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Vietivation

M| Dynamic compilation techniques offer
> runtime feedback for optimization
> [ncreased code density
> DPinary translation to new host architecture

M| Dynamic compilation should not
> change program semantics

® al every poeint in program execution,
elservanle state should be the same

> change architectural guarantees

® [precise exception behavior should be
maintained




Vietivating Example

M Example Code Seguence
> (1) add r4,r3,r4 # DEAD!
> (2) Iwz r3,0(r9)
> (3) add r4,r3,r3
M But a page fault at (2) Iwz makes the dead
Valuie of r4 visible to the exception handler.

M| I the handler bases any actions on the value
of 4, the proegram may: fail.




Prior Art

M| Severely restrict dead code elimination

B Include a safe mode which disables
‘Unsafe” optimizations

M Rollback to a good state and interpret

erginal cede until exception Is found




Eimitingldead code elimination

W Compute all dead results
B Commit results in-order

M Used in DAISY [ISCA1997]
> high-ILP architecture
> excess operations have less performance

Impact
» dead resu
atomic VL

® 0N EXCE

IS eliminated in scope of single
W

ption, rollback to beginning of VLIW




Safe mode

M| Safe mode uses only conservative
eptimizations

M| Use safe mode to translate critical programs
Ol pregram regions

M| Critical code
> detected by heuristics
> Specified by human intervention

M| Heuristics and humans can be wrong

M Usediint DYNAMO [HP1999]




Rollkack te checkpoint

M [ake checkpoints on group transitions
B Aggressively optimize within translation
gleups
M On exception,
> rollback to checkpoint
> [hen interpret original binary conservatively
M Rollback requires backing out of processor
state and memory state changes
> special, complex hardware required
> memory rellback complex in MP

M Used.in:Transmeta, BOA [Computer2000]




@ur Selution

M Have your cake and eat It too.
> aggressive dead code elimination

® KEep enougn state to materialize when
Exceptions occur

> dead values materialized only when exception
@CCUrS

® exceptions occur infrequently
e modest cost for materializing full state

> maximum performance during program
execution




State Repair Concept

Original CFG
add r4,r3,r4

¢

lwz r3,0(r9)

add r4,r3,r3 exception
handler

Improved CFG

*k*

i

lwz r3,0(r9)

add r4,r3,r3 add r4,r3,r4

i

exception
handler




@UK Tramework

M DAISY-like dynamic compilation
envirenment

M| Unit of operation IS tree region

> cornresponds well to the mechanics of dynamic
compilation

> keeps algoerithms simple O(n) since no ¢ nodes

M EG In single static assignment form
> simplifies overall algorithm
> N particular, simplifies handling live ranges




Algenthm idea

M| tag Instructions computing dead results

M| tagged instructions will not be emitted into
generated code

» kee
> cou
® a

9 around as meta data (“repair notes")
d recompute meta data on demand

gorithm IS deterministic

M| ensure that all state can be recomputed
> Py keeping information about elided instructions
> Py keeping inputs to elided instructions alive
e untill elided instructions are dead
® {his can Increase or decrease register pressure




Eive range analysis

M| A register Is dead If

» (1) It Is ne longer referenced by actual
Instructions

> (2) elided instructions that reference It are dead
M| Liveness of one symbolic register o can

Influence liveness of other registers /

> [firegister o'Is not materialized immediately

> [firegisters /are needed to materialize it
M| Represented by liveness equivalence

5 = <Sj,Sk>

> [fis;Is live, then s, s, are live

> fhis wouldibe a mess withou




BASIC Algorithm

, IOreach operation op
ifdead (target (op))
convertZrepairnote (op)
[ereach Instruction killing target (op)
Insert_use (target (op))
Insert_eguivalence (target (op) = sources (op))

LLiveness analysis performed before algorithm
Register allocation performed after algorithm




Example: PowerPC Code

and. 14.r3,r4

wz  13,0(r9)
add r4,r3,r3
addr r5,r3,80
wz  13,0(r10)
addr. r5,r3,1




Example: Intermediate
Representation

s4' = s3&s4
scO" =(s3&s4) cmp O
s3' = [s9]
S4" = s3' + s3'
so =s3' + 80
s3" = [s10]
So'=s3"+1
scO0"=(s3"+1)cmp O

ziplel, b e

WZS; 0(19)
add  1r4,r3,r3
addrr 15,r3,80
Wz S, 0(17l0)
aadiy 53,4

0 4O 01 &5 W N K




IRtermediate Representation after
BAsIC Algorithm

s4 s3 & s4 } 1 s4'" = s3&s4
SeO- =SS &sd)cmp O} | 2 scO0 =(s3&s4)cmpO
s3' =[s9] 3 s3' =][s9]
" =83 +s3 4 s4" =s3' +s3
" ; S4'=<s3, s4>
' =s3'+80} 5 s5 =s3'+80
" = [s10] 6 s3"=][s10]
" =g3" +1 [ s5'=s3"+1
, S5 =<S3>
" = (53" + 1) cmp O 8 sc0" = (s3" + 1) cmp:0
Sse sc0’ ; scO"=<s3;s4>




Some observations

M| Overly conservative

> only'need to materialize state If a synchronous
exception can actually happen

> only need to be able to materialize until the last
Synchrenous exception which can observe on
any given path

