A Brief Analysis of Software Analysis
Implementation in Compiler
Optimizations
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FrameWork

« Pest the elegant parser
> pest Is a general purpose parser written in Rust with a
focus on accessibility, correctness, and performance
« Using PEG (parsing expression grammars) as input, and

transform the sy code to AST form

alpha
digit

ident { Calpha | digit)+ }

ident_list = _{ !digit ~ ident ~ (" ™ ~ ident)+ }

// ident_list rule is silent [produoes ho tokens or error reports]



https://pest.rs/
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« Parsing Expression Grammar has the following characteristics compared with

Context-Free Grammars:

» Avoid Ambiguity: A string results in only one effective parse tree or none.

« Greedy match: every operator consumes as much input as possible and never backtracks

(so the expression a*a will always fail, for the first a* consumes all the input ‘a’s)

o Matching with priority: a rule A<- (expression A)| (expression B) will always match

expression A with the higher priority, thus solving ambiguity problems like the dangling else
(with a syntax like S <—'if' C 'then' S 'else' S [ if C 'then’ S)

» O(n) Complexity match: by non-recursively matching
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« IRERZ&% LLVM IR 2=,

define 132 @main(){
entry:
%13 = call void @ sysy_starttime(i32 21)
%14 = call i32 @getint()
%53 = alloca i32%, i32 16
%54 = call void @func_calc_coef(i32* %53, i32 %14)
%55 load 32, i32% %53
%56 fmul 32 %55, 1.ee1l
%57 = getelementptr i32* %53, i32 4
%58 load 32, 132% %57
%59 = fadd 32 %56, %58
br label %B18
B18:
%15 = phi 32 [%59, label %entry]
%16 fsub 32 %15, 1.eel
%17 = icmp oeq i32 %16, ©
br i32 %17, label %B1l, label %B12
Bl1l:
%18 = call void @putch(i32 112)
br label %B13
Bl12:
br label %B13
B13:

#[derive(Clone)]
ConvertInstr {
var_type: VarType,

target: LlvmTemp,
op: ConvertOp,
lhs: Value,
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« Domination
> In a CFG, a node D is said to dominate another node N if every path from
the start node to N must go through D
« Dominator Tree

> The dominator tree is a tree structure derived from the CFG, where

« Each node in the CFG is represented as a node in the dominator tree

« If a node D dominates a node N and there is no other node P (where P # D and P # N)
that also dominates N, then D is the immediate dominator of N.

« 1ZEZIENTRIEBER, o iR BREFEET DomTree BUETIINF
- FHEHEME=FAT/ES, dominator tree ARV ETRTEILRER




Optimization-Global Value Numbering

- BRIETSHE: BFEREARYERSHHE(ERTHIT Hash
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- BMEREIFE0: Hash(a+b+c) = Hash(a+c+b)

- BIREBE N FMEEFNRANEEEFEEEI TAERE, XAFTFEA]
SHAHERIAT.




Optimization-Global Value Numbering
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Optimization-Global Value Numbering
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a>10

XxX=a+b }

Path 1 Path 2

Path 1 Path 2

ﬂ c=a+b J
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» BElARIAILAFTRYEIR, HBEHITHIT
» EFFHTHOMERFD syscall FERTFFE
» £ matmul BB EEEF

> F{TRE 33.224/8.663= 3.83

$ ./run on board in.sh ~/tmp0820/mat0618.s ~/tmpO81l4/matmull.in
Timer@o023- 0092 OH-0OM-85-289569us

TOTAL: OH-OM-85-289569us
341954021

real Om8.663s
user Om33.224s

Sys Omo.000s
Process exited with code: 0
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« Motivating example
float func(float data, int num) {
> XIF—AMERE it (n < 9
return 9;
YR . s }
> SBIRER, JEHERE though RIFH

num=num-1;

=

data = data + func(data, num);
data = data - func(data, num);
return data;

func(data, num) = [f1, f3](num)” - [data, 1] = f1(num) - data + g(num)

> MEE| JEREL, X#%F f1(num),g(num)
> HME A—XEE, SZEEEREE] O(n) !




Why this Expression;Tree
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2, so why this form?
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Why this Expression;Tree
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» Given the value ranges of some variables in the IR, if{(“ 100 & b < 100

we can use range analysis to propagate and e
. if (c < 200
calculate the value ranges of others variables. foo (©);

« Also uses a form similar to the expression tree.

« Be useful in scenes like deadcode elimination,
branch reducing and such.
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barrett reduction

¥

instr schedule

branch combine

3

solve registers

construct shiftadd

4

solve imm load

Y

remove useless

laZ2auipc

1EZE
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- BREHULI (Barrett Reduction)
> —% div 7 9~64 AMTEEE, FEIERERRTTSHENE, TINRTES
SHET 1~3 MEFeEHA
> FIFSGC IO TNE, FISE, W, (IESIECBRRLES

 Branch Combine

xor sl1l, sl1, s3 # xor %3, %1, %2
segz sl1l, sl # seqz %4, %3

‘ bne s3,s1,L_12

bne s1, x0, L_12 # bne %4, x0, L_12
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 ShiftAdd
> FBiRFEmR shiftadd 155, #17 shift + add 15553

» Lalauipc
> La A{pE<, AILAEE{LI9 auipc + add
> WESUAN, BRATE—FES!

la %1, sym lui %1, %hi(sym)

1w %2, 0(%1) lw %2, %lo(sym)(%1)
// calculations with %2.... // calculations with %2
sw %32, 0(%1) sw %3, %lo(sym)(%1)




Optimization-InstrSchedule
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» Do liveliness analysis for each block, and find out

the instruction where each register is last used.

» Construct instruction dag for each block based on
the def-use dependency and inherent order of
certain instructions

» If an instruction ends the lifetime of a variable
directly or tends to end the lifetime, we give it a
higher value in the judgement function

LIVE;,[s] = GEN[s] U (LIVE,,;[s] — KILL[s])
LIVE,y[final] = 0
LIVE,[s] = (] LIVEg[p)

pEsuce|s]
GEN[d PY f(wla"'amn)] - {:’L‘l,..-,iL'n}
KILL[d : y + f(z1, -, 2n)] = {y}



Optimization-InstrSchedule based on

hardware pipelining
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e Pettis-Hansen Heuristic
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Thank you for listening!
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