1. Textbook chapter 3 gives some distinctive characteristics of embedded systems.
• Describe three of these characteristics.
Embedded systems possess some characteristics that set them apart. One of those characteristics is that they have specific and dedicated applications. An application meant for an embedded system focuses on solving a particular problem and has to solve it well since reliability is at the core of the design and functionality.
Secondly, embedded systems are usually a section of a system. Meaning, they may be linked to other embedded systems and devices. After running their processes, the embedded systems have to relay their output to the next process, running in another embedded system.
Thirdly, they are generally characterized as having limited processing power, memory availability, and storage availability compared to the typical personal computers meant to run many applications and store a lot of data in the process. 
• Describe whether or not the RPi is an embedded system.
An embedded system is a type of computing hardware with integrated software meant to serve a definite purpose. This is different from its personal computer designed to run several applications, and its hardware is limited as such in terms of processing power, storage space, and memory. Looking at the RPi, it can be both because it provides the flexibility of upgrading a number of its hardware components such as storage and even memory.
An RPi, just like a personal computer, can run several applications. On the other hand, it can be limited to serve a specific function by limiting it and channeling all of its resources to handling the application in question. 

2. The textbook companion website for chapter 4 (http://exploringrpi.com/chapter4/) gives a video for describing overflow, overflow detection, and underflow.
• Describe the concept of arithmetic overflow.
Under the hood, every data type has a valued limit. An excellent example to explain this is the 8-bit signed integer, which has a number representation range from -128 to 127. This means that a number less than -128 cannot be represented by a signed 8 -bit integer (If that is the case, then we have a condition referred to as arithmetic underflow). Similarly, numbers greater than 127 cannot be assigned to a signed 8-bit integer; if that is the case, an arithmetic overflow will be the resulting condition, meaning that the computer can manage its capacity or computer routine has been exceeded. In summary, an overflow occurs when the size or magnitude of a number exceeds the allowed bit size field. 
Some of the rules used to detect an overflow state that an overflow occurs when the resulting value of two positive numbers is negative, or the resulting value of two negative numbers is positive. 
• Draw the diagram for adding two 5-bit binary values using full adders that has the   ability to detect whether an overflow occurs.
• draw the truth table for your diagram.
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3. Programming on the RPi, performance benchmarks.
Sysbench is a modular, cross-platform, and multi-threaded benchmark tool for evaluating the performance of computing systems. This benchmark suite's idea is to quickly get an impression about system performance without setting up complex software for performance monitoring.
Install sysbench (apt install sysbench) on your RPi. Once you have sysbench installed, read the sysbench manual (man sysbench) to overview how to use the benchmarking tool. You can also do a web search for tutorials on sysbench.
Complete the following tasks using the sysbench performance benchmarking tool:
(a) Execute the sysbench CPU benchmark with 1, 2, 4, and 8 threads. You can change the thread count using the −−num-threads command. Set the max prime value to 5000. Comment on your thoughts about performance differences as you modify the thread count. Performance for this benchmark is measured in total time taken by event execution. Lower time is better.
From the experiment done, with evident results below, it can be deduced that there is increased performance with a gradual increase in the number of threads. From the test, with threads count of 1, 2, 4, and 8, we had the following results: 9.9940/0.00,  9.9932/0.00, 9.9934/0.00,  9.9875/0.01, respectively. The difference between test 2 and test 3 raises eyebrows. There might be several reasons why there existed that little dip in performance, but the general results support the initial performance sentiments.
(b) Paste the output of each run of the CPU benchmark at different thread counts.
Test 1: Threads=1
WARNING: the --test option is deprecated. You can pass a script name or path on the command line without any options.
sysbench 1.0.20 (using system LuaJIT 2.1.0-beta3)
Running the test with the following options:
Number of threads: 1
Initializing random number generator from current time
Prime numbers limit: 5000
Initializing worker threads...
Threads started!
CPU speed:
    events per second:  1334.93
General statistics:
    total time:                          10.0002s
    total number of events:              13355
Latency (ms):
         min:                                    0.72
         avg:                                    0.75
         max:                                   17.27
         95th percentile:                        0.74
         sum:                                 9993.99
Threads fairness:
    events (avg/stddev):           13355.0000/0.00
    execution time (avg/stddev):   9.9940/0.00

