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2 Kun Lu, EDA, TUM 

 Background and motivation 

 Related work 

 Our apporach 

o Based on memory allocation principles 

o Reconstruct memory accesses for cache simulation 

❏ Experimental results 
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target system 

in vivo 

  HDL, e.g., SystemC 

 early development, integration, verification 

Background – Use VPs for SW development 

Virtual Prototype 

in vitro 

CPU MEM CAM 

DEV ICU 

a model of 

simulated by 

SW 

source: mashable.com, Nvidia 



ISS = 

instr. set 

simulator 
11011101...  
10110101... 

... 

instr. of target CPU 

by ISS 1 by host compilation 2 

 directly host compiled 

cpu imem 
VP 
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Background – SW simulation with VP 

app(){ 
   ... 
   a++; 
   ... 

SW 

sim. host 

host binary 

get instr 

decode 

exec 
//timing info  
cycle += n 

host binary 

ISS imem 
VP 

1 

1 

1000 

1 
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source code cross compile 

... 

0x78c  lw t5, t3 

0x790  move t1, t7 

... 

0x808  beq t3, a1,78c 

... 

target binary code 

annotated source code 

• CFG matching 

• Annotation 

debug info ... 
for(;i<32;){ 
  tmp=a[k*j+i] 
  ... 
} 
... 

... 
 for(;i<32;){ 
  tmp=a[k*j+i] 
  ...  
 
 
 
 
  
   
... 

  /*annotation for bb4*/ 

  cyc+=52; 

  iCache(0x78c); ... 

  dCacheRd(...); 

  ... 

statically known 

Background - Host-compiled SW simulation 
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source code cross compile 

... 

0x78c  lw t5, t3 
0x790  move t1, t7 

... 

0x808  beq t3, a1,78c 

... 

target binary code 

annotated source code 

• CFG matching 

• Annotation 

debug info ... 
for(;i<32;){ 
  tmp=a[k*j+i] 
  ... 
} 
... 

... 
 for(;i<32;){ 
  tmp=a[k*j+i] 
  ...  
 
 
 
 
  
   
... 

  /*annotation for bb4*/ 

  cyc+=52; 

  iCache(0x78c); ... 

  dCacheRead(addr=???); 

  ... 

statically unknown 

Problem: data memory Rd/Wr addresses unknown! 

Background - Host-compiled SW simulation 



Related work 

 Some get around the problem - no data cache simulation 

 Random cache miss for each memory access [Hwang, DATE'08, 

Lin, ASP-DAC'10]  

 Consider only the global/static data [Pedram, IESS'09] 

 Use host-machine address emulation [Kempf, DATE'06, Posadas, 

ASP-DAC'10] 

– Not all memory accesses can be emulated (e.g. those related to 

register spilling) 

– different data locality in host-machine and the target machine => 

inaccurate data cache simulation 

 Worst-case address range [Stattelmann, DATE'12] 
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Problem still UNSOLVED 
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Our solution: 

Exploit the Memory Allocation Mechanism 

- Hit the nail on the head 
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Stack 

Data 
(static/global 

data) 

Heap 

sp (stack pointer) 

function return 

function call 

Basic memory allocation principles 

sp (stack pointer) 

function call 

sp (stack pointer) 
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Stack 

Data 
(static/global 

data) 

Heap 
malloc(100) 

malloc(200) 

Basic memory allocation principles 
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Stack 

Data 
(static/global 

data) 

Heap 

Allocated at compile time => fix address 

Basic memory allocation principles 
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Memory access addresses reconstruction 

- handle each case 



 When life is simple – the address is sp-explicit 
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foo(...){ 

    ... 

} 

<foo>: 

  ... 

  0x150 sw s2 76(sp) 

  0x154 sw s1 72(sp) 

  ... 

  0x300 lw s2 76(sp) 

  0x304 lw s1 72(sp) 

source code binary code 

0x150  WRITE   ADDR=sp+76 

0x154  WRITE   ADDR=sp+72 

... 

 

Extracted addresses 

Handel stack variables – 1/3 

cross  

compile 

// annotated source code 

 

foo(){ 

   dcWrite(sp+76); 

   dcWrite(sp+72); 

   ... 

   dcRead(sp+76); 

   dcRead(sp+72); 

}  

Stack Heap Data 
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1:   foo(...){ 

2:     int   a[40], b[20]; 

        ... 

20:    b[i] = x; 

         ... 

foo: 

  ... 

