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] Background and motivation
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o Based on memory allocation principles
o Reconstruct memory accesses for cache simulation
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Background — Use VPs for SW development

SW
IN VIVO IN Vitro
simulated by

target system Virtual Prototype

(oo (wew] (o

(i | [oev )

source: mashable.com, Nvidia

"= HDL, e.g., SystemC
v" early development, integration, verification

Kun Lu, EDA, TUM 3



Background — SW simulation with VP

by ISS a sSW

e by host compilation

ISS = instr. of target CPU app(){

Instr. set
11011101... .

simulator 10110101.. (3 | &

1

FI

/timing infe

host binary

host binary
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Background - Host-compiled SW simulation

source code cross compile target binary code
—
debugJ]info
for(;i<32;) 0x78c Iw t5, t3
tmp=alkkj+i] 70x790 move t1, t7

- = * CFG matching

. 0x808 beqt3, al,78c
* Annotation

< _=

annotated source code

For(:i<32:)
tmp=alkx;j+i]

[*annotation for pb4*/
cyc+=52; > statically known
iCache(0x78c); ... [

dCacheRd(...);

—
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Background - Host-compiled SW simulation

source code cross compile target binary code
e
debug|info
for(;i<32;1 0x78c lw t5, t3
tmp=alk*j+i] 0x790 move t1, t7
« CFG matching
} .
> - Annotation = ??(808 beq 3, al,78¢

Problem: data memory Rd/Wr addresses unknown!

For(:i<a2)
tmp=alkx;j+i]

[*annotation for bb4*/
cyc+=52;
iCache(0x78c); ...
dCacheRead(addr=???);:::> statically unknown
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Related work

1 Some get around the problem - no data cache simulation
1 Random cache miss for each memory access [Hwang, DATE'0S,
Lin, ASP-DAC'10]
O Consider only the global/static data [Pedram, IESS'09]
O 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

O Worst-case address range [Stattelmann, DATE'12]

Problem still UNSOLVED
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Our solution:
Exploit the Memory Allocation Mechanism

- Hit the nail on the head
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Basic memory allocation principles

<4— sp (stack pointer)
"V function call

<4— sp (stack pointer)
A4 function call

Stack

ﬁ function return
<4— sp (stack pointer)
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Heap

Basic memory allocation principles

malloc(100)

malloc(200)
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Basic memory allocation principles

Allocated at compile time => fix address
Data

(static/global
data)
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Memory access addresses reconstruction

- handle each case

Heap Data

- Stay
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Stack

O When life is simple — the address is sp-explicit

Sl el /I annotated source code code
foo(){
foo(...){ dcWrite(sp+76); s2/76(sp)
dcWrite(sp+72); s172(sp)
}
dcRead(sp+76); $276(sp)
dcRead(sp+72); s172(sp)
}

Extracted addresses

0x150 WRITElADDR=Sp+76 |
0x154 WRITE =sp+
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Stack

source code

1. foo(...){
2. int a[40], b[20];

20: b[i] = x;

binary code

foo:

0x3a0 sw v0 v1

~

Extracted addresses

S

Local frames

<foo>
a: sp
b: sp+160

base addre
for b[20]

@set address of b[i]}

SS

)

0x3a0 WRITE
ADDR=sp+160+4*i

I
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Stack
O "sp" simulation

binary code

annotated source code

<foo>:

0x150 sw s2 76(sp)

0x304 Iw s1 72(sp)

0x30c jr //return

0x14c addiu sp sp -80 «

0x308 addiu sp sp 80 <7

(80: the stack size of fo

~N

O/ foo(...)
- sp-=380;
bar()
> sp+=80;
T
/ )
sp -= 100;
sp += 100:

4

}
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source code

Heap

annotated source code

A(X

ptr = malloc(100);
for(){

ptr[i] = ...;
}

}

#define malloc OS_Malloc

AN

otr = malloc(100):
for(){
ptr[i] = ...;

OSHeap.c

OS_Malloc(){

:
OS_Free(){}

/

| dcWrite(ptr);

}
}

Directly used as
the address, since
heap allocation is

simulated
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source code

1
2:
3:

intarr[100] = ...

foo(..\

Data

hinarv code

/I annotated source code
intarr[100] = ...
foo(...

a = arrfi;
dcRead(0300+4%i)

Extracted addres

ELF file

<symbol table>

arr: 0x3100

b

B
0x500 READ ADDR=0x3100+4%

Kun Lu, EDA, TUM
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Handel pointers — 1/2

O Pointers used as function arguments

source code

annotated source code

A%é?nkti? a A()'s signature
argument int bufA[...] = ... int bufA[...] = ... is augmented
A(int* buf){ A(int* buf, int bufAddr){
x=buf[i] x=buf[l]
dcRead(bufAddr + 4%i);
} :|/I\ -

B calls A with B(X B(){ B() provides
any pointer int bufB[...] = ...; int bufB[..] = ... the actual
as it needs value, i.e.,

A(butA); A(bufA, 0x3100); address
A(bufB); A(bufB, sp+400);
} h
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Handel pointers — 2/2

1 Pointer arithmetic

source code

char A[100];
char B[100];

