October 18, 1999

SPARC Architecture

» 8-bit cell (byte) is smallest addressable unit
* 32-bit addresses, i.e., 32-bit virtual address space

* Larger sizes: at address A

A | byte

A |A+1]| halfword

15

A [A+1|A+2|A+3| word
31

A [A+1|A+2 |[A+3 |A+4 |A+5 |A+6 |A+7 | doubleword
63

* SPARC is a big-endian (big end, or most-significant end, first) machine
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SPARC Register s

32, 32-bit wide general-purpose registers

%0 ... %31
%90 ... %g7 %0 .. %7 global
%0 ... Y07 %8 ... %15 output
%O ... %7 % 16 ... % 23 local
%0 ... %7 % 24 ... %31 input

The groups relate to procedure calling conventions

Some registers have dedicated uses

%p (% 14)  stack pointer
% p (% 30) frame pointer
% 15 temporary

% 31 return address

Register vgo always has the value 0 when read; writing it has no effect

Other special registers (manipulated by special instructions):

floating point registers (% 0...96 31)
program counter (pc)

next program counter (npc)

PSR, TBR WM Y
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SPARC Register Map

e See §2.2 in Paul

% 7 % 31 return ad dress - 8
%6, %Bp 930 frame pointer
in % 5 % 29 incoming parameter 6
% 0 % 24 incoming parameter 1/return v alue to caller
%7 % 23 local 7
local
% 0 % 16 local O
%7 % 15 temporar y value/ad dress of cal | instruction
%6, %p W14 stack pointer
out %05 % 13 outgoing parameter 6
%00 % 8 outgoing parameter 1/return v alue from caller
Y97 % 7 global 7
global
%91 % 1 temporar y value
9%g0 % 0 0
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SPARC Register Map, cont’ d

* Other registers

%y Y register

state Y%psr integ er condition codes
% sr floating point condition codes
%esr copr ocessor condition codes
% 31 floating point v alue

float-

ing

point
% 0 floating point v alue

* Register save conventions: what happens across calls?

%2
%1

%0 ...

%06

%0 ..
%0 ..
%0 ..

Copyright (11997

. %97

%05,

% 7
% 7
% 31

Yo7

saved?
destroyed
destroyed
saved
saved
saved
saved
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SPARC Instruction Set

October 18, 1999

* Instruction groups

load/store instructions

integer arithmetic and bitwise logical instructions
control instructions (branches, calls)

special instructions (operating system)

floating point arithmetic and conversion

* Instruction formats (see Ch. 8 in Paul)

format 1 (op = 1): cal |

| op | disp30

31 29

format 2 (op = 0): set hi and branches (bi cc, f bfcc, cbccc)

op rd op2 imm22
op |a| cond op2 disp22
31 29 28 24 21

format 3 (op = 2 or 3): remaining instructions

op rd op3 rsl i=0 asi | rs2
op rd op3 rsl i=1 simm13
op rd op3 rsl opf | rs2
31 29 24 18 13 12 4
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Assemb ly vs. Mac hine Langua ge

Machine langua ge iS the bit patterns  that represent instructions

* Assemb ly langua ge IS @ symbolic representation  0f machine language

Assemb lers translate from assembly language to machine language

add 9% 1, 360, %2 is a format 3 instruction: 022401460550

27 10 \ 0 25 | 1] 360 \
31 29 24 18 13 12
2] 12 \ 0 31 1 550 octal \

(1-to-1)

Assemblers: mapping an assembly instruction to a machine instruction

Compilers: mapping a statement to 1 or many assembly instructions

* Disassemb lers translate from machine language to an assembly language
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Load Instructions

* Load: move data from memory to a register

u

b (\alternate ad dress space (privileg ed)
h
I d {a} [ address], reg

s
signed or unsigned
byte, halfw ord, word, doub le

Fetched byte or halfword appears right-justified in the 32-bit register
Leftmost bits are zero-filled or sign-extended

A double word is loaded into a register pair and reg must be even
the most-significant word lands in reg
the least-significant word in reg + 1

Addresses must be aligned : for address A

halfword Amod2 =0
word Amod4 =0
double word A mod 8 = 0
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Store Instructions

* Move data from a register to memory
b
h
st| |{a} reg, [ address]
t/alternate ad dress space (privileg ed)

byte, halfw ord, word, doub leword

» Storing bytes and halfwords
the rightmost bits are stored

the leftmost bits are ignored

» Storing double words

reg must be even
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Addressing Modes

* SPARC has two addressing modes _ t0 yield an effective ad dress
1. add the contents of two registers
2. add the contents of a register and a signed, 13-bit number

¢ Common names
1. register indirect or deferred
Id [%1], %02
1. register indexed (above is a special case that uses %g0)
st %01, [ Y%02+%03]
2. register displacement or based
ld [%1+10], %02

* Assembly-language syntax: N is a 13-bit integer constant

address synon ym
reg reg + %go
reg +reg

reg+ N

N +reg reg +N
N %0 + N
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