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“Future technologies will make transistors 

less and less reliable” [Borkar, 2005]  
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Clusters might need operands generated by others 

1.Building Virtual Pipelines 

2.Inter-Cluster Dependencies 

3.Mispredictions 
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BSU BSU BSU 
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Possible optimization: Tags based bundle ID 

• Does not require serialization 

• Much smaller storage needed 

2. Inter-Cluster Dependencies 

BSU BSU BSU 
BSU BSU BSU 
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3. Handling Mispredictions 

4013c3:add %al,[%ebx] 

4013c8:or %al,%bl 

F1 

R1 

E1 

W1 

F0 

R0 

E0 

W0 

BSU ID Next PC NPC Fetch Reg Exec WB 

0 1 4013c0 4013c3 F0 R1 E0 W0 

1 2 4013c3 4013c8 F1 R0 E1 W1 

2 - 4013c8 

4013c0:jmp 4013eb 

1.Building Virtual Pipelines 

2.Inter-Cluster Dependencies 

3.Mispredictions 

4.Precise Exceptions 

BSU BSU BSU 

BSU BSU BSU BSU BSU BSU 

BSU BSU BSU 
BSU BSU BSU 
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3. Handling Mispredictions 

4013c3:add %al,[%ebx] 
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Fetch instruction 

Register access 
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Write back/Commit 
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R1 

E1 

W1 

F0 

R0 

E0 

W0 
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Branch mispredicted! 
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3. Handling Mispredictions 
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4. Precise Exceptions 

4013c3:add %al,[%ebx] 

4013c5:div cl 

4013c8:jmp 40140a 

F1 

R1 

E1 

W1 

F0 

R0 

E0 

W0 

BSU ID Next PC NPC Fetch Reg Exec WB 

0 1 4013c3 F0 R1 E0 W0 

1 

2 

1.Building Virtual Pipelines 

2.Inter-Cluster Dependencies 

3.Mispredictions 

4.Precise Exceptions 

BSU BSU BSU 

BSU BSU BSU BSU BSU BSU 

BSU BSU BSU 
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4. Precise Exceptions 
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F0 
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Exception! 

Division by 0 

1.Building Virtual Pipelines 

2.Inter-Cluster Dependencies 

3.Mispredictions 

4.Precise Exceptions 

BSU BSU BSU 

BSU BSU BSU BSU BSU BSU 

BSU BSU BSU 
BSU BSU BSU 
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4. Precise Exceptions 

F1 

R1 

E1 

W1 

F0 

R0 

E0 

W0 

4013c5:div cl 

4013c8:jmp 40140a 

4013c3:add %al,[%ebx] 

1.Building Virtual Pipelines 

2.Inter-Cluster Dependencies 

3.Mispredictions 

4.Precise Exceptions 

BSU BSU BSU 

BSU BSU BSU BSU BSU BSU 

BSU BSU BSU 

BSU ID Next PC NPC Fetch Reg Exec WB 

0 1 4013c3 F0 R1 E0 W0 

1 

2 
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4. Precise Exceptions 

F1 

R1 

E1 

W1 

F0 

R0 

E0 

W0 

4013c5:div cl 

4013c8:jmp 40140a 

4013c3:add %al,[%ebx] 

1.Building Virtual Pipelines 

2.Inter-Cluster Dependencies 

3.Mispredictions 

4.Precise Exceptions 

BSU BSU BSU 

BSU BSU BSU BSU BSU BSU 

BSU BSU BSU 

BSU ID Next PC NPC Fetch Reg Exec WB 

0 1 4013c3 F0 R1 E0 W0 

1 

2 

BSU ID Next PC NPC Fetch Reg Exec WB 

0 1 4013c3 4013c5 F0 R1 E0 W0 

1 4013c5 F1 R0 E1 W1 

2 



BSU BSU BSU 

28 

4. Precise Exceptions 

F1 

R1 

E1 

W1 

F0 

R0 

E0 

W0 

4013c5:div cl 

4013c8:jmp 40140a 

4013c3:add %al,[%ebx] 

