US 20230385033A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2023/0385033 A1
Elliot et al.

43) Pub. Date: Nov. 30, 2023

(54) STORING LOGICAL UNITS OF PROGRAM Publication Classification
CODE GENERATED USING A DYNAMIC (51) Int. Cl
f;}l&(ﬁl}fggﬂNG NOTEBOOK USER GO6F 8/34 (2006.01)
GO6F 8/33 (2006.01)
S . . GO6F 8/41 (2006.01)
(71) Applicant: gz(ljlacl[l}lsr) Technologies Inc., Denver, GOGF 8/36 (2006.01)
GO6F 11/36 (2006.01)
(72) Inventors: Mark Elliot, London (GB); GO6T 11/20 (2006.01)
Punyashloka Biswal, Norwalk, CT (52) US. CL
(US); Ankit Shankar, San Francisco, CPC .o GO6F 8/34 (2013.01); GOGF 8/33
CA (US); Omar Ali, Abu Dhabi (AE); (2013.01); GO6F 8/41 (2013.01); GOGF 8/36
John Chakerian, Los Altos Hills, CA (2013.01); GO6F 11/3668 (2013.01); GO6T
(US): Ben Duffield, New York, NY 117206 (2013.01); GOGF 9/45512 (2013.01)
(US); Adam Borochoff, New York, NY
(US) (57) ABSTRACT
The programming notebook system, methods, and user
(21) Appl. No.: 18/327,795 interfaces described herein provide software developers
with enhanced tools by which a programming notebook
(22) Filed: Jun. 1, 2023 workflow and session history associated with code cells in a
programming notebook may be tracked and maintained. As
Related U.S. Application Data a developer progresses through a development workflow, the
(63) Continuation of application No. 17/070,207, filed on developer can select an option to save a program code card
Oct. 14. 2020. now abandone d. which ,is a,continu- representing some or all of the program code cell inputs. A
atioﬁ o f’ applic,a tion No. 16/135 ,28 5, filed on Sep. 19 card editor user interface may present an aggregated listing
2018. now Pat. No 10.838 697’ Wflich isa cont.inu: of all program code the developer has provided across
ation,ofa lice;tion.No’ 15 /392 i 68. filed on Dec. 28 multiple code cells during the current session which the
2016 novr:lpPat No. 1 0' 127 021’ WfliCh s a cont.inu: developer can edit, refine, and/or comment. The card editor
ation, of a liCél tioﬁ No, 1 4;8 4 5’001 filed on Sep. 3 may also allow the developer to add associated user inter-
2015 novspPat No. 9 8.70 205 e P 2 face code to display a Ul component associated with the
’ T e program code card, and allow the developer to add a
(60) Provisional application No. 62/097,388, filed on Dec. description and tags for the card so that the card can be
29, 2014. searched for and reused.
1000~
107{ Q | LELU NewSession  Change Session= View Transcript Cards~ | & sql
VY TUNN IAAT VILUALLIVIN T UNNVIRT O L TR777T%
The correct formats are; SESSION
« one number, one letter, two number. For example: 5X55 s¢ |org.apache.spark.
« two letters, three numbers. For exampie:XXBSg SparkContext@lca2720f
three letters, three numbers. For example: XXX555 sq |°r9. apache.spark.sql.
102 106 SQLContext@5dedf00c
val letters = sc.parallelize('A' to 'Z2'") c/+x sgl |<functionl>
val digits = sc.parallelize('0" to '97)
rs: org.apache.sps ize at <console>:ld REPL
3. spache ops 2 azv<c\o‘:soj‘ B resOISUCCESS
LOADSQLFILE Cado /4% )
SQL FiLE[[Users/hduffield/Project] [fares I |
loadSqiFile(”/users/bduffield/projects/hax/lelu/data/trip fare i.csv”, “fares”, “,”) 105
defined class fares
import sg.createSchemaRDD
res0: lelu.language.scala.compiler.InterpStatus = SUCCESS
| [Safjo+x




US 2023/0385033 Al

Nov. 30, 2023 Sheet 1 of 6

Patent Application Publication

| "Old

SSUDONS = snieigdasiul cIsTTdWOD "eTROS *sbenbuel nTa] :(Qsax
dayewayosgajessntbs jxo0dut
seJle]l SSBIO pPauUIILep
.
NNY b0l
soL¥ ('« ',5023, ,A80°'T oIe3 drI13/B3ED/NTeT/XRY/S308[01d/DTOTIINDG/51880/,) BTTATRSPROT
\ _ il sale}| [joaloid/plaisnpassiesny|3Tid 108
\ [x+/0%]] F14108av01T
$0¢'0 /
mmmoobm_ommz GT:<®T05U0D> 1e szTTarTTered 12 [T]QQYUOTIOSTTONTSTTRIRd = [Ieud]aqy ppI-yaeds syoede-bio tsathrp _ )
e pT:<OT0SU0d> 18 azTTeTTeed 3B [(]QQYuoTIORTTON[RTTRIRd = [Iey)]aay ppI yreds ayoede’ 610 15792197
(16, 03 ,0,)0zZTToTTeIRd DS = S3THIP TeA
<tuot3iouny>| |bs|| x+/C[REY (12, 03 ,¥,)@zT(oTTRIRd DS = SI8338T [eA
200IP2PGPIXSIUCDTOS b 90l SAl 201
*Ths yaeds:sysede-bio S GGOX XX ”m_aﬂ_mxm 104 'slaquinu 881y} ‘s18is| 88ly] e
5 q CGOXX:8|CWEXD 04 "SIBgUINU 88JU) ‘SI8l8| OM] e
womwmxgwmwwwmmmmwmmuw 38 GGXG :o|dWwexs J0- JBaqunu OM) J8J}8| SUO JBQUINU BUO
NOISSIS ‘9Je sjewlo} 1081100 8y
\ [V WY N E— | O WAL NI I ATAL NV L NI L AATIN]
Ibs Y@ | ~SPIeD  jduosues] maip auoissog abueyy  uoissssmeN (V137 | & 11201
X~000!



