�l�,� �w�h�i�l�e� �t�h�e� �s�e�c�o�n�d� �a�t� �9�6� �d� �r�e�s�u�l�t�e�d� �i�n� �a� �p�r�e�g�n�a�n�c�y�.� 

�T�w�o� �c�o�m�p�a�r�i�s�o�n�s� �a�r�e� �m�a�d�e� �o�f� �C�R� �b�y� �d�a�y�s� �i�n� �m�i�l�k�.� �T�h�e� �f�i�r�s�t� �c�o�m�p�a�r�i�s�o�n� �i�s� �b�e�t�w�e�e�n� �t�h�e� �c�o�m�b�i�n�e�d� 

�C�R� �f�o�r� �l�e�s�s� �t�h�a�n� �6�0� �d�a�y�s� �i�n� �m�i�l�k� �a�n�d� �t�h�e� �c�o�m�b�i�n�e�d� �C�R� �f�o�r� �d�a�y�s� �i�n� �m�i�l�k� �b�e�t�w�e�e�n� �6�0� �a�n�d� �9�0�.� �I�f� �t�h�e� 

�C�R� �f�o�r� �l�e�s�s� �t�h�a�n� �6�0� �d� �i�s� �1�5�%� �l�e�s�s� �t�h�a�n� �t�h�e� �C�R� �f�o�r� �b�e�t�w�e�e�n� �6�0� �a�n�d� �9�0� �d�a�y�s�,� �t�h�e� �E�S� �i�n�d�i�c�a�t�e�s� �t�h�a�t� 

�c�o�w�s� �i�n�s�e�m�i�n�a�t�e�d� �b�e�f�o�r�e� �6�0� �d� �w�e�r�e� �p�r�o�b�a�b�l�y� �n�o�t� �r�e�a�d�y� �t�o� �c�o�n�c�e�i�v�e�.� �U�t�e�r�i�n�e� �i�n�v�o�l�u�t�i�o�n� �i�s� �b�e�i�n�g� 

�d�e�l�a�y�e�d� �b�y� �d�y�s�t�o�c�i�a�,� �r�e�t�a�i�n�e�d� �p�l�a�c�e�n�t�a�s�,� �s�t�r�e�s�s�,� �o�r� �p�o�o�r� �n�u�t�r�i�t�i�o�n�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �u�t�e�r�i�n�e� 

�i�n�v�o�l�u�t�i�o�n� �t�o� �C�R� �i�s� �e�x�p�l�a�i�n�e�d�.� �T�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �i�f� �1�0�%� �o�r� �m�o�r�e� �o�f� �a�l�l� �c�a�l�v�i�n�g�s� �a�r�e� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �s�o�m�e� �t�y�p�e� �o�f� �a�b�n�o�r�m�a�l�i�t�y�,� �a�n� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �f�a�r�m� �p�o�l�i�c�i�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �c�a�l�v�i�n�g� �a�n�d� �c�a�l�v�i�n�g� 

�p�r�o�b�l�e�m�s� �m�a�y� �b�e� �n�e�e�d�e�d�.� 

�A� �s�e�c�o�n�d� �c�o�m�p�a�r�i�s�o�n� �i�s� �m�a�d�e� �b�e�t�w�e�e�n� �t�h�e� �c�o�m�b�i�n�e�d� �C�R� �f�o�r� �l�e�s�s� �t�h�a�n� �1�0�0� �d�a�y�s� �i�n� �m�i�l�k� �a�n�d� �t�h�e� 

�c�o�m�b�i�n�e�d� �C�R� �f�o�r� �g�r�e�a�t�e�r� �t�h�a�n� �1�0�0� �d�a�y�s�.� �I�f� �t�h�e� �c�o�m�b�i�n�e�d� �C�R� �f�o�r� �l�e�s�s� �t�h�a�n� �1�0�0� �d� �i�s� �a�t� �l�e�a�s�t� �1�5�%� 

�l�e�s�s� �t�h�a�n� �t�h�e� �p�o�o�l�e�d� �C�R� �f�o�r� �g�r�e�a�t�e�r� �t�h�a�n� �1�0�0� �d�,� �a� �p�r�o�b�l�e�m� �e�x�i�s�t�s� �w�i�t�h� �n�e�g�a�t�i�v�e� �e�n�e�r�g�y� �b�a�l�a�n�c�e�.� �T�h�e� 

�E�S� �d�e�s�c�r�i�b�e�s� �p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �n�e�g�a�t�i�v�e� �e�n�e�r�g�y� �b�a�l�a�n�c�e�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �n�e�g�a�t�i�v�e� �e�n�e�r�g�y� 
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�b�a�l�a�n�c�e� �a�r�e� �l�e�s�s� �a�f�t�e�r� �1�0�0� �d�a�y�s� �i�n� �m�i�l�k� �b�e�c�a�u�s�e� �d�a�i�l�y� �i�n�t�a�k�e� �h�a�s� �i�n�c�r�e�a�s�e�d� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �h�a�s� �s�t�a�r�t�e�d� 

�t�o� �d�e�c�r�e�a�s�e�.� �T�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �e�n�e�r�g�y� �a�n�d� �i�n�t�a�k�e� �o�f� �t�h�e� �r�a�t�i�o�n� �b�e� �m�o�n�i�t�o�r�e�d� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� 

�2� �m�o� �o�f� �l�a�c�t�a�t�i�o�n�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �b�o�d�y� �c�o�n�d�i�t�i�o�n� �s�c�o�r�i�n�g� �a�n�d� �t�h�e� �e�f�f�e�c�t� �o�f� �l�e�n�g�t�h� �o�f� �t�h�e� �d�r�y� 

�p�e�r�i�o�d� �a�r�e� �a�l�s�o� �d�e�s�c�r�i�b�e�d�.� 

�I�f� �n�o� �d�i�f�f�e�r�e�n�c�e�s� �c�a�n� �b�e� �f�o�u�n�d� �a�m�o�n�g� �d�a�y�s� �i�n� �m�i�l�k� �f�o�r� �t�h�e� �c�o�m�b�i�n�e�d� �C�R�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �t�h�e� 

�e�f�f�e�c�t�s� �r�e�l�a�t�e�d� �t�o� �d�a�y�s� �i�n� �m�i�l�k� �a�r�e� �n�o�t� �l�o�w�e�r�i�n�g� �C�R�.� �T�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �l�o�w� �h�e�r�d� �C�R� �i�s� 

�p�r�o�b�a�b�l�y� �d�u�e� �t�o� �p�o�o�r� �s�e�m�e�n� �h�a�n�d�l�i�n�g� �o�r� �A�I� �t�e�c�h�n�i�q�u�e�s�.� 

�R�e�p�r�o�d�u�c�t�i�v�e� �P�e�r�f�o�r�m�a�n�c�e� �b�y� �D�H�I� �R�a�t�i�n�g� 

�T�h�e� �D�A�R�T� �r�e�p�r�o�d�u�c�t�i�o�n� �r�e�p�o�r�t� �c�a�t�e�g�o�r�i�z�e�d� �b�y� �D�H�I� �r�a�t�i�n�g�,� �c�r�e�a�t�e�d� �b�y� �t�h�e� �e�x�t�e�n�s�i�o�n� �r�e�p�r�o�d�u�c�t�i�v�e� 

�s�p�e�c�i�a�l�i�s�t� �f�o�r� �t�h�e� �s�t�a�t�e� �o�f� �V�i�r�g�i�n�i�a�,� �d�i�v�i�d�e�s� �t�h�e� �h�e�r�d� �i�n�t�o� �m�a�j�o�r� �a�n�d� �m�i�n�o�r� �p�r�o�d�u�c�t�i�o�n� �g�r�o�u�p�s�.� �T�h�e� 

�t�h�r�e�e� �m�a�j�o�r� �g�r�o�u�p�s� �t�h�a�t� �a�r�e� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �E�S� �a�r�e�  ��A �� �a�n�d�  ��B �� �r�a�t�e�d� �c�o�w�s�,�  � ��C �� �r�a�t�e�d� �c�o�w�s�,� �a�n�d� 

 ��D �� �a�n�d�  ��E �� �r�a�t�e�d� �c�o�w�s�.� �L�e�t�t�e�r� �r�a�t�i�n�g�s� �f�o�r� �i�n�d�i�v�i�d�u�a�l� �c�o�w�s� �a�r�e� �b�a�s�e�d� �o�n� �t�h�e� �c�u�r�r�e�n�t� �3�0�5� �d� �2�x� �M�E� 

�r�e�c�o�r�d� �f�o�r� �e�a�c�h� �c�o�w�,� �a�d�j�u�s�t�e�d� �t�o� �3�.�5�%� �F�C�M�.� �T�h�i�s� �3�.�5�%� �F�C�M� �r�e�c�o�r�d� �f�o�r� �e�a�c�h� �c�o�w� �i�s� �d�i�v�i�d�e�d� �b�y� 

�t�h�e� �3�.�5�%� �F�C�M� �l�a�c�t�a�t�i�o�n� �a�v�e�r�a�g�e� �f�o�r� �t�h�e� �e�n�t�i�r�e� �h�e�r�d�.� �C�o�w�s� �r�a�t�e�d�  ��A �� �a�r�e� �1�1�0�%� �o�f� �t�h�e� �h�e�r�d� �a�v�e�r�a�g�e�,� 

�w�h�i�l�e�  ��B �� �r�a�t�e�d� �c�o�w�s� �a�r�e� �b�e�t�w�e�e�n� �1�0�0� �a�n�d� �1�1�0�%� �o�f� �h�e�r�d� �a�v�e�r�a�g�e�.� �T�h�e�  ��A �� �a�n�d�  ��B �� �r�a�t�e�d� �c�o�w�s� 

�r�e�p�r�e�s�e�n�t� �t�h�e� �h�i�g�h�e�s�t� �p�r�o�d�u�c�e�r�s� �w�i�t�h�i�n� �a� �h�e�r�d�.� �C�o�w�s� �r�a�t�e�d�  ��C �� �a�n�d�  ��D �� �a�r�e� �9�0� �t�o� �1�0�0�%�,� �a�n�d� �8�0� �t�o� 

�9�0�%� �o�f� �h�e�r�d� �a�v�e�r�a�g�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �a�n�d� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �a�v�e�r�a�g�e� �t�o� �l�o�w� �p�r�o�d�u�c�e�r�s�.� �T�h�e�  ��E �� �r�a�t�e�d� �c�o�w�s� 

�a�r�e� �l�e�s�s� �t�h�a�n� �8�0�%� �o�f� �h�e�r�d� �a�v�e�r�a�g�e� �a�n�d� �u�s�u�a�l�l�y� �r�e�p�r�e�s�e�n�t� �p�o�t�e�n�t�i�a�l� �c�u�l�l� �c�o�w�s�.� �E�a�c�h� �m�a�j�o�r� �g�r�o�u�p� 

�i�s� �m�a�d�e� �u�p� �o�f� �t�h�r�e�e� �m�i�n�o�r� �g�r�o�u�p�s�.� �M�i�n�o�r� �g�r�o�u�p�s� �r�e�p�r�e�s�e�n�t�e�d� �a�r�e� �f�i�r�s�t�,� �s�e�c�o�n�d�,� �a�n�d� �t�h�i�r�d� �a�n�d� �g�r�e�a�t�e�r� 

�l�a�c�t�a�t�i�o�n�s�.� �I�n�f�o�r�m�a�t�i�o�n� �a�v�a�i�l�a�b�l�e� �o�n� �t�h�e� �r�e�p�o�r�t� �i�n�c�l�u�d�e�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�w�s� �i�n� �e�a�c�h� �m�i�n�o�r� �g�r�o�u�p� 

�a�n�d� �m�a�j�o�r� �g�r�o�u�p�,� �m�i�l�k� �w�e�i�g�h�t�s�,� �p�r�o�j�e�c�t�e�d� �l�a�c�t�a�t�i�o�n� �a�v�e�r�a�g�e�s� �a�n�d� �r�e�p�r�o�d�u�c�t�i�v�e� �i�n�f�o�r�m�a�t�i�o�n�.� �A�v�e�r�a�g�e� 

�d�a�y�s� �o�p�e�n�,� �d�a�y�s� �t�o� �f�i�r�s�t� �b�r�e�e�d�i�n�g�,� �n�u�m�b�e�r� �o�f� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n�,� �a�n�d� �l�e�n�g�t�h� �o�f� �e�s�t�r�o�u�s� �i�n�t�e�r�-� 

�v�a�l�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �v�a�l�u�e�s� �t�h�a�t� �a�r�e� �o�b�t�a�i�n�e�d� �a�n�d� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �E�S�.� �T�h�i�s� �r�e�p�o�r�t� �i�s� 
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�u�s�e�f�u�l� �i�n� �c�o�m�p�a�r�i�n�g� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �h�i�g�h� �a�n�d� �l�o�w� �p�r�o�d�u�c�i�n�g� �c�o�w�s� �i�n� �d�i�f�f�e�r�e�n�t� 

�l�a�c�t�a�t�i�o�n�s�.� �V�a�r�i�o�u�s� �a�r�e�a�s� �b�e�s�i�d�e�s� �C�R� �c�a�n� �b�e� �d�i�a�g�n�o�s�e�d� �f�r�o�m� �t�h�i�s� �D�A�R�T� �r�e�p�o�r�t�.� 

�T�h�e� �E�S� �d�e�t�e�r�m�i�n�e�s� �i�f� �t�h�e�r�e� �i�s� �a� �d�i�f�f�e�r�e�n�c�e� �i�n� �D�O� �a�m�o�n�g�  ��A�-�B �� �r�a�t�e�d� �c�o�w�s� �(�f�i�r�s�t� �m�a�j�o�r� �g�r�o�u�p�)�,� �a�n�d� 

�t�h�e� �c�o�m�b�i�n�e�d� �a�v�e�r�a�g�e� �o�f� �t�h�e�  ��C �� �r�a�t�e�d� �c�o�w�s� �(�s�e�c�o�n�d� �m�a�j�o�r� �g�r�o�u�p�)�,� �a�n�d�  ��D�-�E �� �r�a�t�e�d� �c�o�w�s� �(�t�h�i�r�d� 

�m�a�j�o�r� �g�r�o�u�p�)�.� �I�f� �t�h�e� �f�i�r�s�t� �g�r�o�u�p� �h�a�s� �a� �D�O� �t�h�a�t� �i�s� �m�o�r�e� �t�h�a�n� �2�4� �d� �l�o�n�g�e�r� �t�h�a�n� �t�h�e� �c�o�m�b�i�n�e�d� �a�v�e�r�a�g�e� 

�o�f� �t�h�e� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �g�r�o�u�p�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �a� �p�r�o�b�l�e�m� �e�x�i�s�t�s�.� �T�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� 

�e�f�f�e�c�t�s� �o�f� �i�n�c�r�e�a�s�e�d� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �m�a�y� �b�e� �l�o�w�e�r�i�n�g� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �t�h�e� �h�i�g�h�e�s�t� 

�p�r�o�d�u�c�i�n�g� �c�o�w�s�.� �T�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �t�h�e� �s�t�r�e�s�s� �o�f� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �n�e�e�d�s� �t�o� �b�e� �r�e�d�u�c�e�d� 

�t�h�r�o�u�g�h� �p�r�o�p�e�r� �n�u�t�r�i�t�i�o�n�.� �M�o�r�e� �a�t�t�e�n�t�i�o�n� �m�a�y� �b�e� �n�e�e�d�e�d� �t�o� �t�h�e� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �i�n� �h�i�g�h� �p�r�o�-� 

�d�u�c�e�r�s�.� �T�h�e� �E�S� �t�h�e�n� �b�e�g�i�n�s� �a�n� �e�v�a�l�u�a�t�i�o�n� �o�f� �D�F�B�,� �C�R� �a�n�d� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�s� �b�e�t�w�e�e�n� �t�h�e� �f�i�r�s�t� �m�a�j�o�r� 

�g�r�o�u�p� �a�n�d� �t�h�e� �p�o�o�l�e�d� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �g�r�o�u�p�.� �I�f� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �D�O� �i�s� �f�o�u�n�d�,� �t�h�e� �E�S� �s�t�i�l�l� �i�n�v�e�s�-� 

�t�i�g�a�t�e�s� �t�h�e� �o�t�h�e�r� �a�r�e�a�s� �a�s� �a� �p�r�o�b�l�e�m� �m�a�y� �s�t�i�l�l� �e�x�i�s�t�.� 

�A�v�e�r�a�g�e� �d�a�y�s� �t�o� �f�i�r�s�t� �b�r�e�e�d�i�n�g� �a�r�e� �c�o�m�p�a�r�e�d� �b�e�t�w�e�e�n� �t�h�e� �f�i�r�s�t� �m�a�j�o�r� �g�r�o�u�p� �a�n�d� �t�h�e� �c�o�m�b�i�n�e�d� �r�e�-� 

�m�a�i�n�i�n�g� �g�r�o�u�p�s�.� �I�f� �t�h�e� �h�i�g�h� �p�r�o�d�u�c�i�n�g� �c�o�w�s� �h�a�v�e� �D�F�B� �t�h�a�t� �i�s� �1�2� �d� �l�o�n�g�e�r� �t�h�a�n� �l�o�w�e�r� �p�r�o�d�u�c�i�n�g� 

�c�o�w�s�,� �a� �p�r�o�b�l�e�m� �e�x�i�s�t�s� �a�n�d� �t�h�e� �m�i�n�o�r� �g�r�o�u�p�s� �a�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h�i�n� �t�h�e�  ��A�-�B �� �r�a�t�e�d� �m�a�j�o�r� �g�r�o�u�p�.� 

�I�f� �t�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �D�F�B� �b�e�t�w�e�e�n� �m�a�j�o�r� �g�r�o�u�p�s�,� �t�h�e� �E�S� �w�i�l�l� �n�o�t� �e�v�a�l�u�a�t�e� �t�h�e� �m�i�n�o�r� �g�r�o�u�p�s� 

�a�n�d� �s�t�a�t�e�s� �t�h�a�t� �t�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �D�F�B� �a�m�o�n�g� �m�a�j�o�r� �g�r�o�u�p�s� �a�n�d� �D�O� �o�f� �h�i�g�h� �p�r�o�d�u�c�i�n�g� �c�o�w�s� 

�i�s� �n�o�t� �b�e�i�n�g� �e�x�t�e�n�d�e�d� �d�u�e� �t�o� �p�r�o�b�l�e�m�s� �r�e�l�a�t�e�d� �t�o� �D�F�B�.� �I�f� �a� �p�r�o�b�l�e�m� �e�x�i�s�t�s�,� �e�a�c�h� �m�i�n�o�r� �g�r�o�u�p ��s� 

�D�F�B� �i�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �D�F�B� �o�f� �t�h�e� �f�i�r�s�t� �m�a�j�o�r� �g�r�o�u�p�.� �F�o�r� �e�a�c�h� �m�i�n�o�r� �g�r�o�u�p� �t�h�a�t� �h�a�s� �a� �D�F�B� �t�h�a�t� 

�i�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �a�v�e�r�a�g�e� �m�a�j�o�r� �g�r�o�u�p ��s� �D�F�B� �b�y� �m�o�r�e� �t�h�a�n� �1�2� �d�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �w�a�y�s� �o�f� �i�m�-� 

�p�r�o�v�i�n�g� �D�F�B� �f�o�r� �t�h�e� �s�p�e�c�i�f�i�c� �m�i�n�o�r� �g�r�o�u�p� �i�d�e�n�t�i�f�i�e�d�.� �I�f� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �t�h�e� �f�i�r�s�t� �l�a�c�t�a�t�i�o�n� 

�m�i�n�o�r� �g�r�o�u�p� �h�a�s� �a� �p�r�o�b�l�e�m� �w�i�t�h� �D�F�B�,� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�r�e� �g�i�v�e�n� �r�e�g�a�r�d�i�n�g� �a� �p�r�o�p�e�r� �h�e�i�f�e�r� �r�e�a�r�i�n�g� 

�p�r�o�g�r�a�m�.� �I�t� �m�a�y� �b�e� �t�h�a�t� �f�i�r�s�t� �c�a�l�f� �h�e�i�f�e�r�s� �a�r�e� �t�o�o� �s�m�a�l�l� �a�n�d� �u�n�a�b�l�e� �t�o� �g�r�o�w�,� �m�i�l�k�,� �a�n�d� �r�e�p�r�o�d�u�c�e�.� 

�I�f� �t�h�e� �s�e�c�o�n�d�,� �o�r� �t�h�i�r�d� �a�n�d� �g�r�e�a�t�e�r�,� �l�a�c�t�a�t�i�o�n� �g�r�o�u�p� �h�a�s� �a� �D�F�B� �t�h�a�t� �i�s� �1�2� �d� �l�o�n�g�e�r� �t�h�a�n� �t�h�e� �a�v�e�r�a�g�e� 

�o�f� �t�h�e� �m�a�j�o�r� �g�r�o�u�p�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�e� �e�x�i�s�t�a�n�c�e� �o�f� �a� �n�e�g�a�t�i�v�e� �e�n�e�r�g�y� �b�a�l�a�n�c�e� �p�r�o�b�l�e�m�,� �a�n�d� �g�r�e�a�t�e�r� 

�a�t�t�e�n�t�i�o�n� �m�u�s�t� �b�e� �g�i�v�e�n� �t�o� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�.� �P�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�a�c�h� �a�r�e�a� �a�r�e� �d�e�s�c�r�i�b�e�d�.� 

�I�f� �t�h�e� �E�S� �c�a�n�n�o�t� �f�i�n�d� �a� �d�i�f�f�e�r�e�n�c�e� �a�m�o�n�g� �t�h�e� �t�h�r�e�e� �m�i�n�o�r� �g�r�o�u�p�s�,� �a� �r�e�c�o�m�m�e�n�d�a�t�i�o�n� �i�s� �g�i�v�e�n� �t�o� 
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�i�n�c�r�e�a�s�e� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �e�f�f�i�c�i�e�n�c�y� �f�o�r� �a�l�l� �h�i�g�h� �p�r�o�d�u�c�i�n�g� �c�o�w�s�.� �W�h�e�n� �t�h�e�r�e� �a�r�e� �n�o� �d�i�f�f�e�r�e�n�c�e�s� 

�a�m�o�n�g� �t�h�e� �m�i�n�o�r� �g�r�o�u�p�s�,� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �D�F�B� �i�s� �m�o�s�t� �l�i�k�e�l�y� �r�e�l�a�t�e�d� �t�o� �p�o�o�r� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�.� 

�T�h�e� �E�S� �t�h�e�n� �c�o�m�p�a�r�e�s� �t�h�e� �n�u�m�b�e�r� �o�f� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n�.� �T�h�e� �a�v�e�r�a�g�e� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�-� 

�c�e�p�t�i�o�n� �f�o�r� �m�a�j�o�r� �a�n�d� �m�i�n�o�r� �g�r�o�u�p�s� �i�s� �a�l�w�a�y�s� �t�r�u�n�c�a�t�e�d� �t�o� �a�n� �i�n�t�e�g�e�r� �o�n� �t�h�i�s� �D�A�R�T� �r�e�p�o�r�t�.� �I�f� �t�h�e� 

�a�v�e�r�a�g�e� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �f�o�r� �a� �g�r�o�u�p� �i�s� �1�.�7�,� �t�h�e� �r�e�p�o�r�t� �w�o�u�l�d� �r�e�c�o�r�d� �1�.� �T�h�e� �f�i�r�s�t� �c�o�m�p�a�r�i�s�o�n� 

�i�s� �b�e�t�w�e�e�n� �t�h�e�  ��A�-�B �� �m�a�j�o�r� �g�r�o�u�p� �a�n�d� �t�h�e� �c�o�m�b�i�n�e�d� �a�v�e�r�a�g�e� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �f�o�r� �t�h�e� �o�t�h�e�r� 

�t�w�o� �m�a�j�o�r� �g�r�o�u�p�s�.� �I�f� �h�i�g�h�e�r� �p�r�o�d�u�c�i�n�g� �c�o�w�s� �r�e�q�u�i�r�e� �m�o�r�e� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n�,� �a� �p�r�o�b�l�e�m� 

�e�x�i�s�t�s�.� �T�h�e� �E�S� �d�e�s�c�r�i�b�e�s� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �t�h�a�t� �w�i�l�l� �r�e�d�u�c�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �h�i�g�h� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� 

�o�n� �c�o�n�c�e�p�t�i�o�n�.� �E�n�e�r�g�y� �a�n�d� �i�n�t�a�k�e� �l�e�v�e�l�s� �o�f� �r�a�t�i�o�n�s� �s�h�o�u�l�d� �b�e� �m�o�n�i�t�o�r�e�d�,� �e�s�p�e�c�i�a�l�l�y� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� 

�t�w�o� �m�o�n�t�h�s� �o�f� �l�a�c�t�a�t�i�o�n�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �b�o�d�y� �c�o�n�d�i�t�i�o�n� �i�s� �a�l�s�o� �d�e�s�c�r�i�b�e�d�.� �W�h�e�n� �t�h�e� �E�S� �d�e�-� 

�t�e�r�m�i�n�e�s� �t�h�a�t�  ��A�-�B �� �r�a�t�e�d� �c�o�w�s� �h�a�v�e� �a� �h�i�g�h�e�r� �n�u�m�b�e�r� �o�f� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n�,� �e�a�c�h� �m�i�n�o�r� 

�g�r�o�u�p� �i�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �a�v�e�r�a�g�e� �o�f� �t�h�e�  ��A�-�B �� �m�a�j�o�r� �g�r�o�u�p�.� �I�f� �a� �m�i�n�o�r� �g�r�o�u�p� �h�a�s� �m�o�r�e� �b�r�e�e�d�i�n�g�s� 

�p�e�r� �c�o�n�c�e�p�t�i�o�n� �t�h�a�n� �t�h�e� �a�v�e�r�a�g�e� �o�f� �t�h�e� �m�a�j�o�r� �g�r�o�u�p�,� �t�h�e� �E�S� �p�i�n�p�o�i�n�t�s� �t�h�a�t� �g�r�o�u�p�,� �d�e�s�c�r�i�b�e�s� �p�r�o�b�-� 

�l�e�m�s�,� �a�n�d� �g�i�v�e�s� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s�.� �W�h�e�n� �f�i�r�s�t� �c�a�l�f� �h�e�i�f�e�r�s� �h�a�v�e� �a� �p�r�o�b�l�e�m�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� 

�h�e�i�f�e�r� �r�e�a�r�i�n�g� �p�r�a�c�t�i�c�e�s� �n�e�e�d� �t�o� �b�e� �e�x�a�m�i�n�e�d�.� �W�h�e�n� �o�l�d�e�r� �c�o�w�s� �a�r�e� �r�e�q�u�i�r�i�n�g� �m�o�r�e� �b�r�e�e�d�i�n�g�s� �p�e�r� 

�c�o�n�c�e�p�t�i�o�n�,� �a� �p�r�o�b�l�e�m� �e�x�i�s�t�s� �w�i�t�h� �n�e�g�a�t�i�v�e� �e�n�e�r�g�y� �b�a�l�a�n�c�e�.� �I�f� �t�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �b�r�e�e�d�i�n�g�s� 

�p�e�r� �c�o�n�c�e�p�t�i�o�n� �a�m�o�n�g� �t�h�e� �m�i�n�o�r�  ��A�-�B �� �g�r�o�u�p�s�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �t�h�e� �s�t�r�e�s�s� �o�f� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� 

�n�e�e�d�s� �t�o� �b�e� �r�e�d�u�c�e�d� �i�n� �a�l�l� �h�i�g�h� �p�r�o�d�u�c�i�n�g� �c�o�w�s�.� �M�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �t�h�a�t� �w�i�l�l� �r�e�d�u�c�e� �s�t�r�e�s�s� �a�r�e� 

�g�i�v�e�n�.� 

�I�f� �t�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �a�m�o�n�g� �t�h�e� �m�a�j�o�r� �p�r�o�d�u�c�t�i�o�n� 

�g�r�o�u�p�s�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �p�o�o�r� �s�e�m�e�n� �h�a�n�d�l�i�n�g� �a�n�d� �A�I� �t�e�c�h�n�i�q�u�e�s� �m�a�y� �b�e� �r�e�d�u�c�i�n�g� �h�e�r�d� �C�R�.� 

�H�i�g�h� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �i�s� �n�o�t� �l�o�w�e�r�i�n�g� �C�R� �i�f� �n�o� �d�i�f�f�e�r�e�n�c�e�s� �c�a�n� �b�e� �d�e�t�e�c�t�e�d�.� 

�T�h�e� �f�i�n�a�l� �e�v�a�l�u�a�t�i�o�n� �f�r�o�m� �t�h�e� �D�H�I� �r�a�t�i�n�g� �r�e�p�o�r�t� �i�s� �a� �c�o�m�p�a�r�i�s�o�n� �o�f� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �e�s�t�r�o�u�s� �i�n�-� 

�t�e�r�v�a�l� �l�e�n�g�t�h�.� �B�y� �i�d�e�n�t�i�f�y�i�n�g� �g�r�o�u�p�s� �o�f� �c�o�w�s� �w�i�t�h� �l�o�n�g� �i�n�t�e�r�v�a�l�s�,� �m�o�r�e� �a�t�t�e�n�t�i�o�n� �a�n�d� �e�f�f�o�r�t� �t�o� �d�e�-� 

�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �c�a�n� �b�e� �g�i�v�e�n� �t�o� �p�r�o�b�l�e�m� �g�r�o�u�p�s�.� �T�h�e� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l� �f�o�r� �t�h�e�  ��A�-�B �� �g�r�o�u�p� �i�s� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �c�o�m�b�i�n�e�d� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l� �o�f� �t�h�e� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �m�a�j�o�r� �g�r�o�u�p�s�.� �I�f� �h�i�g�h� �p�r�o�d�u�c�i�n�g� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �5�0



�c�o�w�s� �h�a�v�e� �a�n� �i�n�t�e�r�v�a�l� �t�h�a�t� �i�s� �1�2� �d� �o�r� �m�o�r�e� �l�a�r�g�e�r� �t�h�a�n� �l�o�w� �p�r�o�d�u�c�i�n�g� �c�o�w�s�,� �a� �p�r�o�b�l�e�m� �e�x�i�s�t�s�.� �T�w�o� 

�f�a�c�t�o�r�s� �m�a�y� �b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �l�e�n�g�t�h�e�n�i�n�g� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�.� �C�o�w�s� �m�a�y� �n�o�t� �b�e� �c�y�c�l�i�n�g� �d�u�e� �t�o� �t�h�e� 

�s�t�r�e�s�s� �o�f� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n�,� �f�o�r� �w�h�i�c�h� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �c�h�e�c�k�i�n�g� �t�h�e� �e�n�e�r�g�y� �c�o�n�t�e�n�t� �o�f� �t�h�e� �r�a�t�i�o�n� 

�a�n�d� �t�h�e� �b�o�d�y� �c�o�n�d�i�t�i�o�n� �o�f� �c�o�w�s�.� �M�o�r�e� �l�i�k�e�l�y�,� �h�i�g�h� �p�r�o�d�u�c�i�n�g� �c�o�w�s� �m�a�y� �n�o�t� �b�e� �o�b�s�e�r�v�e�d� �c�l�o�s�e�l�y� 

�e�n�o�u�g�h� �f�o�r� �e�s�t�r�u�s�.� �H�i�g�h� �p�r�o�d�u�c�i�n�g� �c�o�w�s� �w�i�l�l� �s�h�o�w� �s�u�b�t�l�e� �s�i�g�n�s� �o�f� �e�s�t�r�u�s� �f�o�r� �s�h�o�r�t�e�r� �l�e�n�g�t�h�s� �o�f� �t�i�m�e�.� 

�A� �r�e�c�o�m�m�e�n�d�a�t�i�o�n� �i�s� �g�i�v�e�n� �t�o� �o�b�s�e�r�v�e� �h�i�g�h� �p�r�o�d�u�c�i�n�g� �c�o�w�s� �m�o�r�e� �c�l�o�s�e�l�y� �f�o�r� �s�i�g�n�s� �o�f� �e�s�t�r�u�s� �a�n�d� �t�o� 

�u�s�e� �h�e�a�t� �d�e�t�e�c�t�i�o�n� �a�i�d�s�.� 

�T�o� �f�u�r�t�h�e�r� �p�i�n�p�o�i�n�t� �p�r�o�b�l�e�m� �c�o�w�s�,� �e�a�c�h�  ��A�-�B �� �m�i�n�o�r� �g�r�o�u�p� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l� �i�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� 

�a�v�e�r�a�g�e� �i�n�t�e�r�v�a�l� �o�f� �t�h�e� �t�h�e� �m�a�j�o�r�  ��A�-�B �� �g�r�o�u�p�.� �A� �m�i�n�o�r� �g�r�o�u�p� �t�h�a�t� �h�a�s� �a�n� �i�n�t�e�r�v�a�l� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� 

�a�v�e�r�a�g�e� �b�y� �m�o�r�e� �t�h�a�n� �1�2� �d� �i�s� �i�d�e�n�t�i�f�i�e�d� �a�s� �a� �p�r�o�b�l�e�m�.� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�r�e� �g�i�v�e�n� �r�e�l�e�v�e�n�t� �t�o� �e�a�c�h� 

�m�i�n�o�r� �g�r�o�u�p�.� �B�y� �p�i�n�p�o�i�n�t�i�n�g� �a� �p�r�o�b�l�e�m� �g�r�o�u�p�,� �m�o�r�e� �t�i�m�e� �a�n�d� �e�f�f�o�r�t� �c�a�n� �b�e� �s�p�e�n�t� �o�n� �d�e�t�e�c�t�i�o�n� �o�f� 

�e�s�t�r�u�s�.� �I�f� �t�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �a�m�o�n�g� �t�h�e� �m�i�n�o�r� �g�r�o�u�p�s�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �a�l�l� �h�i�g�h� �p�r�o�d�u�c�i�n�g� 

�c�o�w�s� �a�r�e� �l�e�n�g�t�h�e�n�i�n�g� �t�h�e� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�.� 

