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“Harlem” 
By Langston Hughes, 1951 

What happens to a dream deferred? 
Does it dry up 
like a raisin in the sun? 
Or fester like a sore— 
And then run? 
Does it stink like rotten meat? 
Or crust and sugar over— 
like a syrupy sweet? 
 
Maybe it just sags 
like a heavy load. 
 
Or does it explode?  Langston Hughes (1901-1967) 

Portrait by Carl Van Vechten, 1936.  Public Domain. 
Library of Congress Prints and Photographs Division Washington, D.C. 20540  

http://hdl.loc.gov/loc.pnp/cph.3b38891 3

http://hdl.loc.gov/loc.pnp/cph.3b38891


John Backus (1924-2007) 
Pioneers in Science and Technology Series: John Backus, 1984 

© City of Oak Ridge, Oak Ridge, TN 3783 (Public Domain) 
https://cdm16107.contentdm.oclc.org/digital/collection/p15388coll1/id/526

The Fortran Automatic Coding System fort he IBM 704,   
the first programmer’s reference manual for Fortran 

(Public Domain) 

https://cdm16107.contentdm.oclc.org/digital/collection/p15388coll1/id/526
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“Fortran is a new and exciting language 
used by programmers to communicate 

with computers.  It is exciting as it is the 
wave of the future.” 

Character of Dorothy Vaughan,  
a NASA mathematician and programmer, 

as played by Octavia Spencer in  
Hidden Figures (20th Century Fox, 2016).1961  5



19 77  A C M  T u r i n g  A w a r d  L e c t u r e  

The 1977 ACM Turing Award was presented to John Backus 
at the ACM Annual  Conference in Seattle, October 17. In intro- 
ducing the recipient, Jean E. Sammet, Chairman of the Awards 
Committee, made the following comments and read a portion of 
the final citation. The full announcement  is in the September 
1977 issue of Communications, page 681. 

"Probably there is nobody in the room who has not heard of 
For t ran and most of you have probably used it at least once, or at 
least looked over the shoulder of someone who was writing a For- 
t ran program. There are probably almost as many people who 
have heard the letters BNF but don' t  necessarily know what they 
stand for. Well, the B is for Backus, and the other letters are 
explained in the formal  citation. These two contributions, in my 
opinion, are among the half dozen most important  technical 
contributions to the computer field and both were made by John 
Backus (which in the For t ran case also involved some col- 
leagues). It is for these contributions that he is receiving this 
year's Turing award. 

The short form of his citation is for 'profound, influential, 
and lasting contributions to the design of practical high-level 
programming systems, notably through his work on Fortran,  and 
for seminal publication of formal  procedures for the specifica- 
tions of programming languages.' 

The most significant part  of the full citation is as follows: 
' . . .  Backus headed a small IBM group in New York City 

during the early 1950s. The earliest product of this group's 
efforts was a high-level language for scientific and technical corn- 

putations called Fortran.  This same group designed the first 
system to translate For t ran  programs into machine language. 
They employed novel optimizing techniques to generate fast 
machine-language programs. Many other compilers for the lan- 
guage were developed, first on IBM machines, and later on virtu- 
ally every make of computer. For t ran  was adopted as a U.S. 
national standard in 1966. 

During the latter part  of the 1950s, Backus served on the 
international committees which developed Algol 58 and a later 
version, Algol 60. The language Algol, and its derivative com- 
pilers, received broad acceptance in Europe as a means for de- 
veloping programs and as a formal  means of publishing the 
algorithms on which the programs are based. 

In 1959, Backus presented a paper at the UNESCO confer- 
ence in Paris on the syntax and semantics of a proposed inter- 
national algebraic language. In this paper, he was the first to 
employ a formal  technique for specifying the syntax of program- 
ming languages. The formal  notation became known as B N F -  
standing for "Backus Normal  Form,"  or "Backus Naur  Form"  to 
recognize the further  contributions by Peter Naur  of Denmark.  

