[image: ]
University of Wales
Trinity Saint David
School of Applied Computing

Title:		Computer Systems – Examination Paper

Module:		Computer Systems
Code:		M4X 01500
Student:		Martin Darzins
Student no.:	1909722
Programme:	Foundation Year (Computing and Electronic Pathways)
Lecturer:		John Rees
Due Date:	13th May 2020



Table of Contents
QUESTION 1	3
Convert the following numbers from decimal to binary:	3
QUESTION 2	4
Explain the basic features of the Von Neumann computer architecture.	4
QUESTION 3	5
Explain the Principle of Locality and its importance for computer cache memory.	5
QUESTION 4	6
List 2 methods of writing to cache and any problems that may come from their use.	6
QUESTION 5	7
Explain the basic layers of software in a computing system	7
QUESTION 6	8
Explain the active process states in scheduling in a multiprocessing system.	8
QUESTION 7	9
Explain the operation of a typical two-pass compiler.	9
QUESTION 8	10
What are the principal differences between the compiled and interpreted approaches to software execution?	10
QUESTION 9	11
Explain the use of the domain name system (DNS) and Dynamic Host Configuration Protocol (DHCP) with networked computer systems.	11








[bookmark: _Toc40265529]QUESTION 1
[bookmark: _Toc40265530]Convert the following numbers from decimal to binary:
(a) 6 is 0110 in binary			2
(b) 15 is 1111 in binary		2
(c) 100 is 0110 0100 in binary		2
(d) 216 is 1101 1000 in binary	2
(e) 1024 is 0100 0000 0000 in binary	2
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[bookmark: _Toc40265531]QUESTION 2
[bookmark: _Toc40265532]Explain the basic features of the Von Neumann computer architecture.
[image: ]
Von Neumann computer architecture design consists of a;
· Control Unit (CU), which interprets the instructions in memory and causes them to be executed.
· Arithmetic and Logic Unit (ALU), capable of operating on binary data. 
· Memory Unit, which stores both the data to be operated upon and the operating instructions
· Registers and 
· Input and Output capabilities controlled by the control unit.
OK, but verbatim to the class notes.
It is based on the stored-program computer concept, where instruction data and program data are stored in the same memory.  The Central Processing Unit (CPU) is the electronic circuit responsible for executing the instructions of a computer program.  Sometimes referred to as the microprocessor or processor, the CPU contains the ALU, CU and a variety of registers.

The CU controls the operation of the computer’s ALU, memory and input/output devices, telling them how to respond to the program instructions it has just read and interpreted from the memory unit. It also provides the timing and handles all processor control signals required by other computer components, as well as directing all input and output flow, fetches code for instructions and controlling how data moves around the system.

The ALU is part of the CPU which allows arithmetic (addition, subtraction, comparisons etc) and logic (AND, OR, NOT etc) operations that the CPU may require to be carried out. It performs Logical Operations, Bit Shifting Operations, and Arithmetic Operation.

The memory unit consists of RAM or primary/main memory is based on the stored-program computer concept where instruction data and program data are stored in the same memory.  Unlike a hard drive (secondary memory), this memory is fast and also directly accessible by the CPU. RAM is split into partitions with each partition consisting of an address and its contents (both in binary form). The address will uniquely identify every location in the memory. Loading data from permanent memory (hard drive), into the faster and directly accessible temporary memory (RAM), allows the CPU to operate much quicker. 

Registers are high speed storage areas in the CPU, where all data must be stored before processing.

The input and output capabilities are controlled by the CPU. The program or data is read into main memory from the input device or secondary storage under the control of CPU input instruction. Output devices are used to output the information from a computer. If some results are evaluated by computer and it is stored in the computer, then with the help of output devices, we can present it to the user.
Five other good points, hence = 10
[bookmark: _Toc40265533]QUESTION 3
[bookmark: _Toc40265534]Explain the Principle of Locality and its importance for computer cache memory.
The principle of locality, is the tendency of a processor to access the same set of memory locations repetitively over a short period of time along with the computer program tendency to access instructions whose addresses are near one another, i.e. the next block of data we want is likely to be right next to, or at least near, the one we are currently processing. This principle that program and data references within a process tend to cluster, validates the assumption that only a few pieces of a process are needed over a short period of time.

There are two basic types of reference locality; temporal and spatial locality. Where temporal locality refers to the reuse of specific data, and/or resources, within a relatively small-time duration and spatial locality to the use of data elements within relatively close storage locations. Locality is a type of predictable behaviour that occurs in computer systems. Systems that exhibit strong locality of reference are great candidates for performance optimization through the use of techniques such as the caching, prefetching for memory and advanced branch predictors at the pipelining stage of a processor core.