1.Building Virtual Pipelines 

2.Inter-Cluster Dependencies 

3.Mispredictions 

4.Precise Exceptions 

BSU BSU BSU 

BSU BSU BSU BSU BSU BSU 

BSU BSU BSU 

BSU ID Next PC NPC Fetch Reg Exec WB 

0 1 4013c3 F0 R1 E0 W0 

1 

2 

BSU ID Next PC NPC Fetch Reg Exec WB 

0 1 4013c3 4013c5 F0 R1 E0 W0 

1 4013c5 F1 R0 E1 W1 

2 

BSU ID Next PC NPC Fetch Reg Exec WB 

0 1 4013c3 4013c5 F0 R1 E0 W0 

1 4013c5 Exc. Handler F1 R0 E1 W1 

2 
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4. Precise Exceptions 

F1 

R1 

E1 

W1 

F0 

R0 

E0 

W0 

4013c5:div cl 

4013c8:jmp 40140a 

4013c3:add %al,[%ebx] 

1.Building Virtual Pipelines 

2.Inter-Cluster Dependencies 

3.Mispredictions 

4.Precise Exceptions 

BSU BSU BSU 

BSU BSU BSU BSU BSU BSU 

BSU BSU BSU 

BSU ID Next PC NPC Fetch Reg Exec WB 

0 1 4013c3 F0 R1 E0 W0 

1 

2 

BSU ID Next PC NPC Fetch Reg Exec WB 

0 1 4013c3 4013c5 F0 R1 E0 W0 

1 4013c5 F1 R0 E1 W1 

2 

BSU ID Next PC NPC Fetch Reg Exec WB 

0 1 4013c3 4013c5 F0 R1 E0 W0 

1 4013c5 Exc. Handler F1 R0 E1 W1 

2 

BSU ID Next PC NPC Fetch Reg Exec WB 

0 1 4013c3 4013c5 F0 R1 E0 W0 

1 2 4013c5 Exc. Handler F1 R0 E1 W1 

2 Exc. Handler 4013c8 
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Handling runtime failures: 

1. Periodic full system checkpoint 

2. Detected through hardware self-tests or  SW symptoms 

3. If a fault is detected: 

a. Faulty component is diagnosed and disabled 

b. System state is restored to the previous checkpoint 

c. Program execution is restarted 

  



Experimental Setup 

 Viper Configuration 

 6 services – Fetch, Decode, Tag Generation, Execute, Commit, 

WriteBack 

 4 copy of 5 Clusters 

 4 cycles latency crossbar / 1 cycle cluster communication latency  

 Baseline CMP 

 4 OoO cores: 32k D$ and I$ / 12 stage pipeline / 128 entry ROB / 

5 RS entry per FU 

 6 In-order cores: 32k D$ and I$ / 12 stage pipeline 

 Microarch simulation 

 Gem5 / timing accurate / system emulation mode 

 SPEC2006 and MIBench 
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Comparison With Other Solutions 
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Cardio 
[Pellegrini10] 

Core  

Salvaging 
[Powell09] 

Bulletproof  
[Shyam06] 

StageNet  
[Gupta08] 

Viper 

 

Reconfig. 

Granularity 

Core Functional 

units 

Functional 

units 

Pipeline  

stages 

Arbitrary 

Control logic Central Central Central Central Decoupled 

Interconnect NoC Specialized Specialized Stage-specific Loose 

Slowdown  ~3% ~5%  ~18%  ~20%  ~24% 

Low fault rate High fault rate 



Performance degradation 

 CMP tile w/ 2 Billion transistors 

 Much more graceful performance degradation 

34 
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Conclusions 

 Viper: scalable, service-oriented µ-architecture 

 

 Hardware reconfiguration granularity as a 

design choice 

 

 Much more graceful performance degradation 

 Can exploit available hardware to improve 

performance 
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