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A circuit that combines comparison and storage in a single device
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Registers Definition

Register: an array of D flip-flops that can hold a multibit datum, such as a byte or word 
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Timing constraints

Setup and hold-time constraints to ensure that the correct data is written into the register file

The write port for a register file is implemented with a decoder that is used with the write signal to generate the C input to the registers Unit multiples of the octet (byte) may be formed with SI prefixes and binary prefixes (power of 2 prefixes) as standardized in 1998 [START_REF]Octet (computing[END_REF] 1 Byte = 8 bits 1 kilobyte (kB) = 10 3 bytes = 1 000 bytes 1 kibibyte (KiB)= 2 10 bytes = 1 024 bytes . . . Source: [START_REF] Carl | Computer Organization and Embedded Systems[END_REF] SRAM: Static Random Access Memory 

Comparison of decimal and binary units

Volatile memory

Need to store software and data and not loose information when power is shut down 

Caches

The illusion of a large memory accessible as fast as a small memory [11] A processor does not need to access all of the program codes and data at once. Let's keep near the useful parts. The lower portion of the address is used to select a cache entry consisting of a data word and a tag [11] myLogoT Caches 

Idea

Principle of locality

Virtual address

Physical address

Translation

Mapping from a virtual to a physical address. The page size is 2 12 = 4 KiB. The number of physical pages allowed in memory is 2 28 , since the physical page number has 28 bits in it. Thus, main memory can have at most 1 TiB, while the virtual address space is 256 TiB [11] myLogoT Virtual memory The page table is indexed with the virtual page number to obtain the corresponding portion of the physical address [11] myLogoT

Virtual memory

Making the translation fast Definition TLB: translation-lookaside buffer. A cache that keeps track of recently used address mappings to try to avoid an access to the page table 
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Physical page address

Valid Dirty Ref

TLB

Tag

The TLB acts as a cache of the page table for the entries that map to physical pages only [11] myLogoT

Virtual memory

Making the translation fast 

Physical page address

Valid Dirty Ref

TLB

Tag

The TLB acts as a cache of the page table for the entries that map to physical pages only [11] TLB 

  Implementation of two read ports for a register file with n registers with a pair of n-to-1 multiplexors, each w bits wide

1 The word line is activated to close switches T 1 and T 2 2Still

 12 Two inverters cross-connected to form a latch Two bit lines (T1 and T2) b and b' are always complements myLogoT SRAM Reading and writing an SRAM cell Read Operation The Sense/Write circuit at the end of the two bit lines monitors their state Write Operation 1 The word line is activated to close switches T 1 and T 2 myLogoT Overview of memory technologies CMOS implementation of 6T SRAM memory cell [5] CMOS SRAM cell Transistor pairs (T 3 , T 5 ) and (T 4 , T 6 ) form the inverters in the latch Continuous power is needed for the cell to retain its state Content lost when power down Back in stable state when power on (but maybe not the same state) SRAMs are volatile memory because their loose their content when power is shut down Dynamic Random Access Memory A capacitor C A transistor T Why is it called Dynamic? The capacitor can retain its state for tens of milliseconds only. Need to refresh periodically. DRAMs are volatile memory because their loose their content when power is shut down Volatile memory myLogoT Overview of memory technologies DRAM physical design Source: [7] DRAM's capacity has been one of the more consistent incarnations of Moore's law [7] scaled in capacity by a factor of over 16 million 1 kbits on a die in 1970 to 16 Gbits in 2020 Did you know? myLogoT DRAM SDRAM SDRAM: Synchronous DRAM Synchronisation with a clock signal built-in refresh circuitry (hides the dynamic feature of DRAM to the user) burst mode: starting address + burst length Definition Page: a large block of data Fast Page Mode Transfer a page of data: all bytes of the selected row in sequential order no need to reselect the row successive CAS signals myLogoT DRAM DDR: Double-Data-Rate SDRAM Transfer data on both rising and falling edge of the clock Open standard Rambus Memory Differential-signaling technique to transfer data to and from the memory chips Proprietary scheme that must be licensed myLogoT DRAM Memory controller In charge of: 2 steps access: row + column, RAS + CAS signals chip select: when multiple memory modules refresh: periodic read cycles of asynchronous DRAMRefresh overheadWhen internal refresh operation occurs, the memory cannot respond Typically few percent of the total time available for accessing the memory