M| Reduce number of repair notes

M| Reduce register pressure

> Py Kkilling otherwise dead input registers to
iepair netes




Imprevement potential

s4t = s3&s4} { s4' = s3&s4}
SeOF  =(ss&sA)ecmp 0 | { se0 =(s3&s4) cmpO}
s3' =[s9]
S4* =S5 + S5 use s4' : s4'=<s3, s4>
use s4° ; s4'=<s3, s4> s4" =s3' + s3'
s5" =s3'+ 80} { s5 =s3'+80}
s3" =[s10]
use s5° ; S5 =<s3>
, SO’ =<s3> use scO' ; scO' =<s3, s4>
—=(Ss" £ 1) cmp_ O s5"' =s3"+ 1
", sc0' =<s3;,s4> sc0" =(s3"+1)cmp O




Impreved algorithm with reduced
IVe ranges

iiereach operation OFP'{
liidead (target (OP)) {
repal; ever = EALSE;
ier all'paths p starting at OF {
repair_paih = EALSE;
iior all'operations / on path p {
ifeperation / can cause synchronous exception {
repair_ever = TRUE;
repair_pai. = TRUE;
last excepting. op: =,
h
ifeperation | kills target (OP) {
Insert_use (target (OP), last_excepting._op. )
Insert_egquivalence (target (OP) == sources (OP))
next_path;

J
]

repalr_ever convert2repairnote (OP);
eise delete (OP);

J




Observations

M Algorithm appears to be O(N?), where N is the
AUMBEr of Instructions.

M| However, a good implementation can be
O(N).

M| Recursive algorithm presented in paper.
> Eoerward and backward sweep

® VISIts each node twice

> Implements dead code elimination and code
Sinking..




Seme Other Optimizations
Benefitiing from our Approach

W Code Sinking

B Unspeculation

B Constant Propagation
W Constant Folding

B Commoning




Example:
Application te ether optimizations

Eode sinking

{ sb=s2+2}
sS4 =s3/s2 sS4 =s3/s2
SO =S2 + 2 s =82+ 2

use S5 ; sb =<s2>
EeRStiant propag.

{ s8 =16}
5O = 357/ s8 SO =s7 /16 s9=s7/16

use s8 ; (extraneous)
S8 = ...




Example:
Application te ether optimizations

ComMMenIng

S5 =82 +s4 s5 =52 +s4

S7 = [s5+10] s7 = [s5+10]

{ s9=s2+s4}

58 = [s5+20] S8 = [s5+20]

use S9 ; s9 =<s2,54>
sO= s9O=..




Emited Code and
REecovery Infermation

Identical mapping]
Ox00 Iwz R32,0(R9) I3 .= R32]

Ox04 add R3,R32,R32 4 .= R3]

Ox08 Iwz R33,0(R10) 13 := R33]

Ox0C addi R5,R33,1 | -unchanged- |
Ox10  cmpl CRO,RS5,0 | -unchanged- |

S0=R3&R4
SCO=(R3&R4)cmp 0
[r4 ;= S0O; cr0 .= SCO]
S0 = R3,+ 80

[r5:=1S0; cr0 := SCO]




Imprevement

B 4-wide Machine
B SPECInt95 Benchmarks

M| Rough estimate of gain from our approach
> 10% Mean
> 18%) IViax




Poewer PC

% ops eliminated

a C a | C a | C

compress (cc | m88ksim




% ops eliminated
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Conclusions

M Dead code elimination can be a problem in
dynamic compilation
> exception-causing operations always represent
a possible change in control flow

> Other optimizations can require computation of
dead intermediate results for precise emulation

M Our approach allows elimination of such
dead code

B Cost of dead code elimination Is low.

M [ranslated code sees cost only in the
Upusual case where an exception 0Ceurs:




Recursive descent
Implementation

final (OP;, prev._writer, [ast_excepting_op)
{
ifler) /[ Handle end of recursion
ferall’'src{
first_use[src].op = NULL;
first._use[src].intervening_exception = NONE;
¥

return first_Use;

¥

i’ ! branch (OP) {
first_use = final (OP->left, prev_writer, last_excepting_op)
}else {
first_use_left = final (OP->left, prev_writer, last_excepting_op)
first_use_right = final (OP->right, prev_writer, last_excepting_op)

/I register-wise combination on control flow splits
first_use = combine (first_use_left, first_use_right)

}

iffoperation OP can cause synchronous exception
last_excepting_op:= OP;

/I perform sinking if possible, inserting repair note if necessary

push_op_down(OP, first_use[curr_result_reg].op);

if (first_use[curr_result_reg].intervening_exception) {
insert_use (target(OP), first_use[curr_result_reg].intervening_exception)
insert_eguivalence ( target(OP) == sources(OP))
convert2repairnote(OP);

}

cunr_result_reg|:= target(OP)
killed_ ins ;= prev._writer[curnr_result_reg];
prev. writer[curr_result_reg] := OP;

iffkilled_ins '= NONE {
if(dead|(killed_ins)){
/lNitis dead along all' paths; computation can be removed totally:
insert_eguivalence (‘target(killed_ins) == sources(killed_ins))
convert2repairnote(killed_ins);
iff(dfini[last_excepting_op| >= dfn[killed_ins]){
insert_use (target(killed.ins), last_excepting_op)
} else {
set._candidate_for_delete(killed_ins);
¥
}else {
Jlinstruction|is live:among seme paths, but deadion current path
/'candidate for'code sinking (PRE), will be performed below:

i
}

forall src in sources(OP){
first_use[src].op = OP;
first_use[src].intervening_exception = NONE;

}

if operation OP can cause synchronous exception
forall regnames defined in architecture
if first_use[src].intervening_exception == NONE
first_use[src].intervening_exception = OP;

return first_use;




DAISY Release

M| DAISY has been released
M| Avallaple as Open Software

M| Available for download at
@SS.software.ibm.com/developerworks/
OpPEensournce/daisy




