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2.Abstract
[bookmark: _Toc954730071]2.1 Project summary
This project is aimed at analysing the difference between calling an external SOAP API through serial and parallel methods. Dyfed Powys Police has a requirement for extracting victims' data from a new third-party system, called Niche, to populate and create a case in the currently used victim support system. This is the first phase of the project, with several other systems and business processes that will eventually be fed programmatically from Niche data. Due to the potential extension of scope performance is a concern, especially if larger and more interconnected data sets will be required to be extracted. 
[bookmark: _Toc253920058]2.2 Aims and objectives
To implement the extraction process in a serial way firstly to establish a baseline extraction statistic, then to implement a parallel version using the C# Parallel class and to measure the performance improvements, if any. Secondly, we will execute the program on different hardware to ascertain if any significant benefits are observed in the different approaches depending on the hardware. 
[bookmark: _Toc1040534797]2.3 Major findings
[bookmark: _Int_ZcD1V5uS][bookmark: _Int_hELiqxAj]The major findings are that the parallel approach is significantly faster than the serial approach as the data sets get larger, except when the data sets are very small where the overhead of initializing the parallel approach actually makes it take longer. We also found that the serial approach must be avoided in environments where there is a non-trivial latency as this can substantially increase the serial completion time. Using the `Parallel` class that is included as a library in the C# language simplifies programming in parallel and still allows for significant execution speedups. 
[bookmark: _Toc771436795]2.4 Conclusions
Parallel programming is useful when a problem can be broken down into independent components and thus a parallel method can be implemented as a solution. The result set size is the principal factor in determining if the solution should be serial or parallel rather than hardware. The hardware can have large variations when using serial solutions, but this variation is reduced when the solution is run in parallel.
[bookmark: _Toc1077020675]
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[bookmark: _Toc803033129]4. Introduction
Dyfed Powys Police is currently switching from using an in-house crime management system to using an externally procured system called Niche. The in-house system stored crime type data along with nominal data, which was imported using an in-house developed windows service importer. The crime data along with the nominal data was passed on to another in-house system that provided case management functionality to contact and support victims of crime. During the analysis of the business requirements and the viability of current business processes to be imported or survive outside Niche the decision was made to keep the current victim support system. Thus, the business requirement arose to extract crime and nominal data from the new Niche system to populate the victim support system. 
The initial business requirement was to preserve functionality as much as possible, in that the crime data along with the nominal data was successfully extracted from the Niche system API into mappable classes. Due to the possible new features needed and additional business processes that could be automated or moved onto the new Niche system it was also important to be able to query the API quickly and effectively. Especially since some large data extractions might be needed quickly and if multiple concurrent business processes all needed to query the API simultaneously then an efficient way was needed of achieving this. There are also several in-house SOAP APIs that are queried heavily and the research and conclusions from this project could very well be useful in any future refactoring or new projects that utilize those APIs. 
This project aims to create several queries for the Niche API that allows all relevant data to be extracted and then to implement a serial and parallel method for this process. The aim is then to compare the run times of several sizes of queries ran in parallel and in serial on different hardware. This is to make the queries of the Niche API as efficient as possible to allow the possible scaling and further development against the API. 
[bookmark: _Toc834585523]5. Literature Review