  

  

  Cache of 4096 blocks, four-word block size, 64-bit address 16 bytes per block ⇒ 64-4=60 bits for index and tag Direct-map cache number of sets = number of blocks ⇒ 12 bits of index (log 2 (4096) = 12) (60 -12) × 4096 = 192 Ki tag bits Two way associative cache number of sets = 2048 ⇒ 11 bits of index (log 2 (2048) = 11) (60 -11) × 2 × 2048 = 196 Ki tag bits Fully associative cache number of sets = 1 ⇒ 0 bits of index (log 2 (1) = 0) 60 × 1 × 4096 = 240 Ki tag bitsIncreasing associativity requires more comparators and more tag bitsThe size of the cache given by the manufacturer does not include the size of tags + valid bit.Compulsory miss (or cold-start miss): A cache miss caused by the first access to a block that has never been in the cache Capacity miss: A cache miss that occurs because the cache, even with full associativity, cannot contain all the blocks needed to satisfy the request Conflict miss: A cache miss that occurs in a set-associative or direct mapped cache when multiple blocks compete for the same set and that are eliminated in a fully associative cache of the same size
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  Placing a page and finding it againDefinitionPage Table:the table containing the virtual to physical address translations stored in memory, indexed by the virtual page number each entry in the table contains the physical page number for that virtual page

		Page table register		
	4 7 4 6 4 5 4 4 4 3		1 5 1 4 1 3 1 2 1 1 1 0 9 8 Virtual address	3 2 1 0	Each program has its own page table
			Virtual page number	Page offset
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  TLB is a cache, it must have a tag fieldIf TLB miss, check the page tableContext switch: changing of the internal state of the processor to allow a different process to use the processor that includes saving the state needed to return to the currently executing process

	Virtual memory	
	Context switch	
	Definition	
	Overhead	
	clear TLB entries Inefficient when high process switch rate	Typical values:
		TLB size: 16-512 entries
	Process identifier	Block size: 1-2 page table entries Miss penalty: 10-100 clock cycles
	Concatenated to the tag	Miss rate: 0.01%-1%
	TLB hit when	
		myLogoT
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To, SATA

[START_REF] Dally | Power, Programmability, and Granularity: The Challenges of ExaScale Computing[END_REF] Gb/s), 2,5" Kevin J. M. Martin (UBS/Lab-STICC)On-chip memories at the edge AMLE -14/06/2022

Computation-Outside-Memory Far (COM-F): traditional computational cores [10] H. A. D. Nguyen, J. Yu, M. A. Lebdeh, M. Taouil, S. Hamdioui, and F. Catthoor. A classification of memory-centric computing. J. Emerg. Technol. Comput. Syst., 16(2), jan 2020. Kevin J. M. Martin (UBS/Lab-STICC) On-chip memories at the edge AMLE -14/06/2022
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The Memory Remains ! myLogoT

Under supervision (usually operating system)

Processor provides:

starting address the number of words in the block the direction of the transfer DMA raises an interrupt when finished In virtual memory, blocks of memory (called pages) are mapped from one set of addresses (called virtual addresses) to another set (called physical addresses) [11] Size of virtual address space A 32-bit processor can address up to 2 32 = 4Gi elements A 64-bit processor can address up to 2 64 = 16Ei (exbi) elements (> 10 18 ) The tables controlling the memory are in the memory. We need to access to the memory to access to the memory!

The operating system is a process ⇒ workarounds which are making systems ever more complex more than 62% of the entire measured system energy is spent on moving data between memory and the computation units [START_REF]It's the memory, stupid[END_REF] Enabling the continued performance scaling of smaller systems requires significant research breakthroughs in three key areas [