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Coherency 
network s = new stackRecord; 

s->u = root; 
s->n = 0; 
while s!=0 do 
    t = s; 
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Tailor made memory system 



Executive summary 

Static program analysis 
• for pointer-based programs 
• Identify private memory regions: 

– Synthesize “private” caches 
– Independent, cheap, fast 

• Identify shared memory regions: 
– Synthesize “coherent” caches 
– Complex, expensive, slow(er) 

Automated synthesis tool 
• Application specific caching scheme 
• Parallelization 
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Input source code (pointers, 
heap manipulation) 

Static analysis and code 
transformation 

HLS tool 
(Vivado HLS) 

Cache/ platform 
compiler (LEAP) 

Bluespec compiler 
(+BVI Verilog wrapper) 

RTL implementation 

FPGA board 

• 8x speed-up from 
parallel caches (average) 

• 49% area-time savings 
from application 
specificity (average) 
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Remainder of this talk 

1. Find private heap regions 
2. Find shared heap regions 
3. Legal parallelization in the 

presence of shared heap 
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    … do something 
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    end if 
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end while 

• Private regions are 
independent 

• Statements access different 
memory locations 

• What is the problem with 
pointers? 

• Pointers change at runtime 
• Syntax analysis doesn’t work 
• Our analysis “symbolically 

executes” the program 
  

Independent? 
1st loop iteration 
- NO 
2nd loop iteration 
- YES 
All other iterations 
- YES 
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Remainder of this talk 

1. Find private heap regions 
2. Find shared heap regions 
3. Legal parallelization in the 

presence of shared heap 
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• Idea: Offload verification to SMT solver 
 
 
 

 
 
 
 
 
 

• Not satisfiable: Prove legality of parallelization 

w1 = wprev + x(IT 4) + y(IT 7) 

w2 = wprev + y(IT 7) + x(IT 4) 
w1 = w2 
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Parallelized HLS implementation
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P BRAM Clock Latency 
Merger 
Baseline (no par., no caches) 1 42 10.0 ns 1258 ms 
Parallelization (no caches) 4 62 10.0 ns 539 ms 
Parallelization (with caches) 4 72 10.0 ns 115 ms 
Tree deletion 
Baseline (no par., no caches) 1 52 10.0 ns 6575 us 
Parallelization (no caches) 4 91 10.0 ns 2208 us 
Parallelization (with caches) 4 202 10.5 ns 711 us 
K-means clustering 
Baseline (no par., no caches) 1 69 10.0 ns 136 ms 
Parallelization (no caches) 4 125 10.0 ns 62 ms 
Parallelization (with caches) 4 272 11.1 ns 42 ms 
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x9 
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    stack_record_type *r = new stack_record_type; 
    r->u = root; 
    r->d = true; 
    r->c = centre_list_idx; 
    r->k = k; 
    r->next = stackPointer; 
    stackPointer = r; 
 
    while (stackPointer != NULL) {         
        // fetch head of stack 
        tree_node_type *u; 
        centre_set_type *c; 
        bool d; 
        uint tmp_k; 
        stack_record_type *n; 
        //stackPointer = pop_node(&u, &d, &c, &tmp_k, 
stackPointer); 
        d = stackPointer->d; 
        c = stackPointer->c; 
        u = stackPointer->u; 
        tmp_k = stackPointer->k; 
        n = stackPointer->next; 
        delete stackPointer; 
        stackPointer = n; 
         
        uint c_set[K]; 
        for (uint i=0; i<tmp_k; i++) { 
            uint tmp_idx;  
            tmp_idx = c->idx[i]; 
            c_set[i] = tmp_idx; 
        } 
 
        tree_node_type tmp_u; 
 
        delete u; 
        data_type_ext comp_point; 
        if ( (t l ft  NULL) && (t i ht  
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• Not synthesizable 
• Not parallelizable 
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 new_pointerType_1 r = 
malloc<new_pointerType_1>(freelist_1_0,&nextFreeLocatio
n_1_0); 
  orig_pointerType_1 r_ptr; 
  r_ptr = make_pointer<orig_pointerType_1>(heap_1_0,r); 
  r_ptr -> stack_record_t::u = root; 
  r_ptr = make_pointer<orig_pointerType_1>(heap_1_0,r); 
  r_ptr -> stack_record_t::d = true; 
  r_ptr = make_pointer<orig_pointerType_1>(heap_1_0,r); 
  r_ptr -> stack_record_t::c = centre_list_idx; 
  r_ptr = make_pointer<orig_pointerType_1>(heap_1_0,r); 
  r_ptr -> stack_record_t::k = k; 
  r_ptr = make_pointer<orig_pointerType_1>(heap_1_0,r); 
  r_ptr -> stack_record_t::next = stackPointer; 
  stackPointer = r; 
  if (stackPointer != 0) { 
    stackPointer_ptr = 
make_pointer<orig_pointerType_1>(heap_1_0,stackPointer
); 
    bool d__0 = (stackPointer_ptr -> stack_record_t::d); 
    stackPointer_ptr = 
make_pointer<orig_pointerType_1>(heap_1_0,stackPointer
); 
    new_pointerType_0 c__0 = (stackPointer_ptr -> 
stack_record_t::c); 
    orig_pointerType_0 c__0_ptr; 
// fetch head of stack 
    stackPointer_ptr = 
make_pointer<orig_pointerType_1>(heap_1_0,stackPointer
); 
    new_pointerType_2 u__0 = (stackPointer_ptr -> 
stack_record_t::u); 
    orig_pointerType_2 u__0_ptr; 
    stackPointer_ptr = 
make_pointer<orig_pointerType_1>(heap_1_0,stackPointer
); 
    int tmp k 0  (stackPointer ptr > stack record t k)  
      

 
         

 
      
     

MATCHUP 
 

• Not synthesizable 
• Not parallelizable 

 

 
• Synthesizable 
• Parallelizable 
• Tailor made 

memory 
hierarchy 
 



Conclusion 

• Automated analysis of heap-manipulating 
programs 
– Partition heap into private and shared regions 
– Preserve semantics with parallel access to shared 

regions 

• Future work 
– Intelligent cache sizing 
– Detecting burst opportunities 
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Thank you for listening. 
 

f.winterstein12@imperial.ac.uk 
http://cas.ee.ic.ac.uk/people/fw1811/ 
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