�I�f� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�s� �f�o�u�n�d� �b�e�t�w�e�e�n� �m�a�j�o�r� �g�r�o�u�p�s�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �f�a�c�t�o�r�s� �r�e�l�a�t�e�d� �t�o� �m�i�l�k� �p�r�o�-� 

�d�u�c�t�i�o�n� �a�r�e� �n�o�t� �i�n�f�l�u�e�n�c�i�n�g� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�s�.� 

�S�i�r�e� �F�e�r�t�i�l�i�t�y� 

�T�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �s�i�r�e� �f�e�r�t�i�l�i�t�y� �b�e�g�i�n�s� �b�y� �d�e�t�e�r�m�i�n�i�n�g� �w�h�e�t�h�e�r� �o�r� �n�o�t� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �i�s� �u�s�e�d� �o�n� �t�h�e� 

�f�a�r�m�.� �I�f� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �i�s� �n�o�t� �b�e�i�n�g� �u�s�e�d�,� �t�h�e� �E�S� �w�i�l�l� �b�y�p�a�s�s� �t�h�e� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �e�v�a�l�u�a�t�i�o�n� �a�n�d� �g�o� 

�t�o� �t�h�e� �A�I� �a�n�d� �s�i�r�e� �f�e�r�t�i�l�i�t�y� �p�o�r�t�i�o�n� �o�f� �t�h�e� �s�y�s�t�e�m�.� �T�h�e� �E�S� �t�h�e�n� �e�v�a�l�u�a�t�e�s� �i�f� �m�o�r�e� �t�h�a�n� �2�5�%� �o�f� �t�h�e� 

�h�e�r�d� �i�s� �b�r�e�d� �b�y� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e�.� �I�f� �l�e�s�s� �t�h�a�n� �2�5�%� �o�f� �t�h�e� �h�e�r�d� �i�s� �b�r�e�d� �b�y� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e�,� �t�h�e� �E�S� 

�c�o�n�c�l�u�d�e�s� �t�h�a�t� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �i�s� �p�r�o�b�a�b�l�y� �n�o�t� �t�h�e� �s�o�u�r�c�e� �o�f� �p�o�o�r� �c�o�n�c�e�p�t�i�o�n�.� �H�o�w�e�v�e�r�,� �b�u�l�l�s� 

�s�h�o�u�l�d� �s�t�i�l�l� �b�e� �c�h�e�c�k�e�d� �t�o� �m�a�k�e� �s�u�r�e� �t�h�e�y� �a�r�e� �m�o�u�n�t�i�n�g� �a�n�d� �a�r�e� �i�n� �g�o�o�d� �h�e�a�l�t�h�.� �I�f� �m�o�r�e� �t�h�a�n� �2�5�%� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �5�1



�o�f� �t�h�e� �h�e�r�d� �i�s� �b�r�e�d� �b�y� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e�,� �t�h�e� �p�r�o�g�r�a�m� �w�i�l�l� �c�o�n�t�i�n�u�e� �t�o� �e�v�a�l�u�a�t�e� �f�a�c�t�o�r�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�n�a�t�u�r�a�l� �s�e�r�v�i�c�e�.� 

�T�h�e� �E�S� �c�o�n�t�i�n�u�e�s� �b�y� �q�u�e�s�t�i�o�n�i�n�g� �i�f� �t�h�e� �b�u�l�l�,� �o�r� �b�u�l�l�s�,� �a�r�e� �h�o�u�s�e�d� �c�o�n�t�i�n�u�o�u�s�l�y� �w�i�t�h� �c�o�w�s�.� �I�f� �n�o�t�,� 

�t�h�e� �t�i�m�i�n�g� �o�f� �i�n�s�e�m�i�n�a�t�i�o�n� �m�a�y� �b�e� �a�f�f�e�c�t�e�d�.� �O�n�e� �r�e�a�s�o�n� �f�o�r� �u�s�i�n�g� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �i�s� �t�o� �e�l�i�m�i�n�a�t�e� �t�h�e� 

�p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�.� �A� �b�u�l�l� �w�i�l�l� �c�a�t�c�h� �m�o�s�t� �e�s�t�r�u�s�e�s�,� �w�h�e�r�e�a�s� �a� �h�u�m�a�n� 

�u�s�u�a�l�l�y� �w�i�l�l� �n�o�t�.� �B�r�i�n�g�i�n�g� �t�h�e� �c�o�w� �t�o� �t�h�e� �b�u�l�l� �d�o�e�s� �n�o�t� �e�l�i�m�i�n�a�t�e� �t�h�e� �n�e�e�d� �f�o�r� �a� �g�o�o�d� �m�e�t�h�o�d� �o�f� 

�d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�.� �T�h�e� �E�S� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �c�o�w�s� �m�a�y� �n�o�t� �b�e� �i�n� �e�s�t�r�u�s� �w�h�e�n� �b�r�o�u�g�h�t� �t�o� �t�h�e� �b�u�l�l�.� 

�E�s�t�r�u�s� �s�t�i�l�l� �n�e�e�d�s� �t�o� �b�e� �o�b�s�e�r�v�e�d� �w�h�e�n� �t�h�i�s� �m�e�t�h�o�d� �o�f� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �i�s� �u�s�e�d�.� �T�h�e� �b�u�l�l� �m�u�s�t� �b�e� �a�b�l�e� 

�t�o� �m�o�u�n�t� �c�o�w�s� �o�r� �c�o�n�c�e�p�t�i�o�n� �w�i�l�l� �n�e�v�e�r� �o�c�c�u�r�.� �T�h�e� �E�S� �i�n�q�u�i�r�e�s� �i�f� �t�h�e� �b�u�l�l� �h�a�s� �b�e�e�n� �o�b�s�e�r�v�e�d� 

�m�o�u�n�t�i�n�g� �c�o�w�s�.� �I�f� �t�h�e� �b�u�l�l� �h�a�s� �n�o�t� �b�e�e�n� �o�b�s�e�r�v�e�d�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �w�a�t�c�h�i�n�g� �a�n�d� �e�v�a�l�u�a�t�i�n�g� 

�t�h�e� �b�u�l�l� �t�o� �s�e�e� �i�f� �h�e� �c�a�n� �m�o�u�n�t� �a�n�d� �s�e�r�v�i�c�e� �t�h�e� �f�e�m�a�l�e�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �s�o�u�n�d� �f�e�e�t� �a�n�d� �l�e�g�s�,� �a�n�d� 

�t�h�e� �t�y�p�e� �o�f� �s�u�r�f�a�c�e� �t�h�e� �c�o�w�s� �a�r�e� �o�n� �i�s� �a�l�s�o� �d�i�s�c�u�s�s�e�d�.� �T�h�e� �b�u�l�l� �m�u�s�t� �a�l�s�o� �b�e� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �s�e�r�v�i�c�e� 

�t�h�e� �c�o�w�s� �i�n� �t�h�e� �h�e�r�d�.� �T�h�e� �E�S� �t�h�e�n� �a�s�k�s� �w�h�e�t�h�e�r� �b�u�l�l�s� �h�a�v�e� �b�e�e�n� �e�x�a�m�i�n�e�d� �f�o�r� �r�e�p�r�o�d�u�c�t�i�v�e� 

�s�o�u�n�d�n�e�s�s�.� �I�f� �n�o�t�,� �t�h�e� �E�S� �e�x�p�l�a�i�n�s� �w�h�y� �a�n� �e�x�a�m� �i�s� �i�m�p�o�r�t�a�n�t� �a�n�d� �w�h�a�t� �s�h�o�u�l�d� �b�e� �e�x�a�m�i�n�e�d�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �s�i�z�e� �a�n�d� �t�o�n�e� �o�f� �t�h�e� �t�e�s�t�i�c�l�e�s� �a�r�e� �i�m�p�o�r�t�a�n�t� �f�o�r� �p�r�o�d�u�c�t�i�o�n� �o�f� �a�d�e�q�u�a�t�e� �a�m�o�u�n�t�s� �o�f� �s�p�e�r�m�.� 

�I�f� �t�h�e� �b�u�l�l� �h�a�s� �n�o�t� �b�e�e�n� �c�h�e�c�k�e�d� �f�o�r� �p�r�e�s�e�n�c�e� �o�f� �d�i�s�e�a�s�e�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �a� �v�e�t�e�r�i�n�a�r�i�a�n� 

�e�x�a�m�i�n�e� �a�n�d� �t�e�s�t� �t�h�e� �b�u�l�l�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �a� �v�a�c�c�i�n�a�t�i�o�n� �p�r�o�g�r�a�m� �i�s� �a�l�s�o� �m�e�n�t�i�o�n�e�d�.� �I�f� �t�h�e� 

�p�h�y�s�i�c�a�l� �c�o�n�d�i�t�i�o�n� �o�f� �t�h�e� �b�u�l�l� �i�s� �r�a�t�e�d� �a�s�  ��a�v�e�r�a�g�e�, ��  ��p�o�o�r�, �� �o�r�  ��o�v�e�r�-�c�o�n�d�i�t�i�o�n�e�d�, �� �r�e�p�r�o�d�u�c�t�i�v�e� 

�p�e�r�f�o�r�m�a�n�c�e� �m�a�y� �b�e� �a�d�v�e�r�s�e�l�y� �a�f�f�e�c�t�e�d�.� �T�h�e� �E�S� �e�x�p�l�a�i�n�s� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �h�a�v�i�n�g� �b�u�l�l�s� �i�n� �e�x�c�e�l�l�e�n�t� 

�c�o�n�d�i�t�i�o�n�.� �T�h�e� �c�o�w� �t�o� �b�u�l�l� �r�a�t�i�o� �i�s� �a�l�s�o� �e�x�a�m�i�n�e�d�.� �I�f� �b�u�l�l�s� �a�r�e� �c�o�n�t�i�n�u�o�u�s�l�y� �r�u�n�n�i�n�g� �w�i�t�h� �c�o�w�s�,� �a� 

�b�u�l�l� �c�a�n� �o�n�l�y� �e�f�f�e�c�t�i�v�e�l�y� �s�e�r�v�i�c�e� �a� �g�r�o�u�p� �o�f� �n�o� �l�a�r�g�e�r� �t�h�a�n� �2�5� �c�o�w�s�.� �I�f� �t�h�e� �r�a�t�i�o� �i�s� �l�a�r�g�e�r� �t�h�a�n� �2�5�,� �t�h�e� 

�E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �a�n� �a�d�d�i�t�i�o�n�a�l� �b�u�l�l� �s�h�o�u�l�d� �b�e� �a�d�d�e�d� �t�o� �t�h�e� �h�e�r�d�.� �I�f� �a�l�l� �q�u�e�s�t�i�o�n�s� �a�r�e� �a�n�s�w�e�r�e�d� �i�d�e�-� 

�a�l�l�y�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �b�u�l�l�s� �a�r�e� �i�n� �g�o�o�d� �s�h�a�p�e�,� �a�n�d� �t�h�e� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �p�r�o�g�r�a�m� �o�f� �t�h�e� �f�a�r�m� �i�s� 

�a�d�e�q�u�a�t�e�.� �H�o�w�e�v�e�r�,� �a� �f�e�r�t�i�l�i�t�y� �e�x�a�m�i�n�a�t�i�o�n� �m�a�y� �b�e� �n�e�c�e�s�s�a�r�y� �t�o� �d�e�t�e�r�m�i�n�e� �s�e�m�e�n� �q�u�a�n�t�i�t�y� �a�n�d� 

�q�u�a�l�i�t�y�.� �I�f� �s�e�m�e�n� �i�s� �a�b�n�o�r�m�a�l�,� �c�o�n�c�e�p�t�i�o�n� �m�a�y� �b�e� �a�d�v�e�r�s�e�l�y� �a�f�f�e�c�t�e�d�.� 

�M�a�l�e� �f�e�r�t�i�l�i�t�y�,� �i�n�f�l�u�e�n�c�e�d� �t�h�r�o�u�g�h� �A�I�,� �i�s� �e�x�a�m�i�n�e�d� �b�y� �c�o�m�p�a�r�i�n�g� �t�h�e� �A�I� �s�i�r�e�s� �u�s�e�d� �o�n� �t�h�e� �f�a�r�m� �t�o� 

�a�n� �E�R�C�R� �l�i�s�t� �o�f� �1�2�8� �s�i�r�e�s�.� �T�h�e� �l�i�s�t� �o�f� �1�2�8� �s�i�r�e�s� �c�o�n�t�a�i�n�s� �t�h�e� �s�i�r�e ��s� �r�e�g�i�s�t�r�a�t�i�o�n� �n�u�m�b�e�r�,� �c�o�d�e� �n�u�m�-� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �5�2



�b�e�r�,� �a�n�d� �A�I� �o�r�g�a�n�i�z�a�t�i�o�n� �n�a�m�e�,� �a�l�o�n�g� �w�i�t�h� �a�n� �E�R�C�R�.� �T�h�e� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �b�y� �s�e�r�v�i�c�e� �s�i�r�e� �r�e�p�o�r�t�,� 

�o�b�t�a�i�n�e�d� �t�h�r�o�u�g�h� �D�A�R�T�,� �i�s� �c�a�p�t�u�r�e�d� �o�n� �d�i�s�k�.� �T�h�e� �E�S� �t�h�e�n� �r�e�a�d�s� �t�h�e� �c�a�p�t�u�r�e�d� �D�A�R�T� �f�i�l�e� �a�n�d� 

�c�o�m�p�a�r�e�s� �s�i�r�e�s� �u�s�e�d� �o�n� �t�h�e� �f�a�r�m� �t�o� �t�h�e� �E�R�C�R� �l�i�s�t�.� �T�h�r�e�e� �s�e�p�a�r�a�t�e� �a�r�e�a�s� �a�r�e� �i�n�v�e�s�t�i�g�a�t�e�d� �a�t� �t�h�i�s� 

�p�o�i�n�t�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �E�R�C�R� �s�i�r�e�s� �r�a�t�e�d� �a�t� �-�3� �o�r� �b�e�l�o�w� �t�h�a�t� �a�r�e� �u�s�e�d� �o�n� �t�h�e� �f�a�r�m� �i�s� �d�e�t�e�r�m�i�n�e�d�.� 

�I�f� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �i�s� �l�a�r�g�e�r� �t�h�a�n� �2�0�%�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �t�o�o� �m�a�n�y� �l�o�w� �E�R�C�R� �s�i�r�e�s� �a�r�e� �b�e�i�n�g� 

�u�s�e�d�,� �w�h�i�c�h� �m�a�y� �b�e� �a�f�f�e�c�t�i�n�g� �C�R�.� �A� �l�i�s�t� �i�s� �p�r�o�v�i�d�e�d� �o�f� �t�h�e� �l�o�w� �E�R�C�R� �s�i�r�e�s� �b�e�i�n�g� �u�s�e�d�.� �T�h�e� �E�S� 

�t�h�e�n� �l�o�o�k�s� �f�o�r� �s�i�r�e�s� �w�i�t�h� �a�t� �l�e�a�s�t� �2�0� �i�n�s�e�m�i�n�a�t�i�o�n�s� �o�v�e�r� �t�h�e� �l�a�s�t� �6� �m�o� �a�n�d� �e�x�a�m�i�n�e�s� �t�h�e�i�r� �C�R�.� �S�i�r�e�s� 

�w�i�t�h� �a� �C�R� �o�f� �l�e�s�s� �t�h�a�n� �2�5�%� �w�i�t�h� �a�t� �l�e�a�s�t� �2�0� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�r�e� �d�i�s�p�l�a�y�e�d� �a�n�d� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� 

�t�h�a�t� �t�h�e�s�e� �s�i�r�e�s� �b�e� �a�v�o�i�d�e�d� �o�r� �u�s�e�d� �c�a�u�t�i�o�u�s�l�y�.� �H�e�r�d� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e�s� �m�a�y� �b�e� �l�o�w�e�r�e�d� �b�e�c�a�u�s�e� �o�f� 

�t�h�e� �h�e�a�v�y� �u�s�e� �o�f� �l�o�w� �C�R� �b�u�l�l�s�.� �T�h�e� �E�S� �c�h�e�c�k�s� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �s�i�r�e�s� �b�e�i�n�g� �u�s�e�d� �o�n� �t�h�e� �f�a�r�m�.� 

�I�f� �m�o�r�e� �t�h�a�n� �1�5� �d�i�f�f�e�r�e�n�t� �s�i�r�e�s� �a�r�e� �b�e�i�n�g� �u�s�e�d�,� �T�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�o� �r�e�d�u�c�e� �t�h�e� �n�u�m�b�e�r� �o�f� �s�i�r�e�s� 

�u�s�e�d�.� �S�e�m�e�n� �q�u�a�l�i�t�y� �c�a�n� �b�e� �a�f�f�e�c�t�e�d� �b�y� �r�a�i�s�i�n�g� �a�n�d� �l�o�w�e�r�i�n�g� �o�f� �c�a�n�e�s�.� �I�f� �n�o�n�e� �o�f� �t�h�e� �t�h�r�e�e� �a�r�e�a�s� 

�h�a�s� �a� �p�r�o�b�l�e�m�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �s�i�r�e� �i�n�f�e�r�t�i�l�i�t�y� �d�u�e� �t�o� �A�I� �i�s� �n�o�t� �a� �p�r�o�b�l�e�m� �f�o�r� �t�h�e� �h�e�r�d�.� 

�C�o�n�c�e�p�t�i�o�n� �R�a�t�e� �b�y� �M�o�n�t�h� 

�T�h�e� �E�S� �u�s�e�s� �t�h�e� �D�A�R�T� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �b�y� �b�r�e�e�d� �r�e�p�o�r�t� �t�o� �o�b�t�a�i�n� �a� �C�R� �f�o�r� �t�h�e� �l�a�s�t� �6� �c�o�m�p�l�e�t�e� 

�m�o�.� �T�h�i�s� �r�e�p�o�r�t� �d�i�v�i�d�e�s� �t�h�e� �h�e�r�d� �b�y� �b�r�e�e�d�s� �w�h�e�n� �t�h�e� �h�e�r�d� �i�s� �m�a�d�e� �u�p� �o�f� �m�o�r�e� �t�h�a�n� �o�n�e� �b�r�e�e�d�.� 

�T�h�e� �n�u�m�b�e�r� �o�f� �t�o�t�a�l� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�n�d� �t�o�t�a�l� �s�u�c�c�e�s�s�f�u�l� �f�o�r� �e�a�c�h� �m�o�n�t�h� �b�y� �b�r�e�e�d� �a�r�e� �o�n� �t�h�e� �r�e�p�o�r�t�.� 

�T�o�t�a�l�s� �a�r�e� �g�i�v�e�n� �f�o�r� �e�a�c�h� �b�r�e�e�d� �a�n�d� �t�h�e� �e�n�t�i�r�e� �h�e�r�d�.� �T�h�i�s� �r�e�p�o�r�t� �i�s� �c�a�p�t�u�r�e�d� �o�n� �D�A�R�T� �a�n�d� �d�o�w�n�-� 

�l�o�a�d�e�d� �i�n�t�o� �t�h�e� �E�S�.� �T�h�e� �E�S� �c�o�m�b�i�n�e�s� �a�l�l� �b�r�e�e�d�s� �a�n�d� �u�s�e�s� �t�h�e� �t�o�t�a�l� �m�o�n�t�h�l�y� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�n�d� �t�o�t�a�l� 

�s�u�c�c�e�s�s�f�u�l� �t�o� �c�o�m�p�u�t�e� �a� �C�R� �f�o�r� �e�a�c�h� �m�o�n�t�h�.� �T�h�i�s� �m�o�n�t�h�l�y� �C�R� �i�s� �t�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�t�a�t�e� �C�R� 

�f�o�r� �t�h�e� �s�a�m�e� �m�o� �a�v�e�r�a�g�e�d� �o�v�e�r� �a� �t�h�r�e�e� �y�r� �p�e�r�i�o�d�.� �T�h�e� �s�t�a�t�e� �a�v�e�r�a�g�e� �C�R� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �u�s�i�n�g� �1�9�8�6�,� 

�1�9�8�7�,� �a�n�d� �1�9�8�8� �D�H�I� �2�0�2� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �V�i�r�g�i�n�i�a� �d�a�i�r�y� �h�e�r�d�s�.� �M�o�n�t�h�s� �w�i�t�h� �a� �C�R� �o�f� �7�0�%� �o�r� �b�e�t�t�e�r� 

�w�e�r�e� �e�l�i�m�i�n�a�t�e�d� �f�r�o�m� �t�h�e� �d�a�t�a� �b�e�c�a�u�s�e� �t�h�e�y� �p�r�o�b�a�b�l�y� �r�e�p�r�e�s�e�n�t� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �h�e�r�d�s� �a�n�d� �w�o�u�l�d� �n�o�t� 

�r�e�f�l�e�c�t� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �A�J�.� �H�e�r�d�s� �u�t�i�l�i�z�i�n�g� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �w�o�u�l�d� �r�e�p�o�r�t� 

�a� �p�r�e�g�n�a�n�c�y� �t�o� �D�H�I�.� �T�h�e� �c�o�w� �m�a�y� �h�a�s�.� �n�e�v�e�r� �b�e�e�n� �o�b�s�e�r�v�e�d� �i�n� �e�s�t�r�u�s�.� �M�o�n�t�h�l�y� �s�t�a�t�e� �C�R� �v�a�l�u�e�s� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �5�3



�a�r�e� �d�i�s�p�l�a�y�e�d� �i�n� �F�i�g�u�r�e� �4�.� �B�e�f�o�r�e� �t�h�e� �E�S� �b�e�g�i�n�s� �t�h�e� �e�v�a�l�u�a�t�i�o�n�,� �a�n� �o�p�t�i�o�n� �i�s� �g�i�v�e�n� �t�o� �u�s�e� �V�i�r�g�i�n�i�a� 

�v�a�l�u�e�s� �o�r� �e�n�t�e�r� �d�i�f�f�e�r�e�n�t� �v�a�l�u�e�s�.� �T�h�i�s� �f�e�a�t�u�r�e� �a�l�l�o�w�s� �f�o�r� �t�h�e� �E�S� �t�o� �b�e� �u�s�e�d� �i�n� �o�t�h�e�r� �s�t�a�t�e�s�.� 

�T�h�e� �E�S� �c�o�m�p�u�t�e�s� �a� �r�e�g�r�e�s�s�i�o�n� �o�f� �C�R� �o�n� �m�o�n�t�h� �f�o�r� �b�o�t�h� �t�h�e� �s�t�a�t�e� �a�n�d� �h�e�r�d� �C�R� �d�a�t�a� �u�s�i�n�g� �t�h�e� �l�a�s�t� 

�6� �m�o�.� �T�h�e� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n� �(�s�l�o�p�e� �a�n�d� �i�n�t�e�r�c�e�p�t�)� �i�s� �t�h�e�n� �u�s�e�d� �t�o� �c�o�m�p�u�t�e� �a�n� �a�v�e�r�a�g�e� �C�R� �f�o�r� 

�e�a�c�h� �6� �m�o� �p�e�r�i�o�d�,� �u�s�i�n�g� �m�o� �3�.� �A� �o�n�e� �s�i�d�e�d� �t�-�t�e�s�t� �i�s� �u�s�e�d� �t�o� �t�e�s�t� �f�o�r� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �h�e�r�d� �a�n�d� 

�s�t�a�t�e� �f�o�r� �b�o�t�h� �s�l�o�p�e� �a�n�d� �a�v�e�r�a�g�e� �C�R�.� �T�h�e� �t�-�t�e�s�t� �i�s� �o�n�e�-�s�i�d�e�d� �b�e�c�a�u�s�e� �t�h�e� �p�r�i�m�a�r�y� �i�n�t�e�r�e�s�t� �i�s� �i�n� 

�f�i�n�d�i�n�g� �h�e�r�d� �v�a�l�u�e�s� �t�h�a�t� �a�r�e� �b�e�l�o�w� �t�h�e� �s�t�a�t�e� �v�a�l�u�e�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �i�s� �t�h�e� �t�-�t�e�s�t� �u�s�e�d� �b�y� �t�h�e� �E�S�.� 

� � 

�w�h�e�r�e� 

�é� �=� �H�e�r�d� �v�a�l�u�e� �(�s�l�o�p�e� �o�r� �a�v�e�r�a�g�e� �C�R�)� 

�5� �=� �S�t�a�t�e� �v�a�l�u�e� �(�s�l�o�p�e� �o�r� �a�v�e�r�a�g�e� �C�R�)� 

�s�;� �=� �S�t�a�n�d�a�r�d� �e�r�r�o�r� �f�o�r� �h�e�r�d� �(�s�l�o�p�e� �o�r� �a�v�e�r�a�g�e� �C�R�)� 

�I�t� �i�s� �c�o�n�s�i�d�e�r�e�d� �t�h�a�t� �t�h�e� �s�t�a�t�e� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �m�e�a�s�u�r�e�d� �w�i�t�h�o�u�t� �e�r�r�o�r�,� �s�o� �t�h�e� �s�t�a�n�d�a�r�d� �e�r�r�o�r� �i�s� �o�n�l�y� 

�f�r�o�m� �t�h�e� �h�e�r�d� �e�s�t�i�m�a�t�e�s�.� �I�n�t�e�r�p�r�e�t�a�t�i�o�n� �v�a�l�u�e�s� �r�a�n�g�i�n�g� �f�r�o�m�  ��a�d�e�q�u�a�t�e �� �t�o�  ��s�e�v�e�r�e �� �w�e�r�e� �s�e�t� �f�o�r� 

�c�a�l�c�u�l�a�t�e�d� �t�-�v�a�l�u�e�s� �a�c�c�o�r�d�i�n�g� �t�o� �t�y�p�e� �I� �e�r�r�o�r� �p�r�o�b�a�b�i�l�i�t�i�e�s� �a�n�d� �f�o�u�r� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� �a�n�d� �a�r�e� �l�i�s�t�e�d� 

�i�n� �T�a�b�l�e� �3�.� �P�r�o�b�l�e�m�s� �a�r�e� �d�e�f�i�n�e�d� �b�e�g�i�n�n�i�n�g� �w�i�t�h� �P� �<� �.�2�0� �a�n�d� �e�x�t�e�n�d�i�n�g� �t�o� �P� �<� �.�0�1�,� �r�e�p�r�e�s�e�n�t�i�n�g� 

�a�  ��s�e�v�e�r�e �� �p�r�o�b�l�e�m�.� �A� �n�e�g�a�t�i�v�e� �t� �v�a�l�u�e� �s�u�g�g�e�s�t�s� �t�h�a�t� �h�e�r�d� �v�a�l�u�e�s� �a�r�e� �l�o�w�e�r� �t�h�a�n� �s�t�a�t�e� �v�a�l�u�e�s�.� �W�h�e�n� 

�a� �p�o�s�t�i�v�e� �t� �v�a�l�u�e� �i�s� �o�b�t�a�i�n�e�d�,� �h�e�r�d� �v�a�l�u�e�s� �e�x�c�e�e�d� �s�t�a�t�e� �v�a�l�u�e�s� �a�n�d� �a�r�e� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �a� �p�r�o�b�l�e�m�.� 

�T�h�e� �E�S� �d�i�s�p�l�a�y�s� �a� �s�c�r�e�e�n� �w�h�i�c�h� �l�i�s�t�s� �h�e�r�d� �a�n�d� �s�t�a�t�e� �C�R� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �l�a�s�t� �6� �m�o� �b�e�i�n�g� �i�n�v�e�s�t�i�g�a�t�e�d�.� 

�A� �t�a�b�l�e� �i�s� �d�i�s�p�l�a�y�e�d� �t�h�a�t� �s�h�o�w�s� �t�h�e� �a�v�e�r�a�g�e� �C�R� �f�o�r� �t�h�e� �h�e�r�d� �a�n�d� �s�t�a�t�e�,� �a�l�o�n�g� �w�i�t�h� �t�h�e� �s�l�o�p�e� �o�f� �e�a�c�h� 

�r�e�g�r�e�s�s�i�o�n� �l�i�n�e�.� �T�h�e� �s�l�o�p�e� �i�s� �i�n�t�e�r�p�r�e�t�e�d� �a�s� �t�h�e� �a�v�e�r�a�g�e� �c�h�a�n�g�e� �i�n� �C�R� �p�e�r� �m�o�n�t�h�.� �T�h�e� �E�S� �a�l�s�o� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �5�4
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�5�5� �M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s



�T�a�b�l�e� �3�.� �I�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �f�o�r� �t�-�v�a�l�u�e�s� �o�f� �a�v�e�r�a�g�e� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �a�n�d� �s�l�o�p�e�.� 

� � 

� � 

�I�n�t�e�r�p�e�t�a�t�i�o�n� �t�-�v�a�l�u�e� �p�-�v�a�l�u�e� 

�S�e�v�e�r�e� �L�e�s�s� �t�h�a�n� �-�3�.�7�4� �L�e�s�s� �t�h�a�n� �.�0�1� 

�M�o�d�e�r�a�t�e� �-�3�.�4�7� �t�o� �-�1�.�5�3� �.�O�1� �t�o� �.�1�0� 

�S�l�i�g�h�t� �-�1�.�5�3�3� �t�o� �-�1�.�1�9� �.�1�0� �t�o� �.�2�0� 

�A�d�e�q�u�a�t�e� �G�r�e�a�t�e�r� �t�h�a�n� �-�.�9�4�]� �G�r�e�a�t�e�r� �t�h�a�n� �.�2�0� 

� � 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �5�6



�p�r�o�v�i�d�e�s� �a� �w�o�r�d� �e�v�a�l�u�a�t�i�o�n� �f�o�r� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �h�e�r�d� �a�n�d� �s�t�a�t�e� �v�a�l�u�e�s� �i�n� �t�h�e� �t�a�b�l�e�.� �A�t� 

�t�h�i�s� �p�o�i�n�t�,� �t�h�e� �E�S� �c�a�n� �d�i�s�p�l�a�y� �f�o�u�r� �d�i�f�f�e�r�e�n�t� �m�e�s�s�a�g�e�s� �a�b�o�u�t� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� 

�c�o�m�b�i�n�a�t�i�o�n� �o�f� �e�v�a�l�u�a�t�i�o�n�s� �f�r�o�m� �t�h�e� �t�-�t�e�s�t�s�.� �W�h�e�n� �b�o�t�h� �t�h�e� �s�l�o�p�e� �a�n�d� �a�v�e�r�a�g�e� �C�R� �a�r�e�  ��a�d�e�q�u�a�t�e�, �� 

�t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �t�h�e� �h�e�r�d� �a�p�p�e�a�r�s� �t�o� �h�a�v�e� �n�o� �C�R� �p�r�o�b�l�e�m� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�t�a�t�e�.� �W�h�e�n� 

�a�w� �t�t� �t�h�e� �a�v�e�r�a�g�e� �C�R� �i�s�  ��a�d�e�q�u�a�t�e�, �� �a�n�d� �t�h�e� �s�l�o�p�e� �i�s�  ��s�l�i�g�h�t�, ��  ��m�o�d�e�r�a�t�e�, �� �o�r�  ��s�e�v�e�r�e�, �� �T�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� 

�t�h�e� �h�e�r�d� �C�R� �i�s� �d�e�c�l�i�n�i�n�g� �a�t� �a� �r�a�t�e� �w�h�i�c�h� �w�i�l�l� �n�o�t� �a�l�l�o�w� �t�h�e� �a�v�e�r�a�g�e� �C�R� �t�o� �r�e�m�a�i�n�  ��a�d�e�q�u�a�t�e�. �� �I�f� 

�s�u�m�m�e�r� �m�o�n�t�h�s� �a�r�e� �b�e�i�n�g� �e�v�a�l�u�a�t�e�d�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �s�o�m�e�t�h�i�n�g� �s�h�o�u�l�d� �b�e� �d�o�n�e� �t�o� �r�e�d�u�c�e� 

�t�h�e� �e�f�f�e�c�t� �o�f� �h�e�a�t� �s�t�r�e�s�s� �o�n� �c�o�n�c�e�p�t�i�o�n�.� �T�h�e� �s�l�o�p�e� �a�n�d� �a�v�e�r�a�g�e� �C�R� �f�o�r� �t�h�e� �s�t�a�t�e� �a�l�r�e�a�d�y� �a�c�c�o�u�n�t�s� 

�f�o�r� �t�h�e� �s�u�m�m�e�r� �d�e�c�l�i�n�e� �i�n� �C�R�,� �s�o� �t�h�e� �h�e�r�d� �C�R� �i�s� �d�e�c�l�i�n�i�n�g� �m�o�r�e� �t�h�a�n� �t�h�e� �a�v�e�r�a�g�e� �h�e�r�d�.� �I�f� �n�o� 

�s�u�m�m�e�r� �m�o�n�t�h�s� �a�r�e� �b�e�i�n�g� �e�v�a�l�u�a�t�e�d�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �d�e�c�l�i�n�e� �i�n� �t�h�e� �h�e�r�d� �C�R� �m�a�y� �b�e� �d�u�e� 

�t�o� �i�n�c�o�n�s�i�s�t�e�n�t� �A�I� �t�e�c�h�n�i�q�u�e�.� �W�h�e�n� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �s�l�o�p�e�s� �i�s�  ��a�d�e�q�u�a�t�e�, �� �b�u�t� �t�h�e� �a�v�e�r�a�g�e� 

�C�R� �d�i�f�f�e�r�e�n�c�e� �i�s�  ��s�l�i�g�h�t�, ��  ��m�o�d�e�r�a�t�e � �� �o�r�  ��s�e�v�e�r�e�, �� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �c�o�w�s� �i�n� �t�h�e� �h�e�r�d� �a�r�e� �p�r�o�b�a�b�l�y� 

�b�e�i�n�g� �a�f�f�e�c�t�e�d� �b�y� �s�o�m�e� �f�a�c�t�o�r� �w�h�i�c�h� �i�s� �l�o�w�e�r�i�n�g� �C�R�.� �W�h�e�n� �b�o�t�h� �t�h�e� �s�l�o�p�e� �a�n�d� �t�h�e� �a�v�e�r�a�g�e� �C�R� �a�r�e� 

