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Today:	
  Computa0onal	
  Model	
  
¢  Basic	
  structures	
  
¢  Computa0onal	
  model	
  

§  Instruc,ons	
  
§  Execu,on	
  
§  Save	
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Basic	
  structures	
  
¢  Clock	
  

§  Regular	
  signal,	
  clock	
  edges	
  can	
  trigger	
  events	
  
¢  Register	
  

§  Stores	
  value,	
  can	
  change	
  each	
  clock	
  cycle	
  
¢  Register	
  File	
  

§  Several	
  addressable	
  read/write	
  registers	
  
¢  ALU	
  

§  Performs	
  math/logic	
  opera,ons	
  on	
  inputs	
  

¢  Memory	
  
§  Stores	
  data	
  and	
  instruc,ons	
  
§  Abstracted	
  as	
  large	
  array	
  of	
  byte	
  storage	
  
§  Convenient	
  to	
  split	
  into	
  instruc,on	
  and	
  data	
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Computa0onal	
  model	
  
¢  Processor	
  

§  CPU	
  :	
  Central	
  Processing	
  Unit	
  
§  Large,	
  fast	
  chip	
  that	
  drives	
  most	
  computer	
  opera,ons	
  

§  GPU	
  :	
  Graphics	
  Processing	
  Unit 	
  	
  
§  Large	
  chip,	
  made	
  of	
  many	
  simple,	
  slow	
  CPUs	
  
§  Operates	
  on	
  vector	
  data	
  

¢  For	
  all	
  processors	
  
§  Instruc,on	
  directs	
  processor	
  opera,on	
  
§  Instruc,ons	
  &	
  data	
  fetched	
  from	
  memory	
  
§  Registers	
  store	
  intermediate	
  results	
  
§  ALU	
  combines	
  data	
  into	
  new	
  results	
  
§  New	
  results	
  can	
  be	
  wriOen	
  back	
  to	
  memory	
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Processor	
  layout	
  
¢  Combine	
  basic	
  logic	
  structures	
  into	
  datapath	
  

§  Input	
  from	
  memory	
  
§  Instruc,ons	
  
§  Data	
  

§  Track	
  current	
  instruc,on	
  with	
  Program	
  Counter	
  (PC)	
  register	
  
§  Temporary	
  storage	
  in	
  register	
  file	
  
§  Instruc,ons	
  direct	
  ALU	
  to	
  operate	
  on	
  data	
  
§  Output	
  result	
  to	
  memory	
  

¢  Most	
  datapaths	
  are	
  clock	
  driven	
  
§  All	
  the	
  exci,ng	
  things	
  happen	
  on	
  a	
  clock	
  edge	
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Y86	
  datapath	
  
¢  Simplified	
  x86	
  

376 Chapter 4 Processor Architecture

Figure 4.22
Abstract view of SEQ,
a sequential implemen-
tation. The information
processed during exe-
cution of an instruction
follows a clockwise flow
starting with an instruction
fetch using the program
counter (PC), shown in the
lower left-hand corner of
the figure.
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MIPS	
  datapath	
  

FIGURE 4.1 An abstract view of the implementation of the MIPS subset showing the 
major functional units and the major connections between them. All instructions start by using 
the pro gram counter to supply the instruction address to the instruction memory. After the instruction is 
fetched, the register operands used by an instruction are specifi ed by fi elds of that instruction. Once the 
register operands have been fetched, they can be operated on to compute a memory address (for a load or 
store), to compute an arithmetic result (for an integer arithmetic-logical instruction), or a compare (for a 
branch). If the instruction is an arithmetic-logical instruction, the result from the ALU must be written to 
a register. If the operation is a load or store, the ALU result is used as an address to either store a value from 
the registers or load a value from memory into the registers. The result from the ALU or memory is written 
back into the register fi le. Branches require the use of the ALU output to determine the next instruction 
address, which comes either from the ALU (where the PC and branch offset are summed) or from an adder 
that increments the current PC by 4. The thick lines interconnecting the functional units represent buses, 
which consist of multiple signals. The arrows are used to guide the reader in knowing how information fl ows. 
Since signal lines may cross, we explicitly show when crossing lines are connected by the presence of a dot 
where the lines cross. Copyright © 2009 Elsevier, Inc. All rights reserved.
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