[bookmark: _Toc683299798]5.1 Parallel Programming
During the early days of computing, programs did not have much hardware to play with. Most programs were written to work on a single CPU core, with limited RAM and with a single data storage device, such as a hard disk. Making code efficient was cantered around reducing CPU cycles used, the amount of memory used and reducing the IO throughput by preloading required data early. 
As hardware continued to improve but plateaued on pure GHz improvements, some CPUs started to have multiple cores and the first ones were Intel's Core 2 Duo and AMDs Athlon X2 [1]. CPU instructions could now be executed in parallel, that is two or more instructions executed at the same time. Most existing software was obviously not optimised for this new style of parallel architecture and several programs would perform poorly on the newer multi-CPU processors than on older but more powerful single core processors. These improvements were only the beginning with further developments subsequently, such as GPU improvements and the leverage and proliferation of cloud computing infrastructure. [16]
Also, slowly the software was developed to make parallel processing much easier. Programming languages made improvements supporting thread constructs, such as C++ version 11 that introduced the thread object into the standard library [2]. This allowed software developers to leverage the additional cores and to also attempt to resolve some bottlenecks to some problems that were difficult to resolve in a serial manner. 
[bookmark: _Toc1546590215]5.2 Threads in Parallel Programming
A thread is an abstract wrapper for how a program is executed on the underlying hardware. For example, a program that retrieves the temperature information of cities around the world would run on a single thread, that is the program code executes on one logical core, yet this program might create several threads to concurrently retrieve and process the temperature information which would run on other logical cores. Not each thread would necessarily have a dedicated logical CPU, the underlying operating system could administer which core a thread is assigned to and its priority relative to other threads [3].
Threads are important in parallel programming as this is the basis on which work is divided up between several cores but as discussed in the book `Pro TBB C++ Parallel Programming with Threading Building Blocks` the actual implementation of parallel programming in code does not necessarily have to be thread based. That is, there should be no hard requirement for parallel programming to manually create an arbitrary number of threads, execute code on those threads and then clean up. The argument is that the underlying execution of course should be thread based but the code implementation could very well be written in terms of tasks that are subsequently allocated threads to execute on. [17] 
This distinction of task vs thread programming is to overcome some of the difficulties of manually managing threads. For instance, it is not easy for software developers to know how many threads is optimal to run on a given machine. The hardware specification of the machine can allow multiple threads to be run or very few, the machine can also be under load from other running parallel processes and the overhead of creating multiple threads might not be appropriate for that given machine at that given time. The variability of hardware and the desire for code to be portable to different machines that have wildly different hardware, such as mobile devices to servers, strongly aligns to this principle of offloading the thread management from the low-level implementation into another layer which has the capability to determine these factors. 
This other layer is preferably a runtime mechanism that has access to hardware level data that would allow it to make the thread allocation decisions much more intelligently than otherwise. The additional benefit of this additional layer is that the developer does not need to be overly concerned with over parallelising a piece of code. For example, if a task than can be parallelised contains a set of tasks that can also be parallelised then the developer simply programs these tasks as any other set of tasks. This allows us to preserve simplicity down the call stack and also allows the underlying thread management to dictate if additional threads are available to enable the parallelism in that section of code rather than significant amount of custom code. 
[bookmark: _Toc1500217778]5.3 Lambdas and Thread-Safety
Lambdas and thread-safe objects are important to parallel processing, especially if we wish to code effectively in the task style that we have been discussing above. 
A lambda is similar to a function definition that we see often in mathematics, f(x) = 20x+3 for example. Here we wish to encapsulate an operation in its entirety, only passing in the variables needed and receiving the output desired [19]. Lambda functions, as we can see in the example above, define the call-back logic exactly where it is declared. This can be useful in parallel programming where we want to iterate a function over a dataset, yet we do not want to declare a class and explicitly loop through the dataset calling the class method on each iteration. 
The classic C# examples of lambda functions occur when using the LINQ extension methods, LINQ standing for Language Integrated Query. These allow for functional queries to be written in line very easily [20]. Examples of functions defined in line would be something like below:
 [image: ]
As seen above, defining lambdas and calling them in a loop is a very simple and expressive way of coding. This lambda style of programming also allows the developer to concentrate on creating atomic functions that can subsequently be parallelised if the opportunity arises. An atomic function is one that achieves isolation from any concurrently running processes [18]. 
This atomic functionality is often be achieved by locking data types, that is the executing thread achieves a lock on the data types in the function such that other threads cannot access them until the lock is removed by the owning thread. There is a significant downside to this locking approach in that threads can become deadlocked. This is a particular situation that is common in multithreaded applications that attempt to access shared but locked objects at the same time. For example, when thread one gets a lock on an object x to process it with a value y before updating the value and releasing the lock, whilst at the same time another thread has a lock on y and is attempting to process it with object x. Both threads would wait for the resource locked by the other to be released, this is a deadlock scenario where the program can no longer continue. Some other languages and runtimes, such as SQL, have mechanisms that detect deadlock scenarios and terminate one of the offending processes to resolve the deadlock, the .NET runtime does not have this functionality.
Thus, to have purely atomic lambda functions or methods that do not rely heavily on locking mechanisms we must consider thread-safe data models. Thread-safety is an important concept in parallel programming where objects will guarantee that certain operations can be executed by different threads at the same time without causing unexpected behaviour. The two important concepts to achieve thread-safety is, as discussed above, the avoidance of incorrect synchronization of access to shared objects that can lead to deadlocks. The second is the lack of use of synchronization that leads to data corruption or inconsistent states. [17]
We will have to rely on thread-safe data structures, these are classes included in many of the larger programming languages and already encapsulate and resolve much of the synchronization issues that other data structure would face. These classes guarantee thread-safety but often at the expense of some additional functionality, this is often at the expense of item ordering. Using the thread-safe data structures that are included in the language library ensures that our implementation is not lacking, this is important as thread level errors are notoriously difficult to isolate and debug which we can avoid entirely by using thoroughly tested libraries. As discussed in the article ` Statically driven generation of concurrent tests for thread-safe classes` [24] generating tests and sufficiently covering the problem space for thread-safe classes is challenging without a very thorough and rigorous testing method. 
In serial code we would use extensively `ICollection` type objects, namely the `List<T>` object as it is very convenient to add single objects or a range of objects to the collection. Unfortunately, this is not a thread-safe data structure, that is because the underlying implementation can get into a race condition as the underlying data structure is expanded during add operations [21]. Fortunately, .NET has a selection of collections that are thread-safe [22] that we can chose. Thes most applicable data structure here is the `ConcurrentBag<T>` object as the other have additional attributes regarding ordering, such as FIFO(first in, first out) and LIFO(last in, last out) that is not required for our implementation. One important attribute of this class to note is that it does not achieve thread-safety through locks, instead it uses `Interlocked` operations to achieve thread-safety. The `Interlocked` class provides atomic operations for objects that are accessed by multiple threads. 
[bookmark: _Toc2037621599]5.4 Amdahl’s Law
[bookmark: _Int_l2NsSYat]Amdahl’s law is a way of describing the parallelisability, or lack thereof, of a piece of work. That is, at one extreme we would have a piece of work that is completely serial, where all operations depend on the output of the previous step. At the other extreme is the completely parallelisable piece of work where all steps are completely independent and can be process independently of one another. This is an important principle in parallel programming to determine how much “speedup” is possible by implementing a process in parallel. The “speedup” here is defined as the ratio between the execution time serially and the execution time on n cores, where n is however many steps in the process that can be parallelised. Fortunately, here in the case of data extraction almost all records are independent of one another, the only dependency arises from the child objects of those records. [23]
Thus, for our problem of data extraction we should not be restricted by Amdahl’s law in achieving no speedup as our process can be expressed as: 
[image: ]
As we discussed above, the `TTot` is the total time of the process which is composed of serial + parallel time for the problem. We can also say that, theoretically, the parallel time completion of our problem can be expressed as `TPar`, which in an ideal world we would have n threads running concurrently for n records thus completing the process in the time of a single `TRecord`. This is obviously not possible as there are physical limitations, but we have satisfied the theory here that the workload can be broken up into sufficient parallel parts that should see some speedup by resolving this operation in parallel.
So, in conclusion we have found that threads are the underlying implementation mechanism for achieving parallel programming but that we do not necessarily need to implement our own thread management systems. Instead of implementing our own thread management system we will leverage the existing `Parallel` classes and concurrent data structures that we have available to us. To allow us to maximise the utility of using these classes we will need to write our code in a functional style and make sure our functions are atomic and thread-safe. Lastly, we have proved that our problem space can be divided up into components that are independent of one another thus we should be able to achieve a level of speedup when implementing the process in parallel. 

[bookmark: _Toc1978270092]6. Experiment Serial vs Parallel

[bookmark: _Toc1489321001]6.1 Proof of concept experiment
To further understand the problem of serial vs parallel problems and to ascertain that the knowledge gleaned from the above literature review section is applicable in a real-world scenario we will proceed with an experiment. Here we will create a mock web service that will respond with a delay, this will simulate work being done on the API server side. This will give us some insight into the best-case performance gains by parallelising a simple CPU bound process, this is the best-case scenario for parallelism as more cores can easily by recruited to process extra threads without hitting I/O or network bottlenecks first.
Here is the code where we create a list of integers and then in the first instance serially loop through the list to simulate work and then we use the parallel loop:
[image: ]
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With the results as so:
[image: ]
Here the serial result is approximately 31 seconds whilst the parallel result is approximately 4 seconds. The serial result here is 675% longer than the parallel result, of course this is one of the best-case scenarios but this is a very large improvement achieved through parallelism.
We will also run this experiment with the additional options of the Parallel loop set as so: `ParallelOptions.MaxDegreeOfParallelism =1`. If our analysis of the `Parallel` class is correct then this should run slightly slower than the serial version, having to create an additional cloned thread for the `ThreadPool` but still only executing the loop serially in a single thread.
[image: ]
Here we can see that our analysis of the Parallel method was correct in that the single threaded parallel result set is slightly slower than the pure serial version.