�4�H�  ��s�l�i�g�h�t�, ��  ��m�o�d�e�r�a�t�e�, �� �o�r�  ��s�e�v�e�r�e �� �t�h�e� �E�S� �c�o�m�b�i�n�e�s� �t�h�e� �p�r�e�v�i�o�u�l�y� �d�e�s�c�r�i�b�e�d� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s�;� �t�h�e� 

�C�R� �i�s� �t�o�o� �l�o�w� �a�n�d� �d�e�c�l�i�n�i�n�g�.� �A�n� �e�x�a�m�p�l�e� �e�v�a�l�u�a�t�i�o�n� �s�c�r�e�e�n� �f�r�o�m� �t�h�e� �E�S� �c�a�n� �b�e� �s�e�e�n� �i�n� �F�i�g�u�r�e� �S�.� 

�A�c�c�u�r�a�c�y� �o�f� �D�e�t�e�c�t�i�o�n� �o�f� �E�s�t�r�u�s� 

�T�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �a�c�c�u�r�a�c�y� �d�e�t�e�r�m�i�n�e�s� �i�f� �c�o�w�s� �o�b�s�e�r�v�e�d� �i�n� �e�s�t�r�u�s� �a�r�e� �a�c�t�u�a�l�l�y� �i�n� 

�e�s�t�r�u�s�.� �C�o�w�s� �t�h�a�t� �a�r�e� �i�n�s�e�m�i�n�a�t�e�d� �w�h�e�n� �n�o�t� �i�n� �e�s�t�r�u�s� �w�i�l�l� �n�o�t� �c�o�n�c�e�i�v�e� �a�n�d� �w�i�l�l� �t�h�e�r�e�f�o�r�e� �l�o�w�e�r� 

�C�R�.� �T�h�e� �E�S� �d�e�t�e�r�m�i�n�e�s� �i�f� �a�n� �a�c�c�u�r�a�c�y� �p�r�o�b�l�e�m� �e�x�i�s�t�s� �b�y� �r�e�q�u�e�s�t�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�s� 

�b�e�t�w�e�e�n� �1�8� �t�o� �2�4�d�,� �3�6� �t�o� �4�8� �d�,� �a�n�d�  ��o�t�h�e�r �� �c�a�t�e�g�o�r�i�e�s� �f�o�u�n�d� �o�n� �t�h�e� �D�H�I� �2�0�2� �f�o�r�m�.� �T�h�e�  ��o�t�h�e�r �� 

�c�a�t�e�g�o�r�y� �r�e�p�r�e�s�e�n�t�s� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�s� �t�h�a�t� �a�r�e� �n�o�t� �o�f� �t�h�e� �n�o�r�m�a�l� �l�e�n�g�t�h� �o�f� �1�8� �t�o� �2�4� �d�;� �o�r� �3�6� �t�o� �4�8�d� 

�w�h�i�c�h� �r�e�p�r�e�s�e�n�t�s� �t�w�o� �n�o�r�m�a�l� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�s�,� �o�n�e� �e�s�t�r�u�s� �n�o�t� �o�b�s�e�r�v�e�d�.� �T�h�e� �n�u�m�b�e�r� �o�f�  ��o�t�h�e�r �� 

�e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�s� �i�s� �d�i�v�i�d�e�d� �b�y� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �e�s�t�r�o�u�s� �c�y�c�l�e�s� �r�e�p�r�o�t�e�d�.� �I�f� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

 ��o�t�h�e�r �� �i�n�t�e�r�v�a�l�s� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �1�0�%�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �a�n� �a�c�c�u�r�a�c�y� �p�r�o�b�l�e�m� �e�x�i�s�t�s� �a�n�d� �i�s� �r�e�-� 

�d�u�c�i�n�g� �C�R� �i�n� �t�h�e� �h�e�r�d�.� �T�h�e� �E�S� �d�e�s�c�r�i�b�e�s� �t�h�e� �a�c�c�u�r�a�c�y� �p�r�o�b�l�e�m�.� �I�f� �l�e�s�s� �t�h�a�n� �1�0�%� �o�f� �i�n�t�e�r�v�a�l�s� �a�r�e� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �5�7



�F�i�g�u�r�e� �5�.� �E�x�p�e�r�t� �s�y�s�t�e�m� �s�c�r�e�e�n� �f�o�r� �m�o�n�t�h�l�y� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �e�v�a�l�u�a�t�i�o�n�.� 

�C�O�N�C�E�P�T�I�O�N� �R�A�T�E�S� �F�O�R� �T�H�E� �L�A�S�T� �6� �C�O�M�P�L�E�T�E� �M�O�N�T�H�S� 

�M�o�n�t�h� �H�e�r�d� �S�t�a�t�e� 

�N�O�V� �2�6�.�3�2� �4�7�.�6�4� 
�D�E�C� �5�3�.�3�3� �4�7�.�8�4� 
�J�A�N� �3�0�.�0�0� �4�9�.�5�3� 
�F�E�B� �4�4�.�0�0� �4�8�.�3�8� 
�M�A�R� �2�6�.�3�2� �4�8�.�2�9� 
�A�P�R� �4�6�.�4�3� �4�8�.�8�9� 

�M�e�a�s�u�r�e� �H�e�r�d� �S�t�a�t�e� �D�i�f�f�e�r�e�n�c�e� 

�A�d�j�u�s�t�e�d� �A�v�e�r�a�g�e� �C�o�n�c�e�p�t�i�o�n� �R�a�t�e� �3�7�.�2�5�%� �4�8�.�3�4�%� �S�l�i�g�h�t� 

�A�v�e�r�a�g�e� �C�h�a�n�g�e� �i�n� 
�C�o�n�c�e�p�t�i�o�n� �R�a�t�e� �p�e�r� �M�o�n�t�h� �0�.�9�6�%� �0�.�1�8�%� �A�d�e�q�u�a�t�e� 

�T�h�i�s� �h�e�r�d� �s�h�o�w�s� �a�n� �A�d�e�q�u�a�t�e� �c�h�a�n�g�e� �w�h�e�n� �i�t�s� �m�o�n�t�h�l�y� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �i�s� 
�i�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�t�a�t�e�'�s� �c�h�a�n�g�e� �o�v�e�r� �t�h�e� �f�a�s�t� �6� �m�o�n�t�h�s�.� �H�o�w�e�v�e�r�,� �t�h�e� 
�d�i�f�f�e�r�e�n�c�e� �i�n� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e�s� �i�s� �S�l�i�g�h�t� �.� �T�h�i�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �c�o�n�c�e�p�t�i�o�n� 
�r�a�t�e� �s�h�o�u�l�d� �c�o�n�t�i�n�u�e� �t�o� �i�m�p�r�o�v�e�.� �P�l�e�a�s�e� �i�d�e�n�t�i�f�y� �t�h�e� �l�o�w� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� 
�m�o�n�t�h�s� �a�n�d� �e�v�a�l�u�a�t�e� �m�a�n�a�g�e�m�e�n�t� �t�e�c�h�n�i� �q�u�e�s�.� 

�P�L�E�A�S�E� �S�E�L�E�C�T� �A�N�Y� �K�E�Y� �T�O� �C�O�N�T�I�N�U�E� �O�R� �"�P!"� �T�O� �P�R�I�N�T� 

� � 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �5�8



 ��o�t�h�e�r�s�, �� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �n�o� �a�c�c�u�r�a�c�y� �p�r�o�b�l�e�m� �e�x�i�s�t�s�.� �I�n� �b�o�t�h� �c�a�s�e�s� �t�h�e� �E�S� �c�o�n�t�i�n�u�e�s� �a�n�d� 

�e�v�a�l�u�a�t�e�s� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a�c�c�u�r�a�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�.� 

�T�h�r�e�e� �c�o�m�m�o�n� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �a�r�e� �e�v�a�l�u�a�t�e�d�.� �T�h�e� �E�S� �a�s�k�s� �q�u�e�s�t�i�o�n�s� �w�h�e�n� �c�o�w�s� �a�r�e� 

�i�n�s�e�m�i�n�a�t�e�d� �i�n� �r�e�l�a�t�i�o�n� �t�o� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �s�t�a�n�d�i�n�g� �e�s�t�r�u�s�.� �T�h�r�e�e� �c�h�o�i�c�e�s� �a�r�e� �g�i�v�e�n�;� �l�e�s�s� �t�h�a�n� �1�2� 

�h�,� �1�2� �h�,� �a�n�d� �g�r�e�a�t�e�r� �t�h�a�n� �1�2� �h�.� �I�f� �1�2� �h� �i�s� �n�o�t� �s�e�l�e�c�t�e�d�,� �t�h�e� �E�S� �d�e�s�c�r�i�b�e�s� �t�h�e� �p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �i�n�s�e�m�i�n�a�t�i�o�n� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �1�2� �h�.� �A� �t�i�m�e� �l�e�s�s� �t�h�a�n� �1�2� �h� �w�i�l�l� �r�e�d�u�c�e� �t�h�e� �n�u�m�b�e�r� �o�f� �s�p�e�r�m� 

�a�v�a�i�l�a�b�l�e� �a�t� �t�h�e� �s�i�t�e� �o�f� �f�e�r�t�i�l�i�z�a�t�i�o�n� �a�f�t�e�r� �o�v�u�l�a�t�i�o�n� �o�c�c�u�r�s� �a�n�d� �w�i�l�l� �r�e�d�u�c�e� �C�R�.� �T�h�e� �n�e�x�t� �q�u�e�s�t�i�o�n� 

�d�e�t�e�r�m�i�n�e�s� �i�f� �P�G� �i�s� �u�s�e�d� �o�n� �t�h�e� �f�a�r�m�.� �I�f� �P�G� �i�s� �b�e�i�n�g� �u�s�e�d�,� �t�h�e� �E�S� �a�s�k�s� �i�f� �c�o�w�s� �a�r�e� �b�r�e�d� �b�y� �a�p�-� 

�p�o�i�n�t�m�e�n�t� �a�f�t�e�r� �t�h�e� �P�G� �i�n�j�e�c�t�i�o�n�.� �A�p�p�o�i�n�t�m�e�n�t� �b�r�e�e�d�i�n�g� �a�f�t�e�r� �P�G� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �w�i�l�l� �l�o�w�e�r� �C�R�.� 

�T�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �i�n�s�e�m�i�n�a�t�i�o�n� �1�2� �h� �a�f�t�e�r� �s�t�a�n�d�i�n�g� �e�s�t�r�u�s�.� �A�p�p�o�i�n�t�m�e�n�t� �b�r�e�e�d�i�n�g� �s�h�o�u�l�d� �o�n�l�y� 

�b�e� �u�s�e�d� �i�f� �c�o�w�s� �d�o� �n�o�t� �s�h�o�w� �a�n�y� �s�i�g�n� �o�f� �e�s�t�r�u�s�.� �I�f� �c�o�w�s� �a�r�e� �n�o�t� �b�r�e�d� �b�y� �a�p�p�o�i�n�t�m�e�n�t�,� �t�h�e� �E�S� 

�c�o�n�c�l�u�d�e�s� �t�h�a�t� �P�G� �i�s� �b�e�i�n�g� �u�s�e�d� �c�o�r�r�e�c�t�l�y�.� �T�h�e� �t�h�i�r�d� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e� �e�v�a�l�u�a�t�e�d� �c�o�n�c�e�r�n�s� 

�i�n�s�e�m�i�n�a�t�i�o�n� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �b�a�s�e�d� �o�n� �r�e�s�u�l�t�s� �o�f� �v�e�t�e�r�i�n�a�r�y� �p�a�l�p�a�t�i�o�n� �r�e�s�u�l�t�s�.� �I�f� �t�h�i�s� �p�r�a�c�t�i�c�e� �i�s� 

�b�e�i�n�g� �u�s�e�d� �o�n� �t�h�e� �f�a�r�m�,� �t�h�e� �E�S� �d�e�s�c�r�i�b�e�s� �t�h�e� �i�n�a�c�c�u�r�a�c�y� �o�f� �p�a�l�p�a�t�i�o�n� �r�e�s�u�l�t�s� �a�n�d� �a� �s�u�g�g�e�s�t�s� �t�h�a�t� 

�m�i�l�k� �p�r�o�g�e�s�t�e�r�o�n�e� �t�e�s�t� �b�e� �u�s�e�d� �t�o� �c�o�n�f�i�r�m� �p�a�l�p�a�t�i�o�n� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s�.� �A�l�l� �t�h�r�e�e� �m�a�n�a�g�e�m�e�n�t� 

�p�r�a�c�t�i�c�e�s� �w�i�l�l� �i�n�c�r�e�a�s�e� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f�  ��o�t�h�e�r �� �i�n�t�e�r�v�a�l�s� �i�n� �t�h�e� �h�e�r�d�,� �b�u�t� �i�f� �u�s�e�d� �c�o�r�r�e�c�t�l�y�,� �C�R� �w�i�l�l� 

�n�o�t� �b�e� �a�d�v�e�r�s�e�l�y� �a�f�f�e�c�t�e�d�.� �I�f� �a�n� �a�c�c�u�r�a�c�y� �p�r�o�b�l�e�m� �e�x�i�s�t�s�,� �b�u�t� �n�o�n�e� �o�f� �t�h�e� �p�r�a�c�t�i�c�e�s� �m�e�n�t�i�o�n�e�d� �a�r�e� 

�b�e�i�n�g� �u�s�e�d�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �m�i�l�k� �p�r�o�g�e�s�t�e�r�o�n�e� �t�e�s�t�s� �s�h�o�u�l�d� �b�e� �u�s�e�d� �t�o� �c�o�n�f�i�r�m� �e�s�t�r�u�s� �o�n� �s�u�s�p�e�c�t� �.� 

�a�n�d�  ��o�t�h�e�r �� �i�n�t�e�r�v�a�l� �c�o�w�s�.� �I�f� �a�n�o�t�h�e�r� �t�y�p�e� �o�f� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e� �i�s� �b�e�i�n�g� �u�s�e�d�,� �t�h�e� �E�S� �r�e�c�o�m�-� 

�m�e�n�d�s� �t�h�a�t� �t�h�e� �p�r�a�c�t�i�c�e� �b�e� �r�e�v�i�e�w�e�d� �b�y� �a� �s�p�e�c�i�a�l�i�s�t�.� 

�T�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �a�c�c�u�r�a�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �c�o�n�c�l�u�d�e�s� �b�y� �s�t�a�t�i�n�g� �t�h�a�t� �C�R� �w�i�l�l� �i�m�p�r�o�v�e� �i�f� �c�o�w�s� 

�n�o�t� �i�n� �e�s�t�r�u�s� �a�r�e� �n�o�t� �i�n�s�e�m�i�n�a�t�e�d�.� �M�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �c�a�n� �a�l�t�e�r� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�s�,� �b�u�t� �i�f� �u�s�e�d� 

�c�o�r�r�e�c�t�l�y�,� �c�a�n� �i�m�p�r�o�v�e� �C�R�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �5�9



�S�e�m�e�n� �H�a�n�d�l�i�n�g� �a�n�d� �A�r�t�i�f�i�c�i�a�l� �I�n�s�e�m�i�n�a�t�i�o�n� �T�e�c�h�n�i�q�u�e� 

�T�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �s�e�m�e�n� �h�a�n�d�l�i�n�g� �a�n�d� �A�I� �t�e�c�h�n�i�q�u�e� �i�s� �c�o�m�b�i�n�e�d� �i�n�t�o� �o�n�e� �k�n�o�w�l�e�d�g�e� �b�a�s�e�.� �T�h�e� 

�E�S� �b�e�g�i�n�s� �b�y� �g�e�n�e�r�a�t�i�n�g� �a� �l�i�s�t� �o�f� �t�y�p�e�s� �o�f� �p�e�o�p�l�e� �w�h�o� �u�s�u�a�l�l�y� �p�e�r�f�o�r�m� �t�h�e� �i�n�s�e�m�i�n�a�t�i�o�n� �a�t� �t�h�e� �f�a�r�m�.� 

�T�h�e� �c�o�m�p�u�t�e�r� �l�i�s�t� �i�n�c�l�u�d�e�s� �t�h�e� �o�w�n�e�r�,� �h�e�r�d�s�m�a�n�,� �f�a�r�m� �e�m�p�l�o�y�e�e�s�,� �a�n�d� �A�I� �t�e�c�h�n�i�c�i�a�n�.� �T�h�e� �u�s�e�r� 

�s�e�l�e�c�t�s� �a�l�l� �a�p�p�l�i�c�a�b�l�e� �i�n�s�e�m�i�n�a�t�o�r�s�.� �I�f� �a�n� �A�I� �t�e�c�h�n�i�c�i�a�n� �i�s� �b�e�i�n�g� �u�s�e�d�,� �t�h�e� �E�S� �i�n�q�u�i�r�e�s� �i�f� �m�o�r�e� �t�h�a�n� 

�8�0�%� �o�f� �t�h�e� �h�e�r�d� �i�s� �b�e�i�n�g� �i�n�s�e�m�i�n�a�t�e�d� �b�y� �t�h�e� �A�I� �t�e�c�h�n�i�c�i�a�n�.� �I�f� �y�e�s�,� �t�h�e� �E�S� �w�i�l�l� �c�o�n�c�l�u�d�e� �t�h�a�t� �p�o�o�r� 

�s�e�m�e�n� �h�a�n�d�l�i�n�g� �a�n�d� �A�I� �t�e�c�h�n�i�q�u�e� �s�h�o�u�l�d� �n�o�t� �b�e� �l�o�w�e�r�i�n�g� �C�R�.� �T�h�e� �A�I� �t�e�c�h�n�i�c�i�a�n� �s�h�o�u�l�d� �b�e� �w�e�l�l� 

�t�r�a�i�n�e�d� �i�n� �s�e�m�e�n� �h�a�n�d�l�i�n�g� �a�n�d� �A�I� �t�e�c�h�n�i�q�u�e�,� �h�o�w�e�v�e�r�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �t�h�e� 

�t�e�c�h�n�i�c�i�a�n� �f�o�r� �p�r�o�p�e�r� �t�e�c�h�n�i�q�u�e� �a�n�d� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �C�R� �a�m�o�n�g� �t�h�e� �A�I� �t�e�c�h�n�i�c�i�a�n ��s� �o�t�h�e�r� �f�a�r�m�s�.� 

�I�f� �l�e�s�s� �t�h�a�n� �8�0�%� �o�f� �t�h�e� �h�e�r�d� �i�s� �i�n�s�e�m�i�n�a�t�e�d� �b�y� �a� �t�e�c�h�n�i�c�i�a�n�,� �t�h�e� �p�r�o�g�r�a�m� �c�o�n�t�i�n�u�e�s� �b�y� �d�e�t�e�r�m�i�n�i�n�g� 

�t�h�e� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �p�e�o�p�l�e� �p�e�r�f�o�r�m�i�n�g� �i�n�s�e�m�i�n�a�t�i�o�n�s� �o�n� �t�h�e� �f�a�r�m�.� �I�f� �t�w�o� �o�r� �m�o�r�e� �p�e�o�p�l�e� �a�r�e� 

�u�s�e�d�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �a� �C�R� �f�o�r� �e�a�c�h� �i�n�d�i�v�i�d�u�a�l� �b�e� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �c�o�m�p�a�r�i�s�o�n�.� �T�h�e� �E�S� 

�s�u�g�g�e�s�t�s� �t�h�a�t� �i�f� �a� �1�5� �p�e�r�c�e�n�t�a�g�e� �u�n�i�t� �o�r� �g�r�e�a�t�e�r� �d�i�f�f�e�r�e�n�c�e� �e�x�i�s�t�s� �a�m�o�n�g� �i�n�s�e�m�i�n�a�t�o�r�s�,� �t�h�e� �l�o�w� �C�R� 

�i�n�s�e�m�i�n�a�t�o�r� �m�a�y� �n�e�e�d� �t�o� �b�e� �o�b�s�e�r�v�e�d� �a�n�d� �p�o�s�s�i�b�l�y� �r�e�t�r�a�i�n�e�d� �t�o� �i�n�s�e�m�i�n�a�t�e� �c�o�w�s� �p�r�o�p�e�r�l�y�.� 

�T�h�e� �E�S� �c�o�n�t�i�n�u�e�s� �b�y� �e�v�a�l�u�a�t�i�n�g� �t�h�e� �d�i�f�f�e�r�e�n�t� �c�o�m�p�o�n�e�n�t�s� �o�f� �s�e�m�e�n� �h�a�n�d�l�i�n�g�.� �T�h�e� �o�r�d�e�r� �o�f� �e�v�a�l�u�-� 

�a�t�i�o�n� �f�o�l�l�o�w�s� �t�h�e� �n�o�r�m�a�l� �p�r�o�c�e�d�u�r�e� �o�f� �h�a�n�d�l�i�n�g� �s�e�m�e�n� �o�n� �t�h�e� �f�a�r�m� �a�n�d� �b�e�g�i�n�s� �b�y� �d�e�t�e�r�m�i�n�g� �i�f� �t�h�e� 

�s�e�m�e�n� �t�a�n�k� �i�s� �i�s� �m�a�i�n�t�a�i�n�e�d� �a�n�d� �f�i�l�l�e�d� �w�i�t�h� �n�i�t�r�o�g�e�n� �o�n� �a� �r�e�g�u�l�a�r� �b�a�s�i�s�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �p�r�o�p�e�r� 

�t�a�n�k� �m�a�i�n�t�e�n�a�n�c�e� �i�s� �s�t�r�e�s�s�e�d� �i�f� �n�o� �r�o�u�t�i�n�e� �p�r�o�g�r�a�m� �e�x�i�s�t�s�.� �T�h�e� �p�r�o�c�e�s�s� �o�f� �r�e�m�o�v�i�n�g� �s�t�r�a�w�s� �o�f� �s�e�m�e�n� 

�f�r�o�m� �t�h�e� �t�a�n�k� �i�s� �e�v�a�l�u�a�t�e�d� �w�i�t�h� �t�h�r�e�e� �s�e�p�a�r�a�t�e� �q�u�e�s�t�i�o�n�s�.� �T�h�e� �f�i�r�s�t� �q�u�e�s�t�i�o�n� �i�n�q�u�i�r�e�s� �i�f� �s�t�r�a�w�s� �a�r�e� 

�r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �t�a�n�k� �w�i�t�h�i�n� �t�e�n� �s�e�c�o�n�d�s�.� �T�h�e� �s�e�c�o�n�d� �q�u�e�s�t�i�o�n� �a�s�k�s� �i�f� �t�h�e� �c�a�n�e� �o�f� �s�t�r�a�w�s� �r�e�m�a�i�n�s� 

�b�e�l�o�w� �t�h�e� �f�r�o�s�t� �l�i�n�e� �o�f� �t�h�e� �t�a�n�k�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �r�e�m�o�v�i�n�g� �s�t�r�a�w�s� �b�e�l�o�w� �t�h�e� �f�r�o�s�t� �l�i�n�e� �w�i�t�h�i�n� 

�1�0� �s� �i�s� �d�e�s�c�r�i�b�e�d� �i�f� �p�r�o�p�e�r� �p�r�o�c�e�d�u�r�e� �i�s� �n�o�t� �b�e�i�n�g� �f�o�l�l�o�w�e�d�.� �T�h�e� �E�S� �d�e�t�e�r�m�i�n�e�s� �h�o�w� �s�t�r�a�w�s� �a�r�e� �r�e�-� 

�m�o�v�e�d� �f�r�o�m� �t�h�e� �t�a�n�k�.� �P�o�s�s�i�b�l�e� �a�n�s�w�e�r�s� �t�o� �t�h�i�s� �q�u�e�s�t�i�o�n� �a�r�e� �f�i�n�g�e�r�s�,� �t�w�e�e�z�e�r�s�,� �o�r� �s�p�l�i�t� �s�h�e�a�t�h�.� �I�f� 

�f�i�n�g�e�r�s� �a�r�e� �b�e�i�n�g� �u�s�e�d�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �u�s�e� �o�f� �f�i�n�g�e�r�s� �i�s� �a�c�c�e�p�t�a�b�l�e� �i�f� �t�h�e� �s�t�r�a�w� �i�s� �r�e�m�o�v�e�d� 

�i�n� �1�0� �s� �a�n�d� �t�h�e� �c�a�n�e� �r�e�m�a�i�n�s� �b�e�l�o�w� �t�h�e� �!�:�:�:�s�t� �l�i�n�e�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �6�0



�T�h�a�w�i�n�g� �p�r�o�c�e�d�u�r�e�s� �a�r�e� �e�v�a�l�u�a�t�e�d� �b�y� �c�h�o�o�s�i�n�g� �o�n�e� �o�f� �t�h�r�e�e� �p�o�s�s�i�b�l�e� �p�r�o�c�e�d�u�r�e�s�.� �I�f� �t�h�a�w�i�n�g� �o�c�c�u�r�s� 

�i�n� �t�h�e� �a�i�r� �o�r� �i�n� �t�h�e� �i�n�s�e�m�i�n�a�t�i�o�n� �r�o�d�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �u�n�l�e�s�s� �t�h�e� �A�I� �o�r�g�a�n�i�z�a�t�i�o�n� �t�h�a�t� 

�p�a�c�k�a�g�e�d� �t�h�e� �s�e�m�e�n� �r�e�c�o�m�m�e�n�d�s� �t�h�e�s�e� �s�p�e�c�i�a�l� �t�h�a�w�i�n�g� �p�r�o�c�e�d�u�r�e�s�,� �a� �w�a�t�e�r� �b�a�t�h� �t�h�a�w� �s�h�o�u�l�d� �b�e� 

�u�s�e�d�.� �T�h�e� �E�S� �i�n�q�u�i�r�e�s� �a�b�o�u�t� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �w�a�t�e�r� �b�a�t�h� �a�n�d� �r�e�c�o�m�m�e�n�d�s� �b�e�t�w�e�e�n� �9�0� �a�n�d� 

�9�5� �F�.� �H�o�w�e�v�e�r�,� �t�h�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �o�f� �t�h�e� �A�I� �o�r�g�a�n�i�z�a�t�i�o�n� �s�h�o�u�l�d� �b�e� �f�o�l�l�o�w�e�d�.� �T�h�e� �E�S� �t�h�e�n� 

�q�u�e�s�t�i�o�n�s� �i�f� �t�h�e� �t�h�e�r�m�o�m�e�t�e�r� �u�s�e�d� �i�n� �t�h�e� �w�a�t�e�r� �b�a�t�h� �h�a�s� �b�e�e�n� �c�a�l�i�b�r�a�t�e�d� �i�n� �t�h�e� �l�a�s�t� �6� �m�o�.� �I�f� �n�o�t�,� 

�t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �c�h�e�c�k�i�n�g� �t�h�e� �t�h�e�r�m�o�m�e�t�e�r�.� �F�i�n�a�l�l�y�,� �t�h�e� �E�S� �a�s�k�s� �i�f� �a�c�t�u�a�l� �s�t�r�a�w� �t�h�a�w�i�n�g� �t�i�m�e� 

�i�s� �l�e�s�s� �t�h�a�n� �3�0� �s�,� �b�e�t�w�e�e�n� �3�0� �a�n�d� �6�0� �s�,� �o�r� �g�r�e�a�t�e�r� �t�h�a�n� �6�0�s�.� �P�r�o�p�e�r� �t�h�a�w�i�n�g� �t�i�m�e� �i�s� �b�e�t�w�e�e�n� �3�0� �a�n�d� 

�6�0� �s� �a�n�d� �t�h�e� �E�S� �d�e�s�c�r�i�b�e�s� �t�h�e� �p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �o�t�h�e�r� �c�h�o�i�c�e�s�.� �I�n� �a�l�l� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

�a�n�d� �s�u�g�g�e�s�t�i�o�n�s�,� �t�h�e� �E�S� �d�e�s�c�r�i�b�e�s� �h�o�w� �s�p�e�r�m� �a�n�d� �s�p�e�r�m� �n�u�m�b�e�r�s� �a�r�e� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �s�p�e�c�i�f�i�c� �p�r�o�-� 

�c�e�d�u�r�e� �b�e�i�n�g� �i�n�v�e�s�t�i�g�a�t�e�d�.� 

�P�o�s�t�-�t�h�a�w� �p�r�o�c�e�d�u�r�e�s� �a�r�e� �i�n�v�e�s�t�i�g�a�t�e�d� �b�y� �e�v�a�l�u�a�t�i�n�g� �q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �h�o�w� �t�h�e� �s�t�r�a�w� �o�f� �s�e�m�e�n�,� 

�A�I� �r�o�d�,� �a�n�d� �s�h�e�a�t�h� �a�r�e� �h�a�n�d�l�e�d� �a�f�t�e�r� �t�h�a�w�i�n�g�.� �S�e�v�e�n� �y�e�s� �o�r� �n�o� �q�u�e�s�t�i�o�n�s� �a�r�e� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �E�S�.� 

�I�f� �n�o� �i�s� �a�n�s�w�e�r�e�d�,� �t�h�e� �E�S� �e�x�p�l�a�i�n�s� �w�h�y� �a� �p�a�r�t�i�c�u�l�a�r� �q�u�e�s�t�i�o�n� �s�h�o�u�l�d� �h�a�v�e� �b�e�e�n� �a�n�s�w�e�r�e�d� �y�e�s�.� �T�h�e� 

�A�I� �r�o�d� �a�n�d� �s�h�e�a�t�h� �s�h�o�u�l�d� �b�e� �w�a�r�m�e�d� �b�e�f�o�r�e� �t�h�e� �s�t�r�a�w� �i�s� �p�l�a�c�e�d� �i�n� �t�h�e� �g�u�n�.� �T�h�e� �s�t�r�a�w� �s�h�o�u�l�d� �b�e� 

�d�r�i�e�d� �t�o� �p�r�e�v�e�n�t� �t�h�e� �a�d�v�e�r�s�e� �e�f�f�e�c�t� �o�f� �w�a�t�e�r� �o�n� �s�p�e�r�m�.� �T�h�e� �l�o�a�d�e�d� �g�u�n� �s�h�o�u�l�d� �b�e� �s�h�o�u�l�d� �b�e� �w�r�a�p�p�e�d� 

�w�i�t�h� �a� �p�a�p�e�r� �t�o�w�e�l�.� �A� �9�0� �d�e�g�r�e�e� �c�u�t� �o�f� �t�h�e� �s�t�r�a�w� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �d�e�l�i�v�e�r�y� �o�f� �m�a�x�i�m�u�m� �s�p�e�r�m� 

�n�u�m�b�e�r�s�.� �T�h�e� �s�e�a�l� �b�e�t�w�e�e�n� �t�h�e� �s�t�r�a�w� �a�n�d� �s�h�e�a�t�h� �s�h�o�u�l�d� �b�e� �t�i�g�h�t�.� �T�h�e� �p�l�u�n�g�e�r� �s�h�o�u�l�d� �b�e� �p�u�s�h�e�d� 

�t�o� �t�h�e� �c�o�t�t�o�n� �p�l�u�g� �o�f� �t�h�e� �s�t�r�a�w�.� �O�n�c�e� �t�h�e� �g�u�n� �i�s� �l�o�a�d�e�d�,� �i�t� �s�h�o�u�l�d� �b�e� �p�r�o�t�e�c�t�e�d� �f�r�o�m� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

�t�e�m�p�e�r�a�t�u�r�e� �b�y� �p�l�a�c�i�n�g� �i�t� �c�l�o�s�e� �t�o� �t�h�e� �i�n�s�e�m�i�n�a�t�o�r ��s� �b�o�d�y�.� �F�i�n�a�l�l�y�,� �t�h�e� �E�S� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �t�i�m�e� 

�e�l�a�p�s�e�d� �b�e�t�w�e�e�n� �t�h�a�w�i�n�g� �a�n�d� �i�n�s�e�m�i�n�a�t�i�o�n�.� �T�h�r�e�e� �c�h�o�i�c�e�s� �a�r�e� �l�e�s�s� �t�h�a�n� �5� �m�i�n�,� �l�e�s�s� �t�h�a�n� �1�0� �m�i�n�,� 

�a�n�d� �m�o�r�e� �t�h�a�n� �1�0� �m�i�n�.� �I�f� �l�e�s�s� �t�h�a�n� �5� �m�i�n� �i�s� �n�o�t� �s�e�l�e�c�t�e�d�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �i�n�s�e�m�i�n�a�t�i�o�n� 

�s�h�o�u�l�d� �t�a�k�e� �p�l�a�c�e� �w�i�t�h�i�n� �5� �m�i�n�,� �a�n�d� �i�f� �m�o�r�e� �t�h�a�n� �o�n�e� �c�o�w� �i�s� �t�o� �b�e� �i�n�s�e�m�i�n�a�t�e�d� �a�t� �a� �g�i�v�e�n� �t�i�m�e�,� �e�a�c�h� 

�s�t�r�a�w� �s�h�o�u�l�d� �b�e� �p�r�e�p�a�r�e�d� �i�n�d�i�v�i�d�u�a�l�l�y�.� 

�I�t� �i�s� �p�o�s�s�i�b�l�e� �f�o�r� �a�l�l� �q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �s�e�m�e�n� �h�a�n�d�l�i�n�g� �t�o� �b�e� �a�n�s�w�e�r�e�d� �c�o�r�r�e�c�t�l�y�,� �a�t� �w�h�i�c�h� �p�o�i�n�t� 

�t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �s�e�m�e�n� �h�a�n�d�l�i�n�g� �i�s� �n�o�t� �a� �p�r�o�b�l�e�m�.� �I�f�a� �q�u�e�s�t�i�o�n� �i�s� �a�n�s�w�e�r�e�d� �i�n�c�o�r�r�e�c�t�l�y�,� �t�h�e� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �6�l



�E�S� �r�e�c�o�m�m�e�n�d�s� �m�a�k�i�n�g� �i�m�p�r�o�v�e�m�e�n�t�s�.� �I�f� �q�u�e�s�t�i�o�n�s� �a�r�e� �a�n�s�w�e�r�e�d� �c�o�r�r�e�c�t�l�y�,� �t�h�e� �E�S� �w�i�l�l� �c�o�n�c�l�u�d�e� 

