CSCI 1377
Tools for Thought

Programming Il
Developer Tools

“More and more people wanted to solve problems, but were unwilling to learn octal code and manipulate
bits. They wanted an easier way of getting answers out of the computer.”

— Grace Hopper, on the invention of the compiler (1978)



Programming languages as script



x =[2, 8 7, 9, -5, 0, 2]
X _between = []
X

between.append(x i)

., 13, 10, 0, 8, 9, 1]
y betw@en = []
for y 1 n y:

y between.append(y 1)
print y between

Xy common = |[]
for x 1 in x:
if X 1 1n vy:
Xy _common.append(x_1)
print Xy common

< x i) and (x 1 < 10):

-2 <y i) and (y i< 9):

youtu.be/xMrenh1Vall



Reading code is not like reading prose

0.004 -

0.002 -

Den5|ty of Fixations
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Fixation Duration (ms)

Barik et al. “Do Developers Read Compiler Error Messages?” 2017



How would a
programmer
mentally represent
this code?

count clients = 0
total orders = ©
inactive clients = 0
order rec = read(order file)
while order rec.id != 999999:
sum orders ()
active clients =
count clients - 1nactive clients
client_avg =
total orders / count _clients
active_avg =
total orders / active_clients
print(active_avg)

fn sum_orders():
count clients += 1
total _orders += order_rec.quant
1f order_rec.quant == 0:
inactive clients += 1
order rec read(order file)



count clients = 0
total orders = ©
inactive _clients = 0
order rec read(order file)
while order rec.id != 999999:
sum orders ()
active clients =
count clients - 1nactive clients
client_avg
total orders / count_clients
active_avg =
total orders / active_clients
print(active_avg)

fn sum orders():
count clients += 1
total orders += order_rec.quant
1f order_rec.quant == 0:
inactive clients += 1
order rec read(order file)

Control-flow representation

NITIALIZE COUNTER FOR CLTENTS
TTALIZE SUM FOR ORDERS
[TIALIZE COUNTER FOR NO ORDERS
T1AL READ CLIENT RECORD

- aan e

o I
TEST FOR FILE TRAILER: EXIT

INCREMENT COUNTER FOR CLIENTS
AUD CLIENT ORDER TQ SUM

TEST FOR NG ORDER:
| INCREMENT COUNTER FOR NO ORDER

e ——————— Al
e S —. l

READ CLIENT RECORD

COMPUTE COUNT OF CLIENTS WITH ORDERS

COMPUTE AVERAGE OVER ALL CLIENTS

COMPUTE AVERAGE OVER ORDERING CLIENTS
PRINT AVERAGE OVER ORDERING CLIENTS




count_clients = © Functional representation

tota._orders = © CALCULATE AVERAGE ORDER, AVER
1nactive_clients = © ER, AVERAGE ACTIVE

- RDER, T
order rec read(order file) ORDER, AND PRINT AVERAGE ACTIVE ORDER

while order rec.id != 999999: I
sum orders ()

aCtive Clients — COMPUTE AVERAGES PRINT AVERAGE
— : : : : ORDER FOR
count _clients — 1nactive _clients ORDERING CLIENTS

client_avg

total orders / count clients r———*—————————"————————w
active avg =

. . COMPUTE AVERAGE COMPUTE AVERAGE
total_orders / actlve_cllents FOR ORDERING CLIENTS FOR ALL CLIENTS
print(active_avg) [ H ) r"———J—j—-—————]
COUNT SUM DIVIDE COUNT SUM DIVIDE
ACTIVE ORDERS SUM RY CLIENTS ORDERS SUM RY
fn sum_orders(): CLIENTS | COUNT , COUNT
count clients += 1 : r—wl—-—_] )
total orders += order_rec.quant INITIALIZE  UPDATE COUNTER
if order_rec.quant == 0: F""___FL_*W FOUNTER N Eree T
. . . INITIA-
1nactive clients += 1 L1ZE ORDER ﬁgm
. SUM FROM TO
order _rec = read(order file) LIST  SUM