[bookmark: _Toc539936144]7. Design

[bookmark: _Toc407505984]7.1 Design methodology
There are some important practical requirements that are part of the design phase. Firstly, due to the current implementation (the old extraction service) being the base for the requirement of the Niche extraction service implementation the program must be a class library and written in C#. For current and future development and maintainability of the solution it must be written in C#. There could have been an opportunity to develop the solution as an F# external dll but due to both being .NET languages the effort to develop a parallel F# implementation was not deemed to be worthwhile, especially as both F# and C# are .NET languages. 
The second is that it must be written as a class library as due to other projects that will incorporate Niche API calls could vary from plugins, windows services to websites. This means that the flexibility of being able to deploy a standalone API and being able to call the Niche API directly from code was a requirement from the development team. 
There are numerous development methodologies available that range from waterfall, agile, to DevOps. Here we will briefly cover some of the considered methodologies. Dyfed Powys Police uses normally uses the agile development process to progress projects, so this was the initial methodology considered. Its strengths being that frequent iteration and product feedback with the business can lead to corrections being made earlier during the development lifecycle and a more satisfactory product is delivered at the end. This method was rejected for this project as due to the static requirements for this project, being if the required data is extracted or not, the lifecycle would not have been sufficiently rich in feedback to warrant the development style. [25]
[bookmark: _Int_POj5Lazd][bookmark: _Int_ZFQ1JSQk][bookmark: _Int_VlmOmUU8][bookmark: _Int_1S7YeLAp][bookmark: _Int_NR8sSc0o]DevOps is a relatively new software development methodology that has arisen due to the automation of tests and the advent of continuous integration. When software has well written tests than can prove the success of the component units and when these tests can be run in a contextless environment, these can be automated. This means that as developers commit code a bank of tests would automatically be ran against the changes to ensure the tests pass. Additional tests such as code style tests can also be run to ensure compliance with coding standards. After a committed release is successfully tested then it can be continuously integrated, this is an automatic deployment so that the deployed code is always up to date with the latest successful development release. This methodology is great at creating structured, tested and well written code that can be continuously deployed. The disadvantage of this approach considered here is the inability to easily continuously deploy and this particular solution and the lack of being able to rigorously achieve satisfactory passable tests due to changing data. For example, due to this project being a class library that will be deployed several different ways the continuous integration does not add much value for the setup costs incurred. Also due to the data migration team currently still changing the import and export structure of the data, and thus still changing the record sets regularly, being able to accurately determine success from a programmable standpoint is difficult. [26]
[bookmark: _Int_WjwORLe9]The final and chosen development methodology was the waterfall method. The waterfall method is where all the requirements for the software are known up front and sorted into a linear progression of work items to be completed. In contrary to our parallel approach of the application our development methodology will be completely serial. The waterfall method focuses on gathering the requirements up front then serially implementing those work items before finally progressing the test and result phase. The main benefit of this approach is that our development lifecycle is simplified and it is easy to see progress towards the completed product. The main disadvantage of the waterfall method normally is that it is inflexible due to its inability to be dynamic for changing customer needs and its minimal focus on customer collaboration during the process, but for our current project this is not a disadvantage and thus this was the chosen design methodology. 
[bookmark: _Toc738512185]7.2 Requirements

1) Create a data extract from Niche API. The data retrieved to be as close to the current extract as possible, namely:
a. Crime type
i. CCCJ Code
ii. HO Code
b. Crime date
c. Summary of crime
d. OIC (Officer in case)
i. Collar number
ii. Name
e. Victim details
i. Name
ii. Title
iii. Date of birth
iv. Mobile number
v. Email
vi. Physical address
2) The data extract in #1 to be filtered/predicated by:
a. Crime date
b. Crime type
3) The predicate/filter in #2 to be a business defined list of crime types that can be loaded from a database.
4) The “extract” in requirement #1 is to be defined as having the data in this structure:
a. [bookmark: _Int_ThpEctVQ]An occurrence class
b. A list of nominal classes on the occurrence
c. A list of contact information classes on the nominals
5) The queries/components that produce requirement #1 to be as modular as possible. That is, any query on any Niche entity should be a distinct query to allow easier development of future queries/data extraction.
6) To be structured in such a way that it is also possible to extract a single occurrence given an occurrence ID.



