[bookmark: _Hlk222125148]Tutorial 4: Worksheet (L4: Computer Architecture)
(With Solutions:)

Technical units and key conversion metrics.

Megabyte (MB)
Gigabyte (GB)
Terabyte (TB)
Megabits per second {Mbps)
Megabytes per second (MB/s)

(1 byte = 8 bits)
1 Gigabyte = 1024 Megabytes
1 Terabyte = 1024 Gigabytes



[bookmark: _Hlk222125192]Part A:

Instructions: Answer the following questions. Show all calculations. Use 1 Byte = 8 bits and 1 GB = 1024 MB unless stated otherwise.

1. A file of size 600 MB is downloaded using an internet speed of 30 Mbps. Calculate the time required to download the file.
2. A movie of size 4 GB is downloaded at a speed of 80 Mbps. Find the download time in seconds.
3. A pen drive of capacity 16 GB is used to store MP3 files of size 8 MB each. How many MP3 files can be stored?
4. A hard disk has a capacity of 1 TB. Each video file is 500 MB. Calculate the number of video files that can be stored.
5. An SSD has a write speed of 400 MB/s. How long will it take to copy a file of size 12 GB?
6. An HDD transfers data at 120 MB/s. Calculate the time required to copy 6 GB of data.
7. An audio file of size 10 MB is downloaded at 20 Mbps. Find the download time.



Answer Q1.
We know we how many Megabits per second we get 30Mbps, but not how many Megabytes per second we get.  We need to know the MB/s we get before calculating the time it will take to download a file in MB.
30 Mbps 
30/8 = 3.75 
30Mbps = 3.75 MB/s
File is 600MB how long will it take to download 600MB over the 3.75MB/s connection.
600 MB / 3.75 MB/s = 160 Seconds or 2 minutes and 40 seconds.
Answer Q2.
We know how many Megabits per second (80Mbps) we get but this time, we need to know how many GB (Gigabytes we get per second)
80 Mbps 
80 /8 = 10 MB/s 
1 GB = 1024 Megabytes, so 4GB = 4096 Megabytes
File is 4096MB so we can now calculate how long it takes to download 4096MB over the 10 MB/s connection.
4096MB  / 10MB/s = 409.6 seconds or 6 minutes and 50 seconds.
Answer Q.3.
1 Gigabyte = 1024 Megabytes
16 x 1024 = 16,384
16 GB = 16384MB
Total drive capacity is 16384MB files are 8MB each
16384 / 8 = 2048
2048 of these 8MB MP3 files can be stored on the 16GB Disk.

Answer Q4.

1 Terabyte = 1024 Gigabytes
1 Gigabyte = 1024 Megabytes

1TB = 1024 x 1024 = 1,048,576 MB
Storage capacity  = 1,048,576MB
Each file is 500MB, so 1,048,576 / 500 = 2097
A 1TB hard drive can store 2097 of these 500MB video files.

Answer Q5.
1 GB = 1024MB
12GB = (12 x 1024) = 12,288 MB
Disk Write speed = 400MB/s
12,288MB / 400MB/s = 30.72 
It will take 30.72 seconds to copy a 12GB using a disk with a write speed of 400MB/s.








Answer Q6.
1GB = 1024MB 
6GB = 6 X 1024 =  6144MB
Write speed is 120MB/s 
6144 / 120 = 51.2
It will take 51.2 seconds to copy 6GB of data to a disk that has a write speed of 120MB/s.

Answer Q7.
20Mbps download speed.
20 / 8 = 2.5MB/s
File size is 10MB, so:
10MB / 2.5MB/s = 4
It will take 4 seconds to download a 10MB file over the 20Mbps (or 2.5MB/s connection).



