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It's compilers all the way down.....

Compilers in the 1980s....
Compilers in the 1990s....
Compilers in the 2000s....
Compilers in the 2010s....

Compilers in the 2020s....



Compilers in the 1980s ....

Many programming languages
o  Cobol, RPG, Transact, Pascal, Fortran, C and ...... Ada
1 target hardware architecture & implementation - PA-RISC
o  Acommon backend code generator - written in Pascal
o IRs -Ucode, SLLIC
o  Low level optimizer - both machine dependent &
independent opts - in C
1 Operating System - HPUX
o Released once every couple of years
Cobol Packed Decimal code generation & ANDF
Questions
o  Why was C following a different codegen path?
What should Ada follow?
How about a machine independent optimizer?
Which backend? Apollo or HP?
Automatic code gen?

o O O O

Hewlett-Packard Journal January 1986 Volume 37 Number 1

June 29, 1987
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Fig. 2. The compiler system for HP's new generation of high-
precision-architecture computers


https://en.wikipedia.org/wiki/Architecture_Neutral_Distribution_Format
https://twitter.com/umatweep/status/1277647845777043457
https://www.hpl.hp.com/hpjournal/pdfs/IssuePDFs/1986-01.pdf

Patent: Method for improved code generation in reduced instruction set computers
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‘globopts.h’$
‘condit.h'$

contains procedures to evaluate external decimal operators

who
ubb

modification
created module

‘opcodes.h’s$
‘selt.h’'s .
‘compl.h’$
‘asrt.h’s
‘condcomp.h’$
‘uops.h’s
‘err.h’s$
‘opndconsts.h'S
‘globals.h’s$
‘stkopnds.h’'S$
‘sllic.h's
‘util.h’s
‘tagutil.h’s$
‘emit.h's
‘ldutil.h’‘s$
‘regutil.h’s
‘macroutil.h’'s
’cobutil.h’$
‘symutil.h’'s$
‘emitbr.h’'$
‘ascutili.h's
‘ascutil2.h’s
‘ascutil3.h's$
‘emputil.h'$
‘evutil.h's
’ldstr.h’s
‘ldstrutil.h‘s
‘moveutil.h’s

call millicode routine

1*%%% do_gadd_reg
1

1 This levell evaluator calls millicode to perform external

1 decimal addition. —

1
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function do_gadd_reg( res_loc , 1_loc , r_loc location
i digit_count : integer ):register;
const
routine = ‘do_gadd_reg’;

parm_flags = has_arg0 + has_arg!l + has_arg2 + has_arg3 + has_arg4;

ret_flags = has_argS+has_arg6+has_arg7+has_ret0O+has_reti;

var
tmp_reg,
len_reg : register;
milli_name : label_type;

begin ( do_gadd_reg )

{ COBOL doesn’t use long pointers.. (yet) ) «
assert( res_loc.base.rct () 2 , asrt_unimp_long_ptr ssert_Ffailure

assert( 1_loc.base.rct () 2 , asrt_unimp_long_ptr , assert_failure );
assert( r_loc.base.rct <) 2 , asrt_unimp_long_ptr , assert_failure );

¢ allocate alias sets )
open_set;
alias_set(modified_by,res_loc.loc_ta.tags);
alias_set(used_by,1_loc.loc_ta.tags);
alias_set(used_by,r_loc.loc_ta.tags);

( create pointers 2
adjust_location( res_loc );

adjust_locationt 1_10C 7;
adjust_location( r_loc );

¢ load parms )
emit_gr_copy( res_loc.base.reg , ARGO );
emit_gr_copy( 1_loc.base.reg , ARG! );
emit_gr_copy( r_loc.base.reg , ARG2 );
len_reg := load_immediate( (digit_count div 4) );
emit_gr_copy( len_reg ., ARG3 );
emit_gr_copy( get_ascii_table_ptr , ARG4 );

¢ do millicall 2}
milli_name := ‘$$g_add_reg’';
call_macro(milli_name , parm_flags , ret_flags , used by

{ copy overflow flag out )
tmp_reg := get_scratch_reg(};
emit_gr_copy( RET1 , tmp_reg );
do_gadd_reg := tmp_reg;
tmp_reg := getrscratch_reg();
emit_gr_copy(arg5,tmp_reg);
tmp_reg := get_scratch_reg();
emit_gr_copy(argé,tmp_regl;
tmp_reg := get_scratch_reg{);
emit_gr_copy(argT,tmp_reg);
tmp_reg := get_scratch_reg{);
emit_gr_copylret0,tmp_reg);
end; { do_gadd_reg ?