[bookmark: _Toc1056100121]8. Implementation

[bookmark: _Toc2067466535]8.1 Niche API Technology
It is important to note what technology that the Niche API is built on. The API is currently a SOAP (Simple Object Assess Protocol) API, which is now considered an older protocol compared to the more modern style of architecting APIs such as REST. SOAP was developed to use XML (Extensible Markup Language) to allow different programming languages and operating systems to effectively communicate and call remote procedures over the internet. [8]
The Niche API accepts application SQL, that is a more friendly SQL that is parsed by an application engine that then converts it into the true SQL that is then run against the database. This abstraction allows our queries to be simpler but at the cost of not being able to leverage some of the more complicated aspects of SQL to make our queries more efficient. For example, our joins between entity sets is limited to a `LEFT OUTER JOIN`, this can be problematic in repeated one to many joins as the result sets can appear to have duplicate records (a search of “duplicates on LEFT JOIN” on any search engine will return several results of developers encountering this phenomenon). Splitting our queries into different API calls can allow us to simplify the application SQL we need to write and hopefully leverage parallelism to achieve acceptable performance. 
[bookmark: _Int_m2YrGpY0]We will also need to consider the Niche entity structure to write effective app SQL to extract the required data. The initial difficulty we will face is that visualizing the Niche entity graph is very difficult as the tables are linked by many link tables and hierarchy-based tables, this means that some physical tables can hold multiple entity types. We can use the database schema itself to inspect some of the test data in the database and we can use a Niche application tool called NMLView that allows us to inspect the application SQL layer to find foreign keys and links between different entitiy types. 
We can break down our implementation into two major steps, the first is to achieve the correct predicate for retrieving our occurrence records and the second is the actual data retrieval. For this first step we can use NMLView to extract the relationships and to build an object relational graph. Below we can see a cut down version of the object relational graph, here we focus on the initial 3 main entities which is the crime type lookup table `StandardUkStatsClassification` and the crime type record table `UkStatsClassification` with its implicit app SQL relation to the main `GOccurrence` table. 
[image: ]
Due to the application SQL layer there are many linked tables here that are not shown but are instead replaced by `_IMPLICITJOINx_` as the layer automatically joins on the relevant keys and restricts access to those keys from the query layer. Here we can see that to get the crime types for our lookup we must extract the entirety of the `StandardUkStatsClassification` table and then query the joined `GOccurrence` and `UkStatsClassification` tables on the exposed foreign key. During this stage we would be able to filter the crime classifications that we wish through either removing results based on the `CCCJSCode` property or on the `HOStatusCode` property. This ability to filter based on crime types is one of the requirements (that is stage a list of crime types in code where they can be filtered during the next iteration of development) but the actual implementation is not within the scope of this project as it requires completion of other pieces of work. 
The app SQL that was written to join the `GOccurrence` on the `UkStatsClassification` table is as below:
[image: ]
[bookmark: _Int_JpgHKDAi]We took a similar approach to joining the other tables and writing the appropriate app SQL to retrieve the required data for those entities as well. One principal issue to note is the breakdown of the entity sets. We could proceed to join all of the tables together but as discussed earlier the app SQL is limited to LEFT JOINS which could increase our result set numbers and make us need to deduplicate returned rows. Due to our implementation itself not being burdened by setting up additional API calls and the potential reusability of having discrete queries means that breaking up the structure is the best way forward here. We logically break up the entity graph into 3 main groups:
1) Occurrence => UkStatsClassification
2) Occurrence => GPerson (with a switch to use GOccIv or GOccInv link tables) to retrieve officers and other nominals
3) GPerson => GAddress
With this grouping of queries in mind we can write our implementation pseudocode as below. 
[image: ]
[bookmark: _Toc1050321990]8.2 C# Parallel Classes
There are several ways of having parallel code in C#, we will consider some options here and delve into the chosen option. Firstly we could consider the `Semaphore` class, which is a way of running an arbitrary number of threads simultaneously. For example, if we wanted to run 8 threads we could use the Semaphore class to make sure that 8 threads are running and only 8 threads, a Semaphore with a thread limit of 1 is very similar to a mutex [27]. The issue with this approach is that the thread management would need to be handled manually and as discussed in the literature review, we want to maximise available threads not run an arbitrary but maximum number of threads. 
Another interesting class that is like the Semaphore class is the `Barrier` class, this would let us spin up multiple threads and await their completion. This could be useful for medium sized data sets where we could spin up an arbitrary number of threads and then once all are waited in the `Barrier` class complete the rest of the process, but this has a similar issue which is that the thread management would again be a manual process.  
For our actual C# parallel implementation, we will be considering the C# Parallel class. This is a Microsoft based library that was introduced in version 4.0 of the .NET framework that was released in 12/04/2010. This version of the framework included several important upgrades and extensions for the creation of simple parallel operations and tasks. The two main methods of the class that we will be looking to utilize is the `.ForEach()` method and the `.Invoke()` method. [4]
The `.ForEach()` method of the parallel class allows us to easily set up parallel processing that runs through a list of object. An example of this is in our implementation, we have a list of occurrences that all need to be processed independently to each other to retrieve their child objects. 
Pseudocode:
[image: ]
There are very few parameters in this method call which raises the question of how much parallelism, if any, does this method provide. 
We can use the additional parameter that takes the class `ParallelOptions()` which allows us to specify the max degree of parallelism allowed within the loop but this allows us no control on the actual amount of parallelism that will be used in the loop. [6] 
For a detailed understanding of how the Parallel class executes the loop in parallel we must look deeper into its implementation, specifically how it uses the underlying `TaskSheduler` class to create threads. The first thing that the Parallel class does is create a single task and when it is executed it queues a replica of itself to be processed by another thread if ones becomes available. This first iteration processes the loop in a serial fashion but with a queued clone awaiting another thread to be recruited to process it. When the underlying task scheduler releases a free thread then that thread is recruited to process the queued clone, which when executed proceeds to queue another cloned thread to await a free thread. [5] 
This deference to the underlying task scheduler allows us to use the Parallel class liberally in such situations that might be very complicated for other parallel methods, such as when we wish to use loops within loops. In our implementation there is a specific point where this happens, pseudo code below:
[image: ]
In certain situations there might be several nominals on an occurrence and each one might have several addresses. We can use a parallel loop within a parallel loop here because if there are several threads available from the underlying task scheduler then this part will also be run in parallel but if the system has already used up all available threads then it will still run serially. 
The default `TaskScheduler` class used by the .NET framework uses the underlying .NET `ThreadPool` class. The `ThreadPool` class queues threads globally in a first-in, first-out queue which means that all the parallel loops are guaranteed to be eventually executed regardless of server load. [7]
If we wanted a more granular way of controlling the threads used by the Parallel class then we could create our own `TaskScheduler` class and pass that into the loop through the `ParallelOptions()` class but that implementation is beyond the scope of this project. 
[bookmark: _Toc394450290]8.3 Measuring Concurrency and Performance
Measuring exact time gaps between method starts and ends in code can be difficult so we must investigate how to measure our performance data accurately and have confidence in this method. The go to class for measuring time gaps in C# is the `Stopwatch` class. This class, as we can see from the Microsoft documentation, is used to measure the execution time of a running application. It uses the underlying `QueryPerformanceCounter` (QPC) API which is the recommended method of acquiring high-resolution timestamps. [10] 
We should note that there is a note in the documentation that stipulates that due to BIOS or HAL (Hardware Abstraction Layer) bugs, which can happen when the thread that the stopwatch is running on is switched, that there might be difference in results between different processors. For this project we will assume that such differences in timings are statistically irrelevant, we can reasonable assume this as remote API calls to a different machine should significantly outweigh any local hardware level differences in time measurements. [9]
Due to the uncertainty around the actual amount of parallelism that we will achieve in the `Parallel` loop we must also accurately measure this during program execution. We must firstly use a thread safe data structure as some data structures can behave incorrectly in a multithreaded environment. [12] Thread safety can be achieved in two basic ways, that is having a first-class data structure that can work correctly in a multi-threaded environment or by sacrificing some small element of parallelism to run small problematic segments in serial. An example of this would be using the non-thread safe `List<T>` class and using the `lock` keyword during access to guarantee one a single thread operates on the data structure at the same time. 
As we wish to execute as much as possible in parallel will proceed to use a thread-safe data structure called `ConcurrentBag<T>`. The drawback of this data structure is that it makes no assumptions on ordering, this is a common issue encountered in multithreaded environments. As is stated in the book C# 5.0 In a Nutshell the `ConcurrentBag` `Add()` method is very efficient and does not suffer contention if called by many threads simultaneously, it should be equal or more efficient than other concurrent stack or queue structures and should be faster than imposing a lock on a non-thread safe data structure.  [11]
To measure the actual achieved concurrency, we will start by only measuring the concurrency inside our main parallel loop as shown in the pseudocode below:
[image: ]
As the code starts the iteration it will add the current number of items contained in the `threadSubscribe` list into the same list, the first iteration will be 0, the second iteration 1. At the end of the loop the thread will try to take this current number out of the list and push it onto our tracking list called `threadCount`. Taking the maximum value (+1) contained in the `threadCount` bag at the end of the loop will give us the maximum number of concurrent threads executing the parallel loop. 
We should also compare how much parallelism was achieved compared to how many threads was available to the process. As the `Parallel` class calls the uderlying `TaskScheduler` class that calls the underlying `ThreadPool` class we can query this class for the maximum number of threads available to the process by the method `GetMaxThreads()`.[13]
[bookmark: _Toc1910665467]8.4 Hardware
The application will be run over two different machines, one a laptop and the other a server to ascertain if there will any significant differences based on hardware as well as how much this effects parallelism. 
The laptop machine is an Intel i7-8550U, 16GB machine with an SSD that is connected remotely whilst the virtual server is an on-premises Intel Xeon Gold 6326, 8GB machine with a RAID hard drive. Comparing the two machines it is obvious that the server is significantly more powerful and will experience significantly lower latency in queries to the Niche environment. [15]