Thus, Backus has contributed strongly both to the pragmatic 
world of problem-solving on computers and to the theoretical 
world existing at the interface between artificial languages and 
computational linguistics. For t ran  remains one of the most 
widely used programming languages in the world. Almost all 
programming languages are now described with some type of 
formal  syntactic definition.' " 

Can Programming Be Liberated from the von 
Neumann Style? A Functional Style and Its 
Algebra of Programs 
John Backus 
IBM Research Laboratory, San Jose 

General permission to make fair use in teaching or research of all 
or part of this material is granted to individual readers and to nonprofit 
libraries acting for them provided that ACM's copyright notice is given 
and that reference is made to the publication, to its date of issue, and 
to the fact that reprinting privileges were granted by permission of the 
Association for Computing Machinery. To otherwise reprint a figure, 
table, other substantial excerpt, or the entire work requires specific 
permission as does republication, or systematic or multiple reproduc- 
tion. 

Author's address: 91 Saint Germain Ave., San Francisco, CA 
94114. 
© 1978 ACM 0001-0782/78/0800-0613 $00.75 
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Conventional programming languages are growing 
ever more enormous, but not stronger. Inherent defects 
at the most  basic level cause them to be both fat and 
weak: their primitive word-at-a-time style of  program- 
ruing inherited from their common ancestor- - the  von 
Neumann computer, their close coupling of  semantics to 
state transitions, their division of programming into a 
world of expressions and a world of  statements,  their 
inability to effectively use powerful combining forms for 
building new programs from existing ones, and their lack 
of useful mathematical properties for reasoning about 
programs. 

An alternative functional style of  programming is 
founded on the use of combining forms for creating 
programs. Functional programs deal with structured 
data, are often nonrepetitive and nonrecursive, are hier- 
archically constructed, do not name their arguments, and 
do not require the complex machinery of  procedure 
declarations to become generally applicable. Combining 
forms can use high level programs to build still higher 
level ones in a style not possible in conventional lan- 
guages. 

Communications August 1978 
of Volume 21 
the ACM Number 8 

1977 Turing Award Lecture:
“Can Programming be Liberated from the von Neumann 
Style?  A Functional Style and Its Algebra of Programs”

Backus, J., Communications of the ACM, August 1978, 21:8
6
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Rumors of Fortran’s Demise…

1984 – 1991 8



Or a Roadmap for Fortran’s Future?
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The Dream
To Make Software Representations of Partial 

Differential Equations More Closely Resemble Their 
Textbook Counterparts… 

by applying differential operators to continuous mathematical 
abstractions supported by discrete approximations executing 

in parallel.
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u_t = -(.grad.p)/rho        & 
       
      + nu * (.laplacian.u) &   

      -(u .dot.(.grad.u)) 
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Distributed objects
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Matcha: Motility Analysis of T-Cell histories in Activation

Matcha tracks the stochastic T-cell motions according to multiple distributions of speeds and 
angles, accounting for the dependence of speed on the turning angle and on the previous speed. 
T cells must mount a coordinated attack in order to avoid overwhelming the host tissue. 
The study of T-cell/T-cell interactions remains in its infancy [1].  
Some communication occurs via secreting soluble mediators, e.g., cytokines and chemokines. 

Matcha models mediator spread via a 3D diffusion equation: 

                                                   where                          . 

15

A parallel virtual T-cell model.

GASNet-EX

Caffeine
Matcha C

L

M
O

P
I

ER

System Runtime & Memory 

[1] L.F. Uhl and A. Ge ́rard A. “Modes of communication between T cells and relevance for immune responses.” Int. J. Mol. Sci. 2020, 21, 2674; doi:10.3390/ijms21082674
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Collaborator:  
Prof. David Torres 
Northern New Mexico College 
via Sustainable Research Pathways https://go.lbl.gov/matcha

https://go.lbl.gov/matcha
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 51   function functional_programming_time() 
    ! ... 
 55     type(subdomain_t) T 
    ! ... 
 61     associate(dt => T%dt_stable(alpha)) 
 62       functional_programming: & 
 63       do step = 1, steps 
 64         T =  T + dt * alpha * .laplacian. T 
 65       end do functional_programming 
 66     end associate 
    ! ...