¢ Ol

<TTe0-paeo-1d> (,{{uoTTTePa}},) dN}0OToATIP<TTeO-PpIeD-1d>

)

US 2023/0385033 Al

<ATD/>
<ATP />
<ATR/>
oysyoetTd ,TOIRUCO-WOIT,=SSRTO ,13x%x3],=8dA7 ,uoTITTepsu,=Tepowu-bu andur>
<ueds/>UOTTTRPSN< ,uoppe-dnoab-andut, =sse1o ueds>

< dnoab-anduTt, =sseTo ATP>
<u9-pPuU-TOD,=88BTD ATD>
<yMOT,=SSBTD ATIP>

T

v0¢

SN0~ O

=
H
i

T *X)IASTT <= %) dew* (ejep)drz-siAay

T
1
T
T

(0) ( )ID0STTOD S2T = ©lBp TeA
91eTd 2SUDDTT AWI-SN3LIS AusIiIn)-odAI-sWeN-I2quUnN SSUSDTT,, = ASY TBA

Nov. 30, 2023 Sheet 2 of 6

_ (Axsnb) Tbs*bs = sax1 Tea
psw + = IBQUNN SSUSDTT 9IS8YUM SUOTTTRPSW WOIJ x 103798, = Axsnb Tea

PN

¢0¢

TTepsw’ ,ASD paw/eiep/nia/xey/sideloag/pretiFnpg/saesn/,) o1 TaTbspeot
jsx2y elep sdrtal peocr//

[
<
T
6]
6
8
L
S
S
%
€
<
T

 OyTedg yreds syoede b6a0 08 3rorTdwr) (Burtaas : uoTTTepaw) dnYOOTISATIP ISP

NOIdI¥0S3d TI¥OS

d011d3 qdvo

X~0002

Patent Application Publication



¢ old

PEEETOEG R mod  suoTSseIdx
o ATe3e0 " Ths *yIRds " ydede - H10T] 208
08GRCYBGH I MOY * SUOTSSOIdX x+/0 [BEOS| et —
Y . . . K
e VEOVEQEYE8a40r0Va06L6Y

L0070 M0y * SUOTSSOIAX

o+ ATe10- TbS - yreds - oyoede - h107] vEovEaeyasg40r0van6.ey
§GCR(OTOZH M0y * SUOTSS8Idx va0veaeyaead40vovade.Lev
9" ATe1ed" b8 *yxeds " oyoede- 5107 va0vEaeya8a40r0va06.eY
LLOBGCO]9E {MOY * SUOTSS0IdX uoi|jepew

a'ATe1e0’ Ths *yaeds ayoede  b1o7]
- J19vL NVYHOOLSIH
gopIGPIEH Moy suoTssaIdx

e' AT 1h8 " {IRdS " ByIRdR" HIOT] doyotd ‘BT pHJ DU 81018 ‘9000 S1eI ‘PT IODUSA ‘B0USOTT (¥ORY ‘UOTTTEPSW)ISTT) Aeiry = [ [Auy] beg] Keiry :pisex
FOPEGESTY {bSs  UOTIDRTTOD B TRDIST] a@IrWaYDSOIRaID *be 110dUT
SSHUONNS sdtal sseTd pauTiep

US 2023/0385033 Al

NMd
268L€£q69 ¢309q0 " buet eaeT] (00T “wT99004LA8HLYEACYEISELIDYOYADEL6Y,) UOTTTRPORT0ISATIY

<TuoTiouni>| |bs ~
TARGH - 00L| synsey 083.vedevasa40yavade6.Ley Juoljepapy

2994230105 [bs yreds *ayoede"bao] DS NOITTYAINHOSdIdL
Ge6eeglL 9 300Lqo- buey-eaelr]|padg| LX*+/ S [PEO] -
(61399 S00°)

90/ paxsquo)yreds yreds oyoede biro 98 _

NOISS3S|x+/0 ]

Nov. 30,2023 Sheet 3 of 6

duy O |Spied jduosuel] maIp auoissag obueyy  uoissesmeN 137

X-000¢

Patent Application Publication



Patent Application Publication

Nov. 30, 202

3 Sheet 4 of 6 US 2023/0385033 Al

- 400

- 408

RECEIVE REQUEST TO EXECUTE USER INPUT
PROGRAM CODE FOR A CELL

Y

- 410

EXECUTE PROGRAM CODE ASSOCIATED WITH
REQUEST

/

A

415

PROVIDE QUTPUT RESULTS ASSOCIATED WITH
EXECUTION OF PROGRAM CODE

-

\

420

MAINTAIN SESSION HISTORY OF PROGRAM CODE
CELL EXECUTION REQUESTS AND ASSCCIATED
QUTPUT RESULTS

\

AN

- 425
7

- REQUEST ‘< _
_~ TO GENERATE A™
PROGRAM CODE

Y

.

CARD
RECEIVED?

NO

~ 430

PROVIDE SESSION HISTORY FOR USER
SELECTION AND/OR EDITING THE NEW
PROGRAM CODE CARD

y

GENERATE PROGRAM CODE CARD
COMPRISING ONE OR MORE USER-SELECTED
AND/OR EDITED LINES OF PROGRAM CCODE

FIG. 4



Patent Application Publication  Nov. 30, 2023 Sheet 5 of 6 US 2023/0385033 A1

- 508

ANALYZE PARAMETERS ASSOCIATED WITH
USER INPUT CELL OF PROGRAM CODE TO
DETERMINE ONE OR MORE POTENTIAL DATA
TYPE ATTRIBUTES ASSQCIATED WITH
PARAMETERS

o 510
V ¢‘/

ANALYZE QUTPUT RESULTS ASSOCIATED WITH
EXECUTION OF CELL OF PROGRAM CODE
DETERMINE ONE OR MORE POTENTIAL DATATYPE
ATTRIBUTES ASSOCIATED WiTH OUTPUT RESULTS

o~ 515
Y /

/

GENERATE ONE OR MORE INTERACTIVE DATA
VISUALIZATION THUMBNAILS BASED ON POTENTIAL
DATA TYPES DETERMINED AT BLOCKS 510 AND 520