[bookmark: _Toc1647421926]9. Results and Analysis

[bookmark: _Toc257264393]9.1 Results
We will have a result set that has three variables, that is one variable will be the server hardware that the application is ran on, the other being if the application is running in serial or parallel and finally the result set size. This should give us important insight into the real-world decisions on how to deploy, structure and stage parallel vs serial solutions for maximum performance.
The serial vs parallel differences we have already discussed above. We will have three record sets to produce results, that is a small set of 40 records, a medium set of 3000 records and a large set of 25000 records. These result sets have been chosen as most daily or ad hoc queries will be relatively small queries that involve a handful of the newer records that have been created that day. This is the average number of records imported per day by the current system. Some larger import or bulk extraction queries that encapsulate different types of occurrences, such as anti-social behaviour and vulnerability queries that are done every couple of weeks could easily query thousands of records that could need to be extracted. A query that hits 25,000 records or more should be rare but some exceptional change in business practices or new internal processes might require the processing of large sets so those should be considered, if possible, to mitigate surprises in query length during quick turnaround projects. 
We will firstly consider the nominal run times of the individual machines versus the result sets processed either in serial or in parallel. All results are in ms (milliseconds) except for `Parallel Max Concurrency` which is a nominal value for the max number of concurrent threads achieved during the parallel run.
Laptop execution results:
	Laptop small
	1
	2
	3
	4
	5
	AVG

	Serial
	13983
	11249
	10774
	10294
	9981
	11256.2

	Parallel
	15819
	10776
	13604
	11725
	13735
	13131.8

	Parallel Max Concurrency
	15
	12
	10
	13
	11
	12.2

	
	
	
	
	
	
	

	Laptop medium
	1
	2
	3
	4
	5
	AVG

	Serial
	706683
	665434
	663660
	670145
	659144
	673013.2

	Parallel
	254126
	238409
	249147
	237368
	246695
	245149

	Parallel Max Concurrency
	53
	55
	55
	74
	71
	61.6

	
	
	
	
	
	
	

	Laptop large
	1
	2
	3
	4
	5
	AVG

	Serial
	5082202
	4691210
	4748334
	5101740
	4998412
	4924379.6

	Parallel
	1766217
	1760044
	1629676
	1748291
	1632152
	1707276

	Parallel Max Concurrency
	280
	199
	152
	175
	169
	195



Server execution results:
	Server small
	1
	2
	3
	4
	5
	AVG

	Serial
	3685
	4825
	3601
	3402
	4268
	3956.2

	Parallel
	8902
	7168
	9656
	8163
	8213
	8420.4

	Parallel Max Concurrency
	9
	7
	7
	7
	9
	7.8

	
	
	
	
	
	
	

	Server medium
	1
	2
	3
	4
	5
	AVG

	Serial
	402163
	401007
	400883
	407453
	403511
	403003.4

	Parallel
	235870
	230150
	251466
	243685
	234832
	239200.6

	Parallel Max Concurrency
	32
	30
	52
	39
	58
	42.2

	
	
	
	
	
	
	

	Server large
	1
	2
	3
	4
	5
	AVG

	Serial
	3304470
	2876598
	3125489
	2978414
	2861578
	3029309.8

	Parallel
	1701799
	1675221
	1784632
	1628253
	1661975
	1690376

	Parallel Max Concurrency
	52
	201
	98
	155
	287
	158.6



With the average across each run amalgamated here, firstly the laptop results:
	
	Small
	Medium
	Large

	Serial
	11256.2
	673013.2
	4924379.6

	Parallel
	13131.8
	245149
	1707276



[image: ]
[bookmark: _Int_XQ21j3eB]Here we can see that as the record count increases between the three record sets the serial method increases in duration substantially over the parallel implementation, with an exceptionally long run time for the serial large dataset. 
Server results:
	
	Small
	Medium
	Large

	Serial
	3956.2
	403003.4
	3029309.8

	Parallel
	8420.4
	239200.6
	1690376



[image: ]
Similarly to the laptop, for the server we see times increasing for the larger sets but at a slower rate, the serial implementation on the server is also significantly faster than on the laptop.
We should also consider the breakdown per dataset to enable an easier comparison between the hardware and the implementation method.
For the small dataset:
	Small
	Laptop
	Server

	Serial
	11256.2
	3956.2

	Parallel
	13131.8
	8420.4



[image: ]
Here we can see that for a small dataset the overhead of establishing the parallel infrastructure actually slows down the execution time, meaning that the serial implementations are faster. Here the serial implementation on the server is 53% faster than the parallel implementation. Although we must make note that the nominal value is relatively small, 8420ms being 8.4 seconds. 
Medium dataset: 
	Medium
	Laptop
	Server

	Serial
	673013.2
	403003.4

	Parallel
	245149
	239200.6



[image: ]
Here we can see that the parallel implementation is showing improvement over the serial method, with substantial improvement on the laptop environment and also significant improvement on the server as well. It is interesting to note that there is little different between the parallel version running on the different hardware yet there is a large difference between the serial implementation on both environments. This seems to suggest that there is an important hardware issue to consider when running such a program with even modest data set sizes. 
Large dataset:
	Large
	Laptop
	Server

	Serial
	4924379.6
	3029309.8

	Parallel
	1707276
	1690376



[image: ]
[bookmark: _Int_CinSLJx2]Here we can see that our large result set results look similar to the medium set, the parallel implementations being similar in overall complete time compared to the serial implementation. Again, we can note the serial implementation on the laptop is significantly slower than on the server.
[bookmark: _Int_3xG8fLJz]The average concurrency achieved by each run is also noted below. Even though this is peak concurrency, we unfortunately have no way of measuring what was the measure of concurrency achieved during the longest period of execution of the program. That is, this figure might be a peak figure that does not represent the concurrency achieved on average during most of the processing. Nevertheless, this is an important part of the analysis as with higher concurrency values we should see shorter overall execution times.  
	
