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 Loop nest in CGIR 

SSP 

Intermediate Kernel 

Register allocation 

Register- allocated kernel  

Final code 

Intermediate representation 
of the loop nest. Fig.4b 

Map TN to architectural 
registers. (See Section 5.6) 

Kernel with TNs substituted 
by architectural registers. 
Fig.4e 

Based on the kernel, identify 
two patterns. Assign registers 
for each pattern with correct 
predication, loop and drain 
control. Fig.9~20 

Note: this big box only includes the 
functions of our code generation 
algorithms. There is NO control 
flow relationship between the boxes. 

 

The equivalent parallel loop 
nest that is executable on the 
target processor. Fig.10 

Compile Flow Annotation 

 

Register assignment 

Generating prolog and epilog 

Generating outermost loop pattern 

Generating innermost loop pattern 

Code-size optimizations 

Predicated execution 

Loop and drain control 

SSP-CodeGen 

Software pipelining. 

Software pipelined kernel. 
Fig.4c 

(See Section 5.3) 
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L1: for(i1=0; i1<N1; i1++) {      
L2:    for(i2=0; i2<N2; i2++) {         
              a  

      b 
} 

     } 
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L1′ :  for(i1 =0; i1<N1; i1++) {   
             a(i1, 0) 
L2′ :      for(i2=1; i2<N2; i2++) {        
                 b(i1, i2-1)    a(i1, i2) 

     } 
     b(i1, N2-1)     

         } Û `eÜ�âyT(]IVXQST_ã(`�_I\m]IVIQS\,T'c®[�_I\»Ý3T�TwÞ.ßl\�R [

         a(0, 0) 
L1′ :  for(i1 =0; i1<N1; i1++) {   
L2′ :       for(i2=1; i2<N2; i2++) {         
                  b(i1, i2-1)    a(i1, i2) 

      } 
              b(i1, N2-1)      a(i1+1, 0) 
         } Û ];ÜEà8á([�\�bg]+\m].âyT(]+VXQST_ã(`�_I\m]IVIQi\lT'c®[�_X\�Ý3T�TIÞ?ßl\�R [
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        a(4, 2)   b(5, 1) 
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              b(5, 2)    

 

 
Cycle 

i1 
     0            1            2            3           4            5   …… 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

The two operations at the same cycle are 
from different outermost loop iterations 
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int U[N1][N2], V[N1][N2]; 

for(i1=0;i1<N1;i1++) 

     for(i2=0;i2<N2;i2++)  

          V[i1][i2] = U[i1][i2]; Û fGÜNP�b!à�áIf'YvÞIQS\?Ý�T�TIÞßl\�R [

L1: for (i1=0;  i1<N1; i1++) { 

 a: add TN1{1}=4*N2, TN1 

 b: add TN2{1}=4*N2, TN2 

L2:     for (i2=0;  i2<N2; i2++) { 

              c: ld4 TN3=[TN1],4 

              d: st4 [TN2]=TN3,4 

       } 

    } Û W�Ü�t�uzäwv

st4 [TN2]=TN3,4 ld4 TN3=[TN1],4 adds TN2{1}=4*N2, TN2 

 

adds TN1{1}=4*N2, TN1 

 

Sn=2 

S=4 Û `gÜhä�b�[�\ad�YL\m]+Z�f1[�\yxÒ\ad�bI\�Q

 

TN Register 

TN1 r35 

TN2 r45 

TN3 r40 

 Û ];ÜHv�\zA)ZSR [�\ad±P�QiQST�`mf|{
[�ZiT'b

(p19)st4 [r48]=r43,4 (p18)ld4 r42=[r37],4 (p17)adds r45=4*N2, r46 

 

(p16) adds r34=4*N2, r35 

 

Sn=2 

S=4 Û \eÜUv�\zA)ZSR [�\ad3{�f'QSQST�`mf1[�\m]�xÒ\ad�bX\�Q
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Cycle

i1

Prolog
a1: (p16) add r34=4*N2,r35

Outermost Loop Pattern
d1&2: (p19) st4 [r48]=r43,4
c1&2: (p18) ld4 r42=[r37],4
b1&2: (p17) add r45=4*N2,r46
a1&2: (p16) add r34=4*N2,r35

Innermost Loop Pattern
d1: (p18) st4 [r47]=r42,4
c1: (p17) ld4 r41=[r36],4
d2: (p17) st4 [r46]=r41,4
c2: (p18) ld4 r42=[r37],4 

Epilog
d1&2: (p19) st4 [r48]=r43,4
c1      : (p18) ld4 r42=[r37],4

Loop Body

Ineffective 
Operations

d(-2,2)

-2

b(5,1)c(4,2)
c(5,2)d(4,2)
d(5,2)

c(5,1)
d(5,0)
c(5,0)
b(5,0)
a(5,0)

5

a(6,0)

6

d(-1,2)
c(-1,2) 
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d(4,1)
c(4,1)
d(4,0)
c(4,0)d(3,2)
b(4,0)c(3,2)d(2,2)

d(3,1)c(2,2)
c(3,1)d(2,1)
d(3,0)c(2,1)
c(3,0)d(2,0)

a(4,0)b(3,0)c(2,0)d(1,2)
a(3,0)b(2,0)c(1,2)d(0,2)

d(1,1)c(0,2)
c(1,1)d(0,1)
d(1,0)c(0,1)
c(1,0)d(0,0)

a(2,0)b(1,0)c(0,0)
a(1,0)b(0,0)

a(0,0)
d(-2,2)

-2

b(5,1)c(4,2)
c(5,2)d(4,2)
d(5,2)

c(5,1)
d(5,0)
c(5,0)
b(5,0)
a(5,0)

5

a(6,0)

6

d(-1,2)
c(-1,2) 
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d(4,1)
c(4,1)
d(4,0)
c(4,0)d(3,2)
b(4,0)c(3,2)d(2,2)

d(3,1)c(2,2)
c(3,1)d(2,1)
d(3,0)c(2,1)
c(3,0)d(2,0)

a(4,0)b(3,0)c(2,0)d(1,2)
a(3,0)b(2,0)c(1,2)d(0,2)

d(1,1)c(0,2)
c(1,1)d(0,1)
d(1,0)c(0,1)
c(1,0)d(0,0)

a(2,0)b(1,0)c(0,0)
a(1,0)b(0,0)

a(0,0)
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 … … … 

  A0(1,0)   A1(0,0) 

     A0(0,0) 
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AS-1(i1-1,N2-1)    

… …   

AS-Sn+1(i1-1, N2-1) … AS-1(i1-Sn+1,N2-1)  

Innermost Loop Pattern 

Prolog 

Outermost Loop Pattern 

Epilog 

i1=0, i2=1 

i2++ 

if  i2<N2 
if  i1<N1 

else 

i1=i1+Sn , i2=1 
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                            …                …                     …                             … 

                                              AS-1(i1-1,N2-1)      AS-2(i1, 0)          …    A0(i1+S-2, 0)  
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