count clients = 0
total orders = 0

inactive _clients = 0 SEQUENCE
order rec = read(order file) o4
while order rec.id != 999999:
sum orders() TNTTIALTZATLON READ CHPUTATICN
active_clients = . 6 1)1-15 6-10
count clients — 1nactive clients — N
client_avg = [j/ “\.l
— . 7 10
total orders / count _clients HiEERE
active_avg =
Fotal_oyders / active clients 4 ———
print(active_avg) 12-15
T N
fn sum _orders(): 1311.';‘t'§2A2°EISIEZI§ZCS§D°“”“S j/ i\i
coun t _ C 1 i en t S += 1 o et o i s o 12 L3

total orders += order_rec.quant

if order_rec.quant == 0: || .
inactive clients += 1 — N

order rec = read(order file) = |gmemes

[ ]
d r d e r -F 1 | e COMPUTE AVERAGE OVER ORDERING CLIENTS
I e a ‘ ’ PRINT AVERAGE OVER ORDERING CLIENTS




count clients = 0
total orders = 0
inactive clients = 0

order_rec = read(order_file) CONPLTE
while order rec.id != 999999: AVERAGES
sum_orders()
active clients =
. . . . PROCESS/READ ACCUMULATION
count_clients - 1nactive_clients LOOP PLAN -
client_avg =

FILTER RUNNING
p SUH PLAN

total _orders / count_clients
active_avg =

total orders / active_clients
print(active_avg)

CALCULATE AVERAGE ORDER, AVERAGE ACTIVE

fn sum_orders(): SR T
count_clients += 1 mwrw ﬁ%ﬁ; A
total_orders += Order_rec.quant T »

1lnactive_clients += 1 E TR
order_rec = read(order_file) o O B P



Representational hypotheses are tested with primes

2: total orders = 0

4: order rec read(order file)

13: total orders += order rec.quant

Control flow  Functional

RUNNING
SUM PLAN
2 ' 13

INITIALIZATION

Participant 1:
total orders

Y/N?

order rec =
read(order file)

Y/N?

0

Participant 2:
total orders = 0
Y/N?
total orders +=
order_rec.quant

Y/N?



Participants more likely had a control-based
mental representation of the program

» Control-primed targets were 105ms faster for recognition than
function-primed targets

- This gap grew to 219ms for upper quartile participants (based on
comprehension questions)

- Later experiments suggested that representation shifted to
functional given more comprehension time and a deeper task

Nancy Pennington. “Stimulus structures and mental representations in expert comprehension of computer programs” 1987



Programming languages as notation



Non-programmers find some programming
names unintUitive Programmer Non-programmer

Booleans boolean condition
Strings string characters

Modulus X=7%2 X = remainder of 7 / 2

Inequality Xl=vy X unequal y
Arrays value X|] value series x

Stefik and Siebert. “An Empirical Investigation into Programming Language Syntax” (2013)



Dimensions of syntactic variation
Objective-C

NSMutableDictionary s*mutableDictionary =
'NSMutableDictionary dictionaryWithCapacity:2];
‘mutableDictionary setObject:@"valuel" forKey:@"keyl"];
‘mutableDictionary setObject:@"value2" forKey:Q@"key2"]1;
‘mutableDictionary removeObjectForKey:@"keyl"];

Rust
let mut map = HashMap::with_capacity(2); POStﬁX VS, pl‘efix VS, inﬁX

map.insert("keyl", "valuel");

. : ||k ||’ 1 1 1 ’. .s o
ko, atue Positional vs. named
Scheme Implicit vs. explicit
(define ht (make-hash-table)) . . L.
(hash-table-set! ht "keyl" "valuel") UnlfOrm VS. SPQClallzed

(hash-table-set! ht "key2" "value2")
(hash-table-delete! ht "keyl")