	Small
	Medium
	Large

	Average Laptop max concurrency
	12
	62
	195

	Average Server max concurrency
	7
	42
	159



[image: ]
The laptop consistently achieves higher peak concurrency values than the server, which is something that seems counterintuitive. We would expect a server to have more resources and thus be able to increase its thread count as the record count increases yet this is not so. This increased concurrency is also problematic when we look at the overall execution times of the parallel sets and we see very little difference between the laptop and the server. 
[bookmark: _Toc154253362]9.2 Result Comparison
As a crude method of comparing these different result sets to get an idea of how these increases in execution time relates to the increase in the result set we can use this table below, for the laptop first.
	Laptop
	To Medium
	To Large

	Increase in record set size
	7400%
	733%

	Serial time increase
	5879%
	631%

	Parallel time increase
	1766%
	596%



	Server
	To Medium
	To Large

	Increase in record set size
	7400%
	733%

	Serial time increase
	10087%
	652%

	Parallel time increase
	2740%
	607%



We take the small dataset initial record value and execution time as a nominal baseline and compute the percentage increase to the next result set and to the next execution times. To clarify, the record set has increased by 7400% from the small set to the medium set. These numbers are interesting as they seem to imply that the server has worse scaling than the laptop. This seems to be from very good initial baseline numbers of the small record set, thus as the record sets get larger the performance does not seem to keep pace with the laptops. Nonetheless the important part to note here is that the parallel implementation execution time is increasing at a much slower rate than the record set. As we had postulated in the literature review section our problem is parallelisable thus, we should see improvement in processing time compared to record set increases, which we do see here. 
We should also note that the serial implementation has significantly worse scaling than the parallel implementation and is much closer to the scaling of the record set size. One possible explanation that the scaling is slightly less than the actual record set size is that there is a caching mechanism on the API side, that is on the Niche API server. Some objects might be in a cache from other queries and thus allow for slightly improved performance in the serial implementation itself. 
[bookmark: _Toc2036714121]9.3 Result analysis and issues
[bookmark: _Int_SAbW5IvX]Our aim with this project was to have a parallel implementation that was superior to the serial implementation, which for certain scenarios we have both failed and achieved. For small data sets we can see that the serial implementation is both simpler to implement, faster, and seems to run exceptionally quickly on the server compared to the parallel approach. On the other hand, when the record sets get larger we can see an improvement in parallel processing times, especially as the record sets get exceptionally large.
[bookmark: _Int_Jj6H0Obv]For our small datasets we see the serial approach has a 53% faster execution time than the parallel approach on the server and 17% faster on the laptop. This sizeable percentage drawback is of course mitigated by the nominal value itself being small, having said this we should consider this difference on a case-by-case basis. Due to the nature of this specific query if the frequency of it was increased, we could implement a queue and simply amalgamate those queries into a larger set that we would then execute in parallel. Or we might be expecting larger data sets in some instances and would be prepared to sacrifice some performance on smaller sets to cater for those exceptional large queries. 
For the medium datasets we can see that the parallel implementation is now 40% faster than the serial implementation for the server and 65% faster on the laptop. It is interesting to note that there is a point between the small set and the medium set where it must be assumed that performance of both serial and parallel are the same. This point would be interesting to find during further research, as we could then introduce an analysis step into our code to switch between the serial and parallel implementation based on record set query size. This could allow our code to be deployed with only the switching mechanism as an additional step, this should be a very lightweight step compared to the rest of the application and thus allow our code to run efficiently dynamically for different record sets.
This additional step could be based simply on a constant value which we would inject into the system but if we so desired we could turn this step into its own program that could monitor and dynamically alter the execution based on learning. For example, there are several APM (application performance monitoring) plugins where we could send record set sizes, execution type (serial, parallel) and execution times to an external server. This external server could use machine learning to continuously and dynamically update this bifurcation point and to feed it back to the server so it could choose the optimal execution path. ML algorithms would also be able to consider time-based singularities that might be impossible to consider otherwise, for example if other background processes were always run on the server at a particular time of day and thus possibly a serial implementation was often better in this type of scenario. This type of development could be useful if we would be expecting extremely high volumes with also a high variability of incoming data set sizes. 
[bookmark: _Int_9D9l8iEi][bookmark: _Int_zAxg3Dj9]When looking at the large datasets we can see that the parallel implementations are again substantially better, being 44% faster on the server and 65% faster on the laptop. One important observation on the large dataset is how bad the serial implementation is on the laptop, this took 82minutes to complete serially on the laptop when the parallel server implementation was only 28minutes. There is only a slight difference between both parallel implementations thus we must consider what is making the serial implementation quite so slow. Due to the laptop being on a VPN and not on premise like the server it must be assumed that the latency of the laptop is higher, thus when there is no parallelism all this latency must be accrued in serial with no mitigation. The likelihood is that the higher degree of parallelism that the laptop achieves mitigates this latency and still allows it to be competitive against the server that does not quite achieve the same level of concurrency. It must be noted that the serial approach should be avoided at all costs when running large datasets with suboptimal hardware as it will be excruciatingly slow. 
It is also worth briefly discussing some of the issues encountered during the project. Whilst using the parallel method on the laptop using the large record set there was a timeout exception occurring on the SOAP requests, this occurred on multiple attempts to run the program.
[image: ]
There are several timeouts that can be set up on a SOAP service which we must consider, those being; `OpenTimeout`, `CloseTimeout`, `SendTimeout` and `ReceiveTimeout` [14]. The `SendTimeout` we see here is the timeout value used to set the `OperationTimeout` property which governs the overall timeout of the process of sending and receiving a reply to a message. 
The solution to this exception was to increase the timeout values from the initial 1min value to 10mins. The analysis here is that due to the parallelism the threads would be competing, or at least maximizing, the resources used. This might lead to some requests that are running in parallel to take longer as a single serial operation, even though overall the parallel process is quicker, thus triggering the timeout exception.
Another issue that was encountered was the limitations of the Niche application SQL. Querying for records that contained a specific Id from another record set required using the SQL keyword `IS IN(x,y,z)` where x,y and z are those Ids of the records we specifically wish to retrieve. The query string sent to the Niche API was too long for some large queries that involved thousands of record sets, thus this query had to be chunked into a serial operation of 50 records each query.
[image: ]
For the smaller record set the chunk size is sufficiently large to capture them all in a single query thus we do not need to consider the small sets. We can see here that getting the IDs in serial for the worst case run time of the 25k+ records took 38318ms (above screenshot), which is only 2.17% of the total run time of the program.
[image: ]
For the best case run time of the parallel 3k record set the run time is 15129ms which is 6.27% of the total query duration. Thus, in hindsight, this portion of the application could have also been made in parallel, but although it could have somewhat increased performance it would not have yielded significant performance increases over the current implementation. 
It is also apparent that the Niche API has some sort of caching system as there seems to be a general downtrend in the total time required as each query is re-run. This could be a cache of the specific application SQL sent to the server or of the requested entities, but it only offers marginal improvement for the overall run times of the queries. The effect of the cache also seems to be dependent on the record size, with the cache having much less effect with the larger record sets.


