
Processor-Memory (DRAM) ɲʽʰ˒ˇˊʱ ʶˉʾʵˇˋʹˌ 
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ɹʶˊʰˊ˔ʾʰ ˃˄ʺ˃ʹˌ 

Part of The On-chip   
CPU  Datapath 
 16-256  Registers 

One or more levels (Static RAM): 
Level 1: On-chip 16-64K  
Level 2: On or Off-chip 128-512K 
Level 3: Off-chip  128K-8M 

Registers 

Cache 

Main Memory 

Magnetic Disc 

Optical Disk or Magnetic Tape 

Ψʂˋˇ ʰˉˇ˃ʰˁˊˎ˄ˈ˃ʰˋˍʶ 
ʰˉˈ ˍʹ CPU : 
ɾʽˁˊˈˍʶˊˇ ˁˈˋˍˇˌ/Bit 
 

ɾʶʴʰ˂ˏˍʶˊʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ 
ɾʶʴʰ˂ˏˍʶˊˇˌ ˔ˊˈ˄ˇˌ 
ˉˊˈˋʲʰˋʹˌ-ˁʰʻˎˋˍʷˊʹˋʹ 
 

ʋʰ˃ʹ˂ˈˍʶˊˇˌ ˊˎʻ˃ˈˌ 
ʶ˅ˈʵˇˎ 

Dynamic RAM (DRAM) 
 16M-16G 

Interface: 
SCSI, RAID, 
 IDE, 1394 
4G-100G 
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ʃʰˊʱʵʶʽʴ˃ʰ ɹʶˊʰˊ˔ʾʰˌ ɾ˄ʺ˃ʹˌ (˃ʶ н ʶˉʾˉʶʵʰ cache) 

1-5ns 10ms ʆʰ˔ˏˍʹˍʰ : 10ns 50ns 

<1KB >1GB ɾʷʴʶʻˇˌ : <256KB <4GB 

10sec 

TB 

Control 

Datapath 

Virtual 
Memory, 

Secondary 
Storage 
(Disk) 

 

Processor 

R
e

g
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rs 

Main 
Memory 
(DRAM) 

Second 
Level 
Cache 

(SRAM) 
L2 

Tertiary 
Storage 
(Tape) 

On-Chip 
Level  
One 
Cache 
    L1 

ɾʶʴʰ˂ˏˍʶˊʹ ʆʰ˔ˏˍʹˍʰ 

ɾʶʴʰ˂ˏˍʶˊʹ ʋ˖ˊʹˍʽˁˈˍʹˍʰ 

30ns 

<8MB 

150GB/s 10MB/s Bandwidth : 50GB/s 4GB/s 25GB/s 
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ʆˇ ˃ˇ˄ˍʷ˂ˇ ˍʹˌ ɹʶˊʰˊ˔ʾʰˌ ɾ˄ʺ˃ʹˌ 

˃ʷʴʶʻˇˌ :    500bytes                 64KB                               512MB                                      100GB 

ˍʰ˔ˏˍʹˍʰ Υ    0,25ns                      1ns                  100ns                               5ms     

 

 

Disk 
memory 
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ʃʰˊʱʵʶʽʴ˃ʰ ɹʶˊʰˊ˔ʾʰˌ ˃˄ʺ˃ʹˌ 

32 registers 

1000W L1 cache 

12000W L2 cache 

0.5MW ext.L3 cache 

64MW main memory 

1GW Disk space 

CPU 
Level   Capacity  Throughput    Latency 
 
Register       512B          24GB/sec       2ns 
 
L1 cache        8KB         16GB/sec       2ns 
 
L2 cache        96KB           8GB/sec       6ns 
 
L3 cache        4MB        888MB/sec      24ns 
 
Main Mem  512MB         1GB/sec      112ns 
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 Digital PWS 600 au - Alpha 21164 CPU ς 600MHz 