 77   function procedural_programming_time() 
    ! ... 
 81     type(subdomain_t) T  
    ! ... 
 86     associate(dt => T%dt_stable(alpha)) 
 87       procedural_programming: & 
 88       do step = 1, steps 
 89         call T%step(alpha*dt) 
 90       end do procedural_programming 
 91     end associate

git clone git@github.com:berkeleylab/matcha 
cd matcha 
fpm run \ 
  --example time-paradigm \ 
  --compiler caf \ 
  --runner “cafrun -n 2” 

… 

 Functional program time:    1.55110109     
 Procedural program time:    1.54629397   

       
Demonstration with gfortran 14.2.0 & OpenCoarrays 2.10.2



Loop-Level Parallelism

188 do concurrent(j=2:ny-1) 
189   laplacian_rhs%s_(i, j) = & 
      (halo_left(j)   - 2*rhs%s_(i, j) + rhs%s_(i+1,j  ))/dx_**2 + & 
190   (rhs%s_(i, j-1) - 2*rhs%s_(i, j) + rhs%s_(i  ,j+1))/dy_**2 
191 end do

line continuation

18 18
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end

The World’s Shortest Fortran Program
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The World’s Shortest Bug Reproducer

20

end
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Fiats: 
Inference
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Fortran at the 
Intersection
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CPU Parallelism on Perlmutter

Example Command:  
OMP_NUM_THREADS = 128  fpm run --example concurrent-inferences \ 
    --runner "srun --cpu_bind=cores -c 128 -n 1" -- --network model.json

Neural network: 
• Activation function: GELU 
• Numbers of inputs: 80 
• Number of outputs: 31 
• Nodes per hidden layer: 256, 384, 256 

Source: Z. Bai

Compiler:  
Berkeley Lab llvm-project fork 
git tag paw-atm24-fiats 
Commits pulled from ROCm fork

Platform: 
Dedicated interactive node 
2x 64-core AMD EPYC 7663 processors

Av
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ee
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p 

(5
 ru

ns
)

1.00

10.00

100.00

OMP_NUM_THREADS
1 2 4 8 16 32 64 128

Ideal do concurrent omp parallel

https://github.com/BerkeleyLab/flang-testing-project
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Training: Flattening the Histograms



What Happens to a Dream Deferred? | BERKELEY LAB 28

Flattening as Maximum-Entropy Sampling

Information Entropy
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“It occurred to me by intuition, and music was the driving force 
behind that intuition.  My discovery was the result of musical 
perception.”
— Albert Einstein (when asked about his theory of relativity)

“… Then, out of the blue, Salam says to Jim: ‘One day, when your people 
do physics, it will be like jazz.’ 
   What a great compliment, an affirmation and acknowledgment of the 
improvisational, inclusive, cultural, and intellectual contributions of this 
music called jazz.”

—Stephon Alexander (The Jazz of Physics, p. 231) quoting physics Nobel 
laureate Abdus Salam as relayed by physicist Jim Gates.
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Eat food.   
Not too much.   
Mostly plants. 

In Defense of 
Food: An Eater’s 
Manifesto
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In Defense of 
Software:          
A Developer’s 
Manifesto

Slide / 01

Write software.   
Not too much.   
Mostly pure functions. 
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Prior work finds a diversity paradox: Diversity breeds innovation,
yet underrepresented groups that diversify organizations have less
successful careers within them. Does the diversity paradox hold for
scientists as well? We study this by utilizing a near-complete pop-
ulation of ∼1.2 million US doctoral recipients from 1977 to 2015 and
following their careers into publishing and faculty positions. We
use text analysis and machine learning to answer a series of ques-
tions: How do we detect scientific innovations? Are underrepre-
sented groups more likely to generate scientific innovations? And
are the innovations of underrepresented groups adopted and
rewarded? Our analyses show that underrepresented groups
produce higher rates of scientific novelty. However, their novel
contributions are devalued and discounted: For example, novel
contributions by gender and racial minorities are taken up by
other scholars at lower rates than novel contributions by gender
and racial majorities, and equally impactful contributions of gender
and racial minorities are less likely to result in successful scientific
careers than for majority groups. These results suggest there may
be unwarranted reproduction of stratification in academic careers
that discounts diversity’s role in innovation and partly explains the
underrepresentation of some groups in academia.