Dimensions of syntactic variation

1f X
y

Conditionals

< 0:
= =X

else:

y

y:

<
|

= X
-X 1f X < 0 else X
X < B 7?7 =X : X;

1f x < O then —-x else X

Python
Haskell
Ruby
Javascript
APL
Smalltalk
Obijective-C
Rust

C++

Lambdas

inc = 1
lambda n: n + 1nc
\n —> n + 1nc
—>(n) { n + 1nc }
n => n + 1inc
{w+inc}
[:n | n+inc]
Alint n){return n+inc;;
move |n| n + 1nc

[=]1(int n) {return n+inc:}



“You can see us avoiding blowing the
|strangeness| budget in Rust with many of
our syntactic choices. We chose to stick
with curly braces, for example, because one
of our major target audiences, systems
programmers, is currently using a curly
brace language. Instead, we spend this
strangeness budget on our major, core
feature: ownership and borrowing.”

https://steveklabnik.com/writing /the-language-strangeness-budget/



o if x > 0 {
Goto makes for tough reading if y =1 {
print("A")
+ else
“Our intellectual powers are rather geared \ Print{t8®)
to master static relations and that our print("C")
powers to visualize processes evolving in Felse {
time are relatively poorly developed. For \ Prant (D,
that reason we should do (as wise print("E");

programmers aware of our limitations)

1f x <= 0 goto D
our utmost to shorten the conceptual gap

if v != 1 goto B

between the static program and the print("A")
dynamic process, to make the . gg;zt?"B")
correspondence between the program C: print("C")
(spread out in text space) and the process goto E

: print("D")

(spread out in time) as trivial as possible. . print("E")

m O

Edsger Dijkstra. “Go To Statement Considered Harmful” 1968



Structure editors prevent syntax errors

Motion

move Q steps

turn C* @ degrees

goto random position ¥

>
©
§
:

Scratch

set score ¢ o o
e 10 )

set aw to pickrandom ° to @
'set be to pickrandom ° to o

Hazel

let incr = fun (x : Int) => x+1 1n
let x = 1ncr()) in
X * 2

"
~~

+ 1) x 2

go to X:

‘%
e

by

Secs to random position v

ask join join join anﬂﬁﬁ') a

if answer = a * b then

O Q-

glide o Secs to x: o y: o

point in direction

point towards mouse-pointer e

2
:
<

0

setxto

SV Yes, that's right il @ seconds

change score v by °
else

SV No, think again JRiels @ seconds

o @ secon

EXP / Expression hole | Fillable by any expression of type Int

type DailySighting = (

day=Int, fox=Bool, deer=Bool, rabbit=Bool,

bear=Bool, owl=Bool, raccoon=Bool, wolf=Bool, moose=Bool) 1in
let sightings [DailySighting] = [

(1, @, U, @, U, U, @, 0), ),

(2, ., &, @&, J, @, (L, [J, []),

(3, @, (I, ), [J, @, (., [, ),
(4, L, U, @, J, U, U, U, ),
(5, &, o, L, J, UJ, @, LI, L),
(6, L, @&, o, @, L, L, [, B2),
(r, o, U, @, J, ULJ, L, &, LJ),
(s, @, O, @, J, O, O, 0, (),
(9, L, @&, U, U, &, U, U, )




Node-link syntax permits “point-free” code and
diagrammatic reasoning

Collatz conjecture implemented in LabView



Node-link syntax permits “point-free” code and
diagrammatic reasoning

¢ Event Actor Begin '

flncrement
700Ac ocatm \ /
tumValue @ -

Implementing a collectible in Unreal Engine 4 Blueprints




= Event Graph

¢ 9 | &2 PC ) EventGraph

?

..out at what cost




IDEs as hypertext reading
augmentation systems



Are code editors and IDEs different any more?

» Once upon a time, Eclipse and Visual Studio were quite different
than Vim and Emacs

- Language Server Protocol (2016) standardized IDE features over
the last decade

- Today, you have autocomplete in Vim and Emacs keybindings in
VSCode



Nodes Content Finding
Links

Navigation
Let’s do a hypertext analysis of IDEs!

