Lab Review and Questions

* S>> |&N?



Registers (X86_64)

* You get 16 registers

Type Form Operand value Name
Immediate $Imm Imm Immediate
Register r, R[r.] Register
Memory Imm M[Imm] Absolute
Memory (r,) M[R[x,]] Indirect
Memory Imm(xy) M[Imm + R[r}]] Base + displacement
Memory (ry,1;) MIR[xp] + R[xi]] Indexed
Memory Imm(xy,x;) M[Imm + R[] + R[r;]] Indexed
Memory (,rj,s) MI[R[x;] - 5] Scaled indexed
Memory Imm(,x;,s) M[mm + R[r;] - 5] Scaled indexed
Memory (ry.ri,5) M[R[r] + R[x;] - 5] Scaled indexed
Memory Imm(xy,x;,s) M[Imm + R[r;] + R[r;]-s]  Scaled indexed

Figure 3.3 Operand forms. Operands can denote immediate (constant) values, register

values, or values from memory. The scaling factor s must be either 1, 2, 4, or 8.

63 31 15 7 0
frax heax | Hax %hal Return value
%rbx hebx | hbx %bl Callee saved
drex %ecx |°,v:.cx el ]H 4th argument
frdx hedx | Hdx Hdl ]H 3rd argument
drsi hesi | sl ’W‘J 2nd argument
hrdi hedi %di hdil 1st argument
Jrbp hebp #bp Ibgl ‘ Callee saved
4rsp hesp isp Stack pointer
4r8 hréd hr8w %r8b H 5th argument
49 %r9d | hrow %rob 6th argument
4r10 Ari0d | ri0w Yri0b ]H Caller saved
sr11 Arild | drilw Caller saved
sr12 tri2a [4r1zv [ ar1z m Calle saved
%r13 %r13d Yri3w %r13b Callee saved
iri4 hriad hridw Yridb H Callee saved
4rls %ri5d hrisw Callee saved




ASM Floats

255 127 0
Yymm0 Yxmm0 || 1st FP arg./Retum value
‘:’.ymml fxmmil || 2nd FP argument
* Even more regs = oo
g ‘:’.ymmﬂ Yxmm3 || 4th FP argument
‘Kymm‘l Yxmmd || 5th FP argument
Instruction Source Destination Description s = | on e aramen
. " . ‘:’.ymmﬁ %xmné || 7th FP argument
vmovss M5, X Move single precision
. . R ‘l’.ymm? xmm? || 8th FP argument
vmovss X M3 Move single precision
B ‘ Hymm8 Yxmm8 Caller saved
vmovsd Mg, X Move double precision ‘y.ymg — | cater savea
vmovsd X Mg, Move double precision ‘y_mw B | cter s
vmovaps X X Move aligned, packed single precision ‘xmn P | caer e
vmovapd X X Move aligned. packed double precision ‘xmu P— Callorsaved
‘x;rmma l Yymmi3 Caller saved
‘:f.ymmlq hxmmld || Caller saved
‘:’.ymmls %xmml15 || Caller saved

Figure 3.45 Media registers. These registers are used to hold floating-point data.
Each YMM register holds 32 bytes. The low-order 16 bytes can be accessed as an XMM
register.



ASM Floats

e Conversions

Instruction Source Destination Description

vcvttss2si X/ M5, Ry Convert with truncation single precision to integer
vevttsd2si X/Mgy Ry Convert with truncation double precision to integer
vevttss2siq X/M3; Rgy Convert with truncation single precision to quad word integer
vcvttsd2siq X/ Mgy Rey Convert with truncation double precision to quad word integer

Figure 3.47 Two-operand floating-point conversion operations. These convert floating-point data to
integers. (X: XMM register (e.g., %xmm3); R3: 32-bit general-purpose register (e.g., %eax); Rgy: 64-bit
general-purpose register (e.g., %rax); Ms,: 32-bit memory range; Mq,: 64-bit memory range)



ASM Floats

e Conversions

[nstruction Source 1 Source 2 Destination Description

vcvtsil2ss M1,/ Ry X X Convert integer to single precision

vecvtsiZsd M+5/ R X X Convert integer to double precision
vcvtsi2ssq Mea/ Req X X Convert quad word integer to single precision
vcvtsi2sdg Mg/ Rey X X Convert quad word integer to double precision

Figure 3.48 Three-operand floating-point conversion operations. These instructions convert from the
data type of the first source to the data type of the destination. The second source value has no effect on the
low-order bytes of the result. (X: XMM register (e.g., %xmm3); M,: 32-bit memory range; M,,: 64-bit memory

range)



ASM Floats

e Cto ASM

double fcvt(int i, float *fp, double *dp,

{

float f = xfp; double d = *dp; long 1

*1p = (long) d
*fp = (float) 1i;
*dp = (double) 1;

return (double) f;

long *1p)

#1});

11
12

vmovss (%rsi), %xmmO

movq (%rcx), jrax

vevttsd2siq (hrdx), %r8

movq %r8, (frex)

vevtsi2ss %edi, %xmml, ¥xmml
vmovss Yxmml, (%rsi)

vevtsi2sdg %rax, %xmml, %xmml

vmovsd Yxmml, (%rdx)