diversity | innovation | science | inequality | sociology of science

Innovation drives scientific progress. Innovation propels science
into uncharted territories and expands humanity’s understand-

ing of the natural and social world. Innovation is also believed to
be predictive of successful scientific careers: Innovators are sci-
ence’s trailblazers and discoverers, so producing innovative sci-
ence may lead to successful academic careers (1). At the same
time, a common hypothesis is that demographic diversity brings
such innovation (2–5). Scholars from underrepresented groups
have origins, concerns, and experiences that differ from groups
traditionally represented, and their inclusion in academe diver-
sifies scholarly perspectives. In fact, historically underrepresented
groups often draw relations between ideas and concepts that have
been traditionally missed or ignored (4–7). Given this, if demo-
graphic groups are unequally represented in academia, then one
would expect underrepresented groups to generate more scientific
innovation than overrepresented groups and have more successful
careers (SI Appendix). Unfortunately, the combination of these
two relationships—diversity–innovation and innovation–careers—
fails to result and poses a paradox. If gender and racially un-
derrepresented scholars are likely to innovate and innovation
supposedly leads to successful academic careers, then how do
we explain persistent inequalities in scientific careers between
minority and majority groups (8–13)? One explanation is that
the scientific innovations produced by some groups are dis-
counted, possibly leading to differences in scientific impact and
successful careers.
In this paper, we set out to identify the diversity–innovation

paradox in science and explain why it arises. We provide a system-
level account of science using a near-complete population of US
doctorate recipients (∼1.2 million) where we identify scientific
innovations (14–19) and analyze the rates at which different de-
mographic groups relate scientific concepts in novel ways, the
extent to which those novel conceptual relations get taken up by

other scholars, how “distal” those linkages are (14), and the sub-
sequent returns they have to scientific careers. Our analyses use
observations spanning three decades, all scientific disciplines, and
all US doctorate-awarding institutions. Through them we are able
1) to compare minority scholars’ rates of scientific novelty vis-à-
vis majority scholars and then ascertain whether and why their
novel conceptualizations 2) are taken up by others and, in turn,
3) facilitate a successful research career.

Innovation as Novelty and Impactful Novelty in Text
Our dataset stems from ProQuest dissertations (20), which in-
cludes records of nearly all US PhD theses and their metadata
from 1977 to 2015: student names, advisors, institutions, thesis
titles, abstracts, disciplines, etc. These structural and semantic
footprints enable us to consider students’ rates of innovation at
the very onset of their scholarly careers and their academic
trajectory afterward, i.e., their earliest conceptual innovations
and how they correspond to successful academic careers (21).
We link these data with several data sources to arrive at a near-
complete ecology of US PhD students and their career trajec-
tories. Specifically, we link ProQuest dissertations to the US
Census data (2000 and 2010) and Social Security Administration
data (1900 to 2016) to infer demographic information on stu-
dents’ gender and race (i.e., name signals for white, Asian, or
underrepresented minority [Hispanic, African American, or
Native American]; see Materials and Methods and SI Appendix);
we link ProQuest dissertations to Web of Science, a large-scale
publication database with ∼38 million academic publications
(1900 to 2017), to find out which students have continued re-
search careers, and we weigh our inferential analyses by pop-
ulation records of the number of PhD recipients for each distinct
university–year combination to render results generalizable to
the population (SI Appendix).