Programs tend to reuse data and instructions they have used recently and empirical observations show that a program spends 90% of its time in 10% of its code, implying that what instructions and data a program will use in the near future is based on what it accessed in the recent past.

In computers, memory is divided into a hierarchy in order to speed up data accesses, typically L1-L3, but some have L4. The lower levels of the memory hierarchy tend to be slower but larger thus, a program will achieve greater performance if it uses memory while it is cached in the upper levels of the memory hierarchy and avoids bringing other data into the upper levels of the hierarchy that will displace data that will be used shortly in the future. 

Finding the data being sought in the cache is called a ‘cache hit’, this is the metric for cache performance.
If the CPU wants to read or fetch the data or instruction, it will first access the cache memory as it is near to it and provides very fast access. If the required data or instruction is found, it will be fetched, this is known as a cache hit. But if the required data or instruction is not found in the cache memory then this situation is known as a cache miss. A cache hit is when an application needs data and finds that data in the cache, thereby never having to take the slower route and read the disc. A cache miss is when an application needs data and doesn't find it in the cache, so then it has to go and find the data on disc which is less efficient.

The performance of the cache is measured in terms of hit ratio and is calculated by dividing the number of cache hits by the total number of cache hits and misses, thus measuring how effective a cache is at fulfilling requests for content. This ratio, of the number of cache hits to the number of lookups, is usually expressed as a percentage and as the cache ratios are inherently logarithmic; the closer to 100%, the exponentially greater the gains. The cache attempts to keep recently used data in a small area that is faster than the larger, slower primary storage area, with the hope that the data will be accessed again, soon.

Cache memory holds frequently used instructions/data which the processor may require next and it is faster access memory than RAM, since it is on the same chip as the processor, reducing the need for frequent slower memory retrievals from main memory, which otherwise keeps the CPU waiting. Cache is a small amount of memory, part of and closer to the CPU than RAM, it is used to temporarily hold instructions and data that the CPU is likely to reuse. The CPU control unit automatically checks cache for instructions before requesting data from RAM, this saves fetching the instructions and data repeatedly from RAM, a relatively slow process which might otherwise keep the CPU waiting. Transfers to and from cache take less time than transfers to and from RAM and the more cache there is, the more data can be stored closer to the CPU.
Good.  10
[bookmark: _Toc40265535]QUESTION 4
[bookmark: _Toc40265536]List 2 methods of writing to cache and any problems that may come from their use.
When a system writes data to cache, it must also write that data to the backing store, the timing of this write is controlled by the write policy, of which there are two basic writing approaches these being  Write-through write which is done synchronously both to the cache and to the backing store and Write-back where it is initially written only to the cache and the write to the backing store is postponed until the modified content is about to be replaced by another cache block.

The Write-through method is considered to be the simplest this method involves the updating of the main memory corresponding to every write operation. With this the cache memory is also updated in parallel in case it also contains the word specified at the address. Its advantages are that of data integrity, because the primary and the cache memory both contain the same data. It furthermore ensures fast retrieval while making sure the data is in the backing store and is not lost in case the cache is disrupted. However, writing data will experience latency as you have to write to two places every time. 

Nevertheless, the write-through policy is good for applications that write and then re-read data frequently, results in slightly higher write latency but low read latency and longer write time, but benefits from reading frequently with low latency.

In the Write-back method, only the location in the cache is updated. Whenever such an update occurs a flag is set which makes sure that in case the word is removed from the cache the correct copy is saved to the main memory. This approach usually taken when a word is constantly updated at frequent intervals, is more complex to implement, since it needs to track which of its locations have been written over and mark them as ‘dirty’ for later writing to the backing store.  The data in these locations are written back to the backing store only when they are evicted from the cache, an effect referred to as a ‘lazy’ write. A read miss in a write-back cache (which requires a block to be replaced by another) will often require two memory accesses to service with one to write the replaced data from the cache back to the store and then one to retrieve the needed data.

The advantages of the Write-back method are its low latency and high throughput for write-intensive applications, However, the disadvantage is the data availability risk, via possible cache failure and suffer data loss), before the data is persisted to the backing store, resulting in data being lost. Overall, the write-back policy is the best performer for mixed workloads as both read and write I/O have similar response time levels and should added resiliency be incorporated by duplicating writes etc, this will reduce the likelihood of data loss.

5+5 = 10






[bookmark: _Toc40265537]QUESTION 5
[bookmark: _Toc40265538]Explain the basic layers of software in a computing system
[image: ]
End Users
The people who are using the system.