Y

PROVIDE THE INTERACTIVE DATA VISUALIZATION
THUMBNAILS WITH THE OUTPUT RESULTS

FIG. 5



US 2023/0385033 Al

Nov. 30,2023 Sheet 6 of 6

Patent Application Publication

{s)aounog
ViVQ ¥IHLO

747 (S)N3LSAS
ONLLNGWOD INTD

9 'Old

A%
AHOLISOd3Y
advo 3000

WvHO0Nd

oot
MHOMLIEN

(748
FINCOW

NOILOZJISOYLIN]
(NWN10D) vivg

1742
IINAOW
FOVAHILN| ¥3ASN

0ET
ASOWIN

["P1%
SIAVIAI(Q ANV
SIOVANIING O/l

05T
{(NdD) LiNn
ONISSIADOH
WHINID

s

oct
INAOW

INIWIOVNYI
auvy
300D WYEDOHJ

f44)
IINAOW
NOLLNOIXT ONY
YT HANOD 3A0D

oVl
$301A3Q
VIGIWEL TN

L & &

(/42
30IA3Q
IOVHOLS SSYW

0} NILSAS MOOG3LON ONININVIOOH




US 2023/0385033 Al

STORING LOGICAL UNITS OF PROGRAM
CODE GENERATED USING A DYNAMIC
PROGRAMMING NOTEBOOK USER
INTERFACE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 17/070,207, filed Oct. 14, 2020, which
is a continuation of U.S. patent application Ser. No. 16/135,
285, filed on Sep. 19, 2018, which is a continuation of U.S.
patent application Ser. No. 15/392,168, filed on Dec. 28,
2016, which is a continuation of U.S. patent application Ser.
No. 14/845,001, filed on Sep. 3, 2015, which claims priority
from provisional U.S. Patent Application No. 62/097,388,
filed on Dec. 29, 2014. The entire disclosure of each of the
above items is hereby made part of this specification as if set
forth fully herein and incorporated by reference for all
purposes, for all that it contains.

[0002] Any and all applications for which a foreign or
domestic priority claim is identified in the Application Data
Sheet as filed with the present application are hereby incor-
porated by reference under 37 CFR 1.57.

BACKGROUND

[0003] Programming notebooks have become a valuable
asset in a software developer’s toolkit. A programming
notebook, such as the popular iPython Notebook, allows a
developer to more rapidly develop and test code, typically
by enabling a dynamic command-line shell interface which
the developer can use to input, execute, and view associated
outputs for lines of program code in a read-execute-print
loop (“REPL”). Programming notebook outputs can be
provided in various formats, such as a JavaScript Object
Notation (“JSON,” which is a lightweight data-interchange
format) document containing an ordered list of input/output
cells which can contain code, text, mathematics, plots and
rich media. Programming notebook outputs can also be
converted to a number of open standard output formats
(HTML, HTML presentation slides, LaTeX, PDF, ReStruc-
turedText, Markdown, Python, etc.).

[0004] Typically, a programming notebook consists of a
sequence of cells. A cell is a multi-line text input field, and
its contents can be executed by the developer using the
programming notebook interface. Code cells allow the
developer to edit and write code and can provide features
such as syntax highlighting and tab completion. When a cell
is executed using a backend system associated with the
programming notebook, results are displayed in the note-
book as the cell’s output. Output can be displayed in a
variety of formats such as text, data plots, and tables.

[0005] In a normal programming notebook workflow, the
developer can edit cells in-place multiple times until a
desired output or result is obtained, rather than having to
re-run separate scripts. The programming notebook interface
enables the developer to work on complex computational
programs in discrete and manageable pieces. The developer
can organize related programming ideas into cells and work
progressively forward as various pieces are working cor-
rectly. Once a developer has completed a workflow, the
programming notebook can be saved or downloaded into a
format which, among other things, may remove output
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results and convert some cell contents (e.g., some contents
may be converted to non-executable comments in an output
programming language).

SUMMARY

[0006] One embodiment comprises a computing system
for providing a programming notebook, the computing
system comprising: one or more hardware computer pro-
cessors configured to execute software code; a non-transi-
tory storage medium storing software modules configured
for execution by the one or more hardware computer pro-
cessors. The software modules may comprise at least: a code
compiler and execution module configured to: receive, on
behalf of a user interacting with a programming notebook
user interface in a programming session, a request to execute
a unit of program code associated with a program cell in the
programming notebook user interface, wherein the unit of
program code comprises one or more lines of program code;
execute, on behalf of the user, the unit of program code;
provide an output result associated with the execution of the
unit of program code, wherein the output result is configured
for display in association with the program cell in the
programming notebook user interface; and a program code
card management module configured to: maintain a session
history of requests to execute units of program code and
associated output results; receive a request to generate a
program code card for the programming session; provide a
program code card editor user interface including at least an
aggregate listing of the lines associated with respective units
of program code associated with the session history; receive,
via the program code card editor user interface, user input
comprising a selection of program code for the program
code card; and generate the program code card based at least
in part on the user input.

[0007] In another embodiment, the user input further
comprises at least some user interface code. In another
embodiment, the user input further comprises at least a
description or a tag for the program code card. In another
embodiment, providing the output result associated with the
execution of the unit of program code comprises: analyzing
the output result to determine a data type associated with the
data type; selecting a data visualization user interface com-
ponent to include with the output result based at least in part
on the data type; generating, based on the output result, a
data visualization user interface component; and provide the
data visualization user interface component with the output
result. In another embodiment, the data visualization user
interface component is one of a time series, a scatter plot, a
histogram, a chart, a bar graph, or a table. In another
embodiment, based on a determination that the data type is
a date the data visualization user interface component is a
time series. In another embodiment, based on a determina-
tion that the data type is a geographic unit of measurement,
the data visualization user interface component is a map.
[0008] Another embodiment comprises a computer-imple-
mented method comprising: under control of a hardware
computing device configured with specific computer execut-
able instructions: maintaining a session history of requests to
execute units of program code received in association with
a programming notebook user interface in a programming
session, wherein respective units of program code are asso-
ciated with respective program cells in the programming
notebook user interface; receiving a request to generate a
program code card for the programming session; providing
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a program code card editor user interface including at least
an aggregate listing of the units of program code associated
with the session history, wherein the aggregate listing
includes, for each unit of program code, an indicator label of
the associated program cell in the programming notebook
user interface; receiving, via the program code card editor
user interface, user input comprising a selection of program
code for the program code card; and generating the program
code card based at least in part on the user input.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates an example programming work-
flow user interface for a programming notebook including a
program code card component, as generated using one
embodiment of the programming notebook system of FIG.
6.