ʆˎˉʽˁʷˌ ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʷˌ 
ω IBM Power 3 (1998): 
 ω [м Ґ сп Y.Σ мну-way set associative 
 ω [н Ґ п a.Σ ŘƛǊŜŎǘ ƳŀǇǇŜŘΣ ƭƛƴŜ ǎƛȊŜ Ґ мнуΣ 

write back 
 
ω Compaq EV6 (Alpha 21264): 
 ω [м Ґ сп Y.Σ н-way associative, line size= 

32 
 ω [н Ґ п a. όƻǊ ƭŀǊƎŜǊύΣ ŘƛǊŜŎǘ ƳŀǇǇŜŘΣ ƭƛƴŜ 

size = 64 
 
ω HP PA: no L2 
 ω t!урллΣ t!усллΥ [м Ґ мΦр a. 
 ω t!утллΥ [м Ґ нΦнр a. 
 
ω AMD Athlon: L1 = 64 KB, L2 = 256 KB 
 
ω Intel Pentium 4: L1 = 8 KB, L2 = 256 KB 
 
ω Intel Itanium: 
 ω [м Ґ мс Y.Σ п-way associative 
 ω [н Ґ фс Y.Σ с-way associative 
 ω [о Ґ ƻŦŦ ŎƘƛǇΣ ǎƛȊŜ ǾŀǊƛŜǎ 
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ω IBM Power 8 (2014): 
 ω пΣ сΣ уΣ мл ƻǊ мн ŎƘƛǇƭŜǘǎ όŎƻǊŜҌ[мҌ[нύ 
 ω [м Ґ онY. Ҍ сп Y. 
 ω [н Ґ рмнY.Σ ŘƛǊŜŎǘ ƳŀǇǇŜŘΣ ƭƛƴŜ ǎƛȊŜ Ґ мнуΣ ǿǊƛǘŜ 

back 
 ω [о Ґ ІŎƘƛǇƭŜǘǎ Ȅ уa. 
 ω ǳǇ ǘƻ м ¢. ƻŦ ƳŜƳƻǊȅ ǇŜǊ ǎƻŎƪŜǘ 
 
ω AMD Jaguar (2013):  
 ω [м Ґ онY. Ҍ онY. ǇŜǊ ŎƻǊŜ 
 ω [н Ґ м-2MB, shared by 2-4 cores 
 
ω Intel Haswell (2013):  
 ω н-4, 6-8, 8+ cores 
 ω [м Ґ онY. Ҍ онY. ǇŜǊ ŎƻǊŜ 
 ω [н Ґ нрсY. ǇŜǊ ŎƻǊŜ 
 ω [о Ґ п ς 20MB 
 



ɱʽʰˍʾ ʶʾ˄ʰʽ ˖˒ʷ˂ʽ˃ʹ ʹ ɹʶˊʰˊ˔ʾʰ ɾ˄ʺ˃ʹˌΤ 

Åɼʰˍʱ ˁʰ˄ˈ˄ʰ ˍʰ ˉˊˇʴˊʱ˃˃ʰˍʰ ˉˊˇˋˉʶ˂ʰˏ˄ˇˎ˄ ʷ˄ʰ ˃ʽˁˊˈ ˃ˈ˄ˇ ˃ʷˊˇˌ ˍˇˎ 
ˋˎ˄ˈ˂ˇˎ ˍ˖˄ ʵʽʶˎʻˏ˄ˋʶ˖˄  όʶ˄ˍˇ˂ʷˌκʵʶʵˇ˃ʷ˄ʰύ ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ʶ˄ˈˌ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˍ˃ʺ˃ʰˍˈˌ ˍˇˎˌ 
 

Åɲˏˇ ʶʾʵʹ ˍˇˉʽˁˈˍʹˍʰˌ ʵʶʵˇ˃ʷ˄˖˄: 
 
ïTemporal Locality:  ʅˍˇʽ˔ʶʾʰ ˉˇˎ ʷ˔ˇˎ˄ ˉˊˈˋ˒ʰˍʰ ˉˊˇˋˉʶ˂ʰˋˍʶʾ 
ˍʶʾ˄ˇˎ˄ ˄ʰ ˉˊˇˋˉʶ˂ʰˏ˄ˇ˄ˍʰʽ ˅ʰ˄ʱ ˋˍˇ ʱ˃ʶˋˇ ˃ʷ˂˂ˇ˄ 