 


[bookmark: _Toc1520784012]10. Conclusion and Recommendations
[bookmark: _Int_jIbm81tp]The project has met its main objectives, that is the successful extraction of occurrence, crime and nominal data from the Niche system using its API endpoint. Additionally, it was able to demonstrate the time savings that can be achieved in real world applications when problems that are parallelisable are processed in parallel. We also demonstrated that using the inbuilt C# classes for parallel code was at least somewhat effective given the speeded we observed between the parallel and serial implementations, thus proving that developers can “trust” the standard library parallel classes to achieve performance gains in situations where the problem can be parallelised. 
Further, we can conclude from these results that parallel programming can deliver substantial tangible benefits to real world applications during large workloads. Looking across our result sets we can see that the parallel implementation achieves better results than the serial method except in one edge case scenario where the nominal difference in performance is negligible. Another important note is that the parallel implementations are more effective on lower quality hardware, or where latency is more than a couple of milliseconds, as seen during the drastic gains in the laptop large dataset processing times. 
As recommendations there are still some aspects of parallelism that could be better explored here. For example, as these results were ascertained against a live system which might or might not be very parallelisable itself the results are empirically helpful but are not exceptionally academically rigorous. We would benefit by having a “perfect” API to call, that is one that we could demonstrate that has a very high level of parallelism, thus we could establish a baseline of how different variables effect the processing time in a more independent way. The exact bottleneck for querying APIs would also be beneficial to research as the CPU, RAM and network usages during these experiments were all low thus 

[bookmark: _Toc1788177882]11. Reflection
[bookmark: _Int_hyfnFrgW]Looking back at the project it is an empirically useful project in that the data extraction was successful, the results for the larger result sets was useful to factor into any further design decisions and the implementation is faster than the serial implementation and will be used moving forward. However, there are quite a few more questions and variables that have arisen from the results stage that need further research to really clarify the performance gain. The parallel implementation is superior, but we cannot definitively say that this performance increase is the maximum performance we can gain from this approach or if this is the maximum performance gain where is the actual performance bottleneck. Further research into the performance statistics of the calling server, the network and the api server is required to really pinpoint the bottleneck and ascertain if this is the theoretical maximum performance available rather than empirically the best performance we have achieved. 
Another learning point was that the run time of the larger queries was so long that it made gathering a larger result set very difficult. With the longest query run time being 85mins it would have been beneficial to be able to parallelise the entire process as well. That is being able to have multiple test queries that could be ran against multiple independent APIs. This would have allowed us to increase the number of results significantly and would have also allowed us to consider additional methods, such as being able to find the bifurcation point where the parallel implementation gets faster than the serial method. 
From the research into the `Parallel` class, it could also be possible for us to create our own `TaskSheduler` class implementation to use with the `Parallel` class. This would have been interesting to see how the low-level implementation creates and schedules threads for use by the `Parallel` class. This work might also give some insight, or hopefully definitive reasons, into how the laptop was able to reach higher levels of concurrency than the server.
When this project was at inception stage there was some consideration given to programming the solution in F#, this was deemed as a nice to have and out of scope of this project but having an additional language, even though it is also .NET based, to broaden our result sets might give additional insight as well. 



[bookmark: _Toc610717541]12. Bibliography

[1] M. Bio, “A brief history of the multi-core desktop CPU,” TechSpot, 31-Dec-2021. [Online]. Available: https://www.techspot.com/article/2363-multi-core-cpu/. [Accessed: 25-Apr-2023].
[2] “C++11,” cppreference.com. [Online]. Available: https://en.cppreference.com/w/cpp/11. [Accessed: 25-Apr-2023].
[3] BillWagner, “Threads and threading,” Microsoft Learn, Mar. 11, 2022. https://learn.microsoft.com/en-us/dotnet/standard/threading/threads-and-threading [Accessed: 25-Apr-2023].
[4] Wikipedia contributors, .“NET Framework version history,” Wikipedia, Apr. 2023, [Online]. Available: https://en.wikipedia.org/wiki/.NET_Framework_version_history#.NET_Framework_4.0 [Accessed: 25-Apr-2023].
[5] S. T.- Msft, “Is it ok to use nested Parallel.For loops? - .NET Parallel Programming,” .NET Parallel Programming, Feb. 18, 2019. https://devblogs.microsoft.com/pfxteam/is-it-ok-to-use-nested-parallel-for-loops/ [Accessed: 25-Apr-2023].
[6] “Parallel Class (System.Threading.Tasks),” Microsoft Learn. https://learn.microsoft.com/en-us/dotnet/api/system.threading.tasks.parallel?view=net-8.0 [Accessed: 25-Apr-2023].
[7] “TaskScheduler Class (System.Threading.Tasks),” Microsoft Learn. https://learn.microsoft.com/en-us/dotnet/api/system.threading.tasks.taskscheduler?view=net-8.0 [Accessed: 25-Apr-2023].
[8] A. S. Gillis, “SOAP (Simple Object Access Protocol),” App Architecture, Jun. 2022, [Online]. Available: https://www.techtarget.com/searchapparchitecture/definition/SOAP-Simple-Object-Access-Protocol [Accessed: 25-Apr-2023].
[9] “Stopwatch Class (System.Diagnostics),” Microsoft Learn. https://learn.microsoft.com/en-us/dotnet/api/system.diagnostics.stopwatch?view=net-7.0 [Accessed: 25-Apr-2023].
[10]  “Acquiring high-resolution time stamps - Win32 apps,” Microsoft Learn, Apr. 18, 2023. https://learn.microsoft.com/en-gb/windows/win32/sysinfo/acquiring-high-resolution-time-stamps?redirectedfrom=MSDN#Guidance [Accessed: 25-Apr-2023].
[11] Concurrent Bag, J. Albahari and B. Albahari, C# 5.0 in a Nutshell: The Definitive Reference. 2012. Pp 951.
[12] Thread Safety, J. Albahari and B. Albahari, C# 5.0 in a Nutshell: The Definitive Reference. 2012. Pp 884.
[13] “ThreadPool Class (System.Threading),” Microsoft Learn. https://learn.microsoft.com/en-us/dotnet/api/system.threading.threadpool?redirectedfrom=MSDN&view=net-7.0 [Accessed: 25-Apr-2023].
[14] “Configuring Timeout Values on a Binding - WCF,” Microsoft Learn, Sep. 15, 2021. https://learn.microsoft.com/en-us/dotnet/framework/wcf/feature-details/configuring-timeout-values-on-a-binding [Accessed: 25-Apr-2023].