[0010] FIG. 2 illustrates an example card editor user
interface for a programming notebook, as generated using
one embodiment of the programming notebook system of
FIG. 6.

[0011] FIG. 3 illustrates an example programming work-
flow user interface for a programming notebook including
one or more automatically generated data visualizations, as
generated using one embodiment of the programming note-
book system of FIG. 6.

[0012] FIG. 4 is a flowchart for one embodiment of an
example process for generating and storing logical units of
program code using a dynamic programming notebook user
interface, as used in one embodiment of the programming
notebook system of FIG. 6.

[0013] FIG. 5 is a flowchart for one embodiment of an
example process for automatically determining one or more
data visualizations to provide with output results generated
in response to a program code execution request, as used in
one embodiment of the programming notebook system of
FIG. 6.

[0014] FIG. 6 is a block diagram of an implementation of
an illustrative programming notebook system.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

Overview

[0015] One drawback to existing programming notebook
user interfaces and workflows is that the final output tends
to be static, susceptible to inadvertent edits and difficult to
reverse format corruption if manually edited, and generally
does not lend itself well to facilitating re-use, re-execution,
or sharing of code developed using the programming note-
book interface. For example, using traditional programming
notebook user interfaces a developer, in order to re-use code
or logic a developer is often required to resort to copying-
and-pasting blocks of program logic or code from one
notebook to another. As a result, if a bug in the program logic
or code is identified, it may only be fixed once in the location
it is found; the other “copy” would not be automatically
updated, and in many cases the developer that identified and
fixed the bug may be unaware that a copy in another
notebook may also need to be fixed or updated accordingly.
It may never be clear which version of the program logic or
code is the “canonical” or master version, and the developer
may not even know that other copies of the program logic or
code exist in one or more other notebooks.
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[0016] As another example of how traditional program-
ming notebook user interfaces are deficient relates to reor-
dering or deleting of cells of program logic in the notebook.
Using these functions, a developer may perform some logic
development and analysis, and then reorder or delete cells in
the analysis workflow such that the notebook may become
inconsistent, and in some cases may no longer be “run” from
top to bottom because the logic has become inconsistent,
invalid, or even corrupt. Other programming environments
which utilize or support a REPL-type interface and copying/
pasting of code logic may suffer similar failings.

[0017] The programming notebook system, methods, and
user interfaces described in this disclosure provide the
developer with an enhanced tool by which the workflow and
session history associated with code cells in a programming
notebook are tracked and maintained. As the developer
progresses through a development workflow, when desired
outcome results are achieved, the developer can select an
option to save a program code card representing some or all
of the code cell inputs. A card editor user interface may
provide the developer with a code editor input panel which
presents an aggregated listing of all program code the
developer has provided across multiple code cells during the
current session. The developer can edit, refine, comment,
and/or otherwise clean-up the aggregated code listing, such
as by removing intermediate lines of code which were
rendered unnecessary by other lines of code, editing code to
refine definitions, adding comments to document the code
and what it does, and so on. The card editor may also allow
the developer to add associated user interface code to
display a Ul component associated with the program code
card. The card editor may also allow the developer to add a
description and tags for the card so that the card can be
searched for and reused by other developers using the
programming notebook system.

[0018] Once a program code card has been generated and
stored by the programming notebook system it is added to a
searchable card library. Developers can then search for and
add cards to their own programming notebook workflows
and leverage the work done by other developers. Cards may
be used within a cell in the workflow, for example directly
as a call to a function defined by the card or by interaction
with an associated Ul component defined by the card. For
example, a Ul component may expose one or more text input
boxes corresponding to input parameters for a function
defined by the card.

[0019] One potential benefit of enabling re-use of cards in
the workflow is that cards can be built on top of each other
and saved into new cards, which include or reference
program code defined in previous cards. Then, an end user
can request to import a program code card into a program-
ming session or workflow. The programming notebook
system then imports the program code card into the pro-
gramming session or workflow, such that the end user can
execute, by providing user input to the programming note-
book user interface, a unit of program code associated with
the program code card.

[0020] Another feature provided by the programming
notebook system described herein is enhanced output results
which are provided based on introspection of the output
results. For example, additional output results may be sug-
gested based on data attributes associated with the output
results and/or input parameters. Additional output results
might include one or more interactive data visualization
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thumbnail images and Ul controls presenting the output
results, or a portion thereof, in various different formats
(e.g., a time series, a histogram, a table, a heat map, etc.).
Whether and which data visualization thumbnail images and
UI controls are displayed may be based on the attributes
and/or values of the data output. For example, if data
attributes or values indicate the data includes map coordi-
nates, a geographic map data visualization thumbnail image
and UI control may be displayed. Or, in another example, if
data attributes or values indicate the data includes dates and
times, a time series data visualization thumbnail image and
UT control may be displayed. Each interactive data visual-
ization thumbnail image and UI control may be generated
based on the actual output results be fully interactive such
that, for example, if the developer selects the thumbnail a
corresponding full or larger size data visualization may be
displayed in the programming notebook user interface.
Among other benefits this proactive prediction of data
visualizations which may be relevant or useful to the devel-
oper can help streamline and improve the developer’s work-
flow. For example, being able to quickly review output
results can aid the developer in determining whether the
program code used to generate the output results may need
to be modified and in what ways in order to move closer to
or achieve a desired result.

[0021] In one example, an introspection algorithm may be
implemented as follows. A visualization may define a set of
rules defining what the visualization requires of the under-
lying data. For example, for a heat map, the rules may
specify that (1) the data must be in a tabular format, and (2)
the table of data must contain two numeric columns, which
are in correct, specified ranges for latitude and longitude
(e.g., from negative 90 to positive 90 degrees, from negative
180 to positive 180 degrees). Or, as another example, for a
line chart, the rules may specify that, in order to correctly
plot a line, (1) if the data is a list of scalars, then the data
must contain a set of numbers, or (2) if the data is a list of
pairs, then the value of the first coordinate of each pair must
be increasing over the list of pairs. Or, as yet another
example, for a timeseries plot (e.g., one or more line charts
overlaid with a time axis), the rules may specify that (1) the
data must be in a tabular format and (2) one column in the
table must be in a date-time format or parseable to a
date-time format (e.g., an ISO 8601 date format). The rules
for each data visualization may then be responsible for
providing the data in a normalized form (e.g., for a time-
series, explicit ticks for values on the time axis may be
specified). In addition, the rules may be “fuzzy” such that
data can be matched to the rules (or the data may satisfy the
criteria specified by the rules) in differing degrees. The
visualizations may then be ranked based on the degree of
match between the data and the rules. (For example, for a
heat map, if the names of the columns identified in the table
as providing latitude and longitude contain the substrings
“lat” or “lon” then this may increase the confidence that a
heat map is a valid visualization). The foregoing provides
but one example of an introspection algorithm; other
approaches may also be used, including various machine
learning algorithms which may, for example, be imple-
mented to train or learn over time which particular thumb-
nail a user actually picks.