Significance

By analyzing data from nearly all US PhD recipients and their
dissertations across three decades, this paper finds de-
mographically underrepresented students innovate at higher
rates than majority students, but their novel contributions are
discounted and less likely to earn them academic positions. The
discounting of minorities’ innovations may partly explain their
underrepresentation in influential positions of academia.
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novelty (uptake per new link) by several notions of demographic
diversity, the gender and racial representation in a student’s
discipline, and by gender/race indicators reflecting historically
underrepresented groups (Fig. 2). We keep institution, academic
discipline, and graduation year constant (33, 34) (see Materials
and Methods and SI Appendix, Figs. S1 and S4 and Table S2). We
find that the more students are underrepresented genders (P <
0.001) or races (P < 0.05) in their discipline, the more they are
likely to introduce novel conceptual linkages (# new links). Yet
the more students are surrounded by peers of a similar gender in
their discipline, the more their novel conceptual linkages are
taken up by others (P < 0.01): That is, the less a student’s gender
is represented, the less their novel contributions are adopted
by others (uptake per new link). Findings for binary gender and
race indicators follow similar patterns. Women and nonwhite
scholars introduce more novelty (both P < 0.001) but have less
impactful novelty (both P < 0.05) when compared to men and
white students. Additionally, intersectional analyses of gender–
race combinations suggest that nonwhite women, white women,
and nonwhite men all have higher rates of novelty compared to
white men (all P < 0.001) but that white men have higher levels
of impactful novelty compared to the other groups (all P < 0.01).
Combined, these findings suggest that demographic diversity
breeds novelty and, especially, historically underrepresented
groups in science introduce novel recombinations, but their rate

of adoption by others is lower, suggesting their novel contributions
are discounted.
So why is the novelty introduced by (historically) underrep-

resented groups less impactful? We test the common hypothesis
that innovations that draw together concepts from very different
fields or using distal metaphorical links receive less reward. If
(historically) underrepresented groups combine distal concepts,
this may partly explain their less impactful novelty. We first identify
how semantically distal or proximal newly linked concepts are
from one another in the space of accumulated concepts using
word embedding techniques (35) (see Fig. 3, detailed inMaterials
and Methods). Word embedding techniques enable us to esti-
mate the semantic location of concepts in a vast network of in-
terrelated concepts and compare how distally (or proximally)
positioned newly linked concepts are to one another in that
space using cosine distance. For the set of newly linked concepts
in each thesis, we average their semantic distance and model
whether some groups introduce more distal forms of novelty in
their theses than other groups. We find that students whose
gender is underrepresented in a discipline introduce slightly
more concept linkages that are semantically distant (see Fig. 3C;
P < 0.001) and women introduce more distal novelty in com-
parison to men (P < 0.001). In turn, distal novelty relates in-
versely to impactful novelty; more distal new links between
concepts receive far less uptake (see Fig. 3D; P < 0.001). Hence,
underrepresented groups introduce novelty, and the discounting
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Fig. 2. Gender and race representation relate to novelty and impactful novelty. (A) Introduction of novelty (# new links) by the percentage of peers with a
similar gender in a discipline (n = 808,375). Specifically, the results suggest that the more students’ own gender is underrepresented, the more novelty they
introduce. (B) Similarly, the more students’ own race is underrepresented, the more novelty they introduce. (C) Binary gender and race indicators suggest that
historically underrepresented groups in science (women, nonwhite scholars) introduce more novelty (i.e., their incidence rate is higher). (D) In contrast,
impactful novelty decreases as students have fewer peers of a similar gender and suggests underrepresented genders have their novel contributions dis-
counted (n = 345,257). (E) There is no clear relation between racial representation in a discipline and impactful novelty. (F) Yet the novel contributions of
women and nonwhite scholars are taken up less by others than those of men and white students (their incidence rate is lower).
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A Different Take

www.yourwebsite.com

Science answers questions that scientists ask.

Asking different questions might yield very different answers
— even sometimes seemingly contradictory ones.