Part B:
Investigate the differences between SATA and PCIe architecture.  You should consider the differences between legacy storage/drives and modern flash-based storage SSD drives.  Consider how these interface with the system and the differences in performance.  
Solution:
	SATA Architecture
	PCIe architecture

	SATA data buses use single lane (SATA I =150MB/s, SATA 2 = 300MB/s, SATA 3=600MB/s
	PCIe data bus utilises 16 lanes (PCIe gen= 500MB/s per lane, PCIe gen3=1000MB/s per lane, PCIe gen4=2000MB/s per lane, PCIe gen5=4000MB/s)


	Communication drivers/protocol:  AHCI (Advanced Host Controller interface):        
· Designed for slower rotational, mechanical SATA drives
· AHCI must communicate with SATA disk controller.
· 1 command queue
· Only 32 commands stored in the 1 queue
· High turnaround CPU cycles
· IOPS (Input and Output operations per second = up to 100,000
	Communication drivers/protocol:  NVMe (Non-Volatile Memory Express):
· Designed for faster storage drives that use Flash Technology
· Direct line of communication with system CPU
· 64k queues
· 64,000 commands per queue
· Low turnaround CPU cycles.
· IOPS can be over 2 million

	Types of storage that use SATA interface:
· HDD (Hard Disk Drive, traditional, spinning head mechanical drives)
· SSD drives that use SATA cables/interface
· Optical drives (DVD or Blu-ray drives).
	Types of storage that use PCIe interface:
· High performance SSDs including various standards of M.2 in client systems and U.2 in enterprise level server systems.

	Peak Performance:
· SATA III max speed 600MB/s 
	Peak Performance: 
· PCI 4.0 = 7-8GB/s
· PCI 5.0 = Can exceed 14 GB/s which means they are up to 25x faster than SATA in some instances.





Part C:  
Install Crystaldiskmark 
· https://sourceforge.net/projects/crystaldiskmark/
Crystaldiskmark is an open-source system utility that is used for benchmarking performance of storage drives.  It measures both read and write speeds of the drive(s) in terms of both random and sequential access.  
Q). Briefly explain what is meant by the terms IOPS, Random access and sequential access in a storage device context?

Solution:

IOPS
Input and Output operations per second (IOPS).  A benchmark for measuring the maximum number of operations a storage drive HDD, SSD, SAN etc is able to perform in one second.  Higher IOPS numbers denote more efficient drive operations, faster at handling tasks such as loading applications and faster data access for applications (e.g. Databases).  

Random Access is the speed at which a storage device can perform read/write access for data stored in ‘scattered’ locations on the drive.  Random access attempts to simulate, common usage scenarios where applications may require access to many different data or files storage in different places.  Random access is inherently slower on mechanical drives due to the physical nature of the drive needing to move to the correct tracks/sectors.  The most common use case for Random access with storage devices is how the Operating System loads on a computer system.
Crystaldiskmark uses RND4k Q32T16 as a measurement of reading/writing small, 4 kilobyte files in random locations across the drive.  It does this by using 32 queued commands and 16 CPU threads in parallel to perform the task.
The most critical metric that Crystaldiskmark uses in evaluating random access performance of the storage device is RND4k Q1T1.  
This metric uses 1 single queue and 1 CPU thread and is the most significant indicator of everyday system responsiveness.  RND4k Q1T1 is shows how responsive the operating system is, when performing tasks such as loading applications.

Sequential access is the speed at which a storage device can perform read/write access where data is stored in a linear fashion.  An everyday example of Sequential storage device access is when a user attempts to copy a large media file to the disk.  
Two metrics used in Crystaldiskmark, SEQ1M Q8T1 which is an assessment of storage device performance by using a large 1MB file, 8 queued commands and 1 CPU thread.  The metric shows how well the device does when performing everyday tasks such as transferring large files or loading games.  SEQ128K Q32T1 uses 128kb data blocks, 32 queue commands and 1 CPU thread.  It is an evaluation of how the storage device performs during large file transfers such as movies /games while the system is under ‘heavy multitasking loads’.  This scenario represents a test of  ‘maximum, sustained performance’ rather than looking to test everyday OS responsiveness. 