ïSpatial locality:  ɱʶʽˍˇ˄ʽˁʱ ˋˍˇʽ˔ʶʾʰ ˈˋ˖˄ ʷ˔ˇˎ˄ ʺʵʹ ˉˊˇˋˉʶ˂ʰˋˍʶʾΣ 
ʷ˔ˇˎ˄ ʰˎ˅ʹ˃ʷ˄ʹ ˉʽʻʰ˄ˈˍʹˍʰ ˄ʰ ˉˊˇˋˉʶ˂ʰˋˍˇˏ˄ ˋˍˇ ʱ˃ʶˋˇ ˃ʷ˂˂ˇ˄ 
 

Åɶ ˏˉʰˊ˅ʹ ˍˇˉʽˁˈˍʹˍʰˌ ˋˍʽˌ ʰ˄ʰ˒ˇˊʷˌ ʶ˄ˈˌ ˉˊˇʴˊʱ˃˃ʰˍˇˌΣ ˁʰʻʽˋˍʱ ʶ˒ʽˁˍʺ 
ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ʹ ʰʾˍʹˋʹ ʴʽʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ʶˉʾˉʶʵʰ 
˃˄ʺ˃ʹˌ ̄ ˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ʽʶˊʰˊ˔ʽˁʱ ʰ˄˗ˍʶˊʰ 
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ʁˊˇ˂ˇʴʾʰ 

Åblock ς line - page : ́  ˃ʽˁˊˈˍʶˊʹ ˃ˇ˄ʱʵʰ   
 ˃ʶˍʰ˒ˇˊʱˌ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶˍʰ˅ˏ ˍ˖˄  
 ʶˉʽˉʷʵ˖˄ ˃˄ʺ˃ʹˌ  

 

Lower Level 
Memory Upper Level 

Memory 
To Processor 

From Processor 
Blk X 

Blk Y 
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ʁˊˇ˂ˇʴʾʰ 

ïhit : ̱ ˇ block ̡ ˊʾˋˁʶˍʰʽ ̀ ʶ ˁʱˉˇʽʰ ʻʷˋʹ ˍˇˎ    
 ʶ˅ʶˍʰʸˈ˃ʶ˄ˇˎ ʶˉʽˉʷʵˇˎ ˃˄ʺ˃ʹˌ 

Åhit rate : hits/ˋˎ˄ˇ˂ʽˁʷˌ ˉˊˇˋˉʶ˂ʱˋʶʽˌ ˃˄ʺ˃ʹˌ 

Åhit time Υ ˔ˊˈ˄ˇˌ ˉˊˇˋˉʷ˂ʰˋʹˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄  

 

ïmiss Υ ˍˇ block ɻ ʶ˄ ˎˉʱˊ˔ʶʽ ̀ ˍˇ ʶ˅ʶˍʰʸˈ˃ʶ˄ˇ    
   ʶˉʾˉʶʵˇ ˃˄ʺ˃ʹˌ 

Åmiss rate : 1 ς (hit rate) 

Åmiss penalty Υ ό˔ˊˈ˄ˇˌ ˃ʶˍʰ˒ˇˊʱˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʁ ˄ˈˌ 
 block ̀ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʶˉʾˉʶʵˇ ˃˄ʺ˃ʹˌύ Ҍ  ό˔ˊˈ˄ˇˌ 
ʰˉˈˁˍʹˋʹˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˍʹ˄ CPU) 

ïaccess time : ̝ ˊˈ˄ˇˌ ʰˉˈˁˍʹˋʹˌ ˍʹˌ мʹˌ ˂ʷ˅ʹˌ 

ïtransfer time Υ ˔ˊˈ˄ˇˌ ʰˉˈˁˍʹˋʹˌ ˍ˖˄ ˎˉˈ˂ˇʽˉ˖˄ ˂ʷ˅ʶ˖˄ 
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