Viewing Annotation Versioning

Authoring Collaboration



Let’s do a hypertext analysis of IDEs!

+ Nodes: files + Viewing: windows

- Links: variable/class references - ra";gec! by IDE or O3 M
+ Content: source code uthoring: typing + LLMs

» Collaboration: VCS

- Navigation: |
- Jump to definition + Annotation: comments
- File explorer - Jump to definition

. Fin ding - File explorer
_Find all references » Versioning: commits

- Fulltext search / grep



Smalltalk
pioneered
the object-
oriented
IDE in the
1970s




[Glamorous Toolkit demo]



ShapeOraw» BinDiagramitem»
public void reposition()
{

if (_visual != null)
{

_Vvisual.setLocation(_Offset,
getverticaloffset());

ShapeDraw» BinDiagramItems»
public void Clearvisual()

{

if (visval != null)

{

if (!_Added)

{

}

_Vvisual = null;
Added = false;

ginDiagrammanager.getor().remove(
_visual);

(
ShapeDrawe MainPanel»

public MainPanel()
{

this.layoutasCardinalpirections();
this.createPropertysuttons();

Button featuresutton = SpecialrFeaturesutton.
getinstance(this);

Button randomShapes = this.
createfandomShapeButton();

String[) messages = this.
generatestatisticsMessages();
this.handleStatisticsGUI(messages);

MenuBar menuBar = this.createMenuBar();

ShapeButton[] shapeButtons = this.
createshapesuttons();

Panel shaperanel = this.makeshapesuttonPanel(
shapeguttons);

Panel morerFunctionsPanel = new Panel();

moreFunctionsPanel. layoutasGrid();

Label morefunctionsLabel = new Label(
"more Functions®);

morefunctionsLabel.center();

morefunctionsPanel . addimorefunctionsLabel):

Code Bubbles (2011)

\.

—'( ShapeDraw»MainPanels»

public MenuBar createMenuBar()
{

MenuBar menuBar = new MenuBar();

Menu menul = néw Menu(“"Text Input");
Menu menu2 = new Menu(

"Ordering Features");
Menu menu3 = new Menu("Extra Features”);
Menu menud = new Menu("Grid Features");

menuBar.add(menul);
menuBar. add(menu2);
menuBar., add(menu3);
menuBar.add(menus) ;

this.createMenul(menul);
this.createmMenu2(menu2);
this.createmenul(menu3);
this.createMenus(menus);

return menuBar;
}

[

ShapeDraw» MainPanel »

private static final long serialversionuID =
;

private Shapegutton _lineg;

private Button _statssutton;

private Button _deleteShape;

private ButtonHolder _holder;

private DrawingPanel _dP;

private ShapeInfoPanel _shapeInfoPanel;

private MenuCheckBox _shadeBox;

-

ShapeDraw» MainPanel »
private void createmMenul(Menu m)

{
Menultem textInput « TextmenuButton.
getinstance();
m.add(textInput);
}

] »

—'r ShapeDrawsMainPanel»
private void createmMenu2(menu m)

{
m.add(SaveLocationsButton.getinstance(

this));

rf

ShapeDrawe» ShapeInfoPanele»
public Shapelnfopanel()

m.add(RestoreLocationsButton.getInstance(
this));

m.3dd(OrganizationButton.getinstance(
this));

| 9}

ShapeDrawe MainPanel»
private void createmenul(Menu m)
{
Menultem textInput = TextMenuButton.
getinstance();
m.add(textInput);

