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Motivation

~

 much time and effort spent during testing

when

— retagetting compilers to e ma-

chines

— devdoping nav optimizations
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Overview \

» devdoped an error isolator (VPOISO) that
automatically

— determines the first walid transfor
mation

— Identifies that point in the compiler

» devdoped a graphical optimization wer
(XVPODB) that

— depicts the state of the instructions
before and after each transformation

— can be used to analyze thevald
transformation disogered by the er
ror isolator
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VPO Summary

. %:ode generation performed before optimiza-
lon.

« Each RTL corresponds to an assembly in-
struction.

* VPO only manipulates RTLs

— eliminates mawy phase ordering
problems

— simplifies identication of changes to
program representation

— provides a simple and consistent
orm for program representation
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Transformations

VPO was modified to identify each change
to RTL structure

—insert RTL
— delete RTL
— modify RTL

* VPO also identifies each serial sequence of
changes, called a transformation, that pre-
serves the meaning of the program.
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Types of Transformations

* Necessary: Required to produce code that
can be compiled anckecuted correctly Ex-
amples include

— assigning pseudo registers to hard-
ware registers

—flxmg the entry and»at points of a
thmc lon to manage the run-time
stack

o Improving: Not required. Typically males
compiled program

— faster
— and/or smaller
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Limiting the Number
of Improving Transformations

* VPOISO iwvokes VPO with option to limit
the number of improving transformations
applied to a function.

e Limiting the number of improving transfor
mations was accomplished using
fsetj np() andl ongj np() library func-
lons.

* Required very fes modifications to VPO.
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Modifying VPO with Setjmp and Longjmp

[ * Within a high ledl routine in VPO. */

[ * Sare aurrent environment.*/
set]j np(ny_env);

[ * 1If more optimizations allowed then
perform register coloring*/

i f (noreopts)
col or();

[/ * Within the routine that is voked when
the end of a transformation is identifietl/

/ * If reached limit, then set flag to not all@any
more optimizations and restore environmeht.
| f (maxtrans == opttransnum {
nor eopts = FALSE;

I 'ong] mp(ny_env, 1);
}
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Information Required for Isolating an Erro

e reads an input file of information to guide
the isolation process

cexfiles: yl y2 y3 y4 #

| 1 nk command: cc -0 yacc yl.o0 y2.0 y3.0 y4.0
execute command: yacc cgramy

maxi mumtine: 15

desired output file: yacc. out

actual output file: y.tab.c

conpi l ation flags: LVGOCMSFA

di sregard strings:

I
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lgorithm for Isolating an Optimization Emw

 checks if works with all optimizations
 checks if works with no optimizations
e performs binary search

lastmn = 0O;
| ast max = total number ofmproving transformations
while (lastmax - lastmn > 0) {
m dnum = (lastm n + | astnmax)/2;
recompile program with only the firat dnum
transformations performed
remove atual output file
link and execute program
| f (actual output file == desired output file
lastmn = m dnumtl;
el se
| ast max = m dnumn
}
| f (last result was incorrect
badtrans = m dnum
el se
badtrans = m dnumtl;
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Performance of VPOISO

 total of 13,955 improving transformations
when compliling Yacc

e Isolating this error required
— 16 compilations/&ecutions
— about 10 minutes

e a rew enhanced technique

— uses file merging_instead of recompi-
lation when possible

— isolated same error in Yacc in about
6 minutes

10
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XVPODB

» Used to display the state of the generated In-
Estructlons before and after yaransforma-
ion.

e Implemented using X-Wdows and UNIX
sockets.

* Receves messages from VPO as the code is
being optimized.