)i

debug dumps
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1
tesxs n_do_gequ_1

This routine performs an inplace comparison for equality and
inequality by testing the last digits of two ascii operands whose
lengths are one digit. =

The last digits are first translated

through table-lookup, S0 as to adjust the values compared For
lbrace,rbrace,’ ‘,‘0', It handles jump-on-condition as well as
the materialization of the boolean result. Constants are handled
specially.

AT O T T T T
function n_do_gequ_1(q : quad_ptr;
opndl : location; (operand 1°s location)
opnd2 : location (operand 2's location) ):
register_descriptor;

const
routine = ‘n_do_gequ_1‘;

digiti,

digit2,

xdigiti,

xdigit2 register;
result : register_descriptor;
target_label sllic_expr_ptr;
const_compare boolean;
unsigned boolean;
tmp_opnd location;
const_opnd,

const_aux,

const_digit,
const_xdigit
completert

integer;
completer;

begin (n_do 1)

$if ‘inhouse’s
dump_aux(q~.opndfleftaux].opnd_aux, ‘1 and’, routine);
dump_aux(q~.opndCrightauxl.opnd_aux, ‘right operand’,routine);

= - escriptor;
rct = 1;
result.reg := get_scratch_reg();

C find out if one operand is constant, and put into canonical form )
const_compare := false;
unsigned := false;
if q~.opndll_opl.opnd_p~.syatab_class = g_const then
begin
const_compare := true;
const_opnd := 1_op;
const_aux := leftaux;
unsigned (q~.opndlleftaux].opnd_aux~.a_sign = asc_unsign) and
(q~.opndlleftaux].opnd_aux~.a_sign_op = asc_no_sign_op);

end .

if gr.opndlr_opl.opnd_p~.symtab_class = g_const then

egin

const_compare := true;

const_opnd := r_op;

const_aux := rightaux;

tmp_opnd := opndi;

opndl := opnd2;

opnd2a tmp_opnd;

unsigned := (q+.opndCrightaux].opnd_aux~.a_sign = asc_unsign) and
(q~.opndlrightauxl.opnd_aux~.a_sign_op = asc_no_sign_op);

end;


https://patents.google.com/patent/EP0267796A2/en

From India to the USA Programming

FORTRAN-77

IT Madras i

o Fortran 77, wrote programs, typed on punch cards, IBM 360
8080 assembly

VAX workstation, prototyped x86 code generator in C
Computers were only available in air conditioned labs, quite a
distance from the dorm

(\W“" e g U. of Wisconsin, Madison

o First compiler course, project - developing an Ada code generator

o Computer labs in the basement of the department building

o TAin the Mac lab - Pascal compiler Ul reported syntax errors even
as you typed - WoW!

o O O

Principh s of C()mp,)ig;ri')e'sign

»Q:, , UNIVERSITY OF WISCONSIN-MADISON

Alfred Y. Aho
Jeffrey ). Ul



http://dunfield.classiccmp.org/r/8080asm.pdf

HP Work Culture The HP Way

° Team work

O

O

O

Entirely local team - HP Cupertino Bldg 47 Lower
Favorite restaurants: Cicero’s, La Fiesta, Florentine’s,...

m hardly any vegetarian and no vegan options then
Apollo acquisition and friction

Open cubicles, code printouts, dumb terminals,
solid wooden desk to hide under - Loma Prieta earthquake
Engineers did not travel except for conferences

e Women were respected and in influential positions in CLL
(Compiler Language Lab)

O

My interviewers, first and hiring manager, second level
manager, lots of women managers, no dual ladder in the
engineering labs, family friendly

° Benefits and Incentives

O

O

Profit sharing, ESPP, Stock awards and options
Leave accumulation across years




Role Models, Mentors, Colleagues, Friends and Family

AND FiIscHER, C. N.
Des < Fran Allen

en code generation us-
ing attnbute grammars.” In Proc. 9th
Ann. ACM Symp. Principles of Pro-
gramming Languages (Albuquerque,
New Mex., Jan. 25-27), ACM, New York,
1982.