ShapeDraw
ButtonHolder
_currentselection private ShapeButton _currentsSelection, _nextSelection;
ButtonHolder public Buttonsolder(ShapeButton b)
(
@ShapeDraw» ButtonHolder »
public void setSelected(ShapeButton button)
{
v _nextSelection = button;
j -
3 }
Deletesutton
Deletesutton public class DeleteButton extends ShapeButton
DrawingPanel \
isSpecifyDimensions return ShapeButton.isspecifypimension(); ' /
P MainPanel '
lines private ShapeButton _lines;
z MainPanel ShapeButton[] shapeButtons = this.createShapeButtons();

ShapeOraw» Sa

public static
"p)

{

SaveLocationsButton button = new
SavelLocationsButton();
button.setText(“Save shape locations"”);
button.setMainPanel(mp);
button.setFocusable(false);

return button;

MainPanel
Top of File
Q Member Variables

Add Method...
gw

2

)
)
)
.

O
uh

{

ShapeDraw»MainPanel »
private void createMenui{Menu m)

MenuItem textInput = TextMenuButton.

getInstance();
m.add(textInput);

C)

v

B ShapeDraw

Add Class...

B app

5] AreaButton
[E Arealnfo

[5] BarGraphManager
5] einDiagramitem

Top of File
W) Member Variables
Add Method...
Q BinDiagramitem
Q add
Q Add
Q ClearVisual
Q CreateVisual

b 1 g
N i ",[~ - "“—‘




Devtools as domain-specific
visualization systems



Many software visualizations have been tried

Edit MWidgets |[Slice: | Full =2} Dirsction: . Backeards =3 | Level: | Context ::lj
bb.c
aput.c
qpt.c machine_sasout.c
I&@:}‘; _:';_‘ : e . T e
g T 0y .
b wos ey Y oevs ) :
i~ 7 - e L gRe T e
= QuadOpTProb Rep B EEEEEEEEEE N
se . |Cindex
~ - |TabConshaintsiterator
o |ConstraintReps [
{ Vindes
5 | Tab Vars) ferator
o |Assianments
w | QOCAFRep o EE EEERN ] EEEEEEEN
o {InwTableay
o | Arrap0 fTabUars
-~ |TabConshzints
o | Tablean ] a ] RN ER BN " EER
. .| EqualitySystem Rep = o
o |Constraint System [ " NN 1
o4 | Solution
"~ |Constraint Solver | EEN
. |ObjectiveRep B
——- | Factarsiterator =
“omad Terms fatutor
25 | Terms jul R N
Z2= | Factor o B’ | |
~ - |Factors =) an 51
~ —{Tetm aEn
| Objective o H N L]
r-=- |Constraint mn L
e |COmpoUnd EXP Rep " R BN <]
7T [CompoundC EXpression HE EN =
CVarRep = = " =
CVarable H EEN =N
ConsfantExp Rep EE B
ExpRep
RefCountedObject
1CcConstant H / EENR
C Expression [ s X 5
main JEd_ ®m i_mm s g =
iz B¢ oot 2 ef fe%
(= o -—
e sEef 3% £2 2% B s%PP
252 8, FEE, 5E5: Ta £3zco%# £ 8T g £
vtECcCace =S = 2" ; 2 En.. e RS2 B
YL 0FEER33E: p, ETEESERS =S %{:§§§5§osggggk§
cQEQ%EihQEEigﬂﬂ§§R§852330§h0%=v30v3%3355=0
‘EIA-IOoxo==ooonuﬁzamxnooou-ﬂﬁ gonﬂEOﬂEzsooo a4
EOOEWO0O0000 & i e B Y e — i S e s e U O -

LUV LTV

rule
properties

ol

-
!

T 5
o finer e

&
<Q

et TT I
oo || }
> ‘\‘i‘,\'&,‘f\'\.“: \ \)
ANP AN I VY

i

:'/1' SEETIN L. \
'j‘”fﬁ*, N\ @
lﬁ /" // / /‘/ /,{/'Zf’/;. S *



Amelia Wattenberger, “Visualizing a Codebase”
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“None of today's mainstream programming environments feature visualization. None
of the standard programming tools used today uses visualization in anything but the
crudest way. The various experiments with visualization, even when they appeared in
production environments, have failed; successor environments did not feel it was
worth reproducing visualization tools. Programmers don't use visualization tools and
don't seem to want to use them. [...]

