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Diagram of data memory hierarchy Data memory types General memory cell Memory hierarchy MOS memory floating port Storage Volatile RAM DRAM SDRAM DDR GDDR HBM SRAM Historical Williams–Kilburn tube (1946-47) Delay line memory (1947) Mellon optical memory (1951) Selectron tube (1952) Decatron T-RAM (20 09) Z-RAM (2002–2010) Non-volatile ROM
MROM PROM EPROM EEPROM Flash memory NVRAM PCM (3D XPoint) MRAM Early stage NVRAM FeRAM ReRAM Ferm FefET memory Magnetic tape data storage (Linear Tape-Open) Hard Drive Optical Optical Disc CD DVD Blu-ray In Development CBRAM Racetrack Memory NRAM Millipede Memory ECRAM Historical paper data storage (1725) Drum memory (1932)
Magnetic core memory (1949) Coated wire memory (1957) Core rope memory (1960s) Thin film memory (19 62) Disk Package (1962) Twistor Memory (~1968) Bubble Memory (~1970) Disk Pack (1971) vte In data architecture, the memory hierarchy separates data storage in a hierarchy based on response time. Since response time, complexity and capacity are related, the levels
can also be characterized by their performance and controlling technologies. [1] Memory hierarchy affects performance in data architecture design, lower-level algorithm predictions, and programming structures that involve the location of the reference. The high-performance design requires, considering the limitations of the memory hierarchy, that will want the size and properties
of each component to be. Each of the different components can be seen as part of a hierarchy of memories (m1,m2,...,mn) where each member mi is usually smaller and faster than the second highest member mi +1 of the hierarchy. To limit latency with higher levels, a lower level will respond by filling a buffer and then signaling for activation of the transfer. There are four large
storage levels. [1] Internal – Processor detects and cache. Main – system RAM and controller card. On-line mass storage – Secondary storage. External mass storage – Tertiary and external storage. This is a general memory hierarchy structuring. Many other structures are useful. For example, a paging algorithm can be considered a level of virtual memory when designing a
computer architecture, and you can include a level of near-line storage between electronic and offline storage. The properties of the technologies in the Add complexity memory hierarchy reduce the memory hierarchy. [2] CMOx memory technology extends the Flash space in the memory hierarchy[3] One of the most important ways to increase system performance is to minimize
how far down the memory hierarchy to manipulate data. [4] Latency and bandwidth are two metrics related to caches. None of them are uniform, but are specific to a specific component of the memory hierarchy. [5] It is difficult to predict where in the memory hierarchy the data is located. [5] ... location in the memory hierarchy dictates the time required for the prefetch to occur. [5]
Examples of the memory hierarchy of an AMD Bulldozer server. the number of levels in the memory hierarchy, and performance at each level has increased over time. The type of memory or storage components also changes historically. [6] For example, the memory hierarchy of an Intel Haswell Mobile[7] processor approximately 2013 is: Processor Registers – fastest possible
access (usually 1 CPU cycle). A few thousand bytes in size Cache Level 0 (L0) Micro operations cache - 6 KiB [8] in size Level 1 (L1) Instruction cache - 128 KiB in size Level 1 (L1) Data cache - 128 KiB in size. Best access speed is around 700 GiB/s[9] Level 2 (L2) Instruction and Data (Shared) – 1 MiB in Size. The best access speed is around 200 GiB/s[9] Level 3 (L3) Shared
Buffer – 6 MiB in size. The best access speed is around 100 GiB/s[9] Level 4 (L4) Shared Buffer – 128 MiB in size. The best access speed is around 40 GiB/s[9] Main memory (primary storage) – Gigabytes in size. The best access speed is around 10 GiB/s.[9] For an NUMA machine, access times may not be uniform disk storage (secondary storage) – Terabytes in size. Starting in
2017, the best access speed from a consumer's SSD is approximately 2,000 MB/s[10] Nearline storage (Tertiary storage) – Up to exabytes in size. As of 2013, the best access speed is approximately 160 MB/s[11] Offline storage The lower levels of the hierarchy – from disks down – are also called tiered storage. The formal distinction between online, nearline and offline storage
is:[12] Online storage is immediately available for I/O. Nearline storage is not immediately available, but can be done online quickly without human intervention. Offline storage is not immediately available and requires some human intervention to bring online. For example, always on spinning disks are online, while spinning disks that spin down, such as the massive selection of
idle disk (MAID), are close line. Removable media, such as tape cartridges that can be loaded automatically, as in a ribbon library, are close-line, while cartridges that need to be loaded manually are offline. Most modern CPUs are so fast that the bottleneck for most application workloads is the locality of reference to memory access and the efficiency of caching and memory
transfer between different levels of the hierarchy. As a result, the CPU spends much of its time idling, waiting for memory I/O to complete. This is sometimes called the space cost, as a larger memory object is more likely to overflow a small/fast level and requires the use of a larger/slower level. The resulting load on memory usage is known as pressure (respectively recording
pressure, cache pressure and (main) memory pressure). Conditions for data missing from a higher level and need to be retrieved from a lower level are respectively: record spills (due to registry pressure: register to cache), cache miss (cache to the main memory) and (difficult) page errors (main memory to disk). Modern programming languages mainly assume two levels of
memory, main memory and but in mounting language and built-in built-in in languages such as C, registers can access directly. Taking advantage of the memory hierarchy requires collaboration between programmers, hardware, and compilers (as well as underlying operating system support): Programmers are responsible for moving data between disk and memory through file I/U.
