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Why do computers need memory?



Architecture of Modern Computers




Computer Memory

 Different types, sizes, and speeds
> registers
» caches (L1, L2, L3)
> main memory / RAM
» disk (hard disks, flashes, etc.)
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Registers

e Fastest form of memory
e Part of CPUs; what CPU uses for computing
 Each CPU has a set of registers.
ee.g.,a = b + 3;
> b is loaded into a register

> a IS computed and the result stored in another register or
the same register used by b, if b is not used anymore.



Register Width

* Defined by CPU
* "32-bit processor” -> 32-bit registers
* “064-bit processor” -> 64-bit reqgisters



All (Known) x86 Registers for the 64-bit Architecture

ZMMO  [YMMO [xMmo ] zMM1  [YMM1 [XMM1 || |ST(0)[MMO || ST(1)MM1 | |[[~aJAXEAX|RAX|[[=d rew] reo| R8||[ekizw[riz0R12| |[MSWICRO| CR4
ZMM?2 YMM2 [XMM2 ||| ZMM3 YMM3 [XMM3 || [ ST(2)[MM2 ||| ST(3)[MM3 | [[eevBXEBX|RBX|[[=d row| reo| R9|([=kisw]riso]R13| | CR1 || CR5
ZMM4  [YMM4 [XMM4 || ZMM5 YMM5 [XMM5 || | ST(4) MM4 ||| ST(5)[MM5 || [[ctlerCXECX|RCX [[2oskow]r100|R 10| ([edkraw]ri40R14| | CR2 || CR6
ZMM6 YMM6 [XMM6 ||| ZMM7 YMM7 [XMM7 || | ST(6)[MM6 || ST(7)[MM7 || [rDXEDXRDX|[[kw]rioR 11 |[[=drswlrisoR 15| | CR3 || CR7
ZMM8 YMM8 [XxMM8 ||| ZMM9 YMM9 [XMM9 [e2JBPEBPRBP| ([od DIEDI|RDI| | IP|EIP|RIP| | MXCSR | CRS8
ZMM10 |YMM10 [XMM10]|| ZMM11 |YMM11 [XMM11]| | CW | FP_IP||FP_DP|[FP_CS| |[sd SI|ESI|RSI| |[sPdSPIESPRSP CR9
ZMM12 |YMM12 [XMM12}(| ZMM13 |YMM13 [XMM13]| | SW CR10
SMM14 | YMM14 @ ZMM15 | YMML5 [XMMLS W B 8-bitlregis.ter B 32-b?t reg?ster B 80—bit.regis.ter I 256-b?t reg?ster CR11
B 16-bit register [ 64-bit register || 128-bit register ] 512-bit register

ZMM16|| ZMM17|| ZMM18|| ZMM19|| ZMM20|| ZMM21|| ZMM22|| ZMM23 FP_DS CR12
ZMM24(| ZMM25|| ZMM26|(| ZMM27|| ZMM28|| ZMM29|| ZMM30|| ZMM31| |FP_OPC||FP_DP| FP_IP CS SS DS GDTR IDTR DRO DRO6 CR13
ES | FS || GS TR LDTR | | DR1 || DR7 CR14

[ RFLAGS DR2 || DRS8 CR15

DR3 || DR9
DR4 || DR10O || DR12 || DR14
DR5 || DR11 || DR13 || DR15




Why Do Computers Need Memory?

 Computers process data, and data needs space.
> Data type: code and data to be processed by code
> e.9., Compilers treat code as a type of data.

Component Typical Sizes

programs/code kilobytes (KB) or megabytes (MB)

temporary/runtime values kilobytes (KB) or megabytes (MB)

persistent data kilobytes (KB) or terabytes (TB)
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Memory Hierarchy
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Memory Layout
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Memory Layout
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Caches

* Fast, on-chip, volatile memory

* (Largely) Transparent to programs and programmers
* Used by CPU to improve performance

* Typical sizes, hundreds of KBs to hundreds of MBs
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Main Memory

 Random Access Memory (RAM), also known as DRAM
* Typical sizes, GB range

* Limited by “width” of CPU
> e.g., 32-bit CPU —> 4 GB of memory (generally)
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Register Width, Memory Size, ....
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Main Memory

* Typical sizes, GB range

> e.g., 32-bit CPU —> 4 GB of memory (generally)
* Memory Is divided into many units, and each unit has its adadress.
* In mainstream systems, memory is byte-addressable.
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Memory Addressing

___________________________________________________

32 bits

ram
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Registers

e Part of CPUs; what CPU uses for computing
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Memory Addressing

___________________________________________________

32 bits

ram
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Memory Addressing

___________________________________________________

32 bits

2’* = 4,294,967,296 |

=4 gb

ram
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What Goes Into Memory/RAM?

ram
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What Goes Into Memory/RAM?

User Level [Ring 3]

G

KERNEL [Ring O]

L =
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What Goes Into Memory/RAM?

ram
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What Goes Into Memory/RAM?

Iram
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What Goes Into Memory/RAM?
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What Goes Into Memory/RAM?




What Goes Into Memory/RAM?




It can quickly get messy to manage all
Instances In one address space.
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Virtual Memory
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Virtual Memory

 Makes each program “believe” it as the entire memory it itself!
 Combination of OS + hardware
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So, instead of this:




we get...

Or, at least the programs “think” so!
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Virtual Memory

 Makes each program “believe” it as the entire memory it itself!

 Combination of OS + hardware
* Programmers need not worry about other programs.
* Easier for OS to manage all programs.

* In this course—and in most of your career as a systems programmer—you
will mainly deal with virtual memory.
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