The visualization systems that have been developed address “generic” understanding
problems. They look at the program structure from the generic view of the class
hierarchy or the call hierarchy. They look at dynamic understanding from the generic
view of what basic blocks are being executed, what resources are being used, what is
being allocated, or what states the threads are in. But the reality of software
understanding is that programmers ask specific questions, not generic ones. |...]

Generic tools provide generic answers.”

— Steve Reiss, “The Paradox of Software Visualization” (2005)
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Python 3.11 Frames Objects
known limitations

Global frame function

def list sum(numbers): list sum(numbers)

if not numbers: list sum
return 0 my_list | tuple tuple tuple
| else: | 0 1 v 0 1 - 0 1
— (f, rest) = numbers 1ist sum 1 // 2 | ] | 3| None
return f + list sum(rest) -
numbers
my_list = (1, (2, (3, None))) fll
total = list sum(my list) rest

Edit this code

line that just executed List _sum
== next line to execute

numbers

8

[<< First] [< Prev] [Next>] [Last >>]
Step 10 of 22

https://pythontutor.com/



let mut v: Vec<i32>

let num: &132 = &ev[2];
4

println! ("v[2]

Vg -pPush(4);

{}",

veelll. 7 1=

(

xnum) ;
(¢

v S RW O
hum 1 +R - +0O
*num 1 +3% = =

V O R+W +0

num 1 X - @
xnum 1 A = -

viI AWO

https://cel.cs.brown.edu/aquascope/



main.rs

v f get_all _published_users

¥ load(conn)

v ® SelectStatement<..>: LoadQuery<Conn, U>

Bottom Up Top Down

~ © SelectStatement<..>: LoadQuery<Conn, U>

-impl<..> LoadQuery<..> for T
where ..

v » SelectStatement<..>: AsQuery

~+impl<..> AsQuery for T
where ..

+ ® SelectStatement<..>: Query

~+impl<..> Query for SelectStatement<..>
where ..

~ ® WhereClause<Grouped<Eg<published, Bound<Bool, bool>>>>:
ValidWhereClause<FromClause<table>>

~impl<..> ValidWhereClause<QS> for WhereClause<Expr>
where ..

~ ® Grouped<Eq<published, Bound<Bool, bool>>>: AppearsOnTable<table
>

» impl<..> AppearsOnTable<QS> for Grouped<T>
where ..




Course recap




| hope that you have a broader view on the

present and future of TfT
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| hope that you understand how to think
systematically and scientifically about TfT

- Capabilities: how do the brain’s primitive components work,
and how do they support higher-level cognition?

+ Tasks: what is the shape of knowledge work? How do people
decompose tasks into manageable pieces?

- Representations: what makes one form of information more
effective than another at facilitating a cognitive task?



"I think that AI will be able to do math at a superhuman
level in my lifetime, and that there is a good chance this
will happen relatively soon. [...]

As a result, | may be among the last generation of PhDs
who are able to prove a difficult original mathematical
result—where, by difficult, I mean one which requires
introducing a new and different way of thinking about a
given problem—purely using their own intellectual efforts.”

— A CS prof last month



(I hope you know now that)

Everything is a
technology!!!

® 6 O

language, scripts, alphabets, poetry, paper, whitespace,
books %codices), margins, headings, indexes, printers,
math notation, card catalogs, filing cabinets, maps,
graphs, arrows, diagrams, animations...




Let’s hear from you!

- What is one system, idea, assignment, etc. in this course that

resonated with you?
- i.e., it was memorable, interesting, thought-provoking

- How did you feel about the balance of focus on history,
psychology, and software? The balance of breadth vs. depth?
Level of effort put into the course?

- What is one thing you would change about the course?
- Stuff we're already working on: labs, rubrics