Test 2: Threads=2
WARNING: the --test option is deprecated. You can pass a script name or path on the command line without any options.
sysbench 1.0.20 (using system LuaJIT 2.1.0-beta3)

Running the test with following options:
Number of threads: 2
Initializing random number generator from current time
Prime numbers limit: 5000
Initializing worker threads...
Threads started!
CPU speed:
    events per second:  2566.64
General statistics:
    total time:                          10.0005s
    total number of events:              25675
Latency (ms):
         min:                                    0.72
         avg:                                    0.78
         max:                                   20.32
         95th percentile:                        0.84
         sum:                                19986.48
Threads fairness:
    events (avg/stddev):           12837.5000/138.50
    execution time (avg/stddev):   9.9932/0.00

Test 3: Threads=4
WARNING: the --test option is deprecated. You can pass a script name or path on the command line without any options.
sysbench 1.0.20 (using system LuaJIT 2.1.0-beta3)
Running the test with following options:
Number of threads: 4
Initializing random number generator from current time
Prime numbers limit: 5000
Initializing worker threads...
Threads started!
CPU speed:
    events per second:  2540.25
General statistics:
    total time:                          10.0012s
    total number of events:              25412
Latency (ms):
         min:                                    0.72
         avg:                                    1.57
         max:                                   36.74
         95th percentile:                        7.84
         sum:                                39973.48

Threads fairness:
    events (avg/stddev):           6353.0000/77.27
    execution time (avg/stddev):   9.9934/0.00

Test 4: Threads=8
WARNING: the --test option is deprecated. You can pass a script name or path on the command line without any options.
sysbench 1.0.20 (using system LuaJIT 2.1.0-beta3)
Running the test with following options:
Number of threads: 8
Initializing random number generator from current time
Prime numbers limit: 5000
Initializing worker threads...
Threads started!
CPU speed:
    events per second:  2396.76
General statistics:
    total time:                          10.0017s
    total number of events:              23978
Latency (ms):
         min:                                    0.72
         avg:                                    3.33
         max:                                   40.73
         95th percentile:                       16.71
         sum:                                79899.86
Threads fairness:
    events (avg/stddev):           2997.2500/18.79
    execution time (avg/stddev):   9.9875/0.01

(c) Execute the sysbench File IO benchmark with file sizes of 1GB, 2GB, 4GB, and 8GB. You can change the file size using the −−file-total-size command. Comment on your thoughts about the performance differences as you modify the file size. Performance for this benchmark is measured in kb/sec. You can find this metric in the Operations performed section of the benchmark output.
The more the number, the more the general time taken to perform the read/write I/O operations.
(d) Paste the output of each run of the File IO benchmark at different file sizes.
WARNING: the --test option is deprecated. You can pass a script name or path on the command line without any options.
WARNING: --max-time is deprecated, use --time instead
sysbench 1.0.20 (using system LuaJIT 2.1.0-beta3)

Running the test with following options:
Number of threads: 1
Initializing random number generator from current time
Extra file open flags: (none)
128 files, 8MiB each
1GiB total file size
Block size 16KiB
Number of IO requests: 0
Read/Write ratio for combined random IO test: 1.50
Periodic FSYNC enabled, calling fsync() each 100 requests.
Calling fsync() at the end of test, Enabled.
Using synchronous I/O mode
Doing random r/w test
Initializing worker threads...
Threads started!
File operations:
    reads/s:                      23.43
    writes/s:                     15.62
    fsyncs/s:                     49.99
Throughput:
    read, MiB/s:                  0.37
    written, MiB/s:               0.24
General statistics:
    total time:                          304.7809s
    total number of events:              27009
Latency (ms):
         min:                                    0.00
         avg:                                   11.11
         max:                                  543.64
         95th percentile:                       42.61
         sum:                               300044.48
Threads fairness:
    events (avg/stddev):           27009.0000/0.00
    execution time (avg/stddev):   300.0445/0.00

