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/* Compute i,k of fixed matrix product */

int fix_prod_ele (fix_matrix A, fix_matrix B, long i, long k) {

long j;
int result = 0;

for (j = 0; j < N; j++)

result += A[i] [j] * B[j][k];

return result;

/* Compute i,k of fixed matrix product */

int fix_prod_ele_opt(fix_matrix

int *Aptr = &A[i][0]; /*
int *Bptr = &B[0] [k]; /*
int *Bend = &B[N] [k]; /*
int result = O;
do {
result += *Aptr * *Bptr;
Aptr ++;
Bptr += N;

} while (Bptr != Bend);
return result;

A, fix_matrix B, long i, long k) {

Points to elements in row i of A

#define N 16
typedef int fix_matrix[N] [N];

JFIR Y

*/

Points to elements in column k of B */

Marks stopping point for Bptr

/*
/*
/*
/*
/*

No need for initial test
Add next product to sum
Move Aptr to next column
Move Bptr to next row

Test for stopping point

*/
*/
*/
*/

*/
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#define N 16
typedef int fix_matrix[N] [N];

/* Get element A[i][j] */
int fix ele(fix matrix A, size t i, size t j) {
return A[i][]];

}

# A in %rdi, i in %rsi, j in %rdx

salqg $6, %rsi # 64*i

addg $rsi, %rdi # A + 64*i

movl (%$rdi,%rdx,4), %eax # Mem[A + 64*i + 4*7]
ret
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int var_ele(long n, int A[n][n], long i, long j) A
return A[i] [j];

}

int var_ele(long n, int A[n][n], long i, long j)

n in Zrdi, A in Zrsi, 1 in Zydx, j in Arcx

1 var_ele:

2 imulq srdx. %rdi Compute n - i

3 leaq (%rsi,%rdi,4), %rax Compute xp +4(n- i

4 movl (Araz , hrex 4) , Leax Read from M[xy +4(n- i)+ 4j]
5 ret
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Structure

Saving Space: &A/EE

struct S4 { struct S5 {
char c; int 1i;
int i; char c;
char d4d; char d;

} *p; } *p;




Union
Union i % 51 #EANAR S EE G5 42500, mT 4 bk 240 W oK g / 70> g

Big Endian Little Endian
£0 £1 £2 £3 £4 £5 £6 £7 f0 fl f2 £f3 f4 f5 f6 £7
c[0] [el1l] |cl2] | c[3] | c[4] | c[5] |c[6] |cl7] c[0] | e[1] [cl2] |ec[3] |c[4] | c[5] |c[6] |c[7]
s[0] s[1] s[2] s[3] s[0] s[1] s[2] s[3]
i[0] if[1] i[0] if[1]
1[0] 1[0]
MSB LSB MSB LSB LSB MSB LSB MSB
Print Print
Output:
Characters 0-7 == [0xf0,0xfl,0xf2,0x£f3,0xf4,0x£5,0xf6,0x£7]
Shorts 0-3 == [0xfl£f0,0xf3£2,0xf5£4,0xf7£6]
Ints 0-1 == [Ox£3f2f1f0,0xf7£6£5£4]
Long 0 == [0x£3f2f1£0]
Output on Sun:

Characters 0-7 [0xf0,0xfl,0xf2,0xf3,0xf4,0x£f5,0x£6,0xE7]

Shorts 0-3 == [OxfO0fl,0xf2f3,0xf4f5,0xf6£7]
Ints 0-1 == [OxfOfl1f2f3,0xfAf5£f6£7]
Long 0 == [0xf0fl1£2£f3]



255 127 0
%ymmo | Yxmmo H 1st FP arg./Retum value
‘Zymmi | Shxmm1 H 2nd FP argument
[ ] [ ]
Floatin g Point - = —
‘h’m | Yexmm3 “ 4th FP argument
"»{ymmé | Yxmma H 5th FP argument
%xmmO 1z
A)X O L. IEI 15 Jymmb |7.xmm5 “ 6th FP argument
%ymmé | Yxmmé H 7th FP argument
ML
%xmm0~7 8%
0 _& Yymm7 ‘ Yoxmm7 ” 8th FP argument
N Yymme | %xmm8 H Caller saved
%xmmO0~15 T 13 Hcall d
N
OX (@ Ca e r Save Yiymm9 | Yoxmm8 H Caller saved
“.{ymmlo | Yxmm10 H Caller saved
".{ymmil ‘ %xmm11 H Caller saved
\i‘ ﬁlz / \ T ﬁﬁ EI] ﬂ ".{ymml? |','.xmm12 H Caller saved
H !:F ’ Cal d
%ymm13 Y%ymm13 aller save
/ A » N2 » ‘ | H
IEFERA RN ET
AN ‘K}'mml-‘-l | Jixmm14 H Caller saved
",&ymmls | Yoxmm16 H Caller saved