Application Programs  
The software that runs devices and programs, executables and applications (Apps). 

Utilities
Some common types of utilities or utility programs installed or present in the system are Hardware Utilities, Security utilities, File-compression utilities, Network and Internet utilities, Spam-filtering utilities and many others.

Operating System (OS)
The OS itself is also software, is a program that starts when the device is turned on. This program interacts with and controls all the hardware on the device and which App is running at any instant, decides which to run next and ensures that no single app gets to run and exclude others. The OS acts as an interface between programs and the hardware. Only the OS understands how to communicate directly with the printer and other functions in our devices.

Computer Hardware
The hardware is any part of the device that has a physical tangible presence and includes motherboards, processors, memory, storage, cameras and a variety of other components that allow the device to function. Phones, tablets and Apple computers don’t have much flexibility for changing components, but Windows computers are often designed so that we can add or replace components to get new or better functionality.
10

[bookmark: _Toc40265539]QUESTION 6
[bookmark: _Toc40265540]Explain the active process states in scheduling in a multiprocessing system.
[image: ]
The typical Process states diagram above, show the various states and the transitions between them.

A process is a program which is currently in execution, but the program by itself is not a process rather it is a passive entity just like content of a file stored on disk, while a process is an active entity. 

As a process changes its state during its execution, only one process can be in running state on any processor at a time while multiple processes may be in ready and waiting state. 

The process state diagram describes different process states during its lifetime.
Each process may be in one of the following states:
· New: when a new process is being created.
· Running: A process is said to be in running state when instructions are being executed.
· Waiting: The process is waiting for some event to occur (such as an I/O operation).
· Ready: The process is waiting for processor.
· Halted/Terminated: The process has finished execution.
10




[bookmark: _Toc40265541]QUESTION 7
[bookmark: _Toc40265542]Explain the operation of a typical two-pass compiler.
A compiler can have many phases and passes. A pass refers to the traversal of a compiler through the entire program, whereas the phase of a compiler is a distinguishable stage, which takes input from the previous stage, processes and yields output that can be used as input for the next stage. 

A two-pass or a multi-pass compiler is a type of compiler that processes the source code or abstract syntax tree of a program multiple times. It is a language processor that goes through the program to be translated twice; on the first pass it checks the syntax of statements, figures out what location values should be used for label symbols and constructs a table of symbols. While on the second pass it produces object code using the knowledge of the symbol locations and translates program statements into machine language.

The advantage of this two-step compilation approach is that the resulting machine-code program usually runs much faster than the same program when executed by an interpreter. This substantial increase in speed (30 to 100 times faster) can be very important in some circumstances, but modern computers are often far faster than we need and interpreted programs are generally more than fast enough to keep up with (much slower) humans. Usually the critical factor is not how fast it is possible to run a program but how fast it is possible to write (and debug) a program. 

Some languages are more succinct, less error-prone and more convenient to write and these languages generally lend themselves best to implementation through interpreters rather than compilers.

[image: ]

Good.  10






[bookmark: _Toc40265543]QUESTION 8
[bookmark: _Toc40265544]What are the principal differences between the compiled and interpreted approaches to software execution?
The principal difference between an interpreted and a compiled language lies in the result of the process of interpreting or compiling, an interpreter produces a result from a program, while a compiler produces a program written in assembly language. 

Compiled languages are converted directly into machine code that the processor can execute and are faster and more efficient to execute than interpreted languages. They give developers more control over hardware aspects, like memory management and CPU usage. Compiled code is better for serious applications, as a compiler first takes in the entire program, checks for errors, compiles it and then executes it. Whereas, an interpreter does this line by line and so it takes one line, checks it for errors and then executes it.

The advantages of complied languages are that the programs compiled into native machine code tend to be faster than interpreted code, because the process of translating code at run time adds to the overhead and can cause the program to be slower overall. The code can be executed directly by the CPU and so the command programs run faster than of interpreted programs and deliver better performance. Fortran and Cobol are languages used to produce compiled programs. However, additional time is needed to complete the entire compilation step before testing, the platform dependence of the generated binary code and source code must be transformed into machine readable instructions prior to execution.

In a compiled language, the target machine directly translates the program, whereas in an interpreted language, the source code is not directly translated by the target machine, but rather a different program (the interpreter), reads and executes the code. These interpreters run through a program line by line and execute each command. It reads the source code of a program and directly performs the actions specified in that source code, known as parsing. Thereafter, the interpreter constructs a parse-tree and hands it to the evaluator which ‘walks over’ the parse tree, treating the parse-tree as instructions to follow. An interpreter emulates a virtual machine which directly executes the parse-tree, in contrast to a compiler, which constructs a parse-tree, but it does not directly execute the parse-tree. Instead it again ‘walks over’ the parse tree, but generates another program in assembly code, which can then be assembled into a machine language program and run directly on the hardware CPU of the computer. 