Hardware is responsible for moving data between memory and caches. Compiling compilers are responsible for generating code that, when executed, will cause the hardware to use caches and record efficiently. Many programmers assume one level of memory. This works fine until the program hits a performance wall. Then, the memory hierarchy is considered during code
conversion. See also Cache hierarchy Use of spatial and temporial locality: hierarchical memory Buffer vs. cache cache hierarchy in a modern processor Memory Wall Computer Memory Hierarchical storage management Cloud storage Memory access pattern Communication non-playing algorithm References ^ a b Toy, Wing; In 1986 he was outed in 1986. Hardware/software
architecture. Prentice Hall. In 1990 there were 100 000 people who became In 1999 there were 100 000 people in 1999. ^ Write-combine ^ Memory hierarchy. Unit Semiconductor Corporation. Archived from the original on 5 February 2010. Retrieved 16 September 2009. ^ Pádraig Brady. Multi core. Retrieved 16 September 2009. Ruud (2002) Memory hierarchy in cache-based
systems (PDF). Santa Clara, California: Solar microsystems: 26. 817-0742-10. Cite journal requires |journal= (help) ^ Memory and storage - Data history timeline - Computer History Museum. www.computerhistory.org. ^ Crothers, Brooke. Dissect Intel's top graphics in Apple's 15-inch MacBook Pro - CNET. News.cnet.com. Retrieved 31 March 2010. ^ Intel's Haswell Architecture
Analyzed: Building a New PC and a New Intel. Anandtech. In 2014, The American People's Republic (31) was one of the largest in 2014. ^ SiSoftware Zone. Sisoftware.co.uk. Retrieved 31 March 2010. ^ Samsung 960 Pro M.2 NVMe SSD Review. storagereview.com. Retrieved 13 October 2010. ^ Ultrium – LTO Technology – Ultrium GenerationsLTO. Lto.org. Archived from the
original on 27 February 2010. In 2014, The American People's Republic (31) was one of the largest in 2014. ^ Pearson, Tony (2010). In 1999, 100 000 000 people were used. IBM Developerworks, Inside System Storage. In 2015, 100,000 people were visited. Retrieved from In the system designer, the memory hierarchy is an improvement to organize memory so that it can
minimize access time. The memory hierarchy was developed based on an application behavior known as locality for references. The following figure clearly shows the different levels of memory hierarchy : This memory hierarchy design is divided into 2 main types: External memory or secondary memory - consisting of magnetic disk, optical disk, magnetic tape, that is, external
storage devices available by the processor via I/O module. Internal memory or primary memory - consisting of master memory, Cache Memory and CPU registers. This is of the processor. We can deduce the following properties for Memory Hierarchy Design from above figure: Capacity: It is the global volume of information memory can store. As we move from top to bottom of the
hierarchy, capacity increases. Access time: It is the time interval between the read/write request and the availability of the data. As we move from top to bottom of the hierarchy, the access time increases. Performance: Earlier when the computer system was designed without memory hierarchy design, the speed gap between the CPU registers and the main memory increases due
to a large difference in access time. This results in lower system performance and thus, improvement was required. This improvement was made in the form of Memory Hierarchy Design due to which the performance of the system increases. One of the most important ways to increase system performance is to minimize how far down the memory hierarchy you have to go to
manipulate data. Cost per bit: As we move from bottom to top of the hierarchy, the cost per bit increases, that is, internal memory is more expensive than external memory. Attention reader! Don't stop learning now. Get all the important CS Theory concepts for SDE interviews with CS Theory Course at a student-friendly price and get industry-ready. Recommended posts:If you like
GeeksforGeeks and want to contribute, you can also write an article using contribute.geeksforgeeks.org or send your article to contribute@geeksforgeeks.org. See your article that appears on geeksforGeeks main page and help other Geeks.Please Improve this article if you find something wrong by clicking the Improve Article button below. Below.
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