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Princeton Microarchitecture 
Datapath & Control for 2-cycles-per-instruction 
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Princeton Microarchitecture 
(redrawn) 

The same 
(mux not shown) 

Only one of the phases is active in any cycle 
  a lot of datapath is not in use at any given time 
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Princeton Microarchitecture  
Overlapped execution 
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Overlapped execution 

Yes, unless IR contains a Load or Store 
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Stalling the instruction fetch  
Princeton Microarchitecture  
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Stalling the instruction fetch  
Princeton Microarchitecture  

When stall condition is indicated 
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Princeton Microarchitecture  
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Princeton Microarchitecture  

When stall condition is indicated 
• don’t fetch a new instruction and don’t change the PC 
• insert a nop in the IR  
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Stalling the instruction fetch  
Princeton Microarchitecture  

When stall condition is indicated 
• don’t fetch a new instruction and don’t change the PC 
• insert a nop in the IR  
• set the Memory Address mux to ALU (not shown) 
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Princeton Microarchitecture  
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Need to stall on branches 
Princeton Microarchitecture 
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Need to stall on branches 
Princeton Microarchitecture 

When IR contains a jump or branch-taken 
• no “structural conflict” for the memory 
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Princeton Microarchitecture 
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Pipelined Princeton Microarchitecture 
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Pipelined Princeton Architecture  

 
Clock: tC-Princeton > tRF+ tALU+ tM + tWB 
 
CPI:  (1- f) + 2f cycles per instruction 
   where f is the fraction of  
   instructions that cause a stall  
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Pipelined Princeton Architecture  

 
Clock: tC-Princeton > tRF+ tALU+ tM + tWB 
 
CPI:  (1- f) + 2f cycles per instruction 
   where f is the fraction of  
   instructions that cause a stall  

What is a likely value of f? 
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An Ideal Pipeline  

• All objects go through the same stages 
 
• No sharing of resources between any two stages 
 
• Propagation delay through all pipeline stages is equal 
 
• The scheduling of an object entering the pipeline 
   is not affected by the objects in other stages 

stage 
1 

stage 
2 

stage 
3 

stage 
4 

These conditions generally hold for industrial assembly lines. 
  

But what about an instruction pipeline? 
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Pipelined Datapath 

Clock period can be reduced by dividing the execution of an 
instruction into multiple cycles 
 

 tC > max {tIM, tRF, tALU, tDM, tRW} ( = tDM  probably)  
 

However, CPI will increase unless instructions are pipelined 
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How to divide the datapath  
into stages  

Suppose memory is significantly slower than 
other stages. In particular, suppose 
 
   
 
 
 
 

 
Since the slowest stage determines the clock, it 
may be possible to combine some stages without 
any loss of performance  

tIM = 10 units 
tDM = 10 units 
tALU = 5 units 
tRF = 1 unit 
tRW = 1 unit 
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Alternative Pipelining 

tC > max {tIM, tRF, tALU, tDM, tRW}    = tDM 
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Maximum Speedup by Pipelining 

Assumptions    Unpipelined   Pipelined Speedup 

            tC                   tC 
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What seems to be the message here? 

L04-14 



 Sanchez & Emer February 18, 2014 

Maximum Speedup by Pipelining 

1.  tIM =tDM =  10,  

 tALU = 5,  
 tRF = tRW= 1 

 4-stage pipeline  

Assumptions    Unpipelined   Pipelined Speedup 

            tC                   tC 
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5-Stage Pipelined Execution 
Instruction Flow Diagram 
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5-Stage Pipelined Execution 
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How instructions can interact 
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• An instruction may depend on something 
produced by an earlier instruction 
 
– Dependence may be for a data calculation  

  data hazard 

 
– Dependence may be for calculating the next PC 

  control hazard (branches, interrupts) 
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   Two cases: 
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Interlock Control Logic 

Compare the source registers of the instruction in the decode stage 
with the destination register of the uncommitted instructions. 

L04-26 



 Sanchez & Emer February 18, 2014 

IR IR IR 
31 

PC 
A 

B 

Y 

R 

MD1 MD2 

addr 
inst 

Inst 
Memory 

0x4 

Add 

IR 

Imm 
Ext 

ALU 

rd1 

GPRs 

rs1 
rs2 

ws 
wd rd2 

we 

wdata 

addr 

wdata 

rdata 
Data  
Memory 

we 

nop 

Interlock Control Logic 

Compare the source registers of the instruction in the decode stage 
with the destination register of the uncommitted instructions. 

Cstall 

ws 

rs 
rt 

? 

L04-26 



 Sanchez & Emer February 18, 2014 

IR IR IR 
31 

PC 
A 

B 

Y 

R 

MD1 MD2 

addr 
inst 

Inst 
Memory 

0x4 

Add 

IR 

Imm 
Ext 

ALU 

rd1 

GPRs 

rs1 
rs2 

ws 
wd rd2 

we 

wdata 

addr 

wdata 

rdata 
Data  
Memory 

we 

nop 

Interlock Control Logic 

Compare the source registers of the instruction in the decode stage 
with the destination register of the uncommitted instructions. 

Cstall 

ws 

rs 
rt 

? 

L04-26 



 Sanchez & Emer February 18, 2014 

IR IR IR 
31 

PC 
A 

B 

Y 

R 

MD1 MD2 

addr 
inst 

Inst 
Memory 

0x4 

Add 

IR 

Imm 
Ext 

ALU 

rd1 

GPRs 

rs1 
rs2 

ws 
wd rd2 

we 

wdata 

addr 

wdata 

rdata 
Data  
Memory 

we 

nop 

Interlock Control Logic 

Compare the source registers of the instruction in the decode stage 
with the destination register of the uncommitted instructions. 

Cstall 

ws 

rs 
rt 

? 

L04-26 



 Sanchez & Emer February 18, 2014 

IR IR IR 
31 

PC 
A 

B 

Y 

R 

MD1 MD2 

addr 
inst 

Inst 
Memory 

0x4 

Add 

IR 

Imm 
Ext 

ALU 

rd1 

GPRs 

rs1 
rs2 

ws 
wd rd2 

we 

wdata 

addr 

wdata 

rdata 
Data  
Memory 

we 

nop 

Interlock Control Logic 

Compare the source registers of the instruction in the decode stage 
with the destination register of the uncommitted instructions. 

stall 
Cstall 

ws 

rs 
rt 

? 

L04-26 