This seems especially true in the social sciences and the 
humanities and we’re operating closer to the social sciences 
(cf. Communications of the ACM) and the humanities (cf. The 
Physics of Jazz) than most of us likely realize.

The author’s opening question suffers from at least two 
problems:

1. The use of “more capable” implies a capability metric with 
which one can establish a mathematical inequality. 

2. Opening with “is” suggests a single deterministic answer.
36



A Different Question

www.yourwebsite.com

 Let’s try reframing the question:

“Might a gay Republican Latino have different capabilities that could 
influence how they would conduct a physics experiment or which 
physics experiments they might choose to conduct as compared to a 
white progressive heterosexual woman?”

Here, “might” clarifies that the the answer is probabilistic: the traits 
given are insufficient to fully determine the answer but that doesn’t 
mean those traits have no influence on outcomes.

Also, “different capabilities” allows for a much richer and more complex 
understanding of human capabilities than a single measure for which 
one can write mathematical inequalities.

The answer to the rephrased question is a resounding “Yes!”
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Programming Languages Are 
Human Languages:  

Bias Exists
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Demarginalizing the Intersection of Race
and Sex: A Black Feminist Critique of
Antidiscrimination Doctrine, Feminist

Theory and Antiracist Politics
Kimberle Crenshawt

One of the very few Black women's studies books is entitled
All the Women Are White; All the Blacks Are Men, But Some of
Us are Brave.1 I have chosen this title as a point of departure in
my efforts to develop a Black feminist criticism 2 because it sets
forth a problematic consequence of the tendency to treat race and
gender as mutually exclusive categories of experience and analysis.'
In this talk, I want to examine how this tendency is perpetuated
by a single-axis framework that is dominant in antidiscrimination
law and that is also reflected in feminist theory and antiracist
politics.

I will center Black women in this analysis in order to contrast
the multidimensionality of Black women's experience with the sin-
gle-axis analysis that distorts these experiences. Not only will this
juxtaposition reveal how Black women are theoretically erased, it
will also illustrate how this framework imports its own theoretical
limitations that undermine efforts to broaden feminist and an-

t Acting Professor of Law, University of California, Los Angeles Law School.
Gloria T. Hull, et al, eds (The Feminist Press, 1982).
For other work setting forth a Black feminist perspective on law, see Judy Scales-

Trent, Black Women and the Constitution: Finding Our Place, Asserting Our Rights
(Voices of Experience: New Responses to Gender Discourse), 24 Harv CR-CL L Rev 9
(1989); Regina Austin, Sapphire-Bound!, forthcoming in Wisc Women's L J (1989); Angela
Harris, Race and Essentialism in Feminist Legal Theory (unpublished manuscript on file
with author); and Paulette M. Caldwell, A Hair Piece (unpublished manuscript on file with
author).

The most common linguistic manifestation of this analytical dilemma is represented
in the conventional usage of the term "Blacks and women." Although it may be true that
some people mean to include Black women in either "Blacks" or "women," the context in
which the term is used actually suggests that often Black women are not considered. See, for
example, Elizabeth Spelman, The Inessential Woman 114-15 (Beacon Press, 1988) (discuss-
ing an article on Blacks and women in the military where "the racial identity of those iden-
tified as 'women' does not become explicit until reference is made to Black women, at which
point it also becomes clear that the category of women excludes Black women"). It seems
that if Black women were explicitly included, the preferred term would be either "Blacks
and white women" or "Black men and all women."

Prof. Kimberle Crenshaw 
UCLA School of Law

Intersectionality

Google Scholar 
citation count: 44,949
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What Happens to a Dream Deferred? | BERKELEY LAB

02 
Sometimes it explodes in 
popularity.

03 
Sometimes it leads to open 
rebellion.

04 
Background matters: 
Let’s bring our whole selves to our work 
and bring math to the whole world. 

Conclusions

41

What Happens to a Dream Deferred?

01 
Sometimes it sags like a 
heavy burden.

https://www.poetryfoundation.org/articles/150907/langston-hughes-harlem
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