(- GANAPATHI, M., FISCHER, C. N., LND HENI‘{ESSY, J. L. Retargetable compiler code generation.
Surv. 14, 71982), 573-592.

Aho, A. V., \Ganapathi, M., Jand Tjiang, S. W.
K., "Code Generation Using Tree Matching and B - =aN
Dynamic Programming,” ACM Trans. Program Bl Tﬁ%ﬁlﬁ].

Lang. Syst., Vol. 2, No. 4, Oct. 1989, pp. 491-561. Nt

Ada
#AdalovelaceDay



https://twitter.com/IEEEAwards/status/1334538637153685512
https://twitter.com/WomenWhoCode/status/1049822625898344448
https://twitter.com/hashtag/AdaLovelaceDay

Role Models, Mentors, Colleagues, Frlends and Famlly

Wiliam 8. Buzbee JOUY E} A s

4 Compilers for the New Gene:

ration of Hewlett-Packard Computers, by Deborah .
jon W. Kelley Optimizing compilers reailze the poten- Deborah S. Coutant

& Components of the Optimizer
16 An Optimization Example

Jon W. Kelley

e

Hewlett-Packard Precision Architecture Compiler
Performance by Karl W. Pettis and William B.
Buzbee

Vatsa Santhanam

Karl W. Pettis

[27] Jain, Suneel and Thompson, Carol, “An Efficient Approach
to Data Flow Analysis in a Multiple Pass Global Optimizer”,
PLDI, June 1988.
[37] Pettis, Karl and Hansen, Robert, “Profile Guided Code Posi-
tioning”, PLDI, June 1990.

Register Reassociation in PA-RISC Compilers by
Vatsa Santhanam



https://www.hpl.hp.com/hpjournal/pdfs/IssuePDFs/1987-03.pdf
https://www.hpl.hp.com/hpjournal/pdfs/IssuePDFs/1987-03.pdf
https://www.hpl.hp.com/hpjournal/pdfs/IssuePDFs/1992-06.pdf
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Compilers in the 1990s

e High Level Optimizer
e Code Generator-inC

SOURCE

) ADA | | coBoL | |PAscAL| |
e 1 LLO pertarget machine
i HIGH LEVEL| _ _ _Inlining, cloning, vectorization,
a rCh Ite Ctu re UCODE OPTIMIZER C logp tﬁirlls ormatlons >
. . ti t
o Loop unrolling, Instruction _—
Scheduling, Code layout
H 1 H L — Eff t code for st ;
e My first publication & CODE GENFRATOER T ool xaibsivialaps ool )
’ .
patent CC’ 94, Intelligent ICODE Y
. Register allocation, instruction schedulin,
LOOD Unrol“nq LOW LEVEL OPTIMIZER. - — £ peephole optimization, CSE, loop -
OBJECT optimizations, redundant load/store
* removal, etc.
FEEARIES Rk T _GDDIL elim, procedure repositioni@
EXECUTABLE

Compiler Optimizations for the PA-8000 - IEEE COMPCON 97



https://link.springer.com/content/pdf/10.1007/3-540-57877-3_28.pdf
https://patents.google.com/patent/US5797013A/en
https://patents.google.com/patent/US5797013A/en
https://ieeexplore.ieee.org/document/584678

Compilers in the 1990s

The Itanium compiler - EPIC code generation and optimization
Compiling for I1A-64

(@)
(@)

Modulo Scheduling

Optimizing IA-64 Math Functions —»

PACT 2000 papers & patents

(@)
(@)

Control & Data Speculation framework

Modulo Scheduling

Uncounted loops

Data Speculation
Rotating reqgister assignment

PAGE XVIII

Golliver, Marius Cornea-Hasegan, and John Harrison.

