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SRAM – Static RAM 
 Fast and expensive 
DRAM – Dynamic RAM 
 Slow, cheap, and leaky 
 
Some real life examples 

64-bit (16×4) RAM 
JEDEC DDR specification (JESD79C) 
IBM SRAM 
512k bit EEPROM 

 
Consumer electronics 

Flash for consumer electronics 
Cameras, cell phones, sneaker-net 

Examples include 
Compact Flash 
SmartMedia 

Once SSFCD (Solid State Floppy Disk Card) 
MultiMediaCard 
Secure Digital Card 
XD Picture Card 

 
How Stuff Works 

ROM  
RAM 
Flash memory 
Computer memory 

 
Building big RAM from small RAM 
 How to make a 512Mx16 RAM from 64Mx8 RAM? 
  Or even 32Mx64 RAM? 
 
 Match the width 
  Use MUX to reduce the width 
  Concatenate to increase the 
 Match the address space 
  Use decoders to select the right chip 
 
 
Preview of coming attractions 
 Average cost = Σ pi Cost(i) 

http://www.fairchildsemi.com/ds/74/74F189.pdf
http://www.jedec.org/DOWNLOAD/search/JESD79C.pdf
http://www-3.ibm.com/chips/techlib/techlib.nsf/techdocs/4532979DCAC91F01872569DF0052A489/$file/crrh2516.04.pdf
http://www.microchip.com/download/lit/pline/memory/pnp/21754d.pdf
http://www.compactflash.org/
http://www.ssfdc.or.jp/english/
http://www.mmca.org/
http://www.sdcard.org/
http://www.howstuffworks.com/
http://computer.howstuffworks.com/rom.htm
http://computer.howstuffworks.com/ram.htm
http://computer.howstuffworks.com/flash-memory.htm
http://computer.howstuffworks.com/computer-memory.htm


Memory Hierarchy 
Registers 10 ps $$$ 
SRAM 1 ns $$ 
DRAM 50 ns $ 
Disk 10 ms ¢ 

We want register speed at disk (or at least, DRAM) cost 
 
Suppose 0.98 of memory access is to SRAM and 0.02 is to DRAM 
 AccessTime = 0.98*1 ns + .02*50 ns = 1.98 ns 
 
Locality of reference 
 Program memory access is clustered 
  sum = 0 ; 
  for (int i=0; i<P.length; ++i) 
   sum = sum + Math.sqrt(P[i]) ; 
 Disk access is clustered 
  C:\Program Files\ 
 Web page access is clustered 
  http://www.ebay.com/ 
 
Spatial locality 
 Nearby memory locations are more likely to be accessed next 
Temporal locality 
 Recently access memory locations are more likely to be accessed next 
 
 
 
Exploiting memory hierarchy Cache recently used data 
 Store recently used data in faster memory 



 
Exploiting memory hierarchy Transfer data in blocks 
 Bring more memory into the cache than is immediately needed 
 

tag offset 
1 0 1 1 0 0 0 1 0 1 1 1 0 1 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 1 1
 

Generally block size is 2n, with n bits reserved for index 
Tag 

m – b bits 
block data 
2b * k bits 

Example:  Standard I/O package of the C programming language 
Problem:  Program access in to both code and data 
 
 
Exploiting memory hierarchy Save several blocks 
 Bring more memory into the cache than is immediately needed 
 

Tag 
m – b bits 

block data 
2b * k bits 

  
  
  

  Bits for tags   n * (m – b) 
  Bits for block data  n * (2b * k) 
 
 Finding the right block 
  Sequential search  Always too slow 
  Concurrent search  Often expensive 
 
 Replacement strategy needed for new data when the cache is full 
  LRU:  Least Recently Used Expensive 
  LFU:  Least Frequently Used Expensive 
  FIFO:  First in first out  Cheap 
   

Fully Associate Cache 
 
Example:  Data block buffer cache of Unix and many disk drive controllers 
 
Problem:  Costs too much for comparators



Exploiting memory hierarchy Put blocks in slots 
 

tag index offset 
1 0 1 1 0 0 0 1 0 1 1 1 0 1 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 1 1
 

0 tag 
m-b-t bits 

block data 
2b * k bits 

1   
   

2t-1   
Bits for tags   n * (m – b – t) 

  Bits for block data  n * (2b * k) 
   Where n = 2t 

 
 Finding the right block  Tag bits take you to the slot 
 Replacement strategy  None required 
 

Direct-Mapped Cache 
 
Example:  Used in many computer chips 
Problem:  Could have contention for “hot spots” 
 int a[1024], b[1024] ; 
 for (int i=0; i<1024; ++i) 
  A[i] = B[i] ; 
 
Exploiting memory hierarchy Getting the best of both 
 

 Set 0  Set X-1 
0 tag 

m-b-t bits block data 
2b * k bits  tag 

m-b-t bits block data 
2b * k bits 

1      
      

2t-1      
Bits for tags   n * (m – b – t) 

  Bits for block data  n * (2b * k) 
   Where n = X * 2t 

 

X-way Set-Associate Cache 



What about real life? 
Making the right choices 
 Use mathematical models 

  Simulate with real programs or reference strings 
   Choices may depend on applications 
 Provide ways to invalidate the cache 
  Used when starting new programs 
  Requires addition of valid/invalid bit 
 Add protection information to cache 
  Requires addition of readable/writeable bits 
 Use separate caches for data and instructions 
  Harvard architecture 

Use level of caches 
  A small fast cache, then a larger slower cache 
 Use data forwarding 
 In case of case miss, start another thread 
  Intel® Hyper-ThreadingTM 
 
Writing cache data to memory 
 Write-through Flush data with each write to line 
 Write-back  Flush data when cache line is reused 
 
Cache coherence 
 Caches on different processors may differ 
 Snoopy caches pay addition to the actions of other processors 
 Sector caches load only part of the data block 
 

A couple of recent chips 
Intel® XeonTM Processor MP 
 12 K µop Level 1 “Execution Trace Cache” 
  8-way set associative 
 8-KB L1 data cache 
  4-way set associative, 64 byte cache line size 
 512 KB Advance Transfer L2 Cache 
  8-way Associativity, 64 byte cache line size 
 1-MB, 2-MB, or 4-MB L3 Cache 
  8-way Associativity 
 
Motorola® PowerPCTM 7455 (G4 not G5) 
 Two 32-KB data and instruction caches 
  8-way associative, 32 bytes wide 
 256 KB L2 cache 
  8-way associative, 64 byte line size 
 L3 cache interface, for 1-MB or 2-MB 
  64 or 128 byte line size 

http://developer.intel.com/design/xeon/datashts/25193103.pdf
http://e-www.motorola.com/files/32bit/doc/data_sheet/MPC7455EC.pdf
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