  0x3a0 sw v0 v1  

  ... 

source code binary code 

0x3a0  WRITE   

ADDR=sp+160+4*i 

Extracted addresses 

Handel stack variables – 2/3 

  <foo> 

     a: sp 

     b: sp+160  

     ... 

Local frames 

base address 

for b[20] 

 

offset address of b[i] 
 

Stack Heap Data 



 "sp" simulation 
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<foo>: 

  0x14c addiu sp sp -80 

  0x150 sw s2 76(sp) 

  ... 

  0x304 lw s1 72(sp)    

  0x308 addiu sp sp 80    

  0x30c jr  //return 

 

binary code 

foo(...){ 
    sp -= 80;     
    ... 
    bar() 
    ... 
    sp+=80; 
} 
 
bar(){ 
    sp -= 100;  
    ...      
    sp += 100;     
} 

annotated source code 

Handel stack variables – 3/3 

80: the stack size of foo 
 

Stack Heap Data 
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Handel heap variables 

 

A(){ 

    ... 

    ptr =  malloc(100); 

    for(){ 

       ptr[i] = ...; 

    } 

} 

   

#define malloc OS_Malloc 

 

A(){ 

    ... 

    ptr =  malloc(100); 

    for(){ 

       ptr[i] = ...; 

       dcWrite(ptr); 

       ... 

    } 

}  

annotated source code source code 

OS_Malloc(){ 

   ... 

} 

 

OS_Free(){}   

OSHeap.c 

Directly used as 

the address, since 

heap allocation is 

simulated 

Stack Heap Data 
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1:    int arr[100]  = ... 
2: 
3:    foo(...){ 
         ... 

20:    a = arr[i]; 

         ... 

foo: 

  ... 

  0x500 lw v0 v1  

  ... 

source code binary code 

  <symbol table> 

  ...   

  arr: 0x3100 

  ... 

ELF file 

0x500  READ   ADDR=0x3100+4*i 

Extracted addresses 

Handel static/global variables 

// annotated source code 

 

 int arr[100]  = ... 

 

 foo(...){ 

      ... 

      a = arr[i];    

      dcRead(0300+4*i) 

      ... 

Stack Heap Data 
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Handel pointers – 1/2 

int bufA[...]  = ... 

 

A(int* buf){ 

    x=buf[i]; 

    ... 

} 

         

B(){ 

    int bufB[...] = ...; 

    ... 

    A(bufA); 

    A(bufB);     

} 

B calls A with  

any pointer  

as it needs 

source code 

int bufA[...]  = ... 
 
A(int* buf,  int bufAddr){ 
    x=buf[i]; 
    dcRead(bufAddr + 4*i); 
    ... 
} 
         
B(){ 
    int bufB[...] = ...; 
  
    A(bufA,   0x3100); 
    A(bufB,   sp+400);     
} 

annotated source code 

A() takes a 

pointer 

argument 

A()'s signature 

is augmented 

B() provides 

the actual 

value, i.e., 

address 

 Pointers used as function arguments 
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Handel pointers – 2/2 

source code 

 Pointer arithmetic 

char A[100]; 

char B[100]; 

 

A(){ 

    if(...) {ptr=A;} 

    else {ptr=B;} 

 

    for(...){ 

       x=ptr[0]; 

       ptr++;   

       ... 

    } 

} 

annotated source code 

char A[100]; 

char B[100]; 

 

A(){ 

    if(...) {ptr=A;  ptr_addr=A_addr;  } 

    else  {ptr=B;  ptr_addr=B_addr;  } 

 

    for(...){ 

       x=ptr[0]; 

       dcRead(ptr_addr); 

       ptr++; ptr_addr+=1;   

       ... 

    } 

} 

Use ptr_addr to trace 

the pointer address 

Update the ptr_addr 

according to the 

pointer arithmetic 



An example of the instrumented source code 
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TLM 

transaction 



Experimental results – benchmark simulaiton 
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Experimental results – vcd traces of cache misses 
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isort – ISS simulation 

isort – Host-compiled simulation 



Experimental results – vcd traces of cache misses 
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Rgb2Yuv – ISS simulation 

Rgb2Yuv – Host-compiled simulation 



Experimental results – vcd traces of cache misses 
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JpegDCT – ISS simulation 

JpegDCT – Host-compiled simulation 



Experimental results – vcd traces of cache misses 
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EdgeDetect – ISS simulation 

EdgeDetect – Host-compiled simulation 



Conclusion 

 For compiled SW simulation: memory addresses 

extracted by exploiting memory allocation mechanism 

– data cache simulation made possible 

– enables TLM simulation 

– ensure overall cycle accuracy 
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Thank you! 
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