[0022] Embodiments of the disclosure will now be
described with reference to the accompanying figures,
wherein like numerals refer to like elements throughout. The
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terminology used in the description presented herein is not
intended to be interpreted in any limited or restrictive
manner, simply because it is being utilized in conjunction
with a detailed description of certain specific embodiments
of the disclosure. Furthermore, embodiments of the disclo-
sure may include several novel features, no single one of
which is solely responsible for its desirable attributes or
which is essential to practicing the embodiments of the
disclosure herein described.

[0023] For purposes of this disclosure, certain aspects,
advantages, and novel features of various embodiments are
described herein. It is to be understood that not necessarily
all such advantages may be achieved in accordance with any
particular embodiment of the invention. Thus, for example,
those skilled in the art will recognize that one embodiment
may be carried out in a manner that achieves one advantage
or group of advantages as taught herein without necessarily
achieving other advantages as may be taught or suggested
herein.

Example User Interfaces

[0024] FIGS. 1, 2, and 3 illustrate example programming
notebook user interfaces, as used in one or more embodi-
ments of the programming notebook system 100 of FIG. 6.
The sample user interfaces may be displayed, for example,
via a web browser (e.g., as a web page), a mobile applica-
tion, or a standalone application. However, in some embodi-
ments, the sample user interfaces shown in FIGS. 1, 2, and
3 may also be displayed on any suitable computer device,
such as a cell/smart phone, tablet, wearable computing
device, portable/mobile computing device, desktop, laptop,
or personal computer, and are not limited to the samples as
described herein. The user interfaces include examples of
only certain features that a programming notebook system
may provide. In other embodiments, additional features may
be provided, and they may be provided using various
different user interfaces and software code. Depending on
the embodiment, the user interfaces and functionality
described with reference to FIGS. 1, 2, and 3 may be
provided by software executing on the individual’s comput-
ing device, by a programming notebook system located
remotely that is in communication with the computing
device via one or more networks, and/or some combination
of software executing on the computing device and the
programming notebook system. In other embodiments,
analogous interfaces may be presented using audio or other
forms of communication. In an embodiment, the interfaces
shown in FIGS. 1, 2, and 3 are configured to be interactive
and respond to various user interactions. Such user interac-
tions may include clicks with a mouse, typing with a
keyboard, touches and/or gestures on a touch screen, voice
commands, physical gestures made within a proximity of a
user interface, and/or the like.

[0025] FIG. 1 (split across illustrates an example program-
ming workflow user interface 1000 for a programming
notebook including a program code card component, as
generated using one embodiment of the programming note-
book system of FIG. 6. The programming workflow user
interface 1000 may be displayed in association with a
programming session and enable a developer to quickly and
interactively compose and execute lines of program code
and view associated output results.

[0026] The programming workflow user interface 1000 of
FIG. 1 includes several illustrative program cells. Program
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cell 102 includes two lines of program code and respective
printouts of results from execution of the two lines of
program code. Each program cell may also include, for
example, an execution time status indicator to indicate how
long the program code took to execute. Each program cell
may also include a submenu of available actions with
respect to the program cell, which may include for example
a label descriptor to describe a type of code or mode
associated with the program cell (e.g., a programming
language indicator such as “Scala,” “python,” “HTML,”
“JavaScript,” “markdown,” “sql,” and so on; a card mode
indicator to indicate that the program cell is being used to
display or invoke a card; and other similar types of modes).
The program cell submenu may also include an option to
execute the program code in the cell, an option to edit the
cell (e.g., the developer may return to a previous cell, edit
the program cell contents, and re-run the program cell to
produce updated output results); an option to expand the size
of the input box (e.g., if the developer wishes to add more
lines of code than available space allows); and an option to
delete, remove, or otherwise discard the program cell from
the current session.

[0027] Program cell 104 represents a program code card
which has been added to the current session and invoked by
the developer to call a particular function defined by the
logic in the program code card. In this example the card in
program cell 104 has an associated Ul control 105, which
may optionally be specified by a user when the card is
created or edited. For example, the card included at program
cell 104 displays a function label; three text input boxes for
the input parameters used by the function; and a function call
preview displaying the function to be called with the pro-
vided input parameters (e.g., “cardFunction(inputl,input2)
) when the program cell is executed. The UI control 105 for
the card at program cell 104 also includes a “Run” button
which the developer can select in order to run the card’s
program code. In some embodiments more advanced Ul
controls and inputs may be provided for the card, as speci-
fied by the developer using the card editor user interface
(such as the one shown in FIG. 2). In other embodiments, no
UI control 105 may be provided and the developer using the
card may type the function call and input parameters (e.g.,
“card.cardFunction(inputl,input2)”) directly into the default
text box provided by the program cell.

[0028] The programming workflow user interface 1000
may include a main menu 107 providing additional features
for the programming notebook. For example, the program-
ming notebook system 100 may support or enable the
developer to launch multiple sessions and switch between
them. Thus, a “new session” option may cause the program-
ming notebook system 100 to display a clean copy of the
programming workflow user interface 1000 (e.g., including
one empty program cell for the developer to begin a new
session workflow). Additionally, a “change session™ option
may allow the developer to switch between multiple active
sessions. User selection of this option may cause the pro-
gramming notebook system 100 to display a copy of the
programming workflow user interface 1000 for the changed-
to session (e.g., including any program cell(s) and result
outputs associated with the changed-to session for the devel-
oper to continue the changed-to session worktlow).