Several people shared my vision of producing an elementary function library in C,
with the possibility of in-lining these functions. Christopher Mills and Ed Johnston
started the production of the library, which was then transferred to Jim Thomas
and Yinsun Feng. The latter team has converted these algorithms into a polished
library, and has resolved many technical issues that separated theory from practice.
Fram the HP Comniler team. Vatsa Santhanam and U'ma Mahadevan have worked



https://slidetodoc.com/compiling-for-ia64-carol-thompson-optimization-architect-hewlett/
https://www.amazon.com/IA-64-Elementary-Functions-Hewlett-Packard-Professional/dp/0130183482
https://dblp.org/db/conf/IEEEpact/IEEEpact2000.html
https://patents.google.com/patent/US20030233643A1/en
https://patents.google.com/patent/US6832370
https://patents.justia.com/patent/6651247

Work Culture

e Dual ladder for career advancement

e Teamwork and collaboration across the country, orgs and companies

o CLL (California), MLL (Massachusetts) and then Texas (Compaq) compiler teams
o HP Research Labs and Production R&D teams
o HP & Intel Itanium compiler teams

e Benefits
o Family leave, Telecommuting (ISDN), beginnings of WFH
o Significant other



Role Models, Mentors, Colleagues, Friends and Family

Bob Rau, Peter Markstein, HP Labs

Anne Holler
tware Enginee

Uber

YF.QT SA JOHN,':('!N

» 1:02:00



https://www.computer.org/profiles/ramakrishna-rau
https://www.hpl.hp.com/news/2002/jul-sept/bioinformatics.html

Role Models Mentors, Colleagues Friends and Famil

uma @umatweep - Jul 20, 2020

yuppies, who dis?

O s 1 Q 29

Oregon?, USA

B

California, USA

Madras, India

Scotland - CC’94




Compilers in the 2000s

e Middle-ends in production - first paper in CGO

e JavaJlTs
o First JavaOne talk "Improving the performance of Java technology on IA-64 processors" - JavaOne 2001
o Oracle/Sun Hotspot JVM on Itanium Linux/Windows
m Intel/Sun joint session "Maximizing Enterprise Java™ Performance on Multi-core Platforms" - JavaOne 2008
m PMU based optimizations

e Hardware software co-design in earnest
o Performance study of 2 bioinformatics applications on x86
o In-order Atom (x86) processor compilation - superblock scheduling
o Hardware atomicity for reliable software speculation - ISCA 2007



http://cgo.org/cgo2004/papers/05_77_moon_s.pdf
https://en.wikipedia.org/wiki/JavaOne
https://dl.acm.org/doi/10.1109/CGO.2009.13
https://www.researchgate.net/publication/4183987_Characterization_and_analysis_of_HMMER_and_SVM-RFE_-_Parallel_bioinformatics_applications
https://dl.acm.org/doi/10.1145/1250662.1250684

Intel Work Culture

e Shifting from being entirely Hardware centric to one of growing

Software awareness
o In production TIMING is everything
[ roadmaps, TPMs & PMs galore, Disagree & Commit
o More women being hired into the workforce
o Research labs under pressure to connect with production teams

e Globalization of engineering workforce

o had managers in Oregon, Folsom, east coast

o team members across the US, China, Russia, Australia, Argentina, Poland, Israel
o Intel Jet available to all employees - frequent day trips to Hillsboro (OR), Folsom
o Travels to Novosibirsk, Gdansk

Results oriented, Meritocracy

e Women @ Intel
o  Anita Borg Institute - GHC - a panel on HW/SW co-design, met with Fran Allen
o First Women Fellows

e Benefits
o RSUs, Sabbatical leave

Explaining “Shangri-La — Domain Specific
Programming System for Multi-core
Architectures” to Paul Ottelini on
Research @ Intel Day 2005




Role Models, Mentors, Colleagues Friends and Family

woneywie  Women Who Code @ @WomenWhoCode - Mar 2 - Association for Computing Machinery @TheOffici... - Dec 9, 2020
ik & Grace Hopper was one of the first programmers of the Harvard Mark | ‘ Grace Hopper was born on this day in 1906. Hopper helped devise the
computer and invented the first compiler for a computer programming theory of machine-independent programming languages. She was

language! instrumental in the development of the COBOL, which went on to become
the most ubiquitous language for business ever.