float fadd(float x, float y) double dadd(double x, double y)
{ {

return x + y; return x + y;

# x in %$xmm0, y in %$xmml # x in %$xmm0, y in %$xmml
addss $xmml, %$xmmO addsd $xmml, %$xmmO
ret ret




Additional Exercise : Pointers & Dereference

sizeof (A)| Whatis A?

]
int * (A[3]
int (*A) [3
int (*A[3]
int (*A[3]

int (*A[3]) [5];

Hint:
Operator Read as Priority
type A (parameters) Function with parameters |0
and return type type
type [N] Array of N type 1
* Pointer to 2




Additional Exercise : Pointers & Dereference

sizeof (A)| Whatis A?
int *A[3]; 24 Array of 3 int*
int *(A[3]); 24 Array of 3 int*
int (*A)[3]; 8 Pointer to array of 3 int
int (*A[3]); 24 Array of 3 int*
int (*A[3]) (); |24 Array of 3 pointers to a function with no parameter
and return type int
int (*A[3])[5]; |24 Array of size 3 pointers to array of size 5 of int
Hint:
Operator Read as Priority
type A(parameters) Function with parameters |0
and return type type
type [N] Array of N type 1
* Pointer to 2
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long Uframe(iong n, long idx, long *q)

n in jrdi, idx in jrsi, q in jrdx

Unly portions of code shown

virame:
pushqg  %rbp
movq %rsp, %hrbp
subq $16, %rsp
leaq 22(,%rdi,8), %rax
andq  $-16, %rax
subq %rax, %rsp
leaq 7(hrsp), %hrax
shrq $3, %rax
leaq 0(,%rax,8), %r8
movq %r8, %hrex

Code for initialization loop

i in Jrax and on stack, n in Zrdi, p in Jrcx, g in Jrdx

.L3:
movq
addq
movq

L2:
movq
cmpq
jl

%rdx, (%rcx,%rax,8)
$1, Yrax
%rax, -8(%rbp)

loop:

long vframe(long n, long idx, long *q) {

long 1i;
10né *p [n] ;
pl0] = &i;
for (i = 1; i < n; i++)
pli]l = q;
Save old Zrbp return *P[idx];

Set frame pointer }

Allocate space for 1 (4rsp = 5/

Allocate space for array p (Arsp = sy)

Set %8 to &pl0] %rbpfE g miFa et HI1EH -

Set Jrex to aplo] (irex = p) | STEEENBRAEHIPATIIAE S, %rbplh
A FE M PR BUR T (2 IR [A] ikt A
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Set pli] to g %rbp I 5K 5] el

Increment i 0|eave?‘§é\%¥ﬁﬂl§%4\7ﬁ£¢ﬁ

Store on stack

-8(%rbp), %rax
%rdi, Y%rax
L3

movq
POPq

xfbp, KISP Set stack pointer to beginning of frame
zrbp Restore saved 4rbp and set stack ptr

Code for funcii

leave

to end of caller's frame

Restore Zrbp and Jrsp

21 ret Return _
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Kernel

Memory Layout e
00007FFFFFFFFFFF
Shared
(=27-1) Libraries
" StaCk O0007FFFF0000000 Stack N\
® Runtime stack (8MB limit) ac
" E.g., local variables l > 8MB
m Heap )

" Dynamically allocated as needed

" When call malloc(), calloc(), new()
m Data

= Statically allocated data

" E.g., global vars, static vars, string constants

m Text / Shared Libraries ¢
® Executable machine instructions Heap
= Read-only Data

Text
Hex Address 400000
000000




Any Questions?




