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ABSTRACT
With the development of SAS programming techniques, more and more methods could be used in the SAS. As a statistical programmer, we
always need to merge some information from one dataset to another dataset. The simple cases are one-to-one merge and one-to-many merge.
However, sometime, we may face the many-to-many merge, what should we do? We could utilize a hash object to perform lookups within the
DATA step with easier method. The hash object is a powerful technique and this technique could improve the efficiency of table lookup. In this
paper, it presents some practical examples which the programmers could encounter in their daily work. In addition, it also brings up some
points that need to pay attention to when using the Hash programming techniques.

INTRODUCTION
The Hash programming technique provides an efficient, convenient mechanism for quick data storage and retrieval. It stores and retrieves data
based on lookup keys. There are three steps to create a hash object.
1. Declare the hash object.
2. Create an instance of (instantiate) the hash object.
3. Initialize lookup keys and data.
Data step is the basic step of SAS programming. However, when dealing with large volumes of data, the ordinary data steps can be slow. A
hash object is a type of array that a program accesses using keys. A hash object consists of key items and data items. The programming
language applies a hash function that maps the keys to positions in the array. There are a lot of papers that had introduction about how to
create a hash object. This paper will not present the details again. Below it presents some examples to show how to use it in clinical trials.

EXAMPLE 1
The following example used the SASHELP dataset to show how to implement the hash iterator object. Using the hash iterator object could
store and search data based on lookup keys. The hash iterator object enables you to retrieve the hash object data in either forwarding or
reversing key order. There is dataset called CARS in SASHELP. In this dataset, it has a lot of information such as the brand of cars, the model
of cars, what is the type of cars and so on. Let’s see the snapshot of this dataset.
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Assume that one customer needs to find records with horsepower greater than 350. We used the following statements.

After running the above code, there are six such records and the outputs are ordered in ascending sequence. The log is clear.

However, after using the simplest way to test, this result is not correct! Why is this result not correct? How to correct the above code?

After modifying the above code, the correct output below shows all the records’ with horsepower great than 350.
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Let’s see the difference of the two outputs. There are 5 records didn’t appear in our previous output. The first output only shows one record for
Jaguar and Mercedes-Benz. The hash object process defines the horsepower as the hash key however it is not unique, that’s why there is only
one record for Jaguar and Mercedes-Benz. After adding the option “Multidata: ‘Y’”, all the records with horsepower greater than 350 were
selected. This example is very simple. You need pay attention to whether the key is unique, please remember to add the “Multidata:’Y’” option.
If the customer wants to find the records with horsepower>350 and the cheapest retail price, could we only revised our previous program and
get the result? The answer is yes and the modified part is very small.

After rerun the above code, the result is shown as following.

There are six types of horsepower which is greater than 350. If the horsepower is 390, the cheapest price of the brand is Jaguar with the retail
price $63,120. If the horsepower is 493, we could find 3 records in for Mercedes-Benz, the cheapest one is $121,770.
If the key is not unique and there are several records, we could only list the first or last record. The option “duplicate” determines whether to
ignore duplicate keys when loading a data set into the hash object. The default is to store the first key and ignore all subsequent duplicates. If
we want to store the last duplicate key record, we should use “replace” as the option’s value. If we want to check whether the key is unique or
not unique, we could use “error” as the option’s value and it reports an error to the log if key is not unique.

EXAMPLE 2
In this example, it presents how the hash programming technique is applied in the EPOCH derivation. In SE domain, we have already had the
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EPOCH. Suppose that we need to derive the EPOCH in VS domain. Let’s use SE domain dataset first. We just need consider the date when
deriving EPOCH.

In SE domain, the above snapshot just keep four variables: SUBJID, EPOCH, SESTDTC, SEENDTC. In VS domain, we just keep 4 variables:
SUBJID, VSTEST, VSDTC, VSSTRESN. The below snapshot is just part of the records in VS domain.
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If VSDTC is between in SESTDTC and SEENDTC within the same subject, the EPOCH in SE domain should be the EPOCH in VS domain.
Let’s see how to implement it.

After running the above code, the log is clear. The result presents as belowed.
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Obviously, the result is not correct. We could find that the highlighted records (subject 110109) merged SESTDTC and SEENDTC records did
not belong to subject 110109 in SE domain. It merged with other patient’s SESTDTC and SEENDTC. If the VSDTC is between in the
SESTDTC and SEENDTC, the qualified records were created. The hash iterator passes through all the SE domain dataset ignoring the key.
The data step hash iterator is a companion for the DATA step hash object. It enables programs to step through hash object records without
performing key lookups. If the record’s VSDTC falls between SESTDTC and SEENDTC, it is considered a 'match' and output to VS_1 dataset.
How to revise it so that it could get correct result? Let’s see below revised code.

We chose to use the Hash Object programming, not hash iterator. After running the revised code, the correct result.

Let’s see the above results. In SE domain, Subject 110109 had three records, the screening epoch started from 1940-10-15 to 2018-04-12.
The treatment epoch started from 2018-04-12 to 2018-05-22. The period after 2018-05-22 was the follow-up epoch. In this example, if the date
is the same with the end date of next epoch’s start date, the next epoch should be given for this record epoch. If all records in VS had EPOCH,
VS_2 records should be the same with VS. If some records did not have EPOCH, the programmer should re-check why the EPOCH was
missing for those records.
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CONCLUSION
SAS hash programming is a powerful and efficient approach for table lookups and many to many merges. When you face the many to many
merge, you could try this method instead of Cartesian. Although it maybe seems a litter bit difficult at first, you could write a simpler code to
complete this process. Some examples are my lessons when I learn to use this method. After you get familiar with basic statement and meet
the issues, you should look up the details and apply the different options for this process.
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