�t�h�a�t� �t�h�e� �A�I� �t�e�c�h�n�i�q�u�e� �u�s�e�d� �o�n� �t�h�e� �f�a�r�m� �i�s� �n�o�t� �r�e�d�u�c�i�n�g� �C�R�.� 

�E�v�a�l�u�a�t�i�o�n� �o�f� �E�f�f�i�c�i�e�n�c�y� �o�f� �D�e�t�e�c�t�i�o�n� �o�f� �E�s�t�r�u�s� 

�I�f� �a�f�t�e�r� �t�h�e� �i�n�i�t�i�a�l� �r�e�p�r�o�d�u�c�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �D�H�I� �2�0�2� �c�a�t�e�g�o�r�i�e�s� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �a� �p�r�o�b�l�e�m� 

�e�x�i�s�t�s� �i�n� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�,� �t�h�e� �E�S� �i�n�v�e�s�t�i�g�a�t�e�s� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �o�n� �t�h�e� �f�a�r�m�.� �F�i�g�u�r�e� �6� �i�l�l�u�s�t�r�a�t�e�s� 

�t�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�.� �T�h�e� �e�v�a�l�u�a�t�i�o�n� �b�e�g�i�n�s� �b�y� �o�b�t�a�i�n�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� 

�D�H�I� �2�0�2� �H�e�r�d� �S�u�m�m�a�r�y� �s�h�e�e�t� �a�b�o�u�t� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�s� �a�n�d� �n�u�m�b�e�r� �o�f� �c�o�w�s� �f�i�r�s�t� �s�e�r�v�i�c�e�d� �a�f�t�e�r� �1�0�0� 

�d�a�y�s�.� �T�h�r�e�e� �q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�s� �a�r�e� �e�v�a�l�u�a�t�e�d�.� �T�h�e� �n�u�m�b�e�r� �o�f� �i�n�t�e�r�v�a�l�s� �b�e�t�w�e�e�n� 

�1�8� �a�n�d� �2�4� �d�,� �3�6� �a�n�d� �4�8� �d�,� �a�n�d�  ��o�t�h�e�r �� �(�i�n�t�e�r�v�a�l�s� �o�u�t�s�i�d�e� �t�h�e�s�e� �c�a�t�e�g�o�r�i�e�s�)� �i�s� �e�n�t�e�r�e�d�.� �I�f� �t�h�e� �p�e�r�-� 

�c�e�n�t�a�g�e� �o�f� �i�n�t�e�r�v�a�l�s� �b�e�t�w�e�e�n� �3�6� �a�n�d� �4�8� �d� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �3�0�%� �o�f� �a�l�l� �i�n�t�e�r�v�a�l�s�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� 

�e�s�t�r�u�s�e�s� �a�r�e� �b�e�i�n�g� �m�i�s�s�e�d� �d�u�e� �t�o� �a� �p�o�o�r� �o�b�s�e�r�v�a�t�i�o�n� �r�o�u�t�i�n�e�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �E�S� �r�e�q�u�e�s�t�s� �t�h�e� �p�e�r�-� 

�c�e�n�t�a�g�e� �o�f� �c�o�w�s� �f�i�r�s�t� �s�e�r�v�i�c�e�d� �a�f�t�e�r� �1�0�0� �d�.� �I�f� �t�h�i�s� �p�e�r�c�e�n�t�a�g�e� �e�x�c�e�e�d�s� �1�0�%�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �s�i�g�n�s� 

�o�f� �e�s�t�r�u�s� �a�r�e� �n�o�t� �b�e�i�n�g� �r�e�c�o�g�i�n�i�z�e�d� �o�r� �m�a�y� �n�o�t� �b�e� �k�n�o�w�n� �t�o� �t�h�e� �p�e�r�s�o�n� �o�b�s�e�r�v�i�n�g� �e�s�t�r�u�s�.� �W�h�e�n� �t�h�e� 

�e�s�t�r�u�s� �i�n�t�e�r�v�a�l� �a�n�d� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�o�w�s� �f�i�r�s�t� �s�e�r�v�i�c�e�d� �a�f�t�e�r� �1�0�0� �d� �a�r�e� �b�o�t�h� �o�v�e�r� �t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� �l�i�m�i�t�,� 

�t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �r�o�u�t�i�n�e� �o�b�s�e�r�v�a�t�i�o�n� �a�n�d� �r�e�c�o�g�n�i�t�i�o�n� �o�f� �t�h�e� �s�i�g�n�s� �o�f� �e�s�t�r�u�s� �a�r�e� �p�o�o�r�.� �T�h�e� �E�S� 

�q�u�e�s�t�i�o�n�s� �i�f� �a�l�l� �p�r�e�g�n�a�n�c�i�e�s� �a�r�e� �b�e�i�n�g� �d�i�a�g�n�o�s�e�d� �a�n�d� �r�e�c�o�r�d�e�d�,� �a�n�d� �t�h�e�n� �d�e�s�c�r�i�b�e�s� �p�r�o�b�l�e�m�s� �a�s�s�o�c�i�-� 

�a�t�e�d� �w�i�t�h� �n�o�t� �r�e�c�o�r�d�i�n�g� �p�r�e�g�n�a�n�c�i�e�s� �a�n�d� �t�h�e� �e�f�f�e�c�t� �o�n� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�f� �c�o�w�s� �a�r�e� 

�n�o�t� �r�e�c�o�r�d�e�d� �a�s� �p�r�e�g�n�a�n�t�,� �t�h�e�y� �w�i�l�l� �c�o�n�t�i�n�u�e� �t�o� �b�e� �c�o�u�n�t�e�d� �a�s� �o�p�e�n� �a�n�d� �c�y�c�l�i�n�g�,� �w�h�i�c�h� �w�i�l�l� �m�a�k�e� 

�t�h�e� �p�e�r�c�e�n�t� �o�f� �e�s�t�r�u�s�e�s� �o�b�s�e�r�v�e�d� �a�p�p�e�a�r� �l�o�w�e�r� �t�h�a�n� �r�e�a�l�i�t�y�.� �A�f�t�e�r� �6�0� �d�a�y�s� �p�o�s�t�-�i�n�s�e�m�i�n�a�t�i�o�n� �w�i�t�h� 

�n�o� �r�e�c�o�r�d�e�d� �e�s�t�r�u�s�,� �i�n�s�e�m�i�n�a�t�i�o�n�,� �o�r� �p�r�e�g�n�a�n�c�y�,� �D�H�I� �w�i�l�l� �c�o�n�s�i�d�e�r� �t�h�e� �c�o�w� �p�r�e�g�n�a�n�t� �a�n�d� �r�e�m�o�v�e� 

�h�e�r� �f�r�o�m� �t�h�e� �b�r�e�e�d�i�n�g� �h�e�r�d�.� �I�n� �t�h�i�s� �s�i�t�u�a�t�i�o�n�,� �t�h�e� �c�o�w� �m�a�y� �n�o�t� �b�e� �p�r�e�g�n�a�n�t� �a�n�d� �s�t�i�l�l� �h�a�s� �t�o� �b�e� �o�b�-� 

�s�e�r�v�e�d� �f�o�r� �e�s�t�r�u�s�.� 
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�T�h�e� �E�S� �t�h�e�n� �u�s�e�s� �t�h�e� �D�A�R�T� �r�e�p�r�o�d�u�c�t�i�v�e� �r�e�p�o�r�t� �c�a�t�e�g�o�r�i�z�e�d� �b�y� �p�r�o�d�u�c�t�i�o�n� �r�a�t�i�n�g� �(�p�r�e�v�i�o�u�s�l�y� �d�i�s�-� 

�c�u�s�s�e�d�)� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l� �l�e�n�g�t�h�s� �o�f� �h�i�g�h� �a�n�d� �l�o�w� �p�r�o�d�u�c�i�n�g� �c�o�w�s� �i�n� �a� �h�e�r�d�.� �T�h�e� �r�e�p�o�r�t� 

�i�s� �d�o�w�n�l�o�a�d�e�d� �i�n�t�o� �t�h�e� �E�S� �a�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d�.� �I�f� �t�h�e�  ��A�-�B �� �m�a�j�o�r� �g�r�o�u�p� �o�f� �h�i�g�h� �p�r�o�d�u�c�i�n�g� 

�c�o�w�s� �h�a�s� �a�n� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l� �m�o�r�e� �t�h�a�n� �1�2� �d� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �a�v�e�r�a�g�e� �o�f� �a�l�l�  ��C�, ��  ��D�, �� �a�n�d�  ��E �� �r�a�t�e�d� 

�c�o�w�s�,� �a� �p�r�o�b�l�e�m� �w�i�t�h� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �e�x�i�s�t�s�.� �T�h�e� �i�n�c�r�e�a�s�e�d� �i�n�t�e�r�v�a�l� �l�e�n�g�t�h� �c�a�n� �b�e� �d�u�e� �t�o� �s�e�v�e�r�a�l� 

�f�a�c�t�o�r�s�.� �H�i�g�h� �p�r�o�d�u�c�i�n�g� �c�o�w�s� �a�r�e� �u�n�d�e�r� �m�o�r�e� �s�t�r�e�s�s� �t�h�a�n� �l�o�w� �p�r�o�d�u�c�i�n�g� �c�o�w�s� �a�n�d� �m�a�y� �n�o�t� �b�e� 

�h�a�v�i�n�g� �n�o�r�m�a�l� �e�s�t�r�o�u�s� �c�y�c�l�e�s�.� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�r�e� �g�i�v�e�n� �o�n� �h�o�w� �t�o� �l�o�w�e�r� �s�t�r�e�s�s� �l�e�v�e�l�s� �t�h�r�o�u�g�h� 

�p�r�o�p�e�r� �n�u�t�r�i�t�i�o�n� �a�n�d� �m�a�n�a�g�e�m�e�n�t�.� �T�h�e� �s�t�r�e�s�s� �o�f� �h�i�g�h� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �r�e�d�u�c�e�s� �t�h�e� �i�n�t�e�n�s�i�t�y� �a�n�d� 

�d�u�r�a�t�i�o�n� �o�f� �e�s�t�r�u�s�,� �w�h�i�c�h� �m�e�a�n�s� �t�h�a�t� �m�o�r�e� �t�i�m�e� �m�u�s�t� �b�e� �s�p�e�n�t� �o�b�s�e�r�v�i�n�g� �h�i�g�h� �p�r�o�d�u�c�i�n�g� �c�o�w�s� �f�o�r� 

�s�i�g�n�s� �o�f� �e�s�t�r�u�s�.� �H�e�a�t� �d�e�t�e�c�t�i�o�n� �a�i�d�s� �s�h�o�u�l�d� �a�l�s�o� �b�e� �u�s�e�d�.� �T�o� �f�u�r�t�h�e�r� �p�i�n�p�o�i�n�t� �p�r�o�b�l�e�m� �c�o�w�s�,� �t�h�e� 

�e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�s�  ��A�-�B �� �g�r�o�u�p�s� �a�r�e� �c�o�m�p�a�r�e�d� �i�n�d�i�v�i�d�u�a�l�l�y� �t�o� �t�h�e� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l� �o�f� �a�l�l�  ��A�-�B �� �r�a�t�e�d� 

�c�o�w�s�.� �I�f�a� �g�r�o�u�p� �h�a�s� �a�n� �i�n�t�e�r�v�a�l� �t�h�a�t� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �1�2� �d� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �a�v�e�r�a�g�e� �o�f� �t�h�e� �c�o�m�b�i�n�e�d� 

�g�r�o�u�p�,� �a� �p�r�o�b�l�e�m� �e�x�i�s�t�s� �i�n� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �g�r�o�u�p�.� �I�f� �n�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �i�n�t�e�r�v�a�l� �l�e�n�g�t�h�s� �a�r�e� �f�o�u�n�d� �b�e�-� 

�t�w�e�e�n� �i�n�d�i�v�i�d�u�a�l� �a�n�d� �c�o�m�b�i�n�e�d� �g�r�o�u�p�s�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �i�s� �n�o�t� �a�f�f�e�c�t�i�n�g� 

�l�e�n�g�t�h� �o�f� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�.� 

�E�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�g�r�a�m� �f�o�r� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �b�e�g�i�n�s� �b�y� �q�u�e�s�t�i�o�n�i�n�g� �i�f� �a� �r�o�u�t�i�n�e� �d�e�t�e�c�t�i�o�n� �p�r�o�-� 

�g�r�a�m� �e�x�i�s�t�s�.� �I�f� �n�o� �r�o�u�t�i�n�e� �p�r�o�g�r�a�m� �e�x�i�s�t�s�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �a� �t�w�i�c�e� �d�a�i�l�y� �o�b�s�e�r�v�a�t�i�o�n� �e�s�t�r�u�s� 

�p�r�o�g�r�a�m� �b�e� �i�m�p�l�e�m�e�n�t�e�d�.� �T�h�e� �E�S� �t�h�e�n� �q�u�e�s�t�i�o�n�s� �t�o�p�i�c�s� �r�e�g�a�r�d�i�n�g� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �a� �g�o�o�d� 

�p�r�o�g�r�a�m� �f�o�r� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�.� �T�h�e� �f�i�r�s�t� �q�u�e�s�t�i�o�n� �d�e�t�e�r�m�i�n�e�s� �h�o�w� �m�a�n�y� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s� �a�r�e� 

�b�e�i�n�g� �u�s�e�d�.� �T�h�e� �p�o�s�s�i�b�l�e� �a�n�s�w�e�r�s� �t�o� �t�h�i�s� �q�u�e�s�t�i�o�n� �a�r�e� �o�n�e�,� �t�w�o�,� �a�n�d� �m�o�r�e� �t�h�a�n� �t�w�o� �o�b�s�e�r�v�a�t�i�o�n� 

�p�e�r�i�o�d�s�.� �I�f� �t�h�e� �a�n�s�w�e�r� �i�s� �o�n�e� �p�e�r�i�o�d�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �a�t� �l�e�a�s�t� �t�w�o� �d�a�i�l�y� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s� 

�a�r�e� �n�e�e�d�e�d�;� �h�o�w�e�v�e�r�,� �t�h�e� �E�S� �a�s�k�s� �i�f� �c�o�w�s� �a�r�e� �m�o�v�e�d� �t�o� �a� �s�p�e�c�i�a�l� �a�r�e�a� �d�u�r�i�n�g� �t�h�e� �d�a�i�l�y� �o�b�s�e�r�v�a�t�i�o�n� 

�p�e�r�i�o�d�.� �I�f� �m�o�v�e�m�e�n�t� �d�o�e�s� �n�o�t� �o�c�c�u�r�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �i�f� �o�n�l�y� �o�n�e� �o�b�s�e�r�v�a�t�i�o�n� �i�s� �p�o�s�s�i�b�l�e�,� 

�c�o�w�s� �s�h�o�u�l�d� �b�e� �m�o�v�e�d� �a�s� �a� �g�r�o�u�p� �t�o� �a� �d�i�r�t� �l�o�t� �f�o�r� �o�b�s�e�r�v�a�t�i�o�n�.� �T�h�i�s� �m�o�v�e�m�e�n�t� �w�i�l�l� �e�n�h�a�n�c�e� �t�h�e� 

�e�x�p�r�e�s�s�i�o�n� �o�f� �e�s�t�r�u�s�.� �I�f� �t�h�e�r�e� �a�r�e� �t�w�o� �o�r� �m�o�r�e� �d�a�i�l�y� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s�,� �t�h�e� �E�S� �a�s�k�s� �i�f� �t�h�e� �t�w�o� 

�o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s� �a�r�e� �1�2�h� �a�p�a�r�t�.� �I�f� �t�h�e� �p�e�r�i�o�d�s� �a�r�e� �n�o�t� �1�2� �h� �a�p�a�r�t�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �a�t� �l�e�a�s�t� 

�t�w�o� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s� �b�e� �1�2� �h� �a�p�a�r�t�.� �F�o�r� �e�x�a�m�p�l�e�,� �a� �m�o�r�n�i�n�g� �a�n�d� �e�v�e�n�i�n�g� �o�b�s�e�r�v�a�t�i�o�n� �s�h�o�u�l�d� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �6�4



�b�e� �1�2� �h� �a�p�a�r�t�,� �w�i�t�h� �o�t�h�e�r� �o�t�h�e�r� �p�e�r�i�o�d�s� �o�c�c�u�r�r�i�n�g� �a�t� �o�t�h�e�r� �d�e�s�i�r�e�d� �t�i�m�e�s� �o�f� �d�a�y�.� �T�h�i�s� �a�c�t�i�o�n� �a�s�s�u�r�e�s� 

�t�h�a�t� �c�o�w�s� �a�r�e� �b�e�i�n�g� �o�b�s�e�r�v�e�d� �a�t� �t�h�e� �m�o�s�t� �i�d�e�a�l� �t�i�m�e�s� �f�o�r� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �e�s�t�r�u�s� �t�o� �b�e� �r�e�c�o�g�n�i�z�e�d�.� 

�T�h�e� �n�e�x�t� �E�S� �q�u�e�s�t�i�o�n� �c�o�n�c�e�r�n�s� �t�h�e� �l�e�n�g�t�h� �o�f� �e�a�c�h� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�.� �C�h�o�i�c�e�s� �i�n�c�l�u�d�e� �l�e�s�s� �t�h�a�n� 

�1�5� �m�i�n�,� �1�5� �m�i�n�,� �a�n�d� �m�o�r�e� �t�h�a�n� �1�5� �m�i�n�.� �I�f� �l�e�s�s� �t�h�a�n� �1�5� �m�i�n� �i�s� �s�e�l�e�c�t�e�d�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �o�b�-� 

�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s� �s�h�o�u�l�d� �b�e� �a�t� �l�e�a�s�t� �1�5� �m�i�n�.� �T�h�e� �E�S� �t�h�e�n� �i�n�q�u�i�r�e�s� �w�h�e�r�e� �o�n� �t�h�e� �f�a�r�m� �e�s�t�r�u�s� �d�e�-� 

�t�e�c�t�i�o�n� �t�a�k�e�s� �p�l�a�c�e�.� �T�h�e� �c�h�o�i�c�e�s� �t�o� �t�h�i�s� �q�u�e�s�t�i�o�n� �a�r�e� �f�r�e�e� �s�t�a�l�l�s�,� �f�e�e�d� �b�u�n�k�,� �d�i�r�t� �l�o�t�,� �m�i�l�k�i�n�g� �p�a�r�l�o�r�,� 

�h�o�l�d�i�n�g� �p�e�n�,� �p�a�s�t�u�r�e�,� �o�r� �o�t�h�e�r� �a�r�e�a� �n�o�t� �l�i�s�t�e�d�.� �I�f� �a�n� �a�r�e�a� �o�t�h�e�r� �t�h�a�n� �a� �d�i�r�t� �l�o�t� �o�r� �p�a�s�t�u�r�e� �i�s� �s�e�l�e�c�t�e�d�,� 

�t�h�e� �E�S� �d�e�s�c�r�i�b�e�s� �a�d�v�a�n�t�a�g�e�s� �o�f� �d�i�r�t� �l�o�t�s� �a�n�d� �p�a�s�t�u�r�e�s�.� �T�h�e� �E�S� �n�e�x�t� �i�n�q�u�i�r�e�s� �a�s� �t�o� �w�h�a�t� �t�y�p�e� �o�f� 

�s�u�r�f�a�c�e� �o�n� �w�h�i�c�h� �c�o�w�s� �a�r�e� �s�t�a�n�d�i�n�g� �d�u�r�i�n�g� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s�.� �C�o�n�c�r�e�t�e�,� �d�i�r�t�,� �a�n�d� �n�e�i�t�h�e�r� �a�r�e� 

�g�i�v�e�n� �a�s� �c�h�o�i�c�e�s�.� �I�f� �c�o�n�c�r�e�t�e� �o�r� �n�e�i�t�h�e�r� �i�s� �s�e�l�e�c�t�e�d�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �c�o�w�s� �b�e� �o�b�s�e�r�v�e�d� �o�n� 

�a� �l�e�v�e�l� �d�r�y� �d�i�r�t� �s�u�r�f�a�c�e� �t�o� �i�n�c�r�e�a�s�e� �m�o�u�n�t�i�n�g� �a�c�t�i�v�i�t�y�.� �A�s� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �t�o� �d�i�r�t�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� 

�c�o�n�c�r�e�t�e� �c�a�n� �b�e� �u�s�e�d� �i�f� �i�t� �i�s� �d�r�y� �a�n�d� �g�r�o�o�v�e�d�.� �T�h�e� �f�i�n�a�l� �q�u�e�s�t�i�o�n� �r�e�g�a�r�d�i�n�g� �a� �r�o�u�t�i�n�e� �p�r�o�g�r�a�m� �f�o�r� 

�d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �d�e�t�e�r�m�i�n�e�s� �w�h�e�t�h�e�r� �t�h�e� �p�e�o�p�l�e� �w�h�o� �a�r�e� �w�a�t�c�h�i�n�g� �f�o�r� �e�s�t�r�u�s�e�s� �h�a�v�e� �b�e�e�n� �t�r�a�i�n�e�d� 

�i�n� �r�e�c�o�g�n�i�z�i�n�g� �t�h�e� �s�i�g�n�s� �o�f� �e�s�t�r�u�s�.� �I�f� �t�h�e� �p�e�o�p�l�e� �h�a�v�e� �n�o�t� �b�e�e�n� �t�r�a�i�n�e�d�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�r�a�i�n�i�n�g� 

�a�l�l� �p�e�r�s�o�n�n�e�l� �i�n� �t�e�c�h�n�i�q�u�e�s� �a�n�d� �s�i�g�n�s� �o�f� �e�s�t�r�u�s�.� �I�f� �a�l�l� �q�u�e�s�t�i�o�n�s� �a�r�e� �a�n�s�w�e�r�e�d� �i�d�e�a�l�l�y�,� �a�n�d� �a� �r�o�u�t�i�n�e� 

�p�r�o�g�r�a�m� �e�x�i�s�t�s�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �t�h�e� �r�e�d�u�c�e�d� �e�f�f�i�c�i�e�n�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �i�s� �p�r�o�b�a�b�l�y� �r�e�-� 

�l�a�t�e�d� �t�o� �a� �p�o�o�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �p�h�y�s�i�c�a�l� �s�i�g�n�s� �w�h�i�c�h� �i�n�d�i�c�a�t�e� �e�s�t�r�u�s�.� �I�f� �a� �r�o�u�t�i�n�e� �p�r�o�g�r�a�m� �d�i�d� 

�n�o�t� �e�x�i�s�t� �a�n�d� �t�h�e� �q�u�e�s�t�i�o�n�s� �a�r�e� �a�n�s�w�e�r�e�d� �c�o�r�r�e�c�t�l�y�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �t�h�e� �p�r�o�g�r�a�m� �o�u�t�l�i�n�e�d� 

�b�y� �t�h�e� �q�u�e�s�t�i�o�n�s� �b�e� �i�m�p�l�e�m�e�n�t�e�d�.� 

�A�f�t�e�r� �t�h�e� �p�r�o�g�r�a�m� �f�o�r� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �i�s� �e�v�a�l�u�a�t�e�d� �a�n�d� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �g�i�v�e�n�,� �t�h�e� �E�S� �i�n�v�e�s�t�i�-� 

�g�a�t�e�s� �t�h�e� �s�i�g�n�s� �o�f� �e�s�t�r�u�s� �b�e�i�n�g� �r�e�c�o�g�n�i�z�e�d�.� �T�h�e� �u�s�e�r� �s�e�l�e�c�t�s� �a�l�l� �s�i�g�n�s� �o�f� �e�s�t�r�u�s� �u�s�e�d� �f�r�o�m� �a� �l�i�s�t� �w�h�i�c�h� 

�i�n�c�l�u�d�e�s� �s�t�a�n�d�i�n�g�,� �m�o�u�n�t�i�n�g� �o�t�h�e�r� �a�n�i�m�a�l�s�,� �b�a�w�l�i�n�g�,� �r�e�s�t�l�e�s�s� �a�n�d� �n�e�r�v�o�u�s�,� �v�a�g�i�n�a�l� �d�i�s�c�h�a�r�g�e�,� �r�e�d�u�c�e�d� 

�m�i�l�k� �y�i�e�l�d� �a�n�d� �o�f�f� �f�e�e�d�.� �F�o�r� �e�a�c�h� �s�i�g�n� �t�h�a�t� �i�s� �n�o�t� �s�e�l�e�c�t�e�d�,� �t�h�e� �E�S� �m�a�k�e�s� �a� �r�e�c�o�m�m�e�n�d�a�t�i�o�n� �t�o� �i�n�-� 

�c�l�u�d�e� �t�h�e� �s�i�g�n� �i�n� �t�h�e� �p�r�o�g�r�a�m�,� �a�n�d� �e�x�p�l�a�i�n�s� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �s�i�g�n� �a�n�d� �g�i�v�e�s� �s�u�g�g�e�s�t�i�o�n�s� �o�n� �h�o�w� 

�t�o� �o�b�s�e�r�v�e� �t�h�e� �s�i�g�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�f� �s�t�a�n�d�i�n�g� �i�s� �n�o�t� �s�e�l�e�c�t�e�d�,� �t�h�e� �E�S� �w�i�l�l� �d�e�s�c�r�i�b�e� �t�h�e� �i�m�p�o�r�t�a�n�c�e� 

�o�f� �r�e�c�o�g�n�i�z�i�n�g� �s�t�a�n�d�i�n�g� �e�s�t�r�u�s� �a�n�d� �r�e�c�o�m�m�e�n�d� �t�h�a�t� �a�n� �e�f�f�o�r�t� �b�e� �m�a�d�e� �t�o� �i�m�p�r�o�v�e� �t�h�e� �r�e�c�o�g�n�i�t�i�o�n� 

�o�f� �s�t�a�n�d�i�n�g� �e�s�t�r�u�s�.� �S�i�m�i�l�a�r� �d�e�s�c�r�i�p�t�i�o�n�s� �a�r�e� �m�a�d�e� �f�o�r� �t�h�e� �r�e�m�a�i�n�i�n�g� �s�i�g�n�s� �o�f� �e�s�t�r�u�s� �n�o�t� �s�e�l�e�c�t�e�d�.� �I�f� 
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�a�l�l� �s�i�g�n�s� �a�r�e� �s�e�l�e�c�t�e�d�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �t�h�e� �u�s�e� �o�f� �e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �a�i�d�s� �m�a�y� �b�e� �n�e�c�e�s�s�a�r�y� �s�o� �t�h�a�t� 

�s�i�g�n�s� �a�r�e� �s�e�e�n� �o�n� �a� �l�a�r�g�e�r� �n�u�m�b�e�r� �o�f� �c�o�w�s�.� �T�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �i�f� �a�l�l� �s�i�g�n�s� �a�r�e� �b�e�i�n�g� �o�b�s�e�r�v�e�d�,� 

�e�f�f�i�c�i�e�n�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �s�h�o�u�l�d� �i�m�p�r�o�v�e�.� 

�T�h�e� �E�S� �d�e�t�e�r�m�i�n�e�s� �w�h�e�t�h�e�r� �e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �a�i�d�s� �a�r�e� �b�e�i�n�g� �u�s�e�d�.� �I�f� �n�o�n�e� �a�r�e� �b�e�i�n�g� �u�s�e�d�,� �t�h�e� �r�e�-� 

�c�o�m�m�e�n�d�a�t�i�o�n� �i�s� �t�o� �b�e�g�i�n� �c�h�a�l�k�i�n�g� �t�a�i�l�h�e�a�d�s�,� �u�s�i�n�g� �h�e�a�t� �m�o�u�n�t� �d�e�v�i�c�e�s�,� �h�e�a�t� �e�x�p�e�c�t�a�n�c�y� �l�i�s�t�s� �a�n�d� 

�m�i�l�k� �p�r�o�g�e�s�t�e�r�o�n�e� �t�e�s�t�s� �t�o� �h�e�l�p� �i�m�p�r�o�v�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�.� �A� �r�e�m�i�n�d�e�r� �t�h�a�t� �t�h�e� �a�i�d�s� 

�a�r�e� �n�o�t� �a� �s�u�b�s�t�i�t�u�t�e� �f�o�r� �r�o�u�t�i�n�e� �o�b�s�e�r�v�a�t�i�o�n� �i�s� �a�l�s�o� �g�i�v�e�n�.� �I�f� �d�e�t�e�c�t�i�o�n� �a�i�d�s� �a�r�e� �b�e�i�n�g� �u�s�e�d�,� �t�h�e� �E�S� 

�s�u�g�g�e�s�t�s� �t�h�e� �a�i�d�s� �m�a�y� �b�e� �r�e�p�l�a�c�i�n�g� �a� �r�o�u�t�i�n�e� �E�D� �p�r�o�g�r�a�m� �i�n�s�t�e�a�d� �o�f� �c�o�m�p�l�e�m�e�n�t�i�n�g�.� �T�h�e� �E�S� �t�h�e�n� 

�i�n�v�e�s�t�i�g�a�t�e�s� �e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �a�i�d�s�.� �I�f� �m�o�u�n�t� �d�e�v�i�c�e�s� �a�r�e� �b�e�i�n�g� �u�s�e�d�,� �t�h�e� �E�S� �d�e�s�c�r�i�b�e�s� �s�o�m�e� �o�f� �t�h�e� 

�p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e�i�r� �u�s�e�.� �A�n� �e�x�p�l�a�n�a�t�i�o�n� �o�n� �h�o�w� �m�i�l�k� �p�r�o�g�e�s�t�e�r�o�n�e� �t�e�s�t�s� �c�a�n� �b�e� �u�s�e�d� 

�t�o� �i�m�p�r�o�v�e� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �i�s� �g�i�v�e�n�.� �T�h�e� �E�S� �d�e�t�e�r�m�i�n�e�s� �i�f� �t�a�i�l� �c�h�a�l�k�i�n�g� �i�s� �b�e�i�n�g� �u�s�e�d�.� �I�f� �i�t� �i�s� 

�n�o�t�,� �i�t� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �a�l�o�n�g� �w�i�t�h� �a�n� �e�x�p�l�a�n�a�t�i�o�n� �t�h�a�t� �c�h�a�l�k�i�n�g� �i�s� �t�h�e� �s�i�m�p�l�e�s�t� �a�n�d� �l�e�a�s�t� �e�x�p�e�n�s�i�v�e� 

�e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �a�i�d� �a�v�a�i�l�a�b�l�e�.� �T�h�e� �E�S� �d�e�s�c�r�i�b�e�s� �h�o�w� �a� �h�e�a�t� �e�x�p�e�c�t�a�n�c�y� �l�i�s�t� �o�f� �c�o�w�s� �c�a�n� �b�e� �m�a�d�e� 

�a�n�d� �t�h�e� �b�e�n�e�f�i�t�s� �o�f� �u�s�i�n�g� �t�h�e� �l�i�s�t�.� 

�E�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�g�r�a�m� �f�o�r� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �c�o�n�c�l�u�d�e�s� �b�y� �r�e�-�e�m�p�h�a�s�i�z�i�n�g� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� 

�r�o�u�t�i�n�e� �d�a�i�l�y� �o�b�s�e�r�v�a�t�i�o�n� �f�o�r� �e�s�t�r�u�s�.� �T�h�e� �s�i�g�n�s� �o�f� �e�s�t�r�u�s� �a�r�e� �r�e�v�i�e�w�e�d�,� �a�n�d� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �a�n�d� 

�p�r�o�b�l�e�m�s� �o�f� �a�i�d�s� �c�o�m�m�o�n�l�y� �u�s�e�d� �i�n� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �a�r�e� �a�l�s�o� �r�e�v�i�e�w�e�d�.� 

�E�v�a�l�u�a�t�i�o�n� �o�f� �D�a�y�s� �t�o� �F�i�r�s�t� �B�r�e�e�d�i�n�g� 

�W�h�e�n� �t�h�e� �E�S� �d�e�t�e�r�m�i�n�e�s� �t�h�a�t� �D�F�B� �i�s� �t�h�e� �a�r�e�a� �i�n� �n�e�e�d� �o�f� �t�h�e� �m�o�s�t� �c�o�r�r�e�c�t�i�o�n�,� �o�r� �t�h�e� �u�s�e�r� �s�e�l�e�c�t�s� 

�t�h�e� �D�F�B� �e�v�a�l�u�a�t�i�o�n�,� �t�h�e� �E�S� �c�a�l�l�s� �t�h�e� �D�F�B� �p�r�o�g�r�a�m�.� �T�h�e� �D�F�B� �e�v�a�l�u�a�t�i�o�n� �p�r�o�g�r�a�m� �i�s� �t�h�e� �s�m�a�l�l�e�s�t� 

�c�o�m�p�o�n�e�n�t� �o�f� �E�S� �b�e�c�a�u�s�e� �t�h�e� �E�S� �w�i�l�l� �o�n�l�y� �s�e�l�e�c�t� �t�h�e� �D�F�B� �e�v�a�l�u�a�t�i�o�n� �w�h�e�n� �D�F�B� �i�s� �i�n� �m�o�s�t� �n�e�e�d� 

�o�f� �c�o�r�r�e�c�t�i�o�n�.� �W�h�e�n� �D�F�B�,� �C�R� �a�n�d� �E�D� �a�r�e� �i�n�t�e�p�r�e�t�e�d� �a�s� �b�e�i�n�g� �e�q�u�a�l�l�y� �i�n� �n�e�e�d� �o�f� �a�t�t�e�n�t�i�o�n�,� �t�h�e� 
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�E�S� �w�i�l�l� �e�v�a�l�u�a�t�e� �t�h�e� �C�R� �a�r�e�a�.� �W�h�e�n� �D�F�B� �a�n�d� �E�D� �a�r�e� �m�o�s�t� �i�n� �n�e�e�d�,� �t�h�e� �E�S� �w�i�l�l� �e�v�a�l�u�a�t�e� �t�h�e� �E�D� 