[0029] The main menu 107 in FIG. 1 may also include a
transcript option for the developer to view a transcript of
program code for the current session. The transcript can
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include an aggregate listing of the lines of program code
input by the developer across all program cells for the
current session, without the result outputs associated with
each program cell. The transcript may be generated to
automatically insert program cell identifiers as code com-
ments to identify or delimit the contents of each respective
program cell (e.g., “// cell 1,7 “//cell 2,” etc.). In certain
embodiments in which the developer has imported a pro-
gram code card in the programming workflow user interface,
the transcript view may be generated to include (1) the
function or code used to invoke the underlying code asso-
ciated with the card, (2) the underlying code, and/or (3) an
option to toggle or switch between (1) and (2).

[0030] As the developer progresses through a workflow
and the number of program cells used in the current session
increases, the transcript may be updated to reflect the current
session. If a developer returns to or re-uses a program cell,
the program cell identifiers may indicate this in some
manner, such as with a revised identification, timestamp, or
other way. For instance, a revised and/or re-executed pro-
gram cell may be added as a new cell in the session history
and associated transcript.

[0031] The main menu in FIG. 1 may also include a card
menu option for the developer to create a new card from
program code used in the current session, and/or to search
for and add cards from a library of cards which have been
created by the developer and/or other developers using the
programming notebook system of FIG. 6. An example card
editor user interface is illustrated and described in more
detail with reference to FIG. 2. Saved cards may be stored,
searched, and accessed, for example, from the program code
card repository 122. Cards may be searched based on a
name, a description, and/or one or more tags, as well as other
searchable attributes (including in some cases the underlying
code associated with the card) provided by the developer
when the card is created or edited.

[0032] The programming workflow user interface 1000
may also include a session Ul panel 106 which lists, for the
current session, variables and their current values and/or
functions which have been defined. For example, the session
panel 106 listing includes, among other things, variables for
“sc” and “sq” and a sql function “<function1>.” The pro-
gramming workflow user interface 1000 may also include a
REPL UI panel which lists a summary of result outputs for
the current session. The session panel and the REPL UI
panels provide the developer with useful at-a-glance infor-
mation to aid the developer’s workflow and code refinement
process.

[0033] FIG. 2 illustrates an example card editor user
interface 2000 for a programming notebook, as generated
using one embodiment of the programming notebook sys-
tem of FIG. 6. The card editor user interface 2000 may be
displayed in response to the developer’s selection of an
option to create a new card based on the current session. The
card editor user interface 2000 may be initialized by the
programming notebook system 100 to include program code
content associated with the current session in the main
programming workflow UL In particular, the program code
may be accessed from the transcript associated with the
current session and displayed in a first user-editable text area
202 by which the developer can edit the program code (e.g.,
add or remove lines, insert code comments and specifica-
tions, and other general code clean up and maintenance). In
one embodiment the entire contents of the current session
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transcript may be displayed in the card editor for the
developer to edit. In another embodiment, the main pro-
gramming workflow user interface may include user-select-
able options for the developer to select one or more program
code cells from which to extract program code for the card
editor.

[0034] The card editor user interface 2000 may also
include a second user-editable text area 204 by which the
developer may optionally provide user interface code to be
associated with the program code logic of the card. For
example, as shown in FIG. 2, HTML and JavaScript may be
input by the developer to generate a web-based Ul compo-
nent for the card. Then, when the card is used in subsequent
programming notebook sessions, the programming note-
book system 100 can interpret the Ul code for the card in
order to cause display of the Ul component directly within
the programming notebook Ul (for example, as show in
program cell 104 of the programming workflow user inter-
face in FIG. 1).

[0035] The card editor user interface 2000 also provides
options for the developer to provide a description and one or
more tags to be associated with the card when it is saved.
The description and/or tags may be searchable by other users
of the programming notebook system 100 to facilitate re-use
of cards across many developer sessions. When the devel-
oper is satisfied with the card’s settings, a save option may
be selected in order to save the card, for example in the
program code card repository 170. After the card is saved,
the card editor user interface 3000 may be closed (automati-
cally or manually) and the developer can return to the main
programming workflow Ul If the developer desires, one or
more program cells (for example, those that were used as
inputs to the card) may be removed from the workflow by
using the respective delete options. However, in some
embodiments, the program cell may not also be removed
from the transcript. That is, in some instances, the transcript
is implemented as immutable log of everything that happens
in the workflow, including deletion events. Thus, deletion of
a program cell may be more like hiding, in that the transcript
still maintains a copy of the deleted cell. Then, the transcript
view could be augmented to show or indicate when an entry
in the transcript no longer exists in the main programming
workflow UI (e.g., this may be visually indicated to the user
via some formatting change, an icon, and so on).

[0036] FIG. 3 illustrates an example programming work-
flow user interface 3000 for a programming notebook
including one or more automatically generated data visual-
izations, such as example visualizations 302A, 302B, and
302C of FIG. 3, as generated using one embodiment of the
programming notebook system of FIG. 6. The data visual-
izations may be of particular benefit to the developer in the
context of database queries in order to quickly view query
results and assess whether the query needs to be revised or
tweaked to improve the quality of the output results. The
data visualizations 302 (including 302A, 302B, and 302C)
shown in user interface 3000 are user-selectable image
thumbnails or miniaturized visualizations of the actual out-
put results. In response to the user selecting one of the data
visualizations, a larger corresponding version of the same
data may be displayed in the main workflow of the user
interface 3000 to enable the developer to explore the output
results. A variety of data visualizations, ranging from thumb-
nail to normal to large sized, may be generated and dis-
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played, including but not limited to time series, histograms,
tables, graphics, heat maps, and other types of data charts
and visualizations.

[0037] The data visualizations 302 shown in user interface
3000 may be generated, for example, in accordance with the
process 500 illustrated and described with reference to FIG.
5 herein. In particular, the data visualizations may be auto-
matically selected for generation and generated based at
least in part on an analysis of the type of data returned with
the output results. For example, the programming notebook
system 100 may analyze the output results, determine that
the output results include geographic data (such as latitude
and longitude coordinates), and generate a map data visu-
alization, such as visualization 302A, for display with the
output results in the main programming workflow user
interface

Examples of Processes Performed by Programming
Notebook Systems

[0038] FIGS. 4 and 5 are flowcharts illustrating various
embodiments of programming notebook system processes.
In some implementations, the processes are performed by
embodiments of the programming notebook system 100
described with reference to FIG. 6 and/or by one of its
components, such as the such as the code compiler and
execution module 122, the program code card management
module 126, or the data (column) introspection module 128.
For ease of explanation, the following describes the services
as performed by the programming notebook system 100.
The example scenarios are intended to illustrate, but not to
limit, various aspects of the programming notebook system
100. In one embodiment, the processes can be dynamic, with
some procedures omitted and others added.