#InternationalWomensHistoryMonth #IWD #/WD2021 #WomeninSTEM
#WomeninScience

¥T 4
WIMEN WHO "’:

“Humans are allergic to
change. They love to
say, ‘We've always done
it this way.’ | try to fight
that. That's why | have a
clock on my wall that
runs counterclockwise.”

Grace Hopper

Computer Scientist

Carole DulLong, Tatiana Shpeisman,

Intel Research Labs

with Sandhya Viswanathan - Intel JVM Compiler Engineer


https://www.researchgate.net/scientific-contributions/Carole-Dulong-70319439
https://dl.acm.org/profile/81100439172

Role Models, Mentors, Colleagues, Friends and Family

The lineage of Gurus and my Chinmaya family

i — 2 nieces graduated: MS & PhD,

Computer Science majors,
UCB, Stanford

- - A



http://www.chinmayamission.com/
https://www.cmsj.org/

Compilers in the 2010s

e HW/SW co-design continues
e  With GPUs
o CGO 2012 - Keynote - Hardware Software Co-design for Visual Computing
o  Gen Graphics Architecture Development
m Performance impact of Gen architectural features evaluated to provide recommendations

m FP16 performance evaluation, feature enhancements on Gen8+ architectures
with 3D (OpenGL) and Compute (OpenCL) workloads
o New LLVM based shader compiler - |IGC

e Dataflow machines -_patent
o LLVM based code generation prototype for spatial accelerators
o  Co-design with an ex-VAX/Alpha HW architect and an ex-Multiflow/Itanium compiler architect

e Scala compilation and tools
e Front end written in Scala
o Heavy dependence on IDE and tools - Scalafix @ Twitter scale
e VM Graal compiler - written in Java - the Graal workshop @ CGO
o  Twitter & Graal, Scala ' Graal, Autovectorization, Neuroevolution based inlining



http://cgo.org/cgo2012/conference/keynotes/index.html
https://dl.acm.org/doi/10.5555/3314872.3314902
https://www.freepatentsonline.com/y2019/0042217.html
https://www.youtube.com/watch?v=jUrupsVJd3M
https://github.com/oracle/graal
https://twitter.com/graalcgo
https://www.youtube.com/watch?v=ZbccuoaLChk
https://graalworkshop.github.io/2019/Scala%20%E2%9D%A4%EF%B8%8F%20Graal.pdf
https://graalworkshop.github.io/2020/Autovectorization.pdf
https://graalworkshop.github.io/2020/NeuroevolutionInlining.pdf

First Graal workshop @ CGO 2019 (Keynote)
What is Graal?

& e &
Sk 8 @ R o Cg

Automavic ti nsformaticn o’ ‘nterp~<ters to compiler

Embed”abl/: in 1 ative r manaed applications

R andalone

Open|DK no@de i ol MySQL




Graal workshop @ CGO 2019 (Keynote)
Applications of Graal

JIT compiler for apps written in JVM languages (openjdk/hotspotVM/JVMCI)
Specialized compiler for JVM apps (jruby-graal)

AOT compiler for apps in JVM languages (subtrateVM/native-image)

JIT for dynamic languages

JIT for native languages

Tool for embedding languages (Oracle DB, MySQL)



Twitter Culture

ma @umatweep - Jan 16, 2020
#TwitterForGood @ is good for us #oneteam2020 @TwitterWomen
posing with JP