�a�r�e�a�.� �D�a�y�s� �t�o� �f�i�r�s�t� �b�r�e�e�d�i�n�g� �d�e�p�e�n�d�s� �o�n� �t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�;� �i�f� �c�o�w�s� �a�r�e� �n�o�t� �o�b�s�e�r�v�e�d� 

�i�n� �e�s�t�r�u�s�;� �D�F�B� �w�i�l�l� �b�e� �a� �p�r�o�b�l�e�m�.� �T�h�e� �E�S� �w�i�l�l� �e�v�a�l�u�a�t�e� �f�a�c�t�o�r�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a�n� �e�x�t�e�n�d�e�d� �D�F�B�,� 

�i�n�c�l�u�d�i�n�g� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �t�h�e� �V�W�P�,� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�,� �c�o�w� �h�e�a�l�t�h�,� �a�n�d� �h�e�r�d� �h�e�a�l�t�h� �p�r�o�g�r�a�m� �o�f� �t�h�e� 

�f�a�r�m�.� �F�i�g�u�r�e� �7� �d�e�p�c�i�c�t�s� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �d�a�y�s� �t�o� �f�i�r�s�t� �b�r�e�e�d�i�n�g�.� 

�T�h�e� �V�W�P� �i�n� �t�h�e�o�r�y� �i�s� �t�h�e� �m�i�n�i�m�u�m� �D�F�B�.� �T�h�e� �E�S� �b�e�g�i�n�s� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �b�y� �i�n�q�u�i�r�i�n�g� �a�b�o�u�t� �t�h�e� 

�l�e�n�g�t�h� �o�f� �t�h�e� �V�W�P�.� �T�h�r�e�e� �c�h�o�i�c�e�s� �a�r�e� �g�i�v�e�n�:� �l�e�s�s� �t�h�a�n� �6�0� �d�,� �6�0� �d�,� �a�n�d� �g�r�e�a�t�e�r� �t�h�a�n� �6�0� �d�.� �T�h�e� �V�W�P� 

�i�s� �r�e�c�o�r�d�e�d� �o�n� �t�h�e� �D�H�I� �2�0�2� �s�h�e�e�t�.� �I�f� �6�0� �d� �o�r� �g�r�e�a�t�e�r� �t�h�a�n� �6�0� �d� �i�s� �s�e�l�e�c�t�e�d�,� �t�h�e� �E�S� �e�x�p�l�a�i�n�s� �w�h�y� �t�h�e� 

�V�W�P� �s�h�o�u�l�d� �b�e� �n�o� �m�o�r�e� �t�h�a�n� �6�0� �d�.� �A� �r�e�c�o�m�m�e�n�d�a�t�i�o�n� �i�s� �g�i�v�e�n� �t�o� �b�e�g�i�n� �i�n�s�e�m�i�n�a�t�i�o�n� �a�f�t�e�r� �c�o�w�s� 

�h�a�v�e� �b�e�e�n� �c�h�e�c�k�e�d� �r�e�a�d�y� �t�o� �b�r�e�e�d� �b�y� �a� �v�e�t�e�r�i�n�a�r�i�a�n� �a�t� �3�0� �t�o� �5�0� �d� �p�o�s�t�p�a�r�t�u�m�.� �A�l�l� �D�H�I� �r�a�t�e�d�  ��B�, �� 

 ��C�, ��  ��D�, �� �a�n�d�  ��E �� �c�o�w�s� �s�h�o�u�l�d� �b�e� �i�n�s�e�m�i�n�a�t�e�d� �a�t� �t�h�e� �f�i�r�s�t� �o�b�s�e�r�v�e�d� �e�s�t�r�u�s� �a�f�t�e�r� �5�0� �d� �p�o�s�t�p�a�r�t�u�m�.� 

�T�h�e� �E�S� �s�u�g�g�e�s�t�s� �w�a�i�t�i�n�g� �t�o� �i�n�s�e�m�i�n�a�t�e�  ��A �� �r�a�t�e�d� �c�o�w�s� �s�o� �t�h�a�t� �t�h�e� �s�t�r�e�s�s� �o�f� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �w�i�l�l� �n�o�t� 

�i�n�h�i�b�i�t� �C�R�.� �I�f� �t�h�e� �V�W�P� �i�s� �l�e�s�s� �t�h�a�n� �6�0� �d�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �t�h�e� �V�W�P� �l�e�n�g�t�h� �i�s� �n�o�t� �a�d�v�e�r�s�e�l�y� 

�i�n�f�l�u�e�n�c�i�n�g� �D�F�B�.� 

�T�o� �d�e�t�e�r�m�i�n�e� �h�o�w� �t�h�e� �f�a�r�m� �i�s� �u�s�i�n�g� �t�h�e� �V�W�P�,� �t�h�e� �E�S� �a�s�k�s� �f�o�r� �t�h�e� �p�e�r�c�e�n�t� �o�f� �f�i�r�s�t� �s�e�r�v�i�c�e�s� �t�h�a�t� �t�o�o�k� 

�p�l�a�c�e� �b�e�f�o�r�e� �t�h�e� �e�n�d� �o�f� �t�h�e� �V�W�P�.� �T�h�e�s�e� �d�a�t�a� �a�r�e� �a�v�a�i�l�a�b�l�e� �o�n� �t�h�e� �D�H�I� �2�0�2� �s�h�e�e�t�.� �I�f� �g�r�e�a�t�e�r� �t�h�a�n� 

�1�5�%� �o�f� �f�i�r�s�t� �s�e�r�v�i�c�e�s� �w�e�r�e� �b�e�f�o�r�e� �t�h�e� �e�n�d� �o�f� �t�h�e� �V�W�P�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �t�h�e� �V�W�P� �i�s� �b�e�i�n�g� �u�s�e�d� 

�c�o�r�r�e�c�t�l�y�.� �I�f� �l�e�s�s� �t�h�a�n� �1�5�%� �o�f� �t�h�e� �h�e�r�d� �h�a�s� �a� �f�i�r�s�t� �s�e�r�v�i�c�e� �b�e�f�o�r�e� �t�h�e� �e�n�d� �o�f� �t�h�e� �V�W�P�,� �t�h�e� �E�S� �c�o�n�-� 

�c�l�u�d�e�s� �t�h�a�t� �t�h�e� �V�W�P� �i�s� �n�o�t� �b�e�i�n�g� �u�s�e�d� �c�o�r�r�e�c�t�l�y� �a�n�d� �m�a�y� �b�e� �e�x�t�e�n�d�i�n�g� �D�F�B�.� �T�h�e� �E�S� �d�e�s�c�r�i�b�e�s� 

�h�o�w� �t�h�e� �d�e�c�i�s�i�o�n� �o�n� �w�h�e�n� �t�o� �i�n�s�e�m�i�n�a�t�e� �s�h�o�u�l�d� �b�e� �b�a�s�e�d� �u�p�o�n� �t�h�e� �c�o�n�d�i�t�i�o�n� �o�f� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �c�o�w�.� 

�T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �3�0� �d� �p�o�s�t�p�a�r�t�u�m� �c�h�e�c�k�s� �i�s� �d�e�s�c�r�i�b�e�d�.� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�r�e� �g�i�v�e�n� �t�o� �t�o� �u�s�e� �t�h�e� 

�V�W�P� �a�s� �a� �g�u�i�d�e� �a�n�d� �n�o�t� �t�o� �w�a�i�t� �t�h�e� �w�h�o�l�e� �V�W�P� �o�n� �a�l�l� �c�o�w�s�.� 

�T�h�e� �E�S� �e�v�a�l�u�a�t�e�s� �t�h�e� �e�f�f�e�c�t�s� �o�f� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �o�n� �D�F�B� �b�y� �e�v�a�l�u�a�t�i�n�g� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �r�e�p�o�r�t� 

�w�h�i�c�h� �c�a�t�e�g�o�r�i�z�e�s� �c�o�w�s� �b�y� �D�H�I� �p�r�o�d�u�c�t�i�o�n� �r�a�t�i�n�g�.� �T�h�i�s� �r�e�p�o�r�t� �i�s� �d�o�w�n�l�o�a�d�e�d� �t�h�r�o�u�g�h� �D�A�R�T� �i�n�t�o� 

�t�h�e� �E�S�.� �T�h�e� �r�e�p�o�r�t� �i�s� �e�v�a�l�u�a�t�e�d� �i�n� �s�a�m�e� �:�.�.�a�n�n�e�r� �a�s� �i�n� �t�h�e� �C�R� �e�v�a�l�u�a�t�i�o�n�.� 
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�T�h�e� �E�S� �a�s�k�s� �i�f� �a� �r�o�u�t�i�n�e� �p�r�o�g�r�a�m� �f�o�r� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �e�x�i�s�t�s� �o�n� �t�h�e� �f�a�r�m�.� �I�f� �n�o� �p�r�o�g�r�a�m� �i�s� �i�n�d�i�-� 

�c�a�t�e�d�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �i�m�p�l�e�m�e�n�t�i�n�g� �a� �p�r�o�g�r�a�m� �s�o� �e�s�t�r�u�s� �c�a�n� �b�e� �o�b�s�e�r�v�e�d� �r�e�g�u�l�a�r�l�y�.� �T�h�e� �E�S� 

�s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �p�o�r�t�i�o�n� �o�f� �t�h�e� �E�S� �p�r�o�g�r�a�m� �s�h�o�u�l�d� �b�e� �r�u�n� �a�t� �t�h�e� �c�o�n�c�l�u�s�i�o�n� �o�f� 

�t�h�e� �D�F�B� �e�v�a�l�u�a�t�i�o�n�.� �I�m�p�r�o�v�i�n�g� �t�h�e� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �o�n� �t�h�e� �f�a�r�m� �s�h�o�u�l�d� �l�o�w�e�r� �D�F�B�.� �I�f�a� �r�o�u�t�i�n�e� 

�e�x�i�s�t�s� �f�o�r� �t�h�e� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �p�o�o�r� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �i�s� �p�r�o�b�a�b�l�y� �n�o�t� �r�e�-� 

�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �D�F�B� �p�r�o�b�l�e�m�.� 

�T�h�e� �E�S� �i�n�v�e�s�t�i�g�a�t�e�s� �c�o�w� �e�f�f�e�c�t�s� �o�n� �D�F�B� �b�y� �a�s�k�i�n�g� �t�h�r�e�e� �q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �c�o�w� �h�e�a�l�t�h�.� �T�h�r�e�e� 

�c�h�o�i�c�e�s� �a�r�e� �p�r�o�v�i�d�e�d� �a�s� �p�o�s�s�i�b�l�e� �a�n�s�w�e�r�s� �t�o� �t�h�e� �q�u�e�s�t�i�o�n�s�:� �l�e�s�s� �t�h�a�n� �5�%�,� �5� �t�o� �1�0�%�,� �a�n�d� �g�r�e�a�t�e�r� �t�h�a�n� 

�1�0�%�.� �T�h�e� �f�i�r�s�t� �q�u�e�s�t�i�o�n� �d�e�t�e�r�m�i�n�e�s� �w�h�a�t� �p�e�r�c�e�n�t� �o�f� �t�h�e� �h�e�r�d� �h�a�d� �a� �m�e�t�a�b�o�l�i�c� �d�i�s�o�r�d�e�r� �d�u�r�i�n�g� �t�h�e� 

�f�i�r�s�t� �2� �m�o� �o�f� �l�a�c�t�a�t�i�o�n�.� �I�f� �m�o�r�e� �t�h�a�n� �5�%� �o�f� �t�h�e� �h�e�r�d� �h�a�d� �a� �m�e�t�a�b�o�l�i�c� �d�i�s�o�r�d�e�r�,� �t�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� 

�a� �n�u�t�r�i�t�i�o�n�a�l� �p�r�o�b�l�e�m� �d�u�r�i�n�g� �t�h�e� �d�r�y� �p�e�r�i�o�d� �o�r� �e�a�r�l�y� �l�a�c�t�a�t�i�o�n� �c�o�u�l�d� �b�e� �c�a�u�s�i�n�g� �t�h�e� �m�e�t�a�b�o�l�i�c� �d�i�s�-� 

�o�r�d�e�r�s�.� �T�h�e�s�e� �d�i�s�o�r�d�e�r�s� �w�i�l�l� �d�e�l�a�y� �e�s�t�r�u�s�,� �w�h�i�c�h� �i�n�c�r�e�a�s�e�s� �D�F�B�.� �T�h�e� �s�e�c�o�n�d� �q�u�e�s�t�i�o�n� �d�e�t�e�r�m�i�n�e�s� 

�w�h�a�t� �p�e�r�c�e�n�t� �o�f� �t�h�e� �h�e�r�d� �n�e�e�d�e�d� �a�s�s�i�s�t�a�n�c�e� �w�i�t�h� �c�a�l�v�i�n�g�.� �I�f� �m�o�r�e� �t�h�a�n� �5�%� �o�f� �t�h�e� �h�e�r�d� �n�e�e�d�e�d� �a�s�-� 

�s�i�s�t�a�n�c�e�,� �a� �p�r�o�b�l�e�m� �e�x�i�s�t�s�.� �T�h�e� �E�S� �s�u�g�g�e�s�t�s� �t�h�a�t� �c�a�l�v�i�n�g� �d�i�f�f�i�c�u�l�t�i�e�s� �m�a�y� �b�e� �r�e�l�a�t�e�d� �t�o� �m�a�n�y� �f�a�c�t�o�r�s�.� 

�P�o�o�r� �n�u�t�r�i�t�i�o�n� �w�i�l�l� �i�n�c�r�e�a�s�e� �t�h�e� �n�u�m�b�e�r� �o�f� �c�a�l�v�i�n�g� �p�r�o�b�l�e�m�s�.� �T�h�e� �s�i�r�e�,� �c�o�w�,� �a�n�d� �c�a�l�f� �s�i�z�e� �w�i�l�l� �a�l�s�o� 

�a�f�f�e�c�t� �c�a�l�v�i�n�g� �d�i�f�f�i�c�u�l�t�y�.� �T�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �r�e�d�u�c�i�n�g� �t�h�e� �a�m�o�u�n�t� �o�f� �s�t�r�e�s�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �c�a�l�v�i�n�g� 

�b�y� �k�e�e�p�i�n�g� �c�o�w�s� �i�n� �g�o�o�d� �h�e�a�l�t�h�,� �a�n�d� �k�e�e�p�i�n�g� �t�h�e� �c�a�l�v�i�n�g� �a�r�e�a� �c�l�e�a�n� �a�n�d� �d�r�y�.� �T�h�e� �E�S� �t�h�e�n� �d�e�t�e�r�-� 

�m�i�n�e�s� �w�h�a�t� �p�e�r�c�e�n�t� �o�f� �t�h�e� �h�e�r�d� �h�a�d� �a� �r�e�t�a�i�n�e�d� �p�l�a�c�e�n�t�a�.� �I�f� �m�o�r�e� �t�h�a�n� �5�%� �o�f� �t�h�e� �h�e�r�d� �h�a�d� �a� �r�e�t�a�i�n�e�d� 

�p�l�a�c�e�n�t�a�,� �a� �n�u�t�r�i�t�i�o�n�a�l� �p�r�o�b�l�e�m� �m�a�y� �e�x�i�s�t� �w�h�i�c�h� �i�s� �c�a�u�s�i�n�g� �D�F�B� �t�o� �i�n�c�r�e�a�s�e�.� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

�a�r�e� �g�i�v�e�n� �o�n� �h�o�w� �t�o� �r�e�d�u�c�e� �t�h�e� �i�n�c�i�d�e�n�c�e� �o�f� �r�e�t�a�i�n�e�d� �p�l�a�c�e�n�t�a�s�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �p�r�o�p�e�r� �n�u�t�r�i�t�i�o�n� 

�d�u�r�i�n�g� �t�h�e� �d�r�y� �p�e�r�i�o�d� �i�s� �d�e�s�c�r�i�b�e�d�.� �T�h�e� �e�f�f�e�c�t� �o�f� �r�e�t�a�i�n�e�d� �p�l�a�c�e�n�t�a�s� �o�n� �u�t�e�r�i�n�e� �i�n�f�e�c�t�i�o�n�s� �i�s� �a�l�s�o� 

�d�e�s�c�r�i�b�e�d�.� �I�f� �m�o�r�e� �t�h�a�n� �1�5�%� �o�f� �t�h�e� �h�e�r�d� �h�a�s� �a� �r�e�t�a�i�n�e�d� �p�l�a�c�e�n�t�a�,� �t�h�e� �E�S� �r�e�c�o�m�m�e�n�d�s� �d�i�s�c�u�s�s�i�n�g� 

�t�h�e� �p�r�o�b�l�e�m� �w�i�t�h� �a� �v�e�t�e�r�i�n�a�r�i�a�n�.� �I�f� �a�l�l� �t�h�r�e�e� �q�u�e�s�t�i�o�n�s� �i�n�d�i�c�a�t�e� �n�o� �p�r�o�b�l�e�m�s�,� �t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� 

�t�h�e� �c�o�w� �s�h�o�u�l�d� �b�e� �i�n� �g�o�o�d� �h�e�a�l�t�h� �a�n�d� �p�r�o�b�a�b�l�y� �n�o�t� �a�d�v�e�r�s�e�l�y� �i�n�f�l�u�e�n�c�i�n�g� �D�F�B�.� 

�A� �h�e�r�d� �h�e�a�l�t�h� �p�r�o�g�r�a�m� �c�a�n� �r�e�d�u�c�e� �D�F�B� �b�y� �i�d�e�n�t�i�f�y�i�n�g� �p�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m�s�.� �T�h�e� �E�S� �i�n�q�u�i�r�e�s� �i�f� �t�h�e� 

�h�e�r�d� �i�s� �o�n� �a� �r�e�g�u�l�a�r� �h�e�a�l�t�h� �p�r�o�g�r�a�m�.� �I�f� �n�o�t�,� �t�h�e� �E�S� �d�e�s�c�r�i�b�e�s� �r�e�a�s�o�n�s� �f�o�r� �h�a�v�i�n�g� �a� �h�e�a�l�t�h� �p�r�o�g�r�a�m� 

�r�e�c�o�m�m�e�n�d�s� �t�h�a�t� �t�h�e� �h�e�r�d� �s�h�o�u�l�d� �t�a�k�e� �p�a�r�t� �i�n� �a� �h�e�a�l�t�h� �p�r�o�g�r�a�m� �w�i�t�h� �t�h�e� �a�s�s�i�s�t�a�n�c�e� �o�f� �a� �v�e�t�e�r�i�n�a�r�i�a�n�.� 
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�I�f� �t�h�e� �h�e�r�d� �i�s� �o�n� �a� �p�r�o�g�r�a�m�,� �t�h�e� �E�S� �i�n�v�e�s�t�i�g�a�t�e�s� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �p�r�o�g�r�a�m� �u�s�e�d� �o�n� �t�h�e� �f�a�r�m�.� 

�A� �l�i�s�t� �o�f� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �a� �g�o�o�d� �h�e�r�d� �h�e�a�l�t�h� �p�r�o�g�r�a�m� �i�s� �g�e�n�e�r�a�t�e�d�.� �T�h�e� �l�i�s�t� �i�n�c�l�u�d�e�s� �a� �p�o�s�t� 

�c�a�l�v�i�n�g� �e�x�a�m�i�n�a�t�i�o�n�,� �3�0� �d� �p�o�s�t�-�c�a�l�v�i�n�g� �e�x�a�m�i�n�a�t�i�o�n�,� �4�5� �d� �p�o�s�t�-�b�r�e�e�d�i�n�g� �p�r�e�g�n�a�n�c�y� �c�h�e�c�k�,� �n�o�  ��h�e�a�t �� 

�c�o�w� �e�x�a�m�i�n�a�t�i�o�n�,� �a�n�d� �p�r�o�b�l�e�m� �c�o�w� �e�x�a�m�i�n�a�t�i�o�n�.� �F�o�r� �e�a�c�h� �c�o�m�p�o�n�e�n�t� �t�h�a�t� �i�s� �n�o�t� �i�m�p�l�e�m�e�n�t�e�d�,� 

�t�h�e� �E�S� �d�e�s�c�r�i�b�e�s� �w�h�y� �t�h�a�t� �e�x�a�m�i�n�a�t�i�o�n� �s�h�o�u�l�d� �b�e� �a� �p�a�r�t� �o�f� �t�h�e� �p�r�o�g�r�a�m�.� �I�f� �a�l�l� �c�h�o�i�c�e�s� �a�r�e� �s�e�l�e�c�t�e�d�,� 

�t�h�e� �E�S� �c�o�n�c�l�u�d�e�s� �t�h�a�t� �t�h�e� �h�e�a�l�t�h� �p�r�o�g�r�a�m� �i�s� �a�d�e�q�u�a�t�e�.� 

�T�h�e� �f�i�n�a�l� �q�u�e�s�t�i�o�n� �o�f� �t�h�e� �D�F�B� �e�v�a�l�u�a�t�i�o�n� �d�e�t�e�r�m�i�n�e�s� �i�f� �a�l�l� �r�e�p�r�o�d�u�c�t�i�v�e� �c�u�l�l�s� �h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� 

�o�n� �D�H�I� �r�e�p�o�r�t�s� �s�o� �t�h�e�y� �a�r�e� �e�x�c�l�u�d�e�d� �f�r�o�m� �r�e�p�r�o�d�u�c�t�i�v�e� �p�a�r�a�m�e�t�e�r�s�.� �R�e�p�r�o�d�u�c�t�i�v�e� �c�u�l�l�s� �t�h�a�t� �h�a�v�e� 

�n�o�t� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �w�i�l�l� �i�n�f�l�u�e�n�c�e� �a�l�l� �r�e�p�r�o�d�u�c�t�i�v�e� �p�a�r�a�m�e�t�e�r�s� �b�e�i�n�g� �i�n�v�e�s�t�i�g�a�t�e�d� �b�y� �t�h�e� �E�S�.� �H�o�w�-� 

�e�v�e�r�,� �t�h�e� �g�r�e�a�t�e�s�t� �e�f�f�e�c�t� �o�f� �n�o�t� �r�e�p�o�r�t�i�n�g� �c�u�l�l�s� �i�s� �s�e�e�n� �i�n� �d�a�y�s� �t�o� �f�i�r�s�t� �b�r�e�e�d�i�n�g�.� �W�h�e�n� �t�h�e� �d�e�c�i�s�i�o�n� 

�i�s� �m�a�d�e� �t�o� �c�u�l�l� �a� �c�o�w� �a�f�t�e�r� �s�h�e� �d�r�o�p�s� �b�e�l�o�w� �a� �s�p�e�c�i�f�i�e�d� �l�e�v�e�l� �o�f� �m�i�l�k� �p�e�r� �d�a�y�,� �i�t� �i�s� �u�s�u�a�l�l�y� �r�e�p�o�r�t�e�d� 

�t�o� �D�H�I� �w�h�e�n� �s�h�e� �1�s� �f�i�n�a�l�l�y� �c�u�l�l�e�d� �a�n�d� �n�o�t� �w�h�e�n� �t�h�e� �d�e�c�i�s�i�o�n� �w�a�s� �m�a�d�e� �t�o� �c�u�l�l�.� �M�a�n�y� �t�i�m�e�s� �t�h�e� 

�d�e�c�i�s�i�o�n� �c�o�m�e�s� �b�e�f�o�r�e� �a�n�y� �i�n�s�e�m�i�n�a�t�i�o�n� �w�a�s� �p�e�r�f�o�r�m�e�d�.� �T�h�e�r�e�f�o�r�e�,� �i�t� �i�s� �n�o�t� �u�n�c�o�m�m�o�n� �t�o� �h�a�v�e� 

�c�o�w�s� �w�i�t�h� �n�o� �b�r�e�e�d�i�n�g� �d�a�t�e�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �i�n� �m�i�l�k� �f�o�r� �a� �l�o�n�g� �t�i�m�e�.� �A� �s�m�a�l�l� �n�u�m�b�e�r� �o�f� �c�u�l�l� �c�o�w�s� 

�t�h�a�t� �h�a�v�e� �n�o�t� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �w�i�l�l� �i�n�f�l�a�t�e� �a�l�l� �r�e�p�r�o�d�u�c�t�i�v�e� �p�a�r�a�m�e�t�e�r�s�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �a� �s�m�a�l�l� �h�e�r�d�.� �T�h�e� 

�E�S� �r�e�c�o�m�m�e�n�d�s� �i�d�e�n�t�i�f�y�i�n�g� �a�l�l� �c�u�l�l� �c�o�w�s� �w�h�e�n� �t�h�e� �d�e�c�i�s�i�o�n� �t�o� �c�u�l�l� �i�s� �m�a�d�e�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �7�0



�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� �(�J�o�u�r�n�a�l� �A�r�t�i�c�l�e�)� 

�P�r�o�g�r�a�m� �D�e�v�e�l�o�p�m�e�n�t� 

�A�n� �e�x�p�e�r�t� �s�y�s�t�e�m� �(�E�S�)� �d�e�s�i�g�n�e�d� �f�o�r� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �m�a�n�a�g�e�m�e�n�t� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� 

�o�f� �t�h�e� �d�a�i�r�y� �e�n�t�e�r�p�r�i�s�e� �w�a�s� �d�e�v�e�l�o�p�e�d� �u�s�i�n�g� �t�h�e� �P�C� �E�x�p�e�r�t� �P�r�o�f�e�s�s�i�o�n�a�l� �s�h�e�l�l� �p�r�o�g�r�a�m� �a�n�d� �T�u�r�b�o� 

�P�a�s�c�a�l� �5� �f�o�r� �I�B�M� �c�o�m�p�a�t�i�b�l�e� �c�o�m�p�u�t�e�r�s�.� �T�h�e� �s�h�e�l�l� �p�r�o�g�r�a�m� �c�o�n�t�a�i�n�s� �a�l�l� �h�e�u�r�i�s�t�i�c� �k�n�o�w�l�e�d�g�e�,� 

�w�h�e�r�e�a�s� �T�u�r�b�o� �P�a�s�c�a�l� �i�s� �u�s�e�d� �f�o�r� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n�,� �n�u�m�e�r�i�c� �c�a�l�c�u�l�a�t�i�o�n�s�,� �d�i�s�p�l�a�y� �s�c�r�e�e�n�s�,� �a�n�d� �c�o�m�-� 

�p�i�l�a�t�i�o�n� �o�f� �t�h�e� �E�S�,� �a�l�l�o�w�i�n�g� �t�h�e� �u�s�e�r� �t�o� �o�p�e�r�a�t�e� �t�h�e� �s�y�s�t�e�m� �w�i�t�h�o�u�t� �a�d�d�i�t�i�o�n�a�l� �s�o�f�t�w�a�r�e�.� �T�h�e� �p�r�o�-� 

�g�r�a�m� �w�a�s� �d�e�s�i�g�n�e�d� �t�o� �b�e� �u�s�e�d� �b�y� �e�x�t�e�n�s�i�o�n� �p�e�r�s�o�n�n�e�l� �w�h�o� �m�a�y� �n�o�t� �b�e� �f�a�m�i�l�i�a�r� �w�i�t�h� �c�o�m�p�u�t�e�r�s� �o�r� 

�r�e�p�r�o�d�u�c�t�i�v�e� �m�a�n�a�g�e�m�e�n�t�.� �K�n�o�w�l�e�d�g�e� �a�n�d� �e�x�p�e�r�t�i�s�e� �f�o�r� �t�h�e� �E�S� �w�a�s� �p�r�o�v�i�d�e�d� �b�y� �a�n� �e�x�t�e�n�s�i�o�n� �r�e�-� 

�p�r�o�d�u�c�t�i�v�e� �s�p�e�c�i�a�l�i�s�t� �a�n�d� �w�a�s� �a�u�g�m�e�n�t�e�d� �w�i�t�h� �p�a�r�a�m�e�t�e�r�s� �e�s�t�i�m�a�t�e�d� �f�r�o�m� �r�e�s�e�a�r�c�h� �d�a�t�a�.� 

�T�h�e� �E�S� �o�b�t�a�i�n�s� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �t�h�e� �h�e�r�d� �e�v�a�l�u�a�t�i�o�n� �f�r�o�m� �s�e�v�e�r�a�l� �s�o�u�r�c�e�s�.� �R�e�p�r�o�d�u�c�t�i�v�e� �p�e�r�f�o�r�m�-� 

�a�n�c�e� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �t�h�e� �D�a�i�r�y� �R�e�c�o�r�d�s� �P�r�o�c�e�s�s�i�n�g� �C�e�n�t�e�r� �i�n� �R�a�l�e�i�g�h�,� �N�C� �f�o�r� �a�l�l� �h�e�r�d�s� �t�h�a�t� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �7�1



�u�s�e� �t�h�i�s� �c�e�n�t�e�r�.� �T�h�e� �D�H�I�A� �2�0�2� �H�e�r�d� �S�u�m�m�a�r�y� �s�h�e�e�t� �i�s� �u�s�e�d� �t�o� �p�r�o�v�i�d�e� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� 

�h�e�r�d ��s� �r�e�p�r�o�d�u�c�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �o�v�e�r� �t�h�e� �l�a�s�t� �1�2� �m�o�.� �I�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� �2�0�2� �s�h�e�e�t� �i�s� �e�n�t�e�r�e�d� �i�n�t�o� 

�t�h�e� �E�S� �f�r�o�m� �t�h�e� �k�e�y�b�o�a�r�d�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �E�S� �h�a�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �r�e�a�d� �r�e�p�o�r�t�s� �f�r�o�m� �D�i�r�e�c�t� �A�c�c�e�s�s� 

�t�o� �R�e�c�o�r�d�s� �b�y� �T�e�l�e�p�h�o�n�e� �(�D�A�R�T�)�.� �S�e�v�e�n� �D�A�R�T� �r�e�p�o�r�t�s� �a�r�e� �c�a�p�t�u�r�e�d� �a�s� �A�S�C�I�I� �f�i�l�e�s� �a�n�d� �a�n�a�l�y�z�e�d� 

�b�y� �t�h�e� �E�S�.� �F�i�n�a�l�l�y�,� �t�h�e� �E�S� �g�e�n�e�r�a�t�e�s� �a� �s�e�r�i�e�s� �o�f� �s�p�e�c�i�f�i�c� �m�a�n�a�g�e�m�e�n�t� �q�u�e�s�t�i�o�n�s� �t�o� �f�u�r�t�h�e�r� �i�d�e�n�t�i�f�y� 

�p�r�o�b�l�e�m�s�.� �T�h�e� �q�u�e�s�t�i�o�n�s� �a�r�e� �a�n�s�w�e�r�e�d� �y�e�s�/�n�o� �o�r� �b�y� �m�u�l�t�i�p�l�e� �c�h�o�i�c�e�.� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�n�d� �s�u�g�-� 

�g�e�s�t�i�o�n�s� �a�r�e� �g�i�v�e�n� �o�n� �h�o�w� �t�o� �i�m�p�r�o�v�e� �r�e�p�r�o�d�u�c�t�i�v�e� �e�f�f�i�c�i�e�n�c�y�.� �T�h�e� �E�S� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�r�e�e� �c�o�m�-� 

�p�o�n�e�n�t�s� �o�f� �w�h�i�c�h� �o�n�l�y� �o�n�e� �w�i�l�l� �b�e� �l�o�a�d�e�d� �a�n�d� �e�v�a�l�u�a�t�e�d�,� �t�h�e� �o�t�h�e�r� �t�w�o� �r�e�m�a�i�n�i�n�g� �o�p�t�i�o�n�a�l�.� 

�E�v�a�l�u�a�t�i�o�n� �o�f� �o�n�e� �a�r�e�a� �r�e�d�u�c�e�s� �t�h�e� �a�m�o�u�n�t� �o�f� �d�a�t�a� �e�n�t�r�y� �a�n�d� �p�r�e�v�e�n�t�s� �t�h�e� �u�s�e�r� �f�r�o�m� �b�e�i�n�g� �s�a�t�u�r�a�t�e�d� 

�w�i�t�h� �i�n�f�o�r�m�a�t�i�o�n�.� 

�I�n�i�t�i�a�l� �E�v�a�l�u�a�t�i�o�n� 

�R�e�p�r�o�d�u�c�t�i�v�e� �p�a�r�a�m�e�t�e�r�s� �i�n�v�e�s�t�i�g�a�t�e�d� �i�n�i�t�i�a�l�l�y� �a�r�e� �d�a�y�s� �o�p�e�n� �(�D�O�)�,� �d�a�y�s� �t�o� �f�i�r�s�t� �b�r�e�e�d�i�n�g� �(�D�F�B�)�,� 

�c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �(�C�R�)�,� �a�n�d� �p�e�r�c�e�n�t� �o�f� �p�o�s�s�i�b�l�e� �e�s�t�r�u�s�e�s� �o�b�s�e�r�v�e�d� �(�E�D�)�.� �E�a�c�h� �p�a�r�a�m�e�t�e�r� �i�s� �e�n�t�e�r�e�d� 

�b�y� �t�h�e� �u�s�e�r�.� �T�o� �d�e�t�e�r�m�i�n�e� �a� �p�r�o�b�l�e�m�,� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s� �r�a�n�g�i�n�g� �f�r�o�m�  ��e�x�c�e�l�l�e�n�t �� �t�o�  ��s�e�v�e�r�e �� �w�e�r�e� �s�e�t� 

�f�o�r� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �r�e�p�r�o�d�u�c�t�i�v�e� �p�a�r�a�m�e�t�e�r�s� �b�e�i�n�g� �i�n�v�e�s�t�i�g�a�t�e�d� �(�T�a�b�l�e�s� �|� �a�n�d� �2�)�.�  ��E�x�c�e�l�l�e�n�t �� �a�n�d� 

 ��a�d�e�q�u�a�t�e �� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s� �c�o�r�r�e�s�p�o�n�d� �t�o� �a� �r�e�c�o�m�m�e�n�d�e�d� �1�2� �t�o� �1�3� �m�o�n�t�h� �c�a�l�v�i�n�g� �i�n�t�e�r�v�a�l�.� �I�f� �d�e�-� 