— entry/exit of optimization phases
— entry/exit of transformations
— detail of changes

11
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XVPODB Displaying Transformation
(Before State)

[#][K] ¥PO Optimization Viewer ¥ £

Function | nain(} || BEFORE Trans Hun

Opt Phase | Instruction Selection | Total Transfornations 431
s | L4

rL[331=RIr[141+,1_i1:
r[341=HI[_=tringl:
r[341=r[341+L00 _stringl:
rL81=r[331+r[341: r[331r[34]

r[91=24:
ST=HI[ _pstr1+L0O[_pstrl.76,2:
+ | L4B

rL231=RLr[141+,1_i]1:
rL331=r[331+24;
rL261=r[141+,1 i

Rlr[3511=r[33]1: r[331r[35]
rf321=r[141+,1_i:
r[331=RCr[3211: r[32]
r[341=144:

[C=r[3317r[341: rl331r[34]

PC=IC™0,.L47:

d

PC=L45:

s | Ld7
r[321=03
F[331=HI[_exit]s

(ﬂuit::l | Options |

i | << | < | > | >>
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XVPODB Displaying Transformation
(After State)

[«][R] ¥YPO Optimization Viewer (¥ £

Function | main{} | | AFTER Tranz Hun

Opt Phase | Instruction Selection | Total Transfornations q31
+ | L48

r[321=Rlr[141+,1_i1:
r[341=HI[ _stringl:
r[341=r[341+L00 _stringl:
r81=r[331+r[341: r[331r[34]

r[91=24:
ST=HI[_pstrl+L0[ _pstr]l, 76,22
+ | L4

r[33]1=Rlr[141+,1_i]1:
r[331=r[331+24:

Rlr[141+,1_i1=r[33]: r[33]
rl321=r141+,1 it
r[331=Rlr[3211: r[32]
r[341=144:
IC=r[33]17r[34]1: rl331r[34]
FC=IC™0.L47:

]

PC=L43:

» | Ld7
r[321=02
r[331=HI[ _exit]:

| Options |
Set Breakpoints < < < > > >

13
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XVPODB Breakpoints

e Two main types of breakpoints.
— transformation number
— any combination of
 optimization phases
* RTLs

14
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XVPODB Breakpoint Selections

(] VPO Optimization Viewer

]

Function

nunber{}

| [ AFTER | Trans Hun

Opt Phase

LY ) |

. K e

Register |

y " i

ey i Phags

Gah frenfoernetion

{an

Instruction Selection

Evaluation Order Deternination

Register Hsszignment

r[10]1=03
r[81=RIr[301+,1_strl:

| PC=L29:

Junps

Dead Yariable Elinination

Optinize Loops

Register Allocation

+ [ L31
r[81=r[51:
r[91=r[101;:
r[91=r[3]%10:
r[91=r[91+r[8]1:
r[31=r[31-48:
r[101=r[31:

r[81=r[111

rl111=r[111+1; ;
rl91=r(8l:
IC=r[8170;

FC=IC:0,L30:

Connon Subexpr Elinination

Uszeless Junp Elinination

Cheaper Instruction

Code Hotion

Recurrences |

| Strength Reduction |

| Induction ¥ar Elinination |

Fix Entry/Exit

%l Instruction Scheduling |

| Fill Delay Slots |

* ALL *

| Proceed To RTL Selection

| Initiation Only

W

Cancel

Yy
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Conclusions

e VPOISO and XVVPODB are useful when

— retagetting compilers to e ma-
chines

— Implementing n& optimizations
— maintaining a compiler

* In addition, XVPODB can be used a teach-
Ing tool.

15
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a VPOISO Log N

starting binary search to isolate error within 13955 transformatia

error within main to gtnm (transformation 1 to 13955)

compiling program: applying transformations 1 to 6978
compiling yl.cex

compiling y2.cex

stopped optimization of chfind after 11 improving transformation
linking program

executing program

execution was incorrect

error within main to chfind (transformation 1 to 6978)

compiling program: applying transformations 1 to 3489
compiling yl.cex

stopped optimization of closure after 197 improving transformati
compiling y2.cex

linking program

executing program

execution was correct

error within setup (transformation 4490 to 4491)

compiling program: applying transformations 4490 to 4490
compiling y2.cex

stopped optimization of setup after 500 improving transformatiol
linking program

executing program

execution was incorrect

ns

S

ons

incorrect transformation isolated to optimization 500 in functi?

-
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