#OneTeam

e A new meaning for Inclusion & Diversity
o BRGs - @womeng, #twitter-women, #twitter-asians, #twitter-faith,
#twitter-open, ....
o from Boomers to Gen Z
o #Tech\Women, #maleallies
o #WomenWhoCode, #GirlsWhoCode
e Lines fudged
o  Work and Family
o Onsite open offices and Home offices
o Customers and employees
o Humans, pets and plants belong in the family -
each have their own identity on Twitter ;-)
e Benefits
o Meditation rooms
o Unlimited leave
o Free lunches

#TechWomen @twitter 2018


https://twitter.com/hashtag/oneteam2020
https://twitter.com/womeng
https://twitter.com/TechWomen
https://twitter.com/WomenWhoCode
https://twitter.com/GirlsWhoCode

Role Models, Mentors, Colleagues, Friends and Family
@intel

e Svylvia Downing - GPU Architect and the GPU architecture team
e the Graphics Compiler (IGC) team - several women engineers on this team
e the Dataflow architecture team



https://www.linkedin.com/in/sylvia-downing-3aa02089
https://www.computer.org/csdl/proceedings-article/cgo/2019/08661189/18j8VBqI64g
https://en.wikichip.org/wiki/intel/configurable_spatial_accelerator

Role Models, Mentors, Colleagues, Friends and Family
@tW|tter Q Twitter Women Eng & @womeng - May 5, 2017

Thanks @jack for joining WomEng at our weekly technical office hours!

e @jack and staff ... Leslie, Vijaya

— womeng tech 12:28 PM

e @jenniferfraser (#TechWomen),

@kevino (#maleallies)

f?‘, Asmara Rahat
¥V @AsmaraRahat

e (@womengq friends - @dordogh,
. . > It was my last day @Twitter and with my amazin
@Cat|83045, @el |Zdenq £ . : | = Mentorsy@umatwyeep @catia3045 @k:vino,en%:led on

the project presentation , experience sharing and @
from all.

~ Thanks to @TechWomen for providing such great
learning opportunities. #techwomen19 #WomenInSTEM
#Pakistan

e @igb & the #TwitterVMTeam - Nora,
Yunjie, Maura

10:56 PM - Oct 29, 2019 - Twitter for Android


https://twitter.com/jack
https://twitter.com/leslieberland
https://twitter.com/vijaya
https://twitter.com/jenniferfraser
https://twitter.com/kevino
https://twitter.com/womeng
https://twitter.com/dordogh
https://twitter.com/catia3045
https://twitter.com/elizdeng
https://twitter.com/igb
https://twitter.com/search?q=%23TwitterVMTeam&src=typed_query
https://twitter.com/baroquebobcat
https://twitter.com/pyjhzwh
https://twitter.com/maurabridget14

Role Models, Mentors, Colleagues, Friends and Family

e daughter graduated: BS & MEd,
Cognitive Science & Education majors, UCLA

Yay

e 2 grand nephews &
1 grand niece




Compilers in the 2020s.....

e Compilers for ML

o  C4ML workshop @ CGO
e ML for Compilers

o Autotune - Performance tuning Twitter services with Graal and Machine Learning

o Improving Compiler optimizations by employing machine learning

m Graal workshop @ CGO 2021

o Compiler 2.0: Using ML to modernize compiler technology - C4ML workshop @ CGO 2020
e Compilers for Accelerators, TPUs, ...

o The Golden Age of Compiler Design... - ASPLOS 2021 keynote

e Twitter Women@ML



https://www.c4ml.org/
https://www.youtube.com/watch?v=W-5kUG8_mbk
https://graalworkshop.github.io/2021/slides/4_Improving_Compiler_Optimizations_by_Employing_Machine_Learning.pdf
https://twitter.com/umatweep/status/1231634778987696128
https://www.youtube.com/watch?v=4HgShra-KnY
https://twitter.com/quicola

My Learnings

Life is one heck of a Deep Learning Neural Network
....experiences/inferences depend on the input/training received...

..... heavily weighted by role models, mentors, colleagues, friends & family



What are yours?

Thoughts may be fleeting but Tweets live forever.....

@umatweep would love to get your tweets #WiCTUma?21



https://twitter.com/umatweep
https://twitter.com/hashtag/WiCTUma21