�s�i�r�e�d�,� �t�h�e� �r�a�n�g�e�s� �f�o�r� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �c�a�n� �b�e� �c�h�a�n�g�e�d� �b�e�f�o�r�e� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �b�e�g�i�n�s�.� �A�v�e�r�a�g�e� �d�a�y�s� �o�p�e�n� 

�i�n�d�i�c�a�t�e�s� �t�h�e� �o�v�e�r�a�l�l� �r�e�p�r�o�d�u�c�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �h�e�r�d�,� �w�h�e�r�e�a�s� �D�F�B�,� �C�R�,� �a�n�d� �E�D� �a�r�e� �e�v�a�l�u�-� 

�a�t�e�d� �t�o� �i�d�e�n�t�i�f�y� �p�r�o�b�l�e�m�s�.� �F�i�g�u�r�e�s� �8� �a�n�d� �9� �s�u�m�m�a�r�i�z�e� �t�h�e� �n�u�m�b�e�r� �o�f� �V�i�r�g�i�n�i�a� �D�H�I�A� �h�e�r�d�s� �i�n� �e�a�c�h� 

�c�a�t�e�g�o�r�y� �f�o�r� �v�a�r�i�a�b�l�e�s� �e�v�a�l�u�a�t�e�d�.� �T�h�e�r�e� �a�r�e� �m�o�r�e� �h�e�r�d�s� �r�a�t�e�d�  ��e�x�c�e�l�l�e�n�t �� �t�h�a�n�  ��a�d�e�q�u�a�t�e �� �f�o�r� �D�O�.� 

�A� �m�a�j�o�r�i�t�y� �o�f� �h�e�r�d�s� �a�r�e� �r�a�t�e�d�  ��m�o�d�e�r�a�t�e �� �o�r�  ��s�e�v�e�r�e �� �f�o�r� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�.� �F�i�g�u�r�e� �3� �s�h�o�w�s� �t�h�e� 

�o�r�g�a�n�i�z�a�t�i�o�n� �a�n�d� �f�l�o�w� �o�f� �t�h�e� �E�S� �f�o�r� �t�h�e� �C�R� �e�v�a�l�u�a�t�i�o�n�.� �T�h�e� �E�S� �w�i�l�l� �s�e�l�e�c�t� �f�o�r� �f�u�r�t�h�e�r� �e�v�a�l�u�a�t�i�o�n� 

�o�n�l�y� �o�n�e� �o�f� �t�h�e� �t�h�r�e�e� �a�r�e�a�s� �t�h�a�t� �i�n�f�l�u�e�n�c�e� �D�O�.� 
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�F�i�g�u�r�e� �9�.� �P�e�r�c�e�n�t�a�g�e� �o�f� �7�9�2� �V�i�r�g�i�n�i�a� �D�H�I�A� �h�e�r�d�s� �c�a�t�e�g�o�r�i�z�e�d� �b�y� �d�a�y�s� �t�o� �f�i�r�s�t� �b�r�e�e�d�i�n�g� �a�n�d� �e�f�f�i�c�i�e�n�c�y� 
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�H�e�r�d� �a�v�e�r�a�g�e�s� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �r�e�p�r�o�d�u�c�t�i�v�e� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �e�n�t�e�r�e�d� �i�n�t�o� �t�h�e� �E�S� �a�n�d� �i�n�t�e�r�p�r�e�t�a�-� 

�t�i�o�n�s� �a�r�e� �d�i�s�p�l�a�y�e�d� �a�l�o�n�g� �w�i�t�h� �h�e�r�d� �a�v�e�r�a�g�e�s� �a�n�d� �g�o�a�l�s�.� �T�h�e� �E�S� �t�h�e�n� �m�a�k�e�s� �a� �r�e�c�o�m�m�e�n�d�a�t�i�o�n� �t�o� 

�e�v�a�l�u�a�t�e� �t�h�e� �a�r�e�a� �i�n� �m�o�s�t� �n�e�e�d� �o�f� �a�t�t�e�n�t�i�o�n� �b�y� �c�o�m�p�a�r�i�n�g� �t�h�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �o�f� �D�F�B�,� �C�R�,� �a�n�d� 

�a�M� �E�D�.� �I�f� �a�l�l� �a�r�e�a�s� �a�r�e�  ��e�x�c�e�l�l�e�n�t �� �o�r�  ��a�d�e�q�u�a�t�e �� �t�h�e� �E�S� �d�e�t�e�r�m�i�n�e�s� �t�h�a�t� �a� �p�r�o�b�l�e�m� �d�o�e�s� �n�o�t� �e�x�i�s�t�.� 

�W�h�e�n� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s� �a�r�e� �i�d�e�n�t�i�c�a�l� �f�o�r� �t�h�e� �t�h�r�e�e� �a�r�e�a�s�,� �t�h�e� �E�S� �w�i�l�l� �e�v�a�l�u�a�t�e� �t�h�e� �C�R� �a�r�e�a� �b�e�c�a�u�s�e� 

�r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �C�R� �a�r�e� �g�e�n�e�r�a�l�l�y� �e�a�s�i�e�r� �t�o� �i�m�p�l�e�m�e�n�t� �a�n�d� �w�i�l�l� �s�h�o�w� �m�o�r�e� �i�m�m�e�d�i�a�t�e� 

�r�e�s�u�l�t�s� �t�h�a�n� �c�o�r�r�e�c�t�i�o�n� �o�f� �t�h�e� �o�t�h�e�r� �t�w�o� �a�r�e�a�s�.� �I�f� �C�R� �s�u�b�s�e�q�u�e�n�t�l�y� �i�m�p�r�o�v�e�s� �d�u�e� �t�o� �t�h�e� �r�e�c�o�m�m�-� 

�e�n�d�a�t�i�o�n�s� �o�f� �t�h�e� �E�S�,� �t�h�e� �o�t�h�e�r� �p�r�o�b�l�e�m� �a�r�e�a�s� �c�a�n� �b�e� �i�n�v�e�s�t�i�g�a�t�e�d� �a�n�d� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �w�i�l�l� �m�o�r�e� 

�l�i�k�e�l�y� �b�e� �i�m�p�l�e�m�e�n�t�e�d� �d�u�e� �t�o� �p�a�s�t� �s�u�c�c�e�s�s�.� �W�h�e�n� �E�D� �a�n�d� �D�F�B� �a�r�e� �t�h�e� �l�o�w�e�s�t� �r�a�t�e�d� �a�r�e�a�s�,� �t�h�e� �E�S� 

�w�i�l�l� �e�v�a�l�u�a�t�e� �E�D� �b�e�c�a�u�s�e� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �h�a�s� �a� �l�a�r�g�e� �e�f�f�e�c�t� �o�n� �D�F�B�.� �R�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �p�r�o�b�l�e�m� 

�s�e�l�e�c�t�e�d� �b�y� �t�h�e� �p�r�o�g�r�a�m�,� �t�h�e� �u�s�e�r� �c�a�n� �s�e�l�e�c�t� �a�n�y� �a�r�e�a� �f�o�r� �e�v�a�l�u�a�t�i�o�n�.� 

�I�f� �E�D� �i�s�  ��s�e�v�e�r�e�, �� �t�h�e� �E�S� �c�a�l�c�u�l�a�t�e�s� �a� �n�e�w� �E�D� �b�e�c�a�u�s�e� �t�h�e� �E�D� �p�r�o�v�i�d�e�d� �t�h�r�o�u�g�h� �D�H�I�A� �i�s� �b�a�s�e�d� 

�o�n� �v�o�l�u�n�t�a�r�y� �w�a�i�t�i�n�g� �p�e�r�i�o�d� �a�n�d� �m�a�y� �n�o�t� �a�c�c�u�r�a�t�e�l�y� �i�n�d�i�c�a�t�e� �t�h�e� �n�u�m�b�e�r� �o�f� �e�s�t�r�u�s�e�s� �o�b�s�e�r�v�e�d� �o�n� 

�t�h�e� �f�a�r�m�.� �T�h�e� �p�e�r�i�o�d� �f�r�o�m� �p�a�r�t�u�r�i�t�i�o�n� �t�o� �f�i�r�s�t� �i�n�s�e�m�i�n�a�t�i�o�n� �i�s� �t�h�e� �v�o�l�u�n�t�a�r�y� �w�a�i�t�i�n�g� �p�e�r�i�o�d� �(�V�W�P�)�.� 

�I�n� �D�H�I�A� �i�t� �i�s� �o�f�t�e�n� �d�e�f�a�u�l�t�e�d� �t�o� �6�0� �d�.� �T�h�e� �E�S� �a�s�k�s� �h�o�w� �m�a�n�y� �d�a�y�s� �t�h�e� �a�v�e�r�a�g�e� �c�o�w� �i�s� �i�n� �m�i�l�k� 

�b�e�f�o�r�e� �i�n�s�e�m�i�n�a�t�i�o�n�,� �a�n�d� �u�s�e�s� �t�h�i�s� �f�i�g�u�r�e� �a�s� �t�h�e� �h�e�r�d ��s� �a�c�t�u�a�l� �V�W�P�.� �A� �r�e�g�r�e�s�s�i�o�n� �d�e�v�e�l�o�p�e�d� �f�r�o�m� 

�c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �t�h�e�o�r�e�t�i�c�a�l� �D�F�B� �a�n�d� �v�o�l�u�n�t�a�r�y� �w�a�i�t�i�n�g� �p�e�r�i�o�d�s� �i�s� �u�s�e�d� �t�o� �p�r�e�d�i�c�t� �a� �n�e�w� �E�D� �b�a�s�e�d� 

�o�n� �t�h�e� �h�e�r�d ��s� �v�o�l�u�n�t�a�r�y� �w�a�i�t�i�n�g� �p�e�r�i�o�d� �a�n�d� �D�F�B�.� �U�s�i�n�g� �t�h�i�s� �V�W�P�,� �a�n� �e�q�u�a�t�i�o�n� �w�a�s� �d�e�v�e�l�o�p�e�d� �t�o� 

�p�r�e�d�i�c�t� �D�F�B� �f�r�o�m� �e�s�t�r�o�u�s� �d�e�t�e�c�t�i�o�n� �p�e�r�c�e�n�t�a�g�e� �(�p�)� �t�h�r�o�u�g�h� �N� �p�o�t�e�n�t�i�a�l� �e�s�t�r�o�u�s� �c�y�c�l�e�s�.� 
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�A� �d�a�t�a� �s�e�t� �o�f� �D�F�B� �w�a�s� �g�e�n�e�r�a�t�e�d� �f�r�o�m� �a� �v�a�r�i�e�t�y� �o�f� �V�W�P ��s� �a�n�d� �p ��s�.� �P�e�r�c�e�n�t�a�g�e� �o�f� �e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� 

�w�a�s� �r�e�g�r�e�s�s�e�d� �o�n� �D�F�B� �t�o� �y�i�e�l�d� �a� �n�e�w� �E�D�,� �e�q�u�a�t�i�o�n� �[�3�]�,� �w�h�i�c�h� �w�i�l�l� �o�f�t�e�n� �b�e� �m�o�r�e� �a�c�c�u�r�a�t�e� �t�h�a�n� �t�h�e� 

�D�H�I� �v�a�l�u�e� �b�a�s�e�d� �o�n� �a�n� �i�n�a�c�c�u�r�a�t�e� �V�W�P�.� 

�E�D� �=� �9�3�.�3�  �� �2�.�4�4�1�5�2�(�D�F�B�  �� �V�W�P�  �� �1�0�)� �+� �.�0�2�1�0�1�7�2�(�D�F�B�  �� �V�W�P�  �� �1�0�)�°� �[�3�]� 

�E�q�u�a�t�i�o�n� �[�3�]� �h�a�d� �a�n� �r�?� �o�f� �.�9�7�9�.� �T�h�e� �l�i�n�e�a�r� �S�E� �w�a�s� �.�1�5�3�8�,� �w�h�e�r�e�a�s� �t�h�e� �q�u�a�d�r�a�t�i�c� �S�E� �w�a�s� �.�0�0�2�4�.� �A�t� 

�5�8� �d� �b�e�y�o�n�d� �t�h�e� �V�W�P�,� �E�D� �e�f�f�i�c�i�e�n�c�y� �r�e�a�c�h�e�s� �a� �m�i�n�i�m�u�m� �v�a�l�u�e� �o�f� �2�5�%� �a�n�d� �t�h�e�n� �b�e�g�i�n�s� �t�o� �r�i�s�e� 

�s�l�i�g�h�t�l�y�.� �T�h�i�s� �r�i�s�e� �i�s� �d�u�e� �t�o� �e�x�t�e�n�d�e�d� �D�F�B� �a�n�d� �t�h�e� �l�i�m�i�t� �o�f� �s�e�v�e�n� �s�e�r�v�i�c�e�s� �i�n� �e�q�u�a�t�i�o�n� �[�2�]�,� �w�h�e�r�e� 

�c�o�w�s� �n�e�v�e�r� �s�e�e�n� �i�n� �h�e�a�t� �b�e�g�i�n� �t�o� �b�e� �l�o�s�t� �f�r�o�m� �t�h�e� �D�F�B� �a�v�e�r�a�g�e� �b�e�c�a�u�s�e� �o�f� �c�u�l�l�i�n�g�.� �F�o�r� �e�q�u�a�t�i�o�n� 

�[�3�]� �t�o� �b�e� �a�n� �a�c�c�u�r�a�t�e� �p�r�e�d�i�c�a�t�o�r� �o�f� �E�D�,� �a�l�l� �o�b�s�e�r�v�e�d� �e�s�t�r�u�s�e�s� �h�a�v�e� �t�o� �b�e� �r�e�c�o�r�d�e�d�,� �e�v�e�n� �i�f� �n�o� 

�i�n�s�e�m�i�n�a�t�i�o�n� �t�a�k�e�s� �p�l�a�c�e�.� �N�a�t�u�r�a�l� �s�e�r�v�i�c�e� �h�e�r�d�s� �a�r�e� �a� �p�r�o�b�l�e�m� �b�e�c�a�u�s�e� �e�s�t�r�u�s�e�s� �a�r�e� �n�o�t� �o�b�s�e�r�v�e�d� 

�a�n�d� �r�e�c�o�r�d�e�d�.� �T�h�e� �V�W�P� �m�u�s�t� �a�l�s�o� �b�e� �a�n� �a�c�c�u�r�a�t�e� �r�e�f�l�e�c�t�i�o�n� �o�f� �f�a�r�m� �p�r�a�c�t�i�c�e�s�.� 

�E�v�a�l�u�a�t�i�o�n� �o�f� �C�o�n�c�e�p�t�i�o�n� 

�T�h�e� �g�e�n�e�r�a�l� �o�r�g�a�n�i�z�a�t�i�o�n� �a�n�d� �f�l�o�w� �o�f� �t�h�e� �C�R� �e�v�a�l�u�a�t�i�o�n� �i�s� �i�n� �F�i�g�u�r�e� �3�.� �T�h�e� �E�S� �i�n�v�e�s�t�i�g�a�t�e�s� �c�o�w� 

�i�n�f�e�r�t�i�l�i�t�y� �b�y� �e�v�a�l�u�a�t�i�n�g� �r�e�p�r�o�d�u�c�t�i�v�e� �r�e�p�o�r�t�s� �a�v�a�i�l�a�b�l�e� �t�h�r�o�u�g�h� �t�h�e� �D�A�R�T� �s�y�s�t�e�m� �d�e�v�e�l�o�p�e�d� �b�y� �t�h�e� 

�D�a�i�r�y� �R�e�c�o�r�d�s� �P�r�o�c�e�s�s�i�n�g� �C�e�n�t�e�r� �i�n� �R�a�l�e�i�g�h�,� �N�C�.� �T�h�e�s�e� �r�e�p�o�r�t�s�,� �a�v�a�i�l�a�b�l�e� �f�o�r� �a�l�l� �h�e�r�d�s� �i�n� �D�H�I�,� 

�a�r�e� �u�s�e�d� �i�n� �t�h�e� �d�a�i�l�y� �m�a�n�a�g�e�m�e�n�t� �o�f� �t�h�e� �f�a�r�m�,� �b�u�t� �c�a�n� �a�l�s�o� �b�e� �c�a�p�t�u�r�e�d� �i�n� �a�n� �A�S�C�I�I� �f�i�l�e�.� �T�h�e� �E�S� 

�r�e�a�d�s� �a�n�d� �i�n�t�e�r�p�r�e�t�s� �s�e�v�e�n� �r�e�p�o�r�t�s� �a�c�c�o�r�d�i�n�g� �t�o� �c�r�i�t�e�r�i�a� �e�s�t�a�b�l�i�s�h�e�d� �b�y� �t�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t�.� �R�e�-� 

�p�o�r�t�s� �i�n�c�l�u�d�e� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �c�a�t�e�g�o�r�i�z�e�d� �b�y� �p�a�r�i�t�y�,� �s�e�r�v�i�c�e� �n�u�m�b�e�r�,� �d�a�y�s� �i�n� �m�i�l�k�,� �s�e�r�v�i�c�e� �s�i�r�e�,� �b�r�e�e�d� 

�a�n�d� �p�r�o�j�e�c�t�e�d� �m�a�t�u�r�e� �e�q�u�i�v�a�l�e�n�t� �p�r�o�d�u�c�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �r�e�p�o�r�t� �o�f� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �b�y� �p�a�r�i�t�y� 

�i�s� �u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �C�R� �d�u�e� �t�o� �a�g�e� �o�f� �c�o�w�.� �I�f� �a� �d�i�f�f�e�r�e�n�c�e� �i�n� �C�R� �e�x�c�e�e�d�s� �1�5�%� �b�e�t�w�e�e�n� 

�f�i�r�s�t� �l�a�c�t�a�t�i�o�n� �a�n�d� �c�o�m�b�i�n�e�d� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �l�a�c�t�a�t�i�o�n�s�,� �r�e�a�s�o�n�s� �a�r�e� �s�u�g�g�e�s�t�e�d� �f�o�r� �t�h�e� �d�i�s�c�r�e�p�a�n�c�y� 

�a�n�d� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�r�e� �g�i�v�e�n�.� �I�f� �n�o� �p�r�o�b�l�e�m�s� �c�a�n� �b�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �C�R� �p�o�r�t�i�o�n� �o�f� �t�h�e� �E�S�,� �i�t� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �7�6



�h�y�p�o�t�h�e�s�i�z�e�s� �t�h�a�t� �s�i�r�e� �f�e�r�t�i�l�i�t�y�,� �s�e�m�e�n� �h�a�n�d�l�i�n�g�,� �o�r� �A�I� �t�e�c�h�n�i�q�u�e� �m�a�y� �b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �l�o�w� �h�e�r�d� 

�C�R�,� �a�n�d� �t�h�e�s�e� �a�r�e� �e�v�a�l�u�a�t�e�d�.� 

�T�o� �d�e�t�e�r�m�i�n�e� �i�f� �s�e�r�v�i�c�e� �s�i�r�e�s� �m�a�y� �b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �a� �l�o�w� �C�R�,� �t�h�e� �E�S� �u�s�e�s� �t�h�e� �r�e�p�o�r�t� �o�f� �c�o�n�c�e�p�t�i�o�n� 

�r�a�t�e� �b�y� �s�e�r�v�i�c�e� �s�i�r�e� �t�o� �d�e�t�e�r�m�i�n�e� �h�o�w� �m�a�n�y� �s�e�r�v�i�c�e� �s�i�r�e�s� �w�i�t�h� �a�n� �E�s�t�i�m�a�t�e�d� �R�e�l�a�t�i�v�e� �C�o�n�c�e�p�t�i�o�n� 

�R�a�t�e� �(�E�R�C�R�)� �b�e�l�o�w� �-�3� �a�r�e� �b�e�i�n�g� �u�s�e�d� �b�y� �t�h�e� �f�a�r�m�.� �T�h�e� �E�R�C�R� �i�s� �c�a�l�c�u�l�a�t�e�d� �b�y� �D�H�I�A� �f�o�r� �A�I� 

�s�e�r�v�i�c�e�s� �o�v�e�r� �a� �3� �y�r� �p�e�r�i�o�d�.� �T�h�e� �a�v�e�r�a�g�e� �s�i�r�e� �h�a�s� �a�n� �E�R�C�R� �o�f� �0�.� �S�i�r�e�s� �w�i�t�h� �m�o�r�e� �t�h�a�n� �2�0� �s�e�r�v�i�c�e�s� 

�a�n�d� �a� �C�R� �b�e�l�o�w� �2�5�%� �i�n� �t�h�e� �h�e�r�d� �a�r�e� �a�l�s�o� �i�d�e�n�t�i�f�i�e�d� �a�n�d� �r�e�c�o�m�m�e�n�d�e�d� �f�o�r� �l�i�m�i�t�e�d� �u�s�e�.� �I�f� �n�a�t�u�r�a�l� 

�s�e�r�v�i�c�e� �i�s� �u�s�e�d�,� �t�h�e� �E�S� �e�v�a�l�u�a�t�e�s� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �n�a�t�u�r�a�l� �s�e�r�v�i�c�e� �i�s� �l�o�w�e�r�i�n�g� 

�C�R�.� 

�C�o�n�c�e�p�t�i�o�n� �r�a�t�e� �f�o�r� �t�h�e� �h�e�r�d� �f�o�r� �t�h�e� �m�o�s�t� �r�e�c�e�n�t� �6� �m�o� �i�s� �c�o�m�p�a�r�e�d� �t�o� �V�i�r�g�i�n�i�a� �m�o�n�t�h�l�y� �a�v�e�r�a�g�e�s� 

�o�f� �t�h�e� �p�a�s�t� �3� �y�r�.� �A� �l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n� �o�f� �C�R� �o�n� �6� �m�o� �i�s� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �t�h�e� �h�e�r�d�.� �T�h�e� �h�e�r�d� �s�l�o�p�e� �a�n�d� 

�p�r�e�d�i�c�t�e�d� �a�v�e�r�a�g�e� �a�t� �3� �m�o� �a�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �s�t�a�t�e� �s�l�o�p�e� �a�n�d� �a�v�e�r�a�g�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �s�a�m�e� 

�m�o�n�t�h�.� �T�h�e� �s�l�o�p�e� �s�m�o�o�t�h�s� �a�n�d� �a�c�c�o�u�n�t�s� �f�o�r� �s�e�a�s�o�n�a�l� �t�r�e�n�d� �i�n� �C�R�,� �a�n�d� �p�e�r�m�i�t�s� �s�t�a�t�i�s�t�i�c�a�l� �c�o�m�-� 

�p�a�r�i�s�o�n� �b�y� �t�-�t�e�s�t�.� �H�e�r�d�s� �b�e�l�o�w� �s�t�a�t�e� �a�v�e�r�a�g�e� �o�r� �t�r�e�n�d� �(�P� �<� �.�2�0�)� �a�r�e� �i�d�e�n�t�i�f�i�e�d� �a�s� �h�a�v�i�n�g� �s�e�a�s�o�n�a�l� �C�R� 

�p�r�o�b�l�e�m�s� �f�o�r� �w�h�i�c�h� �a�p�p�r�o�p�r�i�a�t�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�r�e� �p�r�o�v�i�d�e�d�.� 

�E�v�a�l�u�a�t�i�o�n� �b�y� �t�h�e� �E�S� �o�f� �f�a�c�t�o�r�s� �i�n�f�l�u�e�n�c�i�n�g� �C�R� �c�o�n�c�l�u�d�e�s� �b�y� �i�n�v�e�s�t�i�g�a�t�i�n�g� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �d�e�t�e�c�t�i�o�n� 

�o�f� �e�s�t�r�u�s�,� �s�e�m�e�n� �h�a�n�d�l�i�n�g�,� �a�n�d� �A�I� �t�e�c�h�n�i�q�u�e�.� �E�x�a�m�p�l�e�s� �o�f� �q�u�e�s�t�i�o�n�s� �a�s�k�e�d� �i�n� �t�h�i�s� �p�o�r�t�i�o�n� �o�f� �t�h�e� 

�E�S� �i�n�c�l�u�d�e� �p�r�o�s�t�a�g�l�a�n�d�i�n� �u�s�e�,� �h�o�w� �s�e�m�e�n� �i�s� �t�h�a�w�e�d�,� �w�h�e�r�e� �s�e�m�e�n� �i�s� �d�e�p�o�s�i�t�e�d�,� �a�n�d� �w�h�e�t�h�e�r� �h�o�r�n� 

�b�r�e�e�d�i�n�g� �i�s� �u�s�e�d�.� �A�l�l� �m�a�n�a�g�e�m�e�n�t� �q�u�e�s�t�i�o�n�s� �a�r�e� �y�e�s�/�n�o� �o�r� �m�u�l�t�i�p�l�e� �c�h�o�i�c�e�.� �W�h�e�r�e� �a�p�p�r�o�p�n�i�a�t�e�,� �t�h�e� 

�E�S� �g�i�v�e�s� �s�u�g�g�e�s�t�i�o�n�s� �o�n� �h�o�w� �t�o� �c�o�r�r�e�c�t� �p�r�o�b�l�e�m�s�.� 

�E�v�a�l�u�a�t�i�o�n� �o�f� �D�e�t�e�c�t�i�o�n� �o�f� �E�s�t�r�u�s� 

�W�h�e�n� �e�f�f�i�c�i�e�n�c�y� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �i�s� �d�e�s�i�g�n�a�t�e�d� �a�s� �a� �p�r�o�b�l�e�m�,� �f�u�r�t�h�e�r� �a�n�a�l�y�s�i�s� �r�e�q�u�i�r�e�s� �i�n�f�o�r�-� 

�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l� �l�e�n�g�t�h�s� �p�r�i�n�t�e�d� �b�y� �D�H�I�A� �a�n�d� �m�a�n�u�a�l�l�y� �e�n�t�e�r�e�d� �b�y� �t�h�e� �u�s�e�r�.� �I�n� 
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�a�d�d�i�t�i�o�n� �t�h�e� �E�S� �r�e�q�u�i�r�e�s� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�o�w�s� �f�i�r�s�t� �s�e�r�v�i�c�e�d� �a�f�t�e�r� �1�0�0� �d� �i�n� �m�i�l�k�.� �T�h�e� �e�x�t�e�n�s�i�o�n� 

�r�e�p�r�o�d�u�c�t�i�v�e� �s�p�e�c�i�a�l�i�s�t� �s�e�t�s� �a�c�c�e�p�t�a�b�l�e� �l�e�v�e�l�s� �f�o�r� �e�a�c�h� �q�u�e�s�t�i�o�n� �a�s�k�e�d�.� �T�h�e� �E�S� �d�e�t�e�r�m�i�n�e�s� �w�h�e�t�h�e�r� 

�e�s�t�r�u�s�e�s� �a�r�e� �m�i�s�s�e�d� �b�e�c�a�u�s�e� �o�f� �a� �p�o�o�r� �o�b�s�e�r�v�a�t�i�o�n� �r�o�u�t�i�n�e� �o�r� �w�h�e�t�h�e�r� �s�i�g�n�s� �o�f� �e�s�t�r�u�s� �a�r�e� �n�o�t� �r�e�c�o�g�-� 

�n�i�z�e�d�.� 

�T�h�e� �c�o�m�p�u�t�e�r�i�z�e�d� �D�A�R�T� �r�e�p�r�o�d�u�c�t�i�v�e� �r�e�p�o�r�t� �b�y� �m�i�l�k� �y�i�e�l�d� �i�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �m�i�l�k� �y�i�e�l�d� �i�s� 

�i�n�t�e�r�f�e�r�i�n�g� �w�i�t�h� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s�.� �I�f� �a� �1�2� �d� �d�i�f�f�e�r�e�n�c�e� �i�s� �f�o�u�n�d� �b�e�t�w�e�e�n� �t�h�e� �e�s�t�r�o�u�s� �i�n�t�e�r�v�a�l�s� �o�f� 

�h�i�g�h� �(�1�1�0�%� �o�f� �a�v�e�r�a�g�e�)� �a�n�d� �l�o�w� �(�8�0�%� �o�f� �a�v�e�r�a�g�e�)� �p�r�o�d�u�c�i�n�g� �c�o�w�s�,� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�r�e� �g�i�v�e�n� �o�n� 

�h�o�w� �t�o� �i�m�p�r�o�v�e� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �i�n� �h�i�g�h� �p�r�o�d�u�c�e�r�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �m�o�r�e� �t�i�m�e� �n�e�e�d�s� �t�o� �b�e� �s�p�e�n�t� 

�o�b�s�e�r�v�i�n�g� �h�i�g�h� �p�r�o�d�u�c�i�n�g� �c�o�w�s� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �n�e�g�a�t�i�v�e� �e�n�e�r�g�y� �b�a�l�a�n�c�e� �s�h�o�u�l�d� �b�e� �r�e�d�u�c�e�d�.� 

�T�h�e� �E�S� �q�u�e�s�t�i�o�n�s� �w�h�e�t�h�e�r� �t�h�e� �f�a�r�m� �h�a�s� �a� �r�o�u�t�i�n�e� �e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �p�r�o�g�r�a�m�.� �I�f� �n�o�t�,� �t�h�e� �s�y�s�t�e�m� �r�e�-� 

�c�o�m�m�e�n�d�s� �a�n�d� �d�e�s�c�r�i�b�e�s� �a� �t�y�p�i�c�a�l� �p�r�o�g�r�a�m�.� �T�h�e� �E�S� �t�h�e�n� �a�s�k�s� �t�h�e� �l�e�n�g�t�h� �o�f� �e�s�t�r�u�s� �o�b�s�e�r�v�a�t�i�o�n� 

�p�e�r�i�o�d�s�,� �w�h�e�r�e� �c�o�w�s� �a�r�e� �o�b�s�e�r�v�e�d� �f�o�r� �e�s�t�r�u�s� �a�n�d� �w�h�i�c�h� �i�n�d�i�v�i�d�u�a�l�s� �a�r�e� �c�h�e�c�k�i�n�g� �f�o�r� �e�s�t�r�u�s�e�s�.� �T�h�e� 

�E�S� �d�e�s�c�r�i�b�e�s� �h�o�w� �i�m�p�r�o�v�e�m�e�n�t�s� �c�a�n� �b�e� �m�a�d�e�.� �A� �l�i�s�t� �o�f� �s�i�g�n�s� �o�f� �e�s�t�r�u�s� �i�s� �g�e�n�e�r�a�t�e�d�,� �a�n�d� �f�o�r� �e�a�c�h� 

�s�i�g�n� �n�o�t� �s�e�l�e�c�t�e�d�,� �t�h�e� �E�S� �d�e�s�c�r�i�b�e�s� �w�h�y� �t�h�e� �o�b�e�r�v�e�r� �s�h�o�u�l�d� �b�e� �a�l�e�r�t� �t�o� �t�h�a�t� �s�i�g�n�.� �T�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� 

�d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �c�o�n�c�l�u�d�e�s� �b�y� �r�e�-�e�m�p�h�a�s�i�z�i�n�g� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �r�o�u�t�i�n�e� �d�a�i�l�y� �o�b�s�e�r�v�a�t�i�o�n� �o�f� 

�e�s�t�r�u�s� �a�n�d� �r�e�v�i�e�w�i�n�g� �s�i�g�n�s� �o�f� �e�s�t�r�u�s�.� 

�E�v�a�l�u�a�t�i�o�n� �o�f� �D�a�y�s� �t�o� �F�i�r�s�t� �B�r�e�e�d�i�n�g� 

�T�h�e� �D�F�B� �e�v�a�l�u�a�t�i�o�n� �i�s� �t�h�e� �s�m�a�l�l�e�s�t� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �E�S� �a�s� �i�t� �i�s� �s�e�l�e�c�t�e�d� �o�n�l�y� �w�h�e�n� �o�t�h�e�r� �a�r�e�a�s� 

�a�r�e� �s�a�t�i�s�f�a�c�t�o�r�y�.� �T�h�e� �E�S� �i�n�v�e�s�t�i�g�a�t�e�s� �f�a�c�t�o�r�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �h�e�r�d ��s� �v�o�l�u�n�t�a�r�y� �w�a�i�t�i�n�g� �p�e�r�i�o�d�.� 

�T�h�e� �e�f�f�e�c�t�s� �o�f� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �o�n� �D�F�B� �a�r�e� �e�v�a�l�u�a�t�e�d� �u�s�i�n�g� �t�h�e� �c�o�m�p�u�t�e�r�i�z�e�d� �D�A�R�T� �p�r�o�d�u�c�t�i�o�n� 

�r�e�p�o�r�t�.� �I�f� �h�i�g�h�e�r� �p�r�o�d�u�c�i�n�g� �c�o�w�s� �h�a�v�e� �a� �D�F�B� �1�2� �d� �o�r� �m�o�r�e� �g�r�e�a�t�e�r� �t�h�a�n� �l�o�w�e�r� �p�r�o�d�u�c�i�n�g� 

�h�e�r�d�m�a�t�e�s�,� �a� �p�r�o�b�l�e�m� �e�x�i�s�t�s� �a�n�d� �t�h�e� �E�S� �g�i�v�e�s� �s�u�g�g�e�s�t�i�o�n�s� �o�n� �h�o�w� �t�o� �i�m�p�r�o�v�e� �t�h�e� �s�i�t�u�a�t�i�o�n�.� �T�h�e� 

�i�m�p�o�r�t�a�n�c�e� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �i�s� �a�l�s�o� �d�e�s�c�r�i�b�e�d�.� �T�h�e� �E�S� �i�n�v�e�s�t�i�g�a�t�e�s� �c�o�w� �h�e�a�l�t�h� �b�y� �a�s�k�i�n�g� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �7�8



�q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �p�a�r�t�u�r�i�t�i�o�n� �p�r�o�b�l�e�m�s� �s�u�c�h� �a�s� �m�i�l�k� �f�e�v�e�r�,� �d�y�s�t�o�c�i�a�,� �r�e�t�a�i�n�e�d� �p�l�a�c�e�n�t�a�,� �a�n�d� �c�o�m�-� 