A(X
if(...) {ptr=A;}
else {ptr=B;}

for(... j‘>

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; I

Use ptr_addr to trace
the pointer address

Update the ptr_addr
according to the
pointer arithmetic

Kun Lu, EDA, TUM
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An example of the instrumented source code

foo(char *buf, int buf addr){ /linstruction cache (ic)
sp —= 128; Y ic_read(addr, numAccess){
PP i.[.{miss){
i”;(lﬁ}]\--- wait(cyc-cyc old); cyc old=cyc;
utjif=... imem_read(...);
ic_read(0x9b, 4);
cye +=4;
ic_read(0x9c, 4); /ldata cache (dc)
cye += 5; _»| dc_write(addr){
de_write(buf_addr+i); « Fmiss)!
: : —n. if(miss){
} SRR R e wait(cyc-cyc old); cyc old=cyc;
if(dirty) dmem_write(...); TLM
} sp +=128; dmem_read(...); :$ transaction
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Experimental results — benchmark simulaiton

Neycies i-cache: Ngccess/Nmiss d-cache: N, cqd/Nwrite/Nmiss
SW ISS | SLS | error(%) ISS [ SLS ISS | SLS
fir 233939 233448 -0.2 189980/13 | 189731/13 30254 / 1903 / 424 30254 / 1902 / 427
iir 98590 98481 -0.1 76229/13 76226/13 15257 /1 5256 / 71 15257 / 5256 / 69
jpegdct 97418 97475 0.06 66877/45 66895/45 16261 / 11256 / 99 16261 / 11203 / 100
isort 89910 89996 0.1 73139/6 73177/6 8146 / 7953 / 26 8152 /7953 / 27
r2y_malloc 134159 132919 -0.92 114772/19 | 114772/18 2057 / 2063 / 517 2057 / 2061 / 518
aes 12896 12867 0.22 7551/71 7564/70 1665 / 1160 / 49 1676 / 1159 / 51
edgeDetect 1050008 | 1050527 0.05 879263/16 | 880443/15 || 155019 / 8397 / 281 155081 / 8396 / 279
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Experimental results — vcd traces of cache misses

iIsort — ISS simulation

3 10 20 300 400
Time | q = il eiusl a1 %us el a1l Iusl
\cpul.isort c=| |
\CPU1_IC.BusUse=| ||
\CPU1_DC.BusUse= ||| I [ [ 1l | 11 [ [
isort — Host-compiled simulation
3 10 20 300 400
Time =el—l ¢l eius | e ) e egusl | T %usl Belel—la—l %usl
\CPU_1.isort=| ||
\CPU1_IC.BusUse= |
\CPU1_DC.BusUse= |I|| I 1 1 1. I [l | I | [
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Experimental results — vcd traces of cache misses

Rgb2Yuv — ISS simulation

. 60]|us 70 |us 80 |us 90 s 100 Jus
Time . S S S (S N O O
+ cpul.r2zy= |
+ cpul.0S_Malloc =I |
\cpul_1c.BusUse = [ITILTITUTITUTIT
\CPU1_DC.BusUse = N T M1 N 11 [L1] M1 M1 M1 M1
Rgb2Yuv — Host-compiled simulation
3 60| us 70]|us 80|us 90 |us 100| us
Time o o ) v P P e e P i o e Pl P P e o P e e ) P vl ) P P o]t ) ]
+ cpul.r2y = |
+ cpul.0S_Malloc = |
\CPUl1_IC.BusUse = ||| ||| ||] |||||| ||||||
\CPU1_DC.BusUse = 1) | | | L1 1H| (L1 L 1H| L L1 [L]]
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Experimental results — vcd traces of cache misses

Time

\CPU_1. jdct =
\CPU1_IC.BusUse =
\CPU1_DC.BusUse =

Time

+ CPUL.jdct =
\CPU1_IC.BusUse =
\CPU1_DC.BusUse =

JpegDCT - ISS simulation

106 us
|

I

LI

|

JpegDCT — Host-compiled simulation

109 us
|

]

|
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Experimental results — vcd traces of cache misses

EdgeDetect — ISS simulation

: 106 us 200 us 300| us 400 us 500|us 600|us
Time TT T T T T T T T T T T T T T T T T T T T T T T I T T T i T T T T T i T T T T T I T T T i T T T T T T T i T i T T TTT]

\cpul.edgeDetect= |
\cPU1l_1IC.BusUse=[L1ll |

\cpul_pc.Bususe=  [llll | I[] 1 | [l |

EdgeDetect — Host-compiled simulation

: 10d us 20d us 306 us 406 us 500| us 600] us
Time = Bl B A B A B R B R B i M B S A A B B A B A B R B R e AR A E A R E N E EN S FEE AR
\CPU_1.edgeDetect =| |

\CPU1_IC.BusUse=| L]l |

vcpul_pc.Bususe={ Il | Il Il Il I
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Conclusion

1 For compiled SW simulation: memory addresses
extracted by exploiting memory allocation mechanism
— data cache simulation made possible
— enables TLM simulation
— ensure overall cycle accuracy

Thank you!
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