Generating Logical Units of Program Code

[0039] FIG. 4 is a flowchart illustrating one embodiment
of a process 400 for generating and storing logical units of
program code using a dynamic programming notebook user
interface, as used in one embodiment of the programming
notebook system 100 of FIG. 6. Depending on the embodi-
ment, the method of FIG. 4 may include fewer or additional
blocks and the blocks may be performed in an order that is
different than illustrated.

[0040] The process 400 begins at block 405 where the
programming notebook system receives a request to execute
user input program code for a cell, such as input provided by
a developer interacting with the programming workflow user
interface 1000. This aspect of the process may be referred to
as the “read” part of a read-eval-print loop (REPL). The
request to execute program code may include one or more
lines of program code of varying complexity and may
include operations such as, but not limited to, initiating a
database connection, submitting queries to the database,
defining variables and functions, inserting code comments
and markup, and so on. The programming notebook system
100 may be configured to support a wide variety of pro-
gramming languages, including but not limited to Scala,
Python, HTML, JavaScript, Ruby, and so on.

[0041] At block 410, the programming notebook system
100 executes the program code associated with the request.
This may be, for example, the “eval” part of REPL. The
program code received with the request is evaluated and
executed to produce output results. The output results may
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include a wide range of programmatic outputs including no
output (e.g., a simple return), a Boolean value, a variable, a
value, search query results, and the like. As discussed further
herein, the output results may further include, or be analyzed
to include, one or more data visualizations which may be of
possible interest to the developer based on any inputs in the
program code and/or based on the output results.

[0042] At block 415, the programming notebook system
100 provides the output results associated with execution of
the program code, e.g., as produced at block 410. This aspect
of the process corresponds to the “print” part of the REPL.
The output results may be presented or configured for
presentation in the programming workflow user interface
1000, for example below the program cell used by the
developer to input the program code for the request.
[0043] At block 420 the programming notebook system
100 maintains the session history of program code cell
execution requests and the associated output results. The
session history may be maintained and used by the program-
ming notebook system 100 in memory 130 (e.g., for the
duration of the current session or as the developer switches
between multiple sessions) or stored for later access and
retrieval (e.g., in one of the other data sources 174 of FIG.
6). The session history may be used to, for example, generate
a transcript of the current session in response to the user’s
selection of the view transcript option (see, e.g., FIG. 1). The
session history may be used to generate or initialize a card
editor user interface, as further described below.

[0044] At block 425 the programming notebook system
100 determines whether a request to generate a program
code card has been received. If such a request has not been
received, then the process 400 may return to block 405 and
continue processing program code execution requests in the
REPL from blocks 405 to 415 as many times as the
developer would like.

[0045] Inresponse to a request to generate a program code
card has been received, the process may proceed to block
430. At block 430, the maintained session history is pro-
vided to allow the user to select and/or edit program code for
the program code card. For example, the maintained session
history may include all program code, organized by respec-
tive cells, which the user provides as input for the current
session. The program code may be displayed, for example,
as a listing of program code in a user-editable text area
within a card editor user interface, such as the card editor
user interface 2000 of FIG. 2. As discussed with reference to
FIG. 2, the card editor UI may also enable the user to add
additional program code for an associated Ul component for
the card.

[0046] When the user has completed editing of the pro-
gram code, associated Ul code, description, and/or tags, she
can select the “Save” (or similar) option. In response, at
block 435, the programming notebook system 100 generates
the program code card comprising one or more user selected
and/or edited lines of program code. Once the program card
code has been generated the programming notebook system
100 can store the program code card, for example at the
program code card repository 170.

Determining Data Visualizations to Provide with
Program Code Output Results

[0047] FIG. 5 is a flowchart illustrating one embodiment
of'a process 500 for automatically determining one or more
data visualizations to provide with output results generated
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in response to a program code execution request, as used in
one embodiment of the programming notebook system 100
of FIG. 6. Depending on the embodiment, the method of
FIG. 5 may include fewer or additional blocks and the
blocks may be performed in an order that is different than
illustrated.

[0048] The process 500 begins at block 505 where the
programming notebook system 100 analyzes parameters
associated with the program code provided by the user at a
cell in the main programming workflow Ul to determine one
or more potential data type attributes associated with the
input parameters. For example, the program code to be
executed might include one or more input parameters of a
particular data type which may suggest what type of data the
output results will be.

[0049] At block 510, the programming notebook system
100 analyzes the output results associated with execution of
the program code for the cell to determine one or more
potential data type attributes associated with the output
results. For example, if the output results comprise a table of
data (e.g., rows and columns) then the columns and/or data
values may be analyzed to identify the type of data associ-
ated with each column. For example, if the output results
table of data includes column headers, these headers may
contain contextual information to indicate the type of data
(e.g., a column labeled with the word “DATE” is likely to be
a date data attribute, a column labeled with the word “CITY”
is likely to be a geographical data attribute, and so on).
Further, the output results data table values may be parsed
and analyzed to determine probable data types, in particular
if no column headings or other metadata is available. For
example, values in the format “##HH#-##-##" may be ana-
lyzed and interpreted by the programming notebook system
100 to indicate that the value is likely to be a date data
attribute. In other examples standard formats may be ana-
lyzed and compared to results data to identify probable
matches or data types including latitude and longitude
coordinates, geographic abbreviations, special symbols
which may indicate the data type (e.g., currency symbols).
[0050] At block 515, the programming notebook system
100 generates one or more interactive data visualization
thumbnails based on the potential data types identified at
blocks 505 and 510. The data visualization thumbnails may
include one or more of a time series, a histogram, a table, a
heat map, a geographic map, a scatter plot, a line graph, a pie
chart, or any other type of data visualization. Whether and
which data visualization thumbnails are selected may
depend on the detected data types (and/or probable data
types) and/or combinations of data types. For example, if
geographic data types are identified, a geographic map may
be generated as one of the data visualizations. Or, if date and
time data types are identified, a time series or a calendar may
be generated as data visualizations. The data visualizations
may be generated based on the actual output results to
provide an accurate view of the data.