�p�o�n�e�n�t�s� �o�f� �t�h�e� �h�e�r�d� �h�e�a�l�t�h� �p�r�o�g�r�a�m�.� 

�P�r�o�g�r�a�m� �V�a�l�i�d�a�t�i�o�n� 

�T�e�n� �V�i�r�g�i�n�i�a� �D�H�I�A� �h�e�r�d�s� �w�i�t�h� �p�o�o�r� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e�s� �(�G�r�e�a�t�e�r� �t�h�a�n� �2�.�5� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n�)� 

�w�e�r�e� �s�e�l�e�c�t�e�d� �f�o�r� �e�v�a�l�u�a�t�i�o�n�.� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �h�e�r�d�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �4�.� �H�e�r�d�s� �a�v�e�r�a�g�e�d� �1�4�2� 

�c�o�w�s�,� �9�0�1�7� �k�g� �o�f� �m�i�l�k� �w�i�t�h� �1�3�8� �d� �o�p�e�n� �a�n�d� �3�9�%� �C�R�.� �T�h�e� �D�A�R�T� �r�e�p�o�r�t�s� �w�e�r�e� �c�a�p�t�u�r�e�d� �i�n� �f�i�l�e�s� 

�f�o�r� �t�h�e� �E�S�,� �a�n�d� �a� �c�h�a�r�t� �w�a�s� �d�e�v�e�l�o�p�e�d� �l�i�s�t�i�n�g� �a�l�l� �a�r�e�a�s� �e�v�a�l�u�a�t�e�d� �u�s�i�n�g� �t�h�e� �D�A�R�T� �r�e�p�o�r�t�s�.� �T�h�e� 

�e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� �i�n�t�e�r�p�r�e�t�e�d� �t�h�e� �D�A�R�T� �r�e�p�o�r�t�s� �a�n�d� �i�d�e�n�t�i�f�i�e�d� �p�r�o�b�l�e�m� �a�r�e�a�s�.� �T�h�e� �E�S� �e�v�a�l�u�a�t�e�d� 

�t�h�e� �s�a�m�e� �r�e�p�o�r�t�s� �a�n�d�,� �w�h�e�r�e� �p�r�o�b�l�e�m�s� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d�,� �t�h�e� �c�h�a�r�t� �w�a�s� �m�a�r�k�e�d� �b�y� �t�h�e� �p�r�o�g�r�a�m� �u�s�e�r�.� 

�T�a�b�l�e� �5� �l�i�s�t�s� �t�e�n� �a�r�e�a�s� �w�h�i�c�h� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �f�o�r� �e�a�c�h� �h�e�r�d�.� �T�h�e� �E�S� �a�n�d� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� �i�d�e�n�t�i�-� 

�f�i�e�d� �4�7� �p�r�o�b�l�e�m� �a�r�e�a�s� �a�c�r�o�s�s� �t�h�e� �t�e�n� �h�e�r�d�s�,� �a�g�r�e�e�i�n�g� �o�n� �4�0� �a�r�e�a�s�,� �o�r� �8�5�%�.� �T�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� 

�f�o�u�n�d� �s�i�x� �p�r�o�b�l�e�m� �a�r�e�a�s� �t�h�a�t� �t�h�e� �E�S� �f�a�i�l�e�d� �t�o� �f�i�n�d�,� �w�h�i�l�e� �t�h�e� �p�r�o�g�r�a�m� �i�d�e�n�t�i�f�i�e�d� �o�n�e� �a�r�e�a� �n�o�t� �s�e�l�e�c�t�e�d� 

�b�y� �t�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t�.� �O�n�l�y� �t�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �C�R� �v�a�r�i�e�d� �b�y� �d�a�y�s� �i�n� 

�m�i�l�k� �i�n� �h�e�r�d� �1�.� �T�h�e� �C�R� �f�o�r� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�t� �l�e�s�s� �t�h�a�n� �t�h�a�n� �1�0�0� �d� �i�n� �m�i�l�k� �w�a�s� �3�1�%�,� �w�h�i�l�e� �C�R� �f�o�r� 

�o�v�e�r� �1�0�0� �d� �w�a�s� �4�1�%�.� �O�n�l�y� �a� �d�i�f�f�e�r�e�n�c�e� �g�r�e�a�t�e�r� �t�h�a�n� �1�5�%� �i�s� �i�d�e�n�t�i�f�i�e�d� �b�y� �t�h�e� �E�S�.� �H�e�r�d� �2� �w�a�s� 

�i�d�e�n�t�i�f�i�e�d� �b�y� �t�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� �a�s� �h�a�v�i�n�g� �a� �C�R� �p�r�o�b�l�e�m� �d�u�e� �t�o� �f�a�c�t�o�r�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�l�a�c�t�a�t�i�o�n� �n�u�m�b�e�r� �a�n�d� �A�I� �s�e�r�v�i�c�e� �n�u�m�b�e�r�.� �I�n� �b�o�t�h� �i�n�s�t�a�n�c�e�s� �a� �1�4�%� �d�i�f�f�e�r�e�n�c�e� �i�n� �C�R� �w�a�s� �i�d�e�n�t�i�f�i�e�d� 

�b�y� �t�h�e� �e�x�p�e�r�t� �a�s� �a� �p�r�o�b�l�e�m�,� �w�h�e�r�e�a�s� �t�h�e� �E�S� �r�e�q�u�i�r�e�d� �1�5�%�.� �T�h�e� �E�S� �a�n�d� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� �a�l�s�o� 

�d�i�s�a�g�r�e�e�d� �o�n� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �l�o�w� �C�R� �s�e�r�v�i�c�e� �s�i�r�e�s�.� �T�h�e� �p�r�o�g�r�a�m� �i�d�e�n�t�i�f�i�e�s� �s�i�r�e�s� �w�i�t�h� �a�t� �l�e�a�s�t� 

�2�0� �i�n�s�e�m�i�n�a�t�i�o�n�s� �a�n�d� �a� �C�R� �b�e�l�o�w� �2�5�%�.� �T�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�r�e�e� �h�e�r�d�s� �h�a�d� 

�l�o�w� �C�R� �s�i�r�e�s� �e�v�e�n� �t�h�o�u�g�h� �t�h�e� �l�o�w�e�s�t� �C�R� �r�e�p�o�r�t�e�d� �f�o�r� �a�n�y� �s�i�r�e� �w�a�s� �3�0�%�.� �T�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� 

�d�e�c�l�a�r�e�d� �h�i�g�h�e�r� �C�R� �t�o� �b�e� �a� �p�r�o�b�l�e�m� �i�f� �t�h�e� �n�u�m�b�e�r� �o�f� �s�e�r�v�i�c�e�s� �w�a�s� �l�a�r�g�e�r�,� �s�u�c�h� �a�s� �3�0�%� �C�R� �f�o�r� �8�2� 

�s�e�r�v�i�c�e�s�.� �T�h�e� �o�n�e� �h�e�r�d� �i�d�e�n�t�i�f�i�e�d� �b�y� �t�h�e� �E�S� �f�o�r� �u�s�i�n�g� �l�o�w� �C�R� �s�i�r�e�s� �w�a�s� �m�i�s�s�e�d� �b�y� �t�h�e� �e�x�p�e�r�t�.� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �7�9
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�P� �=� �P�r�o�g�r�a�m� �o�n�l�y� 
�E� �=� �E�x�p�e�r�t� �o�n�l�y� 

�L�N� �=� �L�a�c�t�a�t�i�o�n� �N�u�m�b�e�r� 
�S�N� �=� �S�e�r�v�i�c�e� �N�u�m�b�e�r� 
�D�I�M� �=� �D�a�y�s� �i�n� �M�i�l�k� 
�D�O� �=� �D�a�y�s� �O�p�e�n� �b�y� �D�H�I� �r�a�t�i�n�g� 
�D�F�B� �=� �D�a�y�s� �t�o� �F�i�r�s�t� �B�r�e�e�d�i�n�g� �b�y� �D�H�I� �r�a�t�i�n�g� 
�B�/�C� �=� �B�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n� �b�y� �D�H�I� �r�a�t�i�n�g� 
�H�I�N� �=� �H�e�a�t� �I�n�t�e�r�v�a�l� �b�y� �D�H�I� �r�a�t�i�n�g� 
�E�R�C�R� �=� �E�s�t�i�m�a�t�e�d� �R�e�l�a�t�i�v�e� �C�o�n�c�e�p�t�i�o�n� �R�a�t�e� �b�e�l�o�w� �-�3� 
�L�C�B� �=� �L�o�w� �C�o�n�c�e�p�t�i�o�n� �R�a�t�e� �B�u�l�l�s� 
�N�B� �=� �N�u�m�b�e�r� �o�f� �b�u�l�l�s� �u�s�e�d� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �8�1



�T�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �E�S� �w�a�s� �i�d�e�n�t�i�f�y�i�n�g� �p�r�o�b�l�e�m�s� �c�o�r�r�e�c�t�l�y� �a�n�d� �n�o� �m�a�j�o�r� 

�c�h�a�n�g�e�s� �w�e�r�e� �m�a�d�e� �i�n� �t�h�e� �E�S�.� �H�o�w�e�v�e�r�,� �i�t� �m�a�y� �b�e� �r�e�a�s�o�n�a�b�l�e� �t�o� �i�n�c�r�e�a�s�e� �m�i�n�i�m�u�m� �t�h�r�e�s�h�o�l�d�s� �u�s�e�d� 

�t�o� �i�d�e�n�t�i�f�y� �p�r�o�b�l�e�m�s� �a�c�c�o�r�d�i�n�g� �t�o� �a� �f�o�r�m�u�l�a� �w�h�i�c�h� �a�c�c�o�u�n�t�s� �f�o�r� �i�n�c�r�e�a�s�e�s� �i�n� �i�n�f�o�r�m�a�t�i�o�n� �s�u�c�h� �a�s� 

�m�o�r�e� �b�r�e�e�d�i�n�g�s�.� 

�A� �q�u�e�s�t�i�o�n�n�a�i�r�e� �w�a�s� �d�e�v�e�l�o�p�e�d� �t�o� �b�e� �u�s�e�d� �b�y� �e�x�t�e�n�s�i�o�n� �p�e�r�s�o�n�n�e�l� �t�o� �o�b�t�a�i�n� �d�u�r�i�n�g� �f�a�r�m� �v�i�s�i�t�s� �a�n�d� 

�i�n�t�e�r�v�i�e�w�s� �i�n�f�o�r�m�a�t�i�o�n� �n�e�e�d�e�d� �b�y� �t�h�e� �E�S�.� �T�h�e� �q�u�e�s�t�i�o�n�n�a�i�r�e� �w�a�s� �s�h�o�w�n� �t�o� �f�i�v�e� �d�a�i�r�y� �f�a�r�m�e�r�s� �w�h�o� 

�m�a�d�e� �s�u�g�g�e�s�t�i�o�n�s� �f�o�r� �i�m�p�r�o�v�e�m�e�n�t�.� �M�o�s�t� �c�h�a�n�g�e�s� �h�a�d� �t�o� �d�o� �w�i�t�h� �t�h�e� �w�o�r�d�i�n�g� �o�f� �q�u�e�s�t�i�o�n�s� �w�h�e�r�e� 

�f�a�r�m�e�r�s� �w�a�n�t�e�d� �e�a�s�i�e�r� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�.� �T�h�e� �r�e�v�i�s�e�d� �q�u�e�s�t�i�o�n�n�a�i�r�e� �i�s� �i�n� �A�p�p�e�n�d�i�x� �D�.� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �8�2



�C�o�n�c�l�u�s�i�o�n�s� 

�P�r�o�g�r�a�m� �D�e�l�i�v�e�r�y� 

�T�h�e� �E�S� �i�s� �a�n� �e�x�e�c�u�t�a�b�l�e� �f�i�l�e� �t�h�a�t� �c�a�l�l�s� �f�i�v�e� �c�o�m�p�i�l�e�d� �k�n�o�w�l�e�d�g�e� �b�a�s�e�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e�r�e� �a�r�e� �t�w�o� 

�A�S�C�I�I� �f�i�l�e�s�,� �o�n�e� �c�o�n�t�a�i�n�i�n�g� �m�o�n�t�h�l�y� �C�R� �f�o�r� �t�h�e� �s�t�a�t�e� �o�f� �V�i�r�g�i�n�i�a� �a�n�d� �t�h�e� �o�t�h�e�r� �a� �l�i�s�t� �o�f� �a�c�t�i�v�e� �A�I� 

�s�i�r�e�s� �a�n�d� �t�h�e�i�r� �E�R�C�R� �v�a�l�u�e�s�.� �A�l�l� �f�i�l�e�s� �n�e�e�d�e�d� �t�o� �r�u�n� �t�h�e� �E�S� �c�a�n� �b�e� �d�e�l�i�v�e�r�e�d� �o�n� �o�n�e� �3�6�0�K�,� �5�.�2�5 �� 

�f�l�o�p�p�y� �d�i�s�k� �f�o�r� �I�B�M� �c�o�m�p�a�t�i�b�l�e� �m�i�c�r�o�c�o�m�p�u�t�e�r�s� �w�i�t�h� �5�1�2�K� �R�A�M�.� �T�h�e� �D�A�R�T� �r�e�p�o�r�t�s� �n�e�e�d�e�d� 

�b�y� �t�h�e� �E�S� �s�h�o�u�l�d� �b�e� �c�a�p�t�u�r�e�d� �o�n� �a� �f�l�o�p�p�y� �d�i�s�k� �b�e�f�o�r�e� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �b�e�g�i�n�s�.� �A� �D�H�I� �h�e�r�d� �c�o�d�e� �a�n�d� 

�t�h�e� �D�R�P�C� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �a�r�e� �r�e�q�u�i�r�e�d�.� �C�a�p�t�u�r�i�n�g� �t�h�e� �D�A�R�T� �r�e�p�o�r�t�s� �t�a�k�e�s� �a�p�p�r�o�x�i�-� 

�m�a�t�e�l�y� �5� �m�i�n� �p�e�r� �h�e�r�d�.� �O�n�c�e� �a�l�l� �i�n�f�o�r�m�a�t�i�o�n� �h�a�s� �b�e�e�n� �a�s�s�e�m�b�l�e�d�,� �t�h�e� �E�S� �t�a�k�e�s� �a�b�o�u�t� �1�0� �m�i�n� �t�o� 

�m�u�n�.� 

�C�o�n�c�l�u�s�i�o�n�s� �8�3



�P�r�o�g�r�a�m� �D�e�v�e�l�o�p�m�e�n�t� �P�r�o�b�l�e�m�s� 

�E�x�p�e�r�t� �s�y�s�t�e�m�s� �a�r�e� �a� �f�a�i�r�l�y� �r�e�c�e�n�t� �t�e�c�h�n�o�l�o�g�y� �i�n� �b�o�t�h� �s�o�f�t�w�a�r�e� �a�n�d� �c�o�m�p�u�t�i�n�g� �e�q�u�i�p�m�e�n�t�.� �B�e�c�a�u�s�e� 

�o�f� �t�h�i�s�,� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �E�S� �w�a�s� �a�n� �i�n�v�o�l�v�e�d� �l�e�a�r�n�i�n�g� �p�r�o�c�e�s�s�.� �T�w�o� �s�h�e�l�l� �p�r�o�g�r�a�m�s� �w�e�r�e� �u�s�e�d� 

�l�e�a�r�n� �t�h�e� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �e�x�p�e�r�t� �s�y�s�t�e�m�s�.� �T�h�e� �P�C�X� �P�r�o�f�e�s�s�i�o�n�a�l� �s�h�e�l�l� �w�a�s� �s�e�l�e�c�t�e�d� �o�v�e�r� �L�e�v�e�l� �5� �f�o�r� 

�p�r�o�g�r�a�m� �d�e�v�e�l�o�p�m�e�n�t� �d�u�e� �t�o� �t�h�e� �f�l�e�x�i�b�i�l�i�t�y� �a�n�d� �e�a�s�e� �i�n� �w�h�i�c�h� �T�u�r�b�o� �P�a�s�c�a�l� �5� �c�o�u�l�d� �b�e� �u�s�e�d� �t�o� �e�n�-� 

�h�a�n�c�e� �p�r�o�g�r�a�m� �c�a�p�a�b�i�l�i�t�i�e�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �n�o� �E�S� �c�o�m�p�i�l�e�r� �o�r� �r�u�n�-�t�i�m�e� �m�o�d�u�l�e� �w�a�s� �n�e�e�d�e�d�,� �w�h�i�c�h� 

�e�l�i�m�i�n�a�t�e�d� �t�h�e� �n�e�e�d� �f�o�r� �p�r�o�g�r�a�m� �u�s�e�r�s� �t�o� �b�u�y� �a�d�d�i�t�i�o�n�a�l� �p�r�o�g�r�a�m�s� �t�o� �r�u�n� �t�h�e� �E�S�.� �T�h�e� �P�C�X� �P�r�o� 

�s�h�e�l�l� �i�s� �a� �r�e�c�e�n�t�l�y� �d�e�v�e�l�o�p�e�d� �s�h�e�l�l� �p�r�o�g�r�a�m� �a�n�d� �d�o�e�s� �h�a�v�e� �s�o�m�e� �p�r�o�b�l�e�m�s�.� �I�n� �a�n� �e�f�f�o�r�t� �t�o� �m�a�k�e� �t�h�e� 

�s�h�e�l�l� �s�i�m�p�l�e� �t�o� �u�s�e�,� �i�t� �c�o�n�t�a�i�n�s� �a� �m�e�n�u� �i�n�t�e�r�f�a�c�e� �w�h�i�c�h� �w�i�l�l� �h�i�n�d�e�r� �s�o�m�e� �a�d�v�a�n�c�e�d� �p�r�o�g�r�a�m�m�e�r�s�.� 

�E�l�i�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �m�e�n�u� �w�o�u�l�d� �r�e�d�u�c�e� �k�e�y� �s�t�r�o�k�e�s� �a�n�d� �c�o�n�f�u�s�i�o�n� �a�s� �t�o� �k�e�y� �a�s�s�i�g�n�m�e�n�t�s� �d�e�p�e�n�d�i�n�g� 

�o�n� �w�h�a�t� �s�e�c�t�i�o�n� �o�f� �t�h�e� �m�e�n�u� �i�s� �b�e�i�n�g� �u�s�e�d�.� �T�h�e� �m�a�n�u�a�l� �i�s� �n�o�t� �e�a�s�y� �t�o� �u�n�d�e�r�s�t�a�n�d� �a�n�d� �s�o�m�e� �o�f� �t�h�e� 

�c�o�m�m�a�n�d�s� �u�s�e�d� �f�o�r� �T�u�r�b�o� �P�a�s�c�a�l� �i�n�t�e�r�a�c�t�i�o�n� �a�r�e� �n�o�t� �c�l�e�a�r� �o�r� �d�o� �n�o�t� �o�p�e�r�a�t�e� �a�s� �t�h�e� �m�a�n�u�a�l� �d�e�-� 

�s�c�r�i�b�e�s�.� �D�e�s�p�i�t�e� �t�h�e�s�e� �p�r�o�b�l�e�m�s�,� �t�h�i�s� �s�h�e�l�l� �w�o�r�k�e�d� �w�e�l�l� �f�o�r� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �c�a�n� �b�e� �u�s�e�d� �i�n� �f�u�t�u�r�e� 

�p�r�o�g�r�a�m�s�.� 

�T�h�e� �E�S� �w�a�s� �t�o� �b�e� �d�e�s�i�g�n�e�d� �t�o� �b�e� �u�s�e�d� �b�y� �e�x�t�e�n�s�i�o�n� �p�e�r�s�o�n�n�e�l�.� �A�l�t�h�o�u�g�h� �d�a�i�r�y� �f�a�r�m�e�r�s� �w�o�u�l�d� 

�b�e�n�e�f�i�t� �f�r�o�m� �a�c�t�u�a�l�l�y� �s�e�e�i�n�g� �i�t� �r�u�n�,� �a�n�d� �m�a�y� �b�e� �m�o�r�e� �l�i�k�e�l�y� �t�o� �i�m�p�l�e�m�e�n�t� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �u�n�d�e�r� 

�t�h�a�t� �c�i�r�c�u�m�s�t�a�n�c�e�,� �m�o�s�t� �f�a�r�m�e�r�s� �d�o� �n�o�t� �h�a�v�e� �t�h�e� �c�o�m�p�u�t�e�r� �h�a�r�d�w�a�r�e� �a�n�d� �e�x�p�e�r�t�i�s�e� �n�e�e�d�e�d� �t�o� �r�u�n� 

�t�h�e� �p�r�o�g�r�a�m�.� �E�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �c�a�n� �u�s�e� �t�h�e� �q�u�e�s�t�i�o�n�n�a�i�r�e� �t�o� �g�a�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n� �a�t� �t�h�e� �f�a�r�m�,� �r�e�t�u�r�n� 

�t�o� �t�h�e� �o�f�f�i�c�e�,� �d�o�w�n�l�o�a�d� �b�y� �c�o�m�p�u�t�e�r� �t�h�e� �n�e�e�d�e�d� �D�A�R�T� �i�n�f�o�r�m�a�t�i�o�n� �a�n�d� �r�u�n� �t�h�e� �E�S�.� �R�e�c�o�m�m�-� 

�e�n�d�a�t�i�o�n�s� �a�n�d� �s�u�g�g�e�s�t�i�o�n�s� �f�r�o�m� �t�h�e� �p�r�o�g�r�a�m� �c�a�n� �b�e� �p�r�i�n�t�e�d� �a�n�d� �r�e�t�u�r�n�e�d� �t�o� �t�h�e� �f�a�r�m�e�r�.� �A�n� �e�f�f�o�r�t� 

�w�a�s� �m�a�d�e� �t�o� �m�a�k�e� �t�h�e� �p�r�o�g�r�a�m� �s�i�m�p�l�e� �t�o� �u�s�e�.� �K�e�y�s�t�r�o�k�e�s� �w�e�r�e� �e�l�i�m�i�n�a�t�e�d� �b�y� �u�s�i�n�g� �y�e�s�/�n�o� �a�n�d� 

�m�u�l�t�i�p�l�e� �c�h�o�i�c�e� �q�u�e�s�t�i�o�n�s�.� 

�S�e�v�e�r�a�l� �m�e�t�h�o�d�s� �o�f� �o�b�t�a�i�n�i�n�g� �a�n�d� �u�s�i�n�g� �d�a�t�a� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d�.� �O�r�i�g�i�n�a�l�l�y� �a�l�l� �r�e�p�r�o�d�u�c�t�i�v�e� �p�e�r�-� 

�f�o�r�m�a�n�c�e� �d�a�t�a� �w�e�r�e� �t�o� �b�e� �e�n�t�e�r�e�d� �i�n� �t�h�e� �E�S� �f�r�o�m� �t�h�e� �k�e�y�b�o�a�r�d�.� �T�h�e� �D�H�I�A� �2�0�2� �r�e�p�o�r�t� �d�o�e�s� �n�o�t� 

�C�o�n�c�l�u�s�i�o�n�s� �8�4



�e�x�i�s�t� �i�n� �a� �f�o�r�m� �t�h�a�t� �a�l�l�o�w�s� �a� �d�i�r�e�c�t� �d�o�w�n�l�o�a�d� �i�n�t�o� �t�h�e� �E�S�.� �T�h�e�s�e� �d�a�t�a� �h�a�v�e� �t�o� �b�e� �e�n�t�e�r�e�d� �f�r�o�m� �t�h�e� 

�k�e�y�b�o�a�r�d�.� �D�a�t�a� �f�r�o�m� �t�h�e� �D�A�R�T� �r�e�p�o�r�t�s� �c�a�n� �b�e� �r�e�a�d� �b�y� �t�h�e� �E�S� �b�e�c�a�u�s�e� �t�h�e� �r�e�p�o�r�t�s� �c�a�n� �b�e� �c�a�p�t�u�r�e�d� 

�a�s� �A�S�C�I�I� �f�i�l�e�s�.� �T�h�e� �u�s�e� �o�f� �p�a�s�c�a�l� �a�l�l�o�w�s� �f�o�r� �t�h�e� �r�e�a�d�i�n�g� �o�f� �c�a�p�t�u�r�e�d� �D�A�R�T� �r�e�p�o�r�t�s�.� �T�h�e� �s�h�e�l�l� 

�p�r�o�g�r�a�m� �d�o�e�s� �n�o�t� �h�a�v�e� �t�h�e� �c�a�p�a�b�i�l�i�t�y� �t�o� �r�e�a�d� �t�h�e� �D�A�R�T� �i�n�f�o�r�m�a�t�i�o�n�.� �B�e�c�a�u�s�e� �t�h�e� �E�S� �c�a�n� �r�e�a�d� 

�D�A�R�T� �r�e�p�o�r�t�s�,� �d�a�t�a� �e�n�t�r�y� �a�n�d� �e�v�a�l�u�a�t�i�o�n� �t�i�m�e� �i�s� �r�e�d�u�c�e�d�.� �H�o�w�e�v�e�r�,� �o�n�l�y� �D�H�I�A� �h�e�r�d�s� �t�h�a�t� �h�a�v�e� 

�r�e�c�o�r�d�s� �p�r�o�c�e�s�s�e�d� �i�n� �R�a�l�e�i�g�h� �c�a�n� �b�e� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �E�S�.� �A� �q�u�e�s�t�i�o�n�n�a�i�r�e� �w�a�s� �n�e�c�e�s�s�a�r�y� �t�o� �g�u�i�d�e� 

�t�h�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �n�o�n�-�D�H�I�A� �m�a�n�a�g�e�m�e�n�t� �i�n�f�o�r�m�a�t�i�o�n� �n�e�e�d�e�d� �b�y� �t�h�e� �E�S�.� 

�R�e�p�r�o�d�u�c�t�i�v�e� �m�a�n�a�g�e�m�e�n�t� �w�a�s� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�r�e�e� �a�r�e�a�s� �(�D�F�B�,� �C�R�,� �a�n�d� �E�D�)� �f�o�r� �e�v�a�l�u�a�t�i�o�n� �b�y� �t�h�e� 

�E�S�.� �A�l�t�h�o�u�g�h� �t�h�e� �t�h�r�e�e� �a�r�e�a�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �m�u�t�u�a�l�l�y� �e�x�c�l�u�s�i�v�e� �b�y� �t�h�e� �E�S�,� �i�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �r�e�-� 

�m�e�m�b�e�r� �t�h�a�t� �e�a�c�h� �a�r�e�a� �i�s� �b�i�o�l�o�g�i�c�a�l�l�y� �r�e�l�a�t�e�d� �a�n�d� �i�n�f�l�u�e�n�c�e�s� �t�h�e� �o�t�h�e�r�s�.� �H�o�w�e�v�e�r�,� �b�y� �i�d�e�n�t�i�f�y�i�n�g� 

�o�n�e� �p�r�o�b�l�e�m� �a�r�e�a� �f�o�r� �e�v�a�l�u�a�t�i�o�n�,� �a�n�d� �g�i�v�i�n�g� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�n�d� �s�u�g�g�e�s�t�i�o�n�s� �f�o�r� �i�m�p�r�o�v�e�m�e�n�t�,� 

�i�t� �i�s� �a�s�s�u�m�e�d� �t�h�a�t� �o�t�h�e�r� �a�r�e�a�s� �w�i�l�l� �a�l�s�o� �i�m�p�r�o�v�e�.� �A� �c�o�n�c�e�n�t�r�a�t�e�d� �e�f�f�o�r�t� �t�o� �i�m�p�r�o�v�e� �t�h�e� �s�p�e�c�i�f�i�c� �a�r�e�a� 

�i�d�e�n�t�i�f�i�e�d� �s�h�o�u�l�d� �b�e� �s�u�p�e�r�i�o�r� �t�o� �u�s�i�n�g� �a� �b�r�o�a�d�e�r� �a�p�p�r�o�a�c�h� �t�o� �s�o�l�v�e� �a�l�l� �r�e�p�r�o�d�u�c�t�i�v�e� �p�r�o�b�l�e�m�s� �a�t� 

�o�n�c�e�.� 

�T�h�e� �i�n�i�t�i�a�l� �r�e�p�r�o�d�u�c�t�i�v�e� �a�n�a�l�y�s�i�s� �o�f� �D�O�,� �D�F�B�,� �C�R�,� �a�n�d� �E�D� �i�d�e�n�t�i�f�i�e�s� �t�h�e� �a�r�e�a� �t�h�a�t� �n�e�e�d�s� �t�o� �b�e� 

�f�u�r�t�h�e�r� �e�v�a�l�u�a�t�e�d�.� �I�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �w�e�r�e� �e�s�t�a�b�l�i�s�h�e�d� �b�y� �t�h�e� �e�x�t�e�n�s�i�o�n� �r�e�p�r�o�d�u�c�t�i�v�e� �s�p�e�c�i�a�l�i�s�t�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�e� �p�r�e�d�o�m�i�n�a�n�c�e� �o�f� �t�h�e� �H�o�l�s�t�e�i�n�,� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �w�e�r�e� �e�s�t�a�b�l�i�s�h�e�d� �f�o�r� �H�o�l�s�t�e�i�n� 

�h�e�r�d�s�.� �A� �s�l�i�g�h�t� �a�d�j�u�s�t�m�e�n�t� �m�a�y� �b�e� �n�e�e�d�e�d� �f�o�r� �e�v�a�l�u�a�t�i�o�n� �o�f� �o�t�h�e�r� �b�r�e�e�d�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �J�e�r�s�e�y� 

�h�e�r�d�s� �m�a�y� �r�e�q�u�i�r�e� �h�i�g�h�e�r� �r�e�p�r�o�d�u�c�t�i�v�e� �g�o�a�l�s� �t�h�a�n� �H�o�l�s�t�e�i�n�s�,� �s�o� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �w�i�l�l� �h�a�v�e� �t�o� �b�e� 

�a�d�j�u�s�t�e�d�.� �W�h�e�n� �a�l�l� �a�r�e�a�s� �w�e�r�e� �i�n�t�e�r�p�r�e�t�e�d� �t�o� �h�a�v�e� �e�q�u�i�v�a�l�e�n�t� �d�i�f�f�i�c�u�l�t�i�e�s�,� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �p�r�o�b�l�e�m�s� 

�w�e�r�e� �s�e�l�e�c�t�e�d� �b�e�c�a�u�s�e� �t�h�e�y� �r�e�p�r�e�s�e�n�t� �t�e�c�h�n�i�q�u�e�s� �w�h�i�c�h� �a�r�e� �u�s�u�a�l�l�y� �e�a�s�i�e�r� �t�o� �c�o�r�r�e�c�t� �t�h�a�n� �E�D� �o�r� 

�D�F�B�,� �w�h�e�r�e� �i�m�p�r�o�v�e�m�e�n�t�s� �m�a�y� �r�e�q�u�i�r�e� �s�t�r�a�t�e�g�i�c�,� �p�s�y�c�h�o�l�o�g�i�c�a�l� �o�r� �e�v�e�n� �p�a�t�h�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� �o�f� �t�h�e� 

�f�a�r�m�e�r�.� �A�n� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �C�R� �i�s� �a�l�s�o� �m�o�r�e� �i�m�m�e�d�i�a�t�e�.� �B�e�c�a�u�s�e� �t�h�e� �E�S� �w�i�l�l� �s�e�l�e�c�t� �t�h�e� �C�R� �e�v�a�l�-� 

�u�a�t�i�o�n� �o�f�t�e�n�,� �a�n� �o�p�t�i�o�n� �i�s� �g�i�v�e�n� �t�o� �t�h�e� �u�s�e�r� �t�o� �e�v�a�l�u�a�t�e� �o�t�h�e�r� �a�r�e�a�s�.� �I�t� �m�a�y� �b�e� �d�e�s�i�r�a�b�l�e� �i�n� �t�h�e� �f�u�t�u�r�e� 

�t�o� �d�e�t�e�r�m�i�n�e� �h�o�w� �m�a�n�y� �h�e�r�d�s� �a�r�e� �e�v�a�l�u�a�t�e�d� �i�n� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� �a�r�e�a�s� �a�n�d� �a�d�j�u�s�t� �t�h�e� �m�e�t�h�o�d� �b�y� 

�w�h�i�c�h� �t�h�e� �E�S� �s�e�l�e�c�t�s� �t�h�e� �a�r�e�a� �f�o�r� �e�v�a�l�u�a�t�i�o�n�.� �A�c�c�o�r�d�i�n�g� �t�o� �r�e�c�e�n�t� �D�H�I�A� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �7�9�2� 

�V�i�r�g�i�n�i�a� �h�e�r�d�s�,� �o�v�e�r� �4�1�%� �w�o�u�l�d� �b�e� �r�a�t�e�d� �a�s� �h�a�v�i�n�g� �a�  ��s�e�v�e�r�e �� �p�r�o�b�l�e�m� �w�i�t�h� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �a�c�-� 

�C�o�n�c�l�u�s�i�o�n�s� �8�5



�c�o�r�d�i�n�g� �t�o� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �l�e�v�e�l�s� �s�e�t� �b�y� �t�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t�.� �A� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n� �w�a�s� �d�e�v�e�l�o�p�e�d� 

�t�o� �a�d�j�u�s�t� �t�h�e� �E�D� �e�f�f�i�c�i�e�n�c�y� �o�f� �h�e�r�d�s� �b�a�s�e�d� �o�n� �V�W�P� �a�n�d� �D�F�B�.� �T�h�e� �n�u�m�b�e�r� �o�f� �h�e�r�d�s� �a�d�j�u�s�t�e�d� �t�o� 

�h�i�g�h�e�r� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s� �s�h�o�u�l�d� �b�e� �m�o�n�i�t�o�r�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e� �a�d�j�u�s�t�m�e�n�t� �i�s� �n�e�c�e�s�s�a�r�y�.� �T�h�e� �E�S� 

�m�a�y� �n�e�e�d� �t�o� �b�e� �c�h�a�n�g�e�d� �s�o� �t�h�a�t� �a�n� �e�v�a�l�u�a�t�i�o�n� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �e�s�t�r�u�s� �i�s� �m�o�r�e� �f�r�e�q�u�e�n�t�.� 

�T�h�e� �p�r�o�b�l�e�m� �s�o�l�v�i�n�g� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �t�h�e� �E�S� �s�e�e�m� �t�o� �b�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�f� �t�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t�.� 