[15] “Intel Core i7-8550U @ 1.80GHz vs Intel Xeon Gold 6326 @ 2.90GHz [cpubenchmark.net] by PassMark Software.” https://www.cpubenchmark.net/compare/3064vs4651/Intel-i7-8550U-vs-Intel-Xeon-Gold-6326 [Accessed: 25-Apr-2023].
[16] S. Chickerur, Ed., High Performance Parallel Computing. IntechOpen, 2019. doi: 10.5772/intechopen.73629.
[17] M. Voss, R. Asenjo, and J. Reinders, Pro TBB C++ Parallel Programming with Threading Building Blocks, 1st ed. 2019. Berkeley, CA: Springer Nature, 2019. doi: 10.1007/978-1-4842-4398-5.
[18] Locking and Atomicitty, J. Albahari and B. Albahari, C# 5.0 in a Nutshell: The Definitive Reference. 2012. Pp 880.
[19] I. Horton and P. van Weert, Beginning C++20 : from novice to professional., 6th ed. 2020. New York, New York: APress, 2020. doi: 10.1007/978-1-4842-5884-2.
[20] LINQ, J. Albahari and B. Albahari, C# 5.0 in a Nutshell: The Definitive Reference. 2012. Pp 319.
[21] J. Par, “Why are thread safe collections so hard?,” Microsoft Learn, Feb. 11, 2009. https://learn.microsoft.com/en-us/archive/blogs/jaredpar/why-are-thread-safe-collections-so-hard [Accessed: 25-Apr-2023].
[22] “Thread-Safe collections,” Microsoft Learn, Jan. 27, 2023. https://learn.microsoft.com/en-us/dotnet/standard/collections/thread-safe/ [Accessed: 25-Apr-2023].
[23] M. A. N. Al-hayanni, F. Xia, A. Rafiev, A. Romanovsky, R. Shafik, and A. Yakovlev, “Amdahl’s law in the context of heterogeneous many-core systems – a survey,” IET computers & digital techniques, vol. 14, no. 4, pp. 133–148, 2020, doi: 10.1049/iet-cdt.2018.5220.
[24] V. Terragni and M. Pezzè, “Statically driven generation of concurrent tests for thread‐safe classes,” Software testing, verification & reliability, vol. 31, no. 4, 2021, doi: 10.1002/stvr.1774.  
[25] “Agile vs. Waterfall,” IBM, Nov. 2020, [Online]. Available: https://www.ibm.com/cloud/blog/agile-vs-waterfall [Accessed: 25-Apr-2023].
[26] M. Krief, Learning DevOps : the complete guide to accelerate collaboration with Jenkins, Kubernetes, Terraform and Azure DevOps, 1st edition. Birmingham, England ;: Packt, 2019.
[27] Semaphore, J. Albahari and B. Albahari, C# 5.0 in a Nutshell: The Definitive Reference. 2012. Pp 890.  

	
	
	



image4.png
using ParallelExperiment;
using System.Collections.Concurrent;
using System.Diagnostics;

ConcurrentBag<int> concurrentResults = new ConcurrentBag<int>();

//Create mock-List of Ids to-send to APT
List<int> fakeIDsToRetrieve = Enumerable.Range(1, 106).ToList();

var api = new MockAPIQ);

//serial
var serialTimer = Stopwatch.StartNew();
Foreach(var number in fakeIDsToRetrieve)

{

| concurrentResults.Add(api.CallAPI(number));

1

serialTiner.Stop();
Console.MriteLine("serially: * + serialTimer.ElapsedMilliseconds + “ns");

//parallel
var parallelTiner = Stopuatch.StartNew();
parallel.ForEach(fakeIDsToRetrieve, Id => {

| concurrentResults.Add(api.CallAPI(Id));

n;

parallelTiner.stop();

Console.MriteLine("Parallel: * + parallelTimer.ElapsedMilliseconds + “ns"),
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using System;

using System.Collections.Generic;
using System.Ling;

using System. Texi
using System.Threading. Tasks;

namespace ParallelExperiment
{

1 reference
public class MockAPT

{

2 references
public int CallAPI(int Id)

{

Thread. Sleep(300);
return Id * Randon. Shared.Next();
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string listofCommaDelimitedIds = "1, 2, 3, 473
datetine cutoffDate = new DateTime();

string appomain = "-";
var appsQL = @"SELECT occ,CreTime AS OccCreatedTime, occ.ReportedTime AS OccReportedTime, occ.Summary AS OccSummary,

occ.0ccurrenceFileNo AS OccRef, occ.Id AS OccId, uksts.Id as StatsId, uksts.CreTime AS StatsCreatedon "+

“FROM Occurrence occ "+

“LEFT JOIN UkStatsClassification uksts "+

WHERE "+

“occ.ACCDomain LIKE '"+ appbomain + @"%' "+

“AND uksts.UKStatsClassificationstdclassificationRId IN (" + listOfCommaDelimitedIds + ") "+

AND uksts.CreTime> " + cutoffDate.Tostring("yyyy/Mi/dd") + "*"
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List<CrineTypeIDs> crimeTypelIDs = GetCrimeTypeIDs();
List<Occurrences> occurrences = Getoccurrences().Where(occ => crimeTypelDs. Contains(occ.Crimeld));

//Parallelise this loop
Foreach(Occurrence occ in occurrences)

{

occ.policeNoninals = GetNominals("Police”, occ.Id);

occ.nonPoliceNominals = GetNominals("NonPolic

L occ.1d);

//parallelise this loop
foreach(Nominal nominal in nonPoliceNominals)

{

nominal.addresses = GetAddresses(nominal.Td);
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List<Occurrence> occurrences = GetOccurrences();.

Parallel.ForEach(occurrences, singleOccurrence => {
| GetchildobjectsOf(singleOccurrence);
b
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Parallel.ForEach(occurrences, singleOccurrence => {
ListcNominals> nominals = GetNominalObjectsOf(singleOccurrence);
Parallel.Foreach(nominals, singleNominal =>{

ListcominalAddresses> addresses = GetNominalAddress(singleNominal);

h
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var threadSubscribe = new ConcurrentBag<int>();
var threadCount = new ConcurrentBag<int>();

Parallel.Foreach(occurrences, singleOccurrence => {

n

threadSubscribe. Add(threadSubscribe. Count) ;

Getbata(singleoccurrence)

threadsubscribe. TryTake(out int currentThreadCount);
‘threadCount . Add(currentThreadCount);
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