The advantages of interpreted languages are that they tend to be more flexible, often offer more features such as dynamic typing, smaller program size and can execute the source program code themselves with the code being platform independent. As well as being able to modify programs while the program is running.
Disadvantages are the slower execution speed compared to compiled languages, does not compile the source code into machine language prior to running the program and thereby delivers a relatively slower performance. Java and C# are compiled into bytecode, the virtual interpreted language.

Parsing is where a string of commands is separated into more easily processed components, analysed for correct syntax and then attached to tags that define each component. Computer then processes each program and transforms it into machine language. Used in all high-level programming languages, it is a very important part of many computer science disciplines, as compilers must parse source code to enable translation into object code. Virtually all end-user applications that require complex commands must be able to parse . By contrast, a compiler constructs a parse-tree, but it does not directly execute the parse-tree, instead it ‘walks over’ the parse tree and generates another program in assembly code. This can then be assembled into a machine language program and run directly on the hardware CPU of the computer. 
10
[bookmark: _Toc40265545]QUESTION 9
[bookmark: _Toc40265546]Explain the use of the domain name system (DNS) and Dynamic Host Configuration Protocol (DHCP) with networked computer systems.
Dynamic Host Configuration Protocol (DHCP) and Domain Name System (DNS) are two essential services in IT networks, as the DHCP server sends out information that clients need to communicate with other machines and services, the DNS ensures that servers, clients and services can be found by their names. 

DNS is an Internet service that translates domain names into (Internet Protocol) IP addresses and as such is a hierarchical and decentralised naming system for computers, services connected to the internet or private network. Individuals are not required to remember IP addresses, because the DNS assigns domain names to numerical IP addresses and vice versa.  The DNS consists of thousands of servers working together, therefore if one server cannot resolve a name or IP, it can contact another server that can then ask the next one, and so on. A DNS server in a private network is also responsible for the name resolution, as it knows all IP addresses and names of the devices. For external queries, to the internet etc, the local name server can contact one or more external DNS servers. The DNS is the means by which the internet resolves names to IP addresses for computer communications on an internet wide basis and is an internet standard whereby internet addresses are resolved to a level where they can be seen, used and handled by machines in order to get us to the point where effectively we have available to us what we actually need to be able to see.

DNS resolves text names into IP addresses, due to its hierarchy, in that named queries are passed up a tree of DNS servers until the name is found and the query resolved. Name to IP address mapping is stored in a database that is distributed across many DNS servers and because it is distributed, effectively its size is unlimited. This solves the problem of very large host files having to be searched in order to find a particular address and furthermore performance does not degrade as the number of services increases, though in effect the query may need to be passed up a couple more levels of hierarchy to be resolved. It also localises update traffic for DNS servers, which is important because it can be a relatively lengthy process in network terms. The domain name space, registration, how domains are allocated, who has them etc, is the responsibility of the internet network information centre (InterNIC).

DHCP is a protocol for automatically assigning IP addresses and other configurations to devices when they connect to a network, it dynamically assigns IP addresses and other configuration options to devices in a network.  Easier to add new computers, tablets, or smartphones, as administrators no longer have to configure every device manually, since the DHCP server does the job and is preferred for larger networks with constantly changing clients, e.g. schools, companies, etc. The DHCP server either distributes free IP addresses from a specific pool, or it assigns static addresses to the clients and identifies them via their MAC address (Media Access Control, unique identifier assigned to a network interface controller). 

The DHCP server also determines how long an IP address is valid. If the so-called lease time expires while a client is still active, it tries to automatically renew the lease time. Users don’t normally notice this exchange between the server and the client. DHCP is a client/server protocol which automatically provides an IP address to client machines, is widely utilised being the successor to the now defunct BOOTP and allows a host to obtain its IP address automatically, quickly and dynamically. To operate, it requires a DHCP server with an allocated pool of IP addresses. When requested it can draw an IP address from this pool and allocate it accordingly to any particular request it chooses, for a ‘leased’ period of time. Those requesting IP addresses (Clients) must report back periodically to keep lease, as these leases have expiry dates. DCHP server can also any additionally required configuration information, such as network mask, DNS server name etc, to the host, all utilising User Datagram Protocol (UDP) packets.
5+5 = 10
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