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Introduction to SPARC Architecture
SPARC = Scaleable Processor ARChitecture

One of original RISC machines
« RISC = Reduced Instruction Set Computer
* Developed from research at U.C.-Berkeley ca. 1980

 Commercialized by Sun Microsystems

« Licensed freely to others.

« Similar, parallel effort at Stanford led to MIPS machine
« Also IBM RS/6000, HP/PA, DEC ALPHA, PowerPC, etc.

Key idea: simple uniform instruction set allowing fast
cycle times (and fast time to market)

Has eclipsed CISC machines (C = Complex) like the
DEC VAX, but not the Intel x86 line.

V8 1s 32-bit version; V9 is 64-bit extension with extra

instructions. We'll assume V8 in this course.
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SPARC

~ 32 general-purpose registers

Only simple load/store to memory
1d [%r2], %r3
1d [%r2 + 12], %r3
1d [%r2 + %r7], %r3 ; 13 bit signed offset

All arithmetic/logical ops are register-to-register

add %r2, %rl, %rl

add %$r2, 17, %r5 ; 13 bit signed immediate
Ops set condition codes, which are tested by Bicec ops, e.g.

bne label ; branch if last op result <> 0
ble label ; branch if last op result <= 0

Special instruction to load high-order bits of full-word
constant

sethi %hi(value), %r7 ; net effect is to load
or %r7,%lo(value), %r7 ; all of "value into r7
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SPARC - Delayed Branches

Implementation is pipelined.

It takes time to process a branch, because must fetch and
decode target instruction

So why not execute a useful instruction in the meantime?

Specify this instruction by placing it in the delay slot:

tst %r6 ,; executes first
bne L1 ; executes third
inc %r5 ; delay slot: executes second, whether

; or not branch is executed

Also applies to calls and returns:

call fred
move 99, %00 ; executes before call
move %00, %17 ,; executes after call

Loads, stores, floating point ops may also cause delays,

but programmer generally can’t see these directly.
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SPARC - Register Windows

Very important to keep data (parameters, locals,
temporaries, etc.) in registers as much as possible.

Subroutines normally mess up register allocation,
because registers must be saved at a call (at least if
the callee is “unknown.”)

This can be done before the call (“caller-save”) or after
(“callee-save”); in either case, register contents must
be stored on stack, which is slow.

SPARC idea: provide multiple separate sets of
registers, one for each active subroutine.

Register names look alike in each routine, but actual
registers referred to are different.

The visible set of registers is called the register

window.
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SPARC - Registers

Actually want some of the visible registers to be shared
between caller/callee, to pass arguments —
“overlapping windows.”

There are 32 registers visible in each routine
« 8 are global (shared among all routines)
%g0,..,%g7 (= %r0,..%5r7)
« 8 are local to routine
%$10,..,%17 = %rlé6,..,%r23)
« 8 are shared with caller, so contain “inputs”; also contain
return values
%$i0 ,..,%17 (= %r24,..,%r31l) %fp = %i6
« 8 are shared with callee, so are “outputs”

%00,..,%07 (= %r8,.., %rlb) $sp = %06
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SPARC - Register Window Shifts

At top of each routine, a save instruction is used to
shift the window, so that the caller’s “out” registers
become the callee’s “in” registers.

The restore instruction reverses the process.

Suppose £ calls g and b calls h.

f | i0-i7|10-17 |00-07

save | -

g [i0-i7 |10-17 |00-07

«— restore h i0-i7 | 10-17 |00-07
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SPARC - More register windows
How many windows can exist at one time?
Answer: Implementation-dependent.

Example: Many current machines have 7 windows, so
» 8 global
« +7x 8local
 + 7 x 8 shared input/output
« =120 physical registers

What happens when we run out of windows while
trying to do a save?

 Hardware traps to O/S, which dumps window contents onto
the stack!

« This also happens during a process context switch!

« User code must co-operate by leaving 16 words free above
sp at all times!

Is all this worth 1t? Dubious.
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SPARC Activation Records (for C)
$sp - always points to true top of stack.

$fp - “frame pointer” - points to top of stack at entry to
procedure; used to reference stack-passed arguments
and stack-stored local variables.

The save instruction creates a stack frame, by
subtracting a specified number of bytes from %$sp and
switching windows; old $sp becomes new % £p.

But in simple cases, arguments are just passed in
registers (%©0,%01, etc. for caller; % 0,% 1, etc. for
callee) and locals are kept in registers too (% 0,etc.)
so nothing important goes in frame.

Still, always need to allocate a frame of minimum size
96 bytes. If you store locals on the stack, you may
need more. (Hint: Compiling with - O2 will make

gcc try hard to avoid using the frame.)
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T Memory

%of Addresses
l Caller'slocals
>=
Caller
Frame i
arg 2
arg 1
_structure return addr (reserved) |
register window area
(reserved)
%080

l Callee’ slocals

---- must not overlap ----

T Callee’ s argument build
area (>= 6 words)

structure return addr (reserved)

register window save
area (reserved)

Argument offsets are
positive, with arg 1 at
[%fp + 17*4], and arg n at
[%fp+ 17 * 4+ (n-1) * 4]

Local offsets are negative,
with first integer local at
[%fp - 4], and N’ th integer
local at [%fp - n*4]

Callee
Frame

12/31/04

Stack
Growth

Yosp

Framesize =
[(16+1) * 4 +
max(6,maxargs) * 4 +
size of locals] rounded
up to multiple of 8
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Sparc Calling Conventions - Example

Int power (int a, int n) {
If (n>0)
return a * power(a,n-1);
else
return 1;}
.section ".text"
.align 4
.global power
power: 1 %i0 = a, %il =n
save %sp, -96, %sp ! remap %0 bank to %i bank; push frame
cmp  %il, 0 I compare n,0
ble,a done I branch ifn<=0
mov 1, %i0 I (annulled) Delay Slot: return value = 1
add %il, -1, %01 !recursive call ar gn=n-1
call power I do recursive call
mov  %i0,%00 I Delay Slot: recur sive callarga=a

umul  %i0,%00,%I0 ! return value =

! a * recursive call's return value
done:

ret
restore | Delay Slot: remap %i bank to %0 bank;
| pop frame

12/31/04 PSU CS322 W'05(C) Andrew Tolmach 1997-2005

11



Optimizing Leaf Routines

A routine that does not call any other routines (called a
“leat”) can sometimes execute in the same register
window and stack frame as its caller.

Hence, no save and restore instructions are used.

Arguments now live in %$01,%02, etc. rather than being
shifted into $il, $i2, etc. Similarly, return value
goes 1n %00.

Of course, this only works if routine doesn't trample on
any registers that might be used by its caller!

GCC often uses this optimization.

See Architecture Manual Appendix D.5 for details.
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Floating Point Registers

There are 32 single precision (32-bit) floating point
registers $£0, $£1, ... completely separate from
integer registers, and not windowed

By convention, they are managed as “caller-save”
registers, i.e. it is the caller's responsibility to save
them if it needs to; the callee can use them freely.

Double-precision (64 bit) operations act on pairs of
adjacent % £ registers; the first of the pair must have
an even number, e.g. $£2,%£3 1is a valid pair.

To move a double-precision value from one pair of %£
registers to another, must do two £movs instructions
(fmovd is a synthetic instruction).

There is no way to move values directly between integer
and fp registers (must use memory!)
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