test 2(2 GB)
WARNING: --max-time is deprecated, use --time instead
sysbench 1.0.20 (using system LuaJIT 2.1.0-beta3)
Running the test with following options:
Number of threads: 1
Initializing random number generator from current time
Extra file open flags: (none)
128 files, 16MiB each
2GiB total file size
Block size 16KiB
Number of IO requests: 0
Read/Write ratio for combined random IO test: 1.50
Periodic FSYNC enabled, calling fsync() each 100 requests.
Calling fsync() at the end of test, Enabled.
Using synchronous I/O mode
Doing random r/w test
Initializing worker threads...
Threads started!
File operations:
    reads/s:                      11.42
    writes/s:                     7.61
    fsyncs/s:                     24.49
Throughput:
    read, MiB/s:                  0.18
    written, MiB/s:               0.12
General statistics:
    total time:                          303.0974s
    total number of events:              13062
Latency (ms):
         min:                                    0.00
         avg:                                   22.98
         max:                                  634.65
         95th percentile:                       89.16
         sum:                               300101.36
Threads fairness:
    events (avg/stddev):           13062.0000/0.00
    execution time (avg/stddev):   300.1014/0.00
		
		test 3(4 GB)
WARNING: --max-time is deprecated, use --time instead
sysbench 1.0.20 (using system LuaJIT 2.1.0-beta3)

Running the test with following options:
Number of threads: 1
Initializing random number generator from current time
Extra file open flags: (none)
128 files, 32MiB each
4GiB total file size
Block size 16KiB
Number of IO requests: 0
Read/Write ratio for combined random IO test: 1.50
Periodic FSYNC enabled, calling fsync() each 100 requests.
Calling fsync() at the end of test, Enabled.
Using synchronous I/O mode
Doing random r/w test
Initializing worker threads...
Threads started!
File operations:
    reads/s:                      11.16
    writes/s:                     7.44
    fsyncs/s:                     24.17
Throughput:
    read, MiB/s:                  0.17
    written, MiB/s:               0.12
General statistics:
    total time:                          301.9200s
    total number of events:              12783
Latency (ms):
         min:                                    0.00
         avg:                                   23.47
         max:                                  790.94
         95th percentile:                       94.10
         sum:                               300003.18
Threads fairness:
    events (avg/stddev):           12783.0000/0.00
    execution time (avg/stddev):   300.0032/0.00

test4(8 GB)
WARNING: --max-time is deprecated, use --time instead
sysbench 1.0.20 (using system LuaJIT 2.1.0-beta3)

Running the test with following options:
Number of threads: 1
Initializing random number generator from current time


Extra file open flags: (none)
128 files, 64MiB each
8GiB total file size
Block size 16KiB
Number of IO requests: 0
Read/Write ratio for combined random IO test: 1.50
Periodic FSYNC enabled, calling fsync() each 100 requests.
Calling fsync() at the end of test, Enabled.
Using synchronous I/O mode
Doing random r/w test
Initializing worker threads...

Threads started!


File operations:
    reads/s:                      13.16
    writes/s:                     8.77
    fsyncs/s:                     28.08

Throughput:
    read, MiB/s:                  0.21
    written, MiB/s:               0.14

General statistics:
    total time:                          300.8456s
    total number of events:              14916

Latency (ms):
         min:                                    0.00
         avg:                                   20.11
         max:                                  657.92
         95th percentile:                       86.00
         sum:                               299972.55

Threads fairness:
    events (avg/stddev):           14916.0000/0.00
    execution time (avg/stddev):   299.9726/0.00