�R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�n�d� �s�u�g�g�e�s�t�i�o�n�s� �c�l�o�s�e�l�y� �m�a�t�c�h�e�d�.� �H�o�w�e�v�e�r�,� �t�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� �h�a�s� �a�n� �a�d�-� 

�v�a�n�t�a�g�e� �f�o�r� �t�w�o� �r�e�a�s�o�n�s�.� �T�h�e� �E�S� �w�i�l�l� �o�n�l�y� �r�e�c�o�g�n�i�z�e� �a� �p�r�o�b�l�e�m� �a�f�t�e�r� �a� �f�i�x�e�d� �t�h�r�e�s�h�o�l�d� �i�s� �r�e�a�c�h�e�d�.� 

�T�h�e� �s�p�e�c�i�a�l�i�s�t� �u�s�e�s� �m�o�r�e� �l�a�t�i�t�u�d�e� �i�n� �i�d�e�n�t�i�f�y�i�n�g� �p�r�o�b�l�e�m�s�.� �W�h�e�r�e�a�s� �a� �1�5�%� �d�i�f�f�e�r�e�n�c�e� �m�a�y� �b�e� �n�e�e�d�e�d� 

�b�e�f�o�r�e� �t�h�e� �E�S� �i�d�e�n�t�i�f�i�e�s� �a� �p�r�o�b�l�e�m�,� �t�h�e� �s�p�e�c�i�a�l�i�s�t� �m�a�y� �d�e�t�e�r�m�i�n�e� �p�r�o�b�l�e�m�s� �a�t� �1�4�%� �b�a�s�e�d� �o�n� �o�t�h�e�r� 

�n�u�m�b�e�r�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �t�h�e� �E�S� �m�o�r�e� �t�h�a�n� �t�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� �s�h�o�u�l�d� 

�b�e� �c�o�n�s�i�s�t�e�n�t� �i�n� �p�r�o�b�l�e�m� �i�d�e�n�t�i�f�i�c�a�t�i�o�n�.� �S�e�c�o�n�d�l�y�,� �t�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� �i�s� �b�e�t�t�e�r� �a�b�l�e� �t�o� �c�o�n�d�e�n�s�e� 

�r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�n�d� �s�u�g�g�e�s�t�i�o�n�s� �t�o� �f�a�r�m�e�r�s�.� �T�h�e� �E�S� �i�d�e�n�t�i�f�i�e�s� �p�r�o�b�l�e�m�s� �w�e�l�l�,� �b�u�t� �d�o�e�s� �n�o�t� 

�e�l�i�m�i�n�a�t�e� �d�u�p�l�i�c�a�t�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�n�d� �s�u�g�g�e�s�t�i�o�n�s�.� �A� �m�e�t�h�o�d� �i�s� �n�e�e�d�e�d� �f�o�r� �r�e�l�a�t�i�n�g� �r�e�c�o�m�m�-� 

�e�n�d�a�t�i�o�n�s� �a�n�d� �s�u�g�g�e�s�t�i�o�n�s� �t�o� �g�i�v�e� �a� �m�o�r�e� �c�o�n�c�i�s�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n� �f�o�r� �t�h�e� �p�r�o�b�l�e�m�s� �i�d�e�n�t�i�f�i�e�d�.� �I�t� 

�m�a�y� �b�e� �n�e�c�e�s�s�a�r�y� �t�o� �p�r�i�o�r�i�t�i�z�e� �p�r�o�b�l�e�m�s� �r�e�c�o�g�n�i�z�e�d� �b�y� �t�h�e� �E�S� �s�o� �t�h�a�t� �t�h�e� �n�u�m�b�e�r� �o�f� �r�e�c�o�m�m�e�n�-� 

�d�a�t�i�o�n�s� �i�s� �r�e�d�u�c�e�d�,� �o�r� �k�e�e�p� �e�x�t�e�n�s�i�v�e� �t�r�a�c�k� �o�f� �a�l�l� �p�r�i�o�r� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �t�o� �r�e�d�u�c�e� �d�u�p�l�i�c�a�t�i�o�n�.� 

�T�h�e� �E�S� �c�a�n� �o�n�l�y� �e�v�a�l�u�a�t�e� �D�H�I�A� �h�e�r�d�s� �t�h�a�t� �s�e�n�d� �d�a�t�a� �t�o� �t�h�e� �D�R�P�C� �i�n� �R�a�l�e�i�g�h�,� �N�C� �b�e�c�a�u�s�e� �o�f� �t�h�e� 

�D�A�R�T� �r�e�p�o�r�t�s� �n�e�e�d�e�d� �f�o�r� �t�h�e� �e�v�a�l�u�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �d�a�i�r�y� �p�r�o�d�u�c�e�r�s� �i�n� �1�4� �s�t�a�t�e�s� �a�n�d� �P�u�e�r�t�o� �R�i�c�o� 

�s�e�n�d� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �R�a�l�e�i�g�h�.� �T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �w�a�y�s� �i�n� �w�h�i�c�h� �t�h�e� �p�r�o�g�r�a�m� �c�o�u�l�d� �b�e� �u�s�e�d� �i�n� �o�t�h�e�r� 

�p�a�r�t�s� �o�f� �t�h�e� �c�o�u�n�t�r�y�.� �I�t� �c�o�u�l�d� �b�e� �e�n�h�a�n�c�e�d� �s�o� �t�h�a�t� �i�t� �i�s� �c�a�p�a�b�l�e� �o�f� �r�e�a�d�i�n�g� �r�e�p�r�o�d�u�c�t�i�v�e� �r�e�p�o�r�t�s� 

�p�r�o�d�u�c�e�d� �b�y� �t�h�e� �o�t�h�e�r� �e�i�g�h�t� �D�R�P�C�.� �O�t�h�e�r�w�i�s�e�,� �a�l�l� �d�a�t�a� �n�e�e�d�e�d� �c�o�u�l�d� �b�e� �e�n�t�e�r�e�d� �f�r�o�m� �t�h�e� �k�e�y�-� 

�b�o�a�r�d�.� 

�B�e�c�a�u�s�e� �t�h�e� �E�S� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �D�A�R�T� �r�e�p�o�r�t�s� �c�r�e�a�t�e�d� �b�y� �t�h�e� �D�R�P�C� �i�n� �R�a�l�e�i�g�h�,� �a� �c�l�o�s�e� 

�w�o�r�k�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p� �n�e�e�d�s� �t�o� �b�e� �m�a�i�n�t�a�i�n�e�d� �b�e�t�w�e�e�n� �t�h�e� �E�S� �d�e�v�e�l�o�p�e�r�s� �a�n�d� �t�h�e� �D�R�P�C�.� �W�h�e�n� �t�h�e� 

�D�R�P�C� �c�h�a�n�g�e�s� �a� �D�A�R�T� �r�e�p�o�r�t�,� �t�h�e� �E�S� �w�i�l�l� �n�e�e�d� �t�o� �b�e� �a�d�j�u�s�t�e�d� �a�l�s�o�.� �T�h�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �o�f� 

�t�h�e� �E�S� �d�e�v�e�l�o�p�e�r�s� �s�h�o�u�l�d� �a�l�s�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �b�y� �t�h�e� �D�R�P�C�.� �N�e�e�d�s� �f�o�r� �t�h�e� �i�m�m�e�d�i�a�t�e� �f�u�t�u�r�e� �i�n�c�l�u�d�e� 
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�c�a�p�t�u�r�i�n�g� �t�h�e� �D�H�I� �2�0�2� �r�e�p�o�r�t� �a�s� �a� �D�A�R�T� �r�e�p�o�r�t�.� �T�h�e� �D�H�I� �r�a�t�i�n�g� �r�e�p�o�r�t� �s�h�o�u�l�d� �b�e� �c�h�a�n�g�e�d� �t�o� 

�r�e�p�o�r�t� �a� �d�e�c�i�m�a�l� �p�l�a�c�e� �f�o�r� �b�r�e�e�d�i�n�g�s� �p�e�r� �c�o�n�c�e�p�t�i�o�n�.� �I�n� �t�h�e� �f�u�t�u�r�e�,� �i�t� �m�a�y� �b�e� �p�o�s�s�i�b�l�e� �t�o� �i�n�c�l�u�d�e� 

�E�S� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�n�d� �s�u�g�g�e�s�t�i�o�n�s� �i�n� �t�h�e� �m�a�i�l�-�i�n� �D�H�I� �p�r�o�g�r�a�m�.� �B�y� �d�o�i�n�g� �t�h�i�s�,� �D�H�I� �w�i�l�l� �b�e� 

�c�a�p�a�b�l�e� �o�f� �p�r�o�v�i�d�i�n�g� �b�o�t�h� �s�t�r�a�t�e�g�y� �a�n�d� �t�a�c�t�i�c�s� �f�o�r� �i�m�p�r�o�v�e�d� �m�a�n�a�g�e�m�e�n�t�.� 

�F�o�r� �t�h�e� �E�S� �t�o� �b�e� �e�f�f�e�c�t�i�v�e�,� �a�c�c�u�r�a�t�e� �i�n�f�o�r�m�a�t�i�o�n� �h�a�s� �t�o� �b�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �D�H�I�.� �T�h�e� �d�a�i�r�y� �f�a�r�m�e�r� 

�s�h�o�u�l�d� �r�e�p�o�r�t� �a�l�l� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �D�H�I�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �E�S� �h�a�s� �t�o� �v�e�r�i�f�y� �E�D� �b�e�c�a�u�s�e� �t�h�e� �V�W�P� 

�r�e�p�o�r�t�e�d� �t�o� �D�H�I� �m�a�y� �n�o�t� �b�e� �c�o�r�r�e�c�t�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �r�e�p�o�r�t�i�n�g� �t�h�e� �V�W�P� �n�e�e�d�s� �t�o� �b�e� �e�x�p�l�a�i�n�e�d�.� 

�O�n�e� �p�o�s�s�i�b�l�e� �s�o�l�u�t�i�o�n� �t�o� �t�h�e� �V�W�P� �p�r�o�b�l�e�m� �i�s� �t�o� �e�l�i�m�i�n�a�t�e� �t�h�e� �6�0� �d� �d�e�f�a�u�l�t� �u�s�e�d� �b�y� �D�H�I�,� �a�n�d� �r�e�-� 

�q�u�i�r�e� �e�v�e�r�y� �d�a�i�r�y� �f�a�r�m�e�r� �t�o� �r�e�p�o�r�t� �a� �V�W�P�.� �I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �r�e�m�e�m�b�e�r� �t�h�a�t� �t�h�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

�o�f� �t�h�e� �E�S� �a�r�e� �l�i�m�i�t�e�d� �b�y� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �d�a�t�a� �e�n�t�e�r�e�d� �i�n�t�o� �t�h�e� �E�S�.� 

�I�t� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �c�o�m�p�a�r�e� �t�h�i�s� �E�S� �t�o� �o�t�h�e�r� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �i�n� �d�a�i�r�y� �m�a�n�a�g�e�m�e�n�t�.� �T�h�e�r�e� �h�a�s� �b�e�e�n� 

�m�u�c�h� �d�i�s�c�u�s�s�i�o�n� �a�b�o�u�t� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �f�o�r� �d�a�i�r�y� �m�a�n�a�g�e�m�e�n�t�,� �b�u�t� �f�e�w� �p�r�o�g�r�a�m�s� �e�x�i�s�t�.� �A�n�y� �c�o�m�-� 

�p�a�r�i�s�o�n� �w�o�u�l�d� �i�n�v�o�l�v�e� �s�o�m�e� �s�p�e�c�u�l�a�t�i�o�n�.� �P�r�o�g�r�a�m�s� �s�e�e�m� �t�o� �e�x�i�s�t� �a�t� �M�a�r�y�l�a�n�d�,� �W�e�s�t� �V�i�r�g�i�n�i�a�,� �a�n�d� 

�p�o�s�s�i�b�l�y� �M�i�n�n�e�s�o�t�a�,� �b�u�t� �t�h�e�r�e� �i�s� �l�i�m�i�t�e�d� �p�u�b�l�i�s�h�e�d� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e�m�.� �A�n� �E�S� �f�o�r� �r�e�p�r�o�d�u�c�t�i�v�e� 

�m�a�n�a�g�e�m�e�n�t� �h�a�s� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �b�y� �C�o�r�n�e�l�l�.� �H�o�w�e�v�e�r�,� �t�h�e� �C�o�r�n�e�l�l� �E�S� �r�u�n�s� �o�n� �a� �m�a�i�n�f�r�a�m�e� 

�c�o�m�p�u�t�e�r� �a�n�d� �t�h�e�r�e�f�o�r�e� �a�p�p�e�a�r�s� �t�o� �h�a�v�e� �l�i�m�i�t�e�d� �p�r�a�c�t�i�c�a�l� �b�e�n�e�f�i�t� �t�o� �d�a�i�r�y� �f�a�r�m�e�r�s� �a�t� �t�h�i�s� �t�i�m�e�.� �I�t� 

�a�p�p�e�a�r�s� �t�h�a�t� �m�o�s�t� �E�S� �h�a�v�e� �n�o�t� �b�e�e�n� �v�a�l�i�d�a�t�e�d� �b�y� �f�i�e�l�d� �u�s�e� �a�n�d� �h�a�v�e� �n�o�t� �b�e�e�n� �t�h�e� �f�o�c�u�s� �o�f� �p�u�b�l�i�-� 

�c�a�t�i�o�n�s�.� 

�B�e�f�o�r�e� �t�h�e� �E�S� �i�s� �c�h�a�n�g�e�d� �f�u�r�t�h�e�r�,� �t�h�e� �p�r�o�g�r�a�m� �s�h�o�u�l�d� �b�e� �u�s�e�d� �i�n� �f�i�e�l�d� �s�i�t�u�a�t�i�o�n�s�.� �E�x�t�e�n�s�i�o�n� �a�r�e�a� 

�d�a�i�r�y� �s�p�e�c�i�a�l�i�s�t�s�,� �a�l�o�n�g� �w�i�t�h� �t�h�e� �s�t�a�t�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� �s�h�o�u�l�d� �u�s�e� �t�h�e� �p�r�o�g�r�a�m�.� �I�f� �i�t� �i�s� �u�s�e�f�u�l� �f�o�r� 

�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �r�e�p�r�o�d�u�c�t�i�v�e� �p�r�o�b�l�e�m�s�,� �t�h�e�n� �c�h�a�n�g�e�s� �w�i�l�l� �e�n�h�a�n�c�e� �t�h�e� �p�r�o�g�r�a�m�.� �I�f� �t�h�e� �p�r�o�g�r�a�m� �i�s� 

�n�o�t� �u�s�e�d� �b�y� �e�x�t�e�n�s�i�o�n�,� �t�h�e�n� �t�h�e� �E�S� �m�a�y� �n�e�e�d� �t�o� �b�e� �r�e�v�i�e�w�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�y� �t�h�e� �p�r�o�g�r�a�m� �w�a�s� 

�o�f� �l�i�t�t�l�e� �v�a�l�u�e�.� 
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�P�r�o�j�e�c�t� �O�v�e�r�v�i�e�w� 

�S�e�v�e�r�a�l� �p�r�o�b�l�e�m�s� �s�l�o�w�e�d� �t�h�i�s� �p�r�o�j�e�c�t�.� �M�u�c�h� �t�i�m�e� �h�a�d� �t�o� �b�e� �s�p�e�n�t� �l�e�a�r�n�i�n�g� �t�h�e� �b�a�s�i�c�s� �o�f� �e�x�p�e�r�t� 

�s�y�s�t�e�m�s�.� �P�r�i�o�r� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�m�i�n�g� �e�x�p�e�r�i�e�n�c�e� �w�o�u�l�d� �h�a�v�e� �m�a�d�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� 

�g�r�a�d�u�a�t�e� �s�t�u�d�e�n�t� �a�n�d� �d�e�p�a�r�t�m�e�n�t� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�m�e�r� �m�o�r�e� �e�f�f�i�c�i�e�n�t�,� �e�s�p�e�c�i�a�l�l�y� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� 

�o�f� �t�h�e� �p�r�o�j�e�c�t�.� �T�h�e� �d�e�p�a�r�t�m�e�n�t� �p�r�o�g�r�a�m�m�e�r� �s�p�e�n�t� �t�i�m�e� �e�x�p�l�a�i�n�i�n�g� �t�h�e� �b�a�s�i�c�s� �o�f� �P�a�s�c�a�l� �p�r�o�g�r�a�m�-� 

�m�i�n�g� �i�n�s�t�e�a�d� �o�f� �w�o�r�k�i�n�g� �o�n� �m�o�r�e� �a�d�v�a�n�c�e�d� �t�e�c�h�n�i�q�u�e�s� �t�h�a�t� �p�o�s�s�i�b�l�y� �c�o�u�l�d� �h�a�v�e� �b�e�e�n� �u�s�e�d� �i�n� �t�h�e� 

�p�r�o�g�r�a�m�.� �A� �c�o�u�r�s�e� �i�n� �P�a�s�c�a�l� �p�r�o�g�r�a�m�m�i�n�g� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �h�e�l�p�f�u�l� �i�n� �e�n�h�a�n�c�i�n�g� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� 

�o�f� �t�h�e� �p�r�o�g�r�a�m�.� �F�u�t�u�r�e� �d�e�v�e�l�o�p�e�r�s� �o�f� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �s�h�o�u�l�d� �h�a�v�e� �c�o�u�r�s�e�s� �i�n� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �a�n�d�,� �|� 

�i�f� �n�e�c�e�s�s�a�r�y�,� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�m�i�n�g�.� �B�e�c�a�u�s�e� �t�h�e� �e�x�t�e�n�s�i�o�n� �s�p�e�c�i�a�l�i�s�t� �w�a�s� �a�r�t�i�c�u�l�a�t�e� �a�n�d� �i�n�t�e�r�e�s�t�e�d� 

�i�n� �d�e�v�e�l�o�p�i�n�g� �a�n� �E�S�,� �o�b�t�a�i�n�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �w�a�s� �n�o�t� �d�i�f�f�i�c�u�l�t�.� �A�c�c�o�r�d�i�n�g� �t�o� �o�t�h�e�r� �E�S� �d�e�v�e�l�o�p�e�r�s�,� 

�t�h�e� �l�a�r�g�e�s�t� �p�r�o�b�l�e�m� �i�n� �d�e�v�e�l�o�p�i�n�g� �a�n� �E�S� �i�s� �o�b�t�a�i�n�i�n�g� �a�c�c�u�r�a�t�e� �i�n�f�o�r�m�a�t�i�o�n� �a�n�d� �e�x�p�e�r�t�i�s�e�.� �D�e�s�p�i�t�e� 

�t�h�e� �p�r�o�j�e�c�t� �d�i�f�f�i�c�u�l�t�i�e�s�,� �t�h�e� �E�S� �s�h�o�u�l�d� �a�i�d� �e�x�t�e�n�s�i�o�n� �p�e�r�s�o�n�n�e�l� �t�o� �i�d�e�n�t�i�f�y� �d�a�i�r�y� �h�e�r�d� �r�e�p�r�o�d�u�c�t�i�v�e� 

�p�r�o�b�l�e�m�s� �a�n�d� �g�i�v�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �o�n� �h�o�w� �t�o� �c�o�r�r�e�c�t� �p�r�o�b�l�e�m�s�.� 

�C�o�n�c�l�u�s�i�o�n�s� �8�8



�R�e�f�e�r�e�n�c�e�s� 

�1�0�.� 

�L�I�.� 

�1�2�.� 

�A�l�m�q�u�i�s�t�,� �J�.� �O�.�,� �J�.� �L�.� �R�o�s�e�n�b�e�r�g�e�r�,� �a�n�d� �R�.� �J�.� �B�r�a�n�a�s�.� �1�9�7�9�.� �E�f�f�e�c�t� �o�f� �t�h�a�w�i�n�g� �t�i�m�e� �i�n� 
�w�a�r�m� �w�a�t�e�r� �o�n� �f�e�r�t�i�l�i�t�y� �o�f� �b�o�v�i�n�e� �s�p�e�r�m�a�t�o�z�o�a� �i�n� �p�l�a�s�t�i�c� �s�t�r�a�w�s�.� �J�.� �D�a�i�r�y� �S�c�i�.� �6�2�:�7�7�2�.� 

�B�a�r�r�e�t�t�.� �G�.� �R�.�,� �a�n�d� �L�.� �E�.� �C�a�s�i�d�a�.� �1�9�4�6�.� �T�i�m�e� �o�f� �i�n�s�e�m�i�n�a�t�i�o�n� �a�n�d� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e� �i�n� 
�a�r�t�i�f�i�c�i�a�l� �b�r�e�e�d�i�n�g�.� �J�.� �D�a�i�r�y� �S�c�i�.� �2�9�:�5�5�6�.� 

�B�a�r�r�,� �H�.� �L�.� �1�9�7�5�.� �I�n�f�l�u�e�n�c�e� �o�f� �e�s�t�r�u�s� �d�e�t�e�c�t�i�o�n� �o�n� �d�a�y�s� �o�p�e�n� �i�n� �d�a�i�r�y� �h�e�r�d�s�.� �J�.� �D�a�i�r�y� �S�c�i�.� 
�5�8�:�2�4�6�.� 

�B�l�a�k�e�,� �R�.� �W�.� �1�9�8�4�.� �G�e�n�e�t�i�c�s� �o�f� �r�e�p�r�o�d�u�c�t�i�v�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �f�e�m�a�l�e�s�.� �P�r�o�c�.� �N�a�t�l�.� �W�o�r�k�-� 
�s�h�o�p� �G�e�n�e�t�.� �I�m�p�r�o�v�e�m�e�n�t� �D�a�i�r�y� �C�a�t�t�l�e�,� �M�i�l�w�a�u�k�e�e�,� �W�I�.� 

�B�o�z�w�o�r�t�h�,� �R�.� �W�.�,� �G�.� �W�a�r�d�,� �E�.� �P�.� �C�a�l�l�,� �a�n�d� �E�.� �R�.� �B�o�n�e�w�i�t�z�.� �1�9�7�2�.� �A�n�a�l�y�s�i�s� �o�f� �f�a�c�t�o�r�s� 
�a�f�f�e�c�t�i�n�g� �c�a�l�v�i�n�g� �i�n�t�e�r�v�a�l�s� �o�f� �d�a�i�r�y� �c�o�w�s�.� �J�.� �D�a�i�r�y� �S�c�i�.� �5�5�:�3�3�4�.� 

�B�n�i�t�t�,� �J�.� �H�.� �1�9�7�5�.� �E�a�r�l�y� �p�o�s�t�p�a�r�t�u�m� �b�r�e�e�d�i�n�g� �i�n� �d�a�i�r�y� �c�o�w�s�.� �J�.� �D�a�i�r�y� �S�c�i�.� �5�8�:�2�6�6�.� 

�B�r�i�t�t�,� �J�.� �H�.� �1�9�8�5�.� �E�n�h�a�n�c�e�d� �r�e�p�r�o�d�u�c�t�i�o�n� �a�n�d� �i�t�s� �e�c�o�n�o�m�i�c� �i�m�p�l�i�c�a�t�i�o�n�s�.� �J�.� �D�a�i�r�y� �S�c�i�.� 
�6�8�:�1�5�8�5�.� 

�B�n�i�t�t�,� �J�.� �H�.� �1�9�8�1�.� �A�d�v�a�n�c�e�s� �i�n� �r�e�p�r�o�d�u�c�t�i�o�n� �i�n� �d�a�i�r�y� �c�a�t�t�l�e�.� �J�.� �D�a�i�r�y� �S�c�i�.� �6�4�:�1�3�7�8�.� 

�B�r�i�t�t�,� �J�.� �H�.�,� �R�.� �G�.� �S�c�o�t�t�,� �J�.� �D�.� �A�r�m�s�t�r�o�n�g�,� �a�n�d� �M�.� �D�.� �W�h�i�t�a�c�r�e�.� �1�9�8�6�.� �D�e�t�e�r�m�i�n�a�n�t�s� �o�f� 
�e�s�t�r�o�u�s� �b�e�h�a�v�i�o�r� �i�n� �l�a�c�t�a�t�i�n�g� �H�o�l�s�t�e�i�n� �c�o�w�s�.� �J�.� �D�a�i�r�y� �S�c�i�.� �6�9�:�2�1�9�5�.� 

�B�u�t�l�e�r�,� �W�.� �R�.�,� �a�n�d� �R�.� �D�.� �S�m�i�t�h�.� �1�9�8�9�.� �I�n�t�e�r�r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �e�n�e�r�g�y� �b�a�l�a�n�c�e� �a�n�d� 
�p�o�s�t�p�a�r�t�u�m� �r�e�p�r�o�d�u�c�t�i�v�e� �f�u�n�c�t�i�o�n� �i�n� �d�a�i�r�y� �c�a�t�t�l�e�.� �J�.� �D�a�i�r�y� �S�c�i�.� �7�2�:�7�6�7�.� 

�C�a�l�l�,� �E�.� �P�.�,� �a�n�d� �J�.� �S�.� �S�t�e�v�e�n�s�o�n�.� �1�9�8�5�.� �C�u�r�r�e�n�t� �c�h�a�l�l�e�n�g�e�s� �i�n� �r�e�p�r�o�d�u�c�t�i�v�e� �m�a�n�a�g�e�m�e�n�t�.� 
�J�.� �D�a�i�r�y� �S�c�i�.� �6�8�:�2�7�7�9�.� 

�C�a�s�s�e�l�l�,� �B�.� �G�.�,� �a�n�d� �R�.� �L�.� �N�e�b�e�l�.� �1�9�8�8�.� �E�s�t�i�m�a�t�e�d� �r�e�l�a�t�i�v�e� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e�s�.� �P�a�g�e�s� �2�8�-�2�9� 
�i�n� �V�i�r�g�i�n�i�a� �D�a�i�r�y�m�a�n�,� �J�u�n�e� �1�9�8�8�.� 
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�1�3�.� 

�1�4�.� 

�1�5�.� 

�1�6�.� 

�1�7�.� 

�1�8�.� 

�1�9�.� 

�2�0�.� 

�2�1�.� 

�2�2�.� 

�2�3�.� 

�2�4�.� 

�2�5�.� 

�2�6�.� 

�2�7�.� 

�2�8�.� 

�2�9�.� 

�C�l�a�y�,� �J�.�S�.�,� �R�.� �C�.� �M�c�G�r�a�w�,� �K�.� �R�.� �B�u�t�c�h�e�r�,� �a�n�d� �B�.� �T�.� �M�c�D�a�n�i�e�l�.� �1�9�8�6�.� �E�s�t�i�m�a�t�i�n�g� �r�e�l�-� 
�a�t�i�v�e� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e�s� �o�f� �s�e�r�v�i�c�e� �s�i�r�e�s� �f�r�o�m� �D�H�I� �d�a�t�a�.� �J�.� �D�a�i�r�y� �S�c�i�.� 
�6�9�(�S�u�p�p�l�.�1�)�:�1�2�5�(�A�b�s�t�r�.�)�.� 

�C�o�l�e�m�a�n�,� �D�.� �A�.�,� �W�.� �V�.� �T�h�a�y�n�e�,� �a�n�d� �R�.� �A�.� �D�a�i�l�e�y�.� �1�9�8�5�.� �F�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �r�e�p�r�o�d�u�c�t�i�v�e� 
�p�e�r�f�o�r�m�a�n�c�e� �o�f� �d�a�i�r�y� �c�o�w�s�.� �J�.� �D�a�i�r�y� �S�c�i�.� �6�8�:�1�7�9�3�.� 

�D�a�v�i�d�s�o�n�,� �J�.� �N�.�,� �a�n�d� �T�.� �B�.� �F�a�r�v�e�r�.� �1�9�8�0�.� �C�o�n�c�e�p�t�i�o�n� �r�a�t�e� �o�f� �H�o�l�s�t�e�i�n� �b�u�l�l�s� �f�o�r� �a�r�t�i�f�i�c�i�a�l� 
�i�n�s�e�m�i�n�a�t�i�o�n� �o�n� �a� �C�a�l�i�f�o�r�n�i�a� �d�a�i�r�y�.� �J�.� �D�a�i�r�y� �S�c�i�.� �6�3�:�6�2�1�.� 

�D�e�K�r�u�i�f�,� �A�.� �1�9�7�8�.� �F�a�c�t�o�r�s� �i�n�f�l�u�e�n�c�i�n�g� �t�h�e� �f�e�r�t�i�l�i�t�y� �o�f� �a� �c�a�t�t�l�e� �p�o�p�u�l�a�t�i�o�n�.� �J�.� �R�e�p�r�o�d�.� 
�F�e�r�t�i�l�.� �5�4�:�5�0�7�.� 

�D�r�o�s�t�,� �M�.� �1�9�8�2�.� �R�e�p�r�o�d�u�c�t�i�v�e� �p�r�o�b�l�e�m�s� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�p�a�r�t�u�m� �p�e�r�i�o�d� �i�n� �t�h�e� �d�a�i�r�y� �c�o�w�.� 
�P�a�g�e�s� �7�7�-�8�2� �i�n� �P�r�o�c�.� �N�a�t�l�.� �I�n�v�.� �D�a�i�r�y� �C�a�t�t�l�e� �R�e�p�r�o�d�.� �W�o�r�k�s�h�o�p�.� �S�c�i�.� �E�d�u�c�.� �A�d�m�i�n�.�,� 
�U�S� �D�e�p�.� �A�g�r�i�c�.�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.� 

�D�r�o�s�t�,� �M�.� �1�9�8�2�.� �H�e�r�d� �r�e�p�r�o�d�u�c�t�i�v�e� �h�e�a�l�t�h� �p�r�o�g�r�a�m�s� �f�o�r� �d�a�i�r�y� �c�a�t�t�l�e�.� �P�a�g�e�s� �8�3�-�8�8� �i�n� 
�P�r�o�c�.� �N�a�t�l�.� �I�n�v�.� �D�a�i�r�y� �C�a�t�t�l�e� �R�e�p�r�o�d�.� �W�o�r�k�s�h�o�p�.� �S�c�i�.� �E�d�u�c�.� �A�d�m�i�n�.�,� �U�S� �D�e�p�.� �A�g�r�i�c�.�,� 
�W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.� 

�E�r�b�,� �H�.� �N�.� �a�n�d� �Y�.� �T�.� �G�r�o�h�n�.� �1�9�8�8�.� �H�e�a�l�t�h� �p�r�o�b�l�e�m�s� �i�n� �t�h�e� �p�e�r�i�p�a�r�t�u�r�i�e�n�t� �d�a�i�r�y� �c�o�w�.� 
�J�.� �D�a�i�r�y� �S�c�i�.� �7�1�:�2�5�5�7�.� 

�E�r�b�,� �H�.� �N�.�,� �a�n�d� �S�.� �W�.� �M�a�r�t�i�n�.� �1�9�8�0�.� �I�n�t�e�r�r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �r�e�p�r�o�-� 
�d�u�c�t�i�v�e� �d�i�s�e�a�s�e�s� �i�n� �H�o�l�s�t�e�i�n� �c�o�w�s�.� �A�g�e� �a�n�d� �s�e�a�s�o�n�a�l� �p�a�t�t�e�r�n�s�.� �J�.� �D�a�i�r�y� �S�c�i�.� �6�3�:�1�9�1�8�.� 

�E�s�s�l�e�m�o�n�t�,� �R�.� �J�.�,� �J�.� �H�.� �B�a�i�l�e�,� �a�n�d� �M�.� �J�.� �C�o�o�p�e�r�.� �1�9�8�5�.� �F�e�r�t�i�l�i�t�y� �m�a�n�a�g�e�m�e�n�t� �i�n� �d�a�i�r�y� 
�c�a�t�t�l�e�.� �C�o�l�l�i�n�s�,� �L�o�n�d�o�n�.� 

�F�a�u�s�t�,� �M�.� �A�.�,� �B�.� �T�.� �M�c�D�a�n�i�e�l�,� �O�.� �W�.� �R�o�b�i�s�o�n�,� �a�n�d� �J�.� �H�.� �B�r�i�t�t�.� �1�9�8�8�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� 
�a�n�d� �y�i�e�l�d� �e�f�f�e�c�t�s� �o�f� �r�e�p�r�o�d�u�c�t�i�o�n� �i�n� �p�r�i�m�i�p�a�r�o�u�s� �H�o�l�s�t�e�i�n�s�.� �J�.� �D�a�i�r�y� �S�c�i�.� �7�1�:�3�0�9�2�.� 

�F�e�r�g�u�s�o�n�,� �J�.� �D�.� �1�9�8�9�.� �I�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �m�i�l�k� �y�i�e�l�d� �a�n�d� �r�e�p�r�o�d�u�c�t�i�o�n� �i�n� �d�a�i�r�y� �c�o�w�s�.� 
�P�a�g�e�s� �3�4�-�4�1� �i�n� �M�e�e�t�i�n�g� �t�h�e� �C�h�a�l�l�e�n�g�e�s� �o�f� �N�e�w� �T�e�c�h�n�o�l�o�g�y�.� �M�o�n�s�a�n�t�o� �T�e�c�h�.� �S�y�m�p�o�-� 
�s�i�u�m�.�,� �S�y�r�a�c�u�s�e�,� �N�Y�.� 

�F�o�n�s�e�c�a�,� �F�.� �A�.�,� �J�.� �H�.� �B�r�i�t�t�,� �B�.� �T�.� �M�c�D�a�n�i�e�l�,� �J�.� �C�.� �W�i�l�k�,� �a�n�d� �A�.� �H�.� �R�a�k�e�s�.� �1�9�8�3�.� �R�e�-� 
�p�r�o�d�u�c�t�i�v�e� �t�r�a�i�t�s� �o�f� �H�o�l�s�t�e�i�n� �a�n�d� �J�e�r�s�e�y�s�.� �E�f�f�e�c�t�s� �o�f� �a�g�e�,� �m�i�l�k� �y�i�e�l�d�,� �a�n�d� �c�l�i�n�i�c�a�l� �a�b�n�o�r�-� 
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