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Microarchitecture for Performance
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Front-end Bottleneck (Servers, mobile workloads)
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Branch instructions
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1. int func(int num) {

2. int temp = 0;

3. if(num > 0)

4. {

5. temp = temp + 1;

6. goto loc;

7. }

8. switch(temp)

9. {

10. case 0: break;

11. case 1: break;

12. case 2: break;

13. case 3: break;

14. case 4: break;

15. }

16. temp--;

17. loc: return temp;

18. }

19. int main() {

20. func(5);

21. int (*temp)(int) = &func;

22. temp(5);

23. }

1. func(int):

2. ….

3. cmp DWORD PTR [rbp-20], 0

4. jle .L2

5. add DWORD PTR [rbp-4], 1

6. jmp .L3

7. .L2:

8. cmp DWORD PTR [rbp-4], 4

9. ja .L4

10. mov eax, DWORD PTR [rbp-4]

11. mov rax, QWORD PTR .L6[0+rax*8]

12. jmp rax

13. ….

14. ret

15. main: ….

16. call func(int)

17. mov QWORD PTR [rbp-8], OFFSET 

FLAT:func(int)

18. mov rax, QWORD PTR [rbp-8]

19. mov edi, 5

20. call rax

21. ret

Conditional

Direct Jump

Indirect 

Jump

Return

Direct Call

Indirect Call

(a) C++ Code (b) Assembly Code



BTB/L1I Capacity/latency Problem
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An Example
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High MPKI in front-end structures due to increase in codebase.



Ideal front-end: Google Web search
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Ideal front-end does not provide significant performance improvement on 
top of ideal BTB (it has ideal ITLB too).

Ideal BTB :- All misses converted 
to hits.

Ideal L1I :- Misses converted to 
hits.



Decoupled Front-end
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PAUSE



Front-end to Back-end
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Virtual Memory
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App. 1

Virtual address space

App. 2

Virtual address space

Printf (“%d”, &a); Printf (“%d”, &a); 

100 100



Page Table 
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Multi-level One (four to five-level Walk)
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Can We Cache Translations too? Why Not

14

VP       PP
X Y
A B

Translation Look-aside Buffers (TLBs)



TLB in your text-book Processor Pipeline
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TLBs and Page-table Walkers (PTWs) 
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TLBs and Page-table Walkers (PTWs) 
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Virtual and Physical Caches
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PAUSE



Ideal Back-end (L1D hit rate of 100%)
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L1
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L1 hit rate of 100% (a dream ☺)  

RIP Memory wall ☺

60% performance gap 



High Performance Cache Hierarchy
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60% performance gap

Better cache content management techniques



High Performance TLB Hierarchy ☺
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Better TLB content management techniques

50% away from the ideal TLB ☺

Extremely important for memory-intensive 
irregular application domains



Domain Specific Memory Hierarchies 
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Graph processing bottlenecks

ML/CV application bottlenecks



Microarchitecture for Many-core Systems
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Bottlenecks: Two Fundamental principles
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LATENCY BANDWIDTH MAY BE CAPACITY? 



Fairness and QOS? 
Think about Cloud 
providers 



What about Power/Energy
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Power Gating
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More requests in the memory hierarchy can 
lead to higher static energy consumption.
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summary 
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Thanks
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