4. Explain the following concepts on interacting with the RPi's GPIO:
• Controlling the GPIO using sysfs
Vital to note is that sysfs is a virtual file system. It is a product of the Linux kernel. Sysfs enables access to drivers and devices that could only be availed through tight kernel space under normal circumstances. GPIO devices are part of sysfs. We can use the interface to accomplish several things like setting the read levels and the directions, among other things.
• Controlling the GPIO using Boost.Python
This is a wrapper.  It does bind C/C++ and python code. It also simplifies the syntax and has the best performance compared to other options. It does support the C++ object's calls making it possible to call compiled C/C++ code directly from python programs in question. It is the recommended approach, although it is said to have one major downside; it had a large footprint. Therefore the C++ GPIO class can be called directly and used in python programs, resulting in improved python code performance.
• Controlling the GPIO using the enhanced GPIO C++ class
This class wraps the sysfs GPIO functionality, making it easier to use and transferable to any embedded linux device. Since the C++ class comes with rich features of Object Oriented Programming, it can be extended easily and more features added to it while integrating it to your projects with ease. C ++ uses a separate compilation process while building applications, making it easy to build large applications, but it comes with one downside, which manages the individual files. 
• Controlling the GPIO using the RPi Memory
This is a technique that enables direct memory manipulation. It bypasses the Linux kernel and takes control of the low-level SoC I/O. This results in improved I/O performance. It however comes with one major downside; the programs that use this approach in their implementation are SoC specific and therefore not portable to other embedded systems platforms. Additionally, this approach can result in resource conflict because the linux kernel has no idea of its existence.
• Controlling the GPIO using WiringPi
WiringPi is a GPIO interface library meant for RPis. It is very extensive and has GPIO features. The function syntax of wiringPi has some similarities to that of arduino wiring. It has bindings for python, Perl, and third-party Ruby. This is an efficient library that makes use of sysfs and memory-mapped techniques. It is vital when you need fast GPIO switching. However, it has one demerit, as it is not portable to other embedded systems besides the RPis. 

5. Explain in detail the importance of logic-level translations as they apply to I2C, SPI, and UART busses on the RPi.
One must be aware of the voltage levels used in communication with the RPis. This is so because most of the embedded systems possess the overvoltage-tolerant inputs that the RPis lack. Exposing the RPis to high amounts of voltage that it cannot tolerate will result in permanent damage.  We, therefore, use logic-level translation to connect the RPis buses to 5v or 1.8 v circuitry. 
Logic-level translations also come in handy when using unidirectional data buses (for example the four wire SPI). A combination of diodes, resistors, or transistors is used.
For bidirectional data buses such as the I2C known to be more complicated by having a translation done in both directions on a single line, they make fair use of the N-channel MOSFETS. Alternatively, breakout boards can be used for the same purpose since they provide both unidirectional and bidirectional solutions.

6. Explain how to use makefiles and CMake to build libraries of code for scalable C/C++ projects.
When faced with the considerable task of developing a library, it beats logic to compile your source code line by line. This becomes annoying and cumbersome every time any change is made to the source code. To do away with this challenge, CMake and makefiles utilities are utilized. The two are somewhat different but achieve the same result in the end. 
When we have to build code and, more importantly, a code base that is growing in complexity, we might be forced to use the makefile utility at some point in time. Makefile is a build system. It drives the compiler and other utilities in existence to build your code. Before building, options are passed into the Makefile, and then the make utility is run. The make utility will build code based on the options passed on the Makefile.
CMake compliments makefiles. When the project becomes more complex with so many subdirectories, and when the project is cross-platform oriented, CMake is used because it is a generator of build systems. Meaning that we will not have to create a makefile for each platform we want to run our project on; CMake will have that taken care.
CMake identifies the dependencies in the process of creating a makefile. A critical file, conventionally named CMakeLists.txt does exist in the main folder. The contents of the file include the version of CMake, the project command that sets its name, and lastly, the executable command that is a function requesting an executable. After running CMake is preceded by making that builds the project. 
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