The following two instructions convert f to dou
vunpcklps %xmmO, %xmmO, %xmmO
vevtps2pd YxmmO, %xmmO

ret




e Even more math

ASM Floats

Single Double Effect Description

vaddss  vaddsd D «— 5+ 5 Floating-point add
vsubss vsubsd D «— 5 -5 Floating-point subtract
vmulss vmulsd D «— 5 x§ Floating-point multiply
vdivss vdivsd D «— 5/§ Floating-point divide
vmaxss vmaxsd D <« max($,, §) Floating-point maximum
vminss vminsd D <« min($,, 5) Floating-point minimum
sqrtss sqrtsd D <« /§ Floating-point square root




ASM Floats

 Comparison and Control

Instruction Based on Description
ucomiss S, 5, §,—8; Compare single precision
ucomisd S, 5 S,—5; Compare double precision

Ordermng §,:5, CF ZF PF
Unordered | I I
Sg < S] 1 0 U
$=5 0 | 0
Sg = S] 0 0 ()



ASM Floats
e C to ASM Control

typedef enum {NEG, ZERO, POS, OTHER} range_t;

: 1 éind_range:
range_t find_range(float x)

2 vorps jxmml, %xmml, %xmml
{ 3 vucomiss %xmm0, %xmml
int result; 3 ja ke
g 5 vucomiss %xmml, %xmmO
if (x < 0) 6 jp L8
result = NEG; 7 movl  $1, %eax
else if (x == 0) : Iée L3
result = ZERO; 10 vucomiss .LCO(%rip), %xmmO
else if (x > 0) § setbe  %al
result = POS; 12 movzbl %al, Yeax
13 addl $2, Yeax
else 14 ret
result = OTHER; s .L5:
retiiEn TeEiit 16 movl $0, Y%eax
17 L3

+ 18 rep; ret




Processor Architecture

* Y86-64 is NOT real! ;-)

e Serialized
— Tutorial arch for class




Processor Architecture

* Virtualized state of the system

RF: Program registers

hrax hrsp hr8 hri2
hrex hrbp hr9 hri3
Yrdx Yrsi Yr10 Yri14
Y%rbx Yrdi %rii

CC:

- Stat: Program status

Condition g

codes
ZF | SF | OF DMEM: Memory

PC




Processor Architecture

 Simplified Instruction Set

Byte

hadt
=

E

rrmovq rA, rB

irmovq V, rB ‘S‘G‘F‘rBl Vv ‘
rmmovq rA, D(rB) | 4 | 0 |rA[rB| D |
mrmovq D(rB), rA ‘ 5 ‘ 0 ‘rA‘rBl D ‘

oo [o[n]a[s]
XX Dest [ 7] Dest ‘
cmovXX rA, rB

call Dest l8]|o] Dest ‘
ret

mian [[o[[F]

Popq TA B lofm[F]



Processor Architecture

* Simplified Instruction Set

Operations
addq_ji“jl_
subq| 6 | 1
andq_z;“;;_
xorq_;;nig_

Branches

0

1

2

jne

jge

jg

7
7
7

4
5
6

rrmovq

cmovle

cmovl

Cmove

Moves
_finji_ cmovne
211 cmovge
_5__5_ CIMOVE
(2] 3]

-Ch‘ o ‘rl‘—‘-




Processor Architecture

* Simplified Register Layout

Number Register name Number Register name

0 hrax 3 hrs

1 hrcx 9 wr9

2 hrdx A %r10

3 hrbx B %ril

4 hrsp C hrl2

5 hrbp D %ri3

6 hrsi E hrid

T hrdi F No register




Y86-64 ASM

* Different Implementations

long sum(long *start, long count)
&
3 long sum = 0;
4 while (count) {
5 sum += *start;
start++;
count——;

}

return sum,;



Y86-64 ASM

Different Implementations

x86-64 code -
long sum(long *start, long count) ' long sum(long *start, long count)
start ip Ardi, count in jrsi i-, _{

3 long sum = O;
T L 4 while (count) {
4 .L3: loop: 5 sum += *start;
5 addg (Ardi}, Yrax Add #*start to sum £ start++;
addq $8, Jrdi start++ 7 count--;

2 movl $0, Yeax sum = 0

subg $1, Yrsi count— & %

testq Yrsi, Yrsi Test sum ' return sum;

0 jne L3 If !=0, goto loop 10 }



* Different Implementations

Y86-64 ASM

Y86-64 code

sSum:

irmovq $8,%r8

irmovq $1,%r9
xorq %rax,’rax sum = 0

andq %rsi,¥%rsi St 0

jmp test
loop:

mrmovq (%rdi),%r10 Get #*start

addq %r10,¥%rax Add to sum

addq %r8,%rdi

subg %r9,%rsi
test:

jne loop

ret

x86-64 code

addq
addq
subq
.L2:
testq
jne

rep;

ret

$0, Yeax
o b

(Yrdi), Yrax
$8, Yrdi
$1, Yrsi

Y%rsi, ¥rsi
L3
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