[0051] At block 520, the programming notebook system
100 provides the interactive data visualization thumbnails
with the output results. The interactive data visualizations
may then be displayed with the output results, for example
in the programming workflow user interface 3000 above or
below the program cell used by the developer to input the
program code for the request. The data visualizations may be
configured to respond to user interaction by, for example,
causing display of a larger non-thumbnail version of the data
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visualization in the programming workflow user interface
3000. The larger non-thumbnail version may be fully inter-
active and support user functionality such as zooming in our
out, manipulating parameters, selecting portions of the visu-
alization to filter results, and so on.

Example System Implementation and Architecture

[0052] FIG. 6 is a block diagram of one embodiment of a
programming notebook system 100 in communication with
anetwork 160 and various systems, such as client computing
systems(s) 168, program code card repository 170, and/or
other data source(s) 172. The programming notebook sys-
tem 100 may be used to implement systems and methods
described herein, including, but not limited to the processes
400 of FIG. 4 and the process 500 of FIG. 5.

Programming Notebook System

[0053] In the embodiment of FIG. 6, the programming
notebook system 100 includes a code compiler and execu-
tion module 122, a program code card management module
126, a data (column) introspection module 128, and a user
interface module 124 that may be stored in the mass storage
device 120 as executable software codes that are executed
by the CPU 150. These and other modules in the program-
ming notebook system 100 may include, by way of example,
components, such as software components, object-oriented
software components, class components and task compo-
nents, processes, functions, attributes, procedures, subrou-
tines, segments of program code, drivers, firmware, micro-
code, circuitry, data, databases, data structures, tables,
arrays, and variables. In the embodiment shown in FIG. 6,
the programming notebook system 100 is configured to
execute the modules recited above to perform the various
methods and/or processes herein (such as the processes
described with respect to FIGS. 4 and 5 herein).

[0054] The code compiler and execution module 122
provides capabilities related to execution of program code
associated with requests received by the programming note-
book system 100, for example as described by the process
400 of FIG. 4. The program code card management module
126 provides capabilities related to storing and searching
program code cards, some aspects of which are described by
the process 400 of FIG. 4 and/or the user interface 1000 of
FIG. 1. The data (column) introspection module 128 pro-
vides capabilities related to analyzing inputs and outputs
associated with executed program code to automatically
identify potential data visualizations which may be of use to
the end user, for example as described by the process 500 of
FIG. 5. The user interface module 124 provides capabilities
related to generation and presentation of one or more user
interfaces, such as the sample user interfaces illustrated with
reference to FIGS. 1, 2, and 3 herein.

[0055] The programming notebook system 100 includes,
for example, a server, workstation, or other computing
device. In one embodiment, the exemplary programming
notebook system 100 includes one or more central process-
ing units (“CPU”) 150, which may each include a conven-
tional or proprietary microprocessor. The programming
notebook system 100 further includes one or more memories
130, such as random access memory (“RAM”) for tempo-
rary storage of information, one or more read only memories
(“ROM”) for permanent storage of information, and one or
more mass storage device 120, such as a hard drive, diskette,
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solid state drive, or optical media storage device. Typically,
the modules of the programming notebook system 100 are
connected to the computer using a standard based bus
system. In different embodiments, the standard based bus
system could be implemented in Peripheral Component
Interconnect (“PCI”), Microchannel, Small Computer Sys-
tem Interface (“SCSI”), Industrial Standard Architecture
(“ISA”), and Extended ISA (“EISA”) architectures, for
example. In addition, the functionality provided for in the
components and modules of programming notebook system
100 may be combined into fewer components and modules
or further separated into additional components and mod-
ules.

[0056] The programming notebook system 100 is gener-
ally controlled and coordinated by operating system soft-
ware, such as Windows XP, Windows Vista, Windows 7,
Windows 8, Windows Server, UNIX, Linux, SunOS,
Solaris, 108, Blackberry OS, or other compatible operating
systems. In Macintosh systems, the operating system may be
any available operating system, such as MAC OS X. In other
embodiments, the programming notebook system 100 may
be controlled by a proprietary operating system. Conven-
tional operating systems control and schedule computer
processes for execution, perform memory management,
provide file system, networking, I/O services, and provide a
user interface, such as a graphical user interface (“GUI”),
among other things.

[0057] The exemplary programming notebook system 100
may include one or more commonly available input/output
(I/0) devices and interfaces 110, such as a keyboard, mouse,
touchpad, and printer. In one embodiment, the I/O devices
and interfaces 110 include one or more display devices, such
as a monitor, that allows the visual presentation of data to a
user. More particularly, a display device provides for the
presentation of GUls, application software data, and multi-
media analytics, for example. The programming notebook
system 100 may also include one or more multimedia
devices 140, such as speakers, video cards, graphics accel-
erators, and microphones, for example.

Network

[0058] In the embodiment of FIG. 6, the I/O devices and
interfaces 110 provide a communication interface to various
external devices. In the embodiment of FIG. 6, the program-
ming notebook system 100 is electronically coupled to a
network 160, which comprises one or more of a LAN, WAN,
and/or the Internet, for example, via a wired, wireless, or
combination of wired and wireless, communication link.
The network 160 communicates with various computing
devices and/or other electronic devices via wired or wireless
communication links.

[0059] According to FIG. 6, in some embodiments infor-
mation may be provided to or accessed by the programming
notebook system 100 over the network 160 from one or
more program code card repository 170 and/or other data
source(s) 172. The program code card repository 170 may
store, for example, logical units of program code (e.g.,
“cards”) generated using the methods described herein. The
program code card repository 170 and/or other data source
(s) 172 may include one or more internal and/or external
data sources. In some embodiments, one or more of the
databases or data sources may be implemented using a
relational database, such as Sybase, Oracle, CodeBase,
MySQL, and Microsoft® SQL Server as well as other types
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of databases such as, for example, a flat file database, an
entity-relationship database, and object-oriented database,
and/or a record-based database

Other Embodiments

[0060] Each of the processes, methods, and algorithms
described in the preceding sections may be embodied in, and
fully or partially automated by, code modules executed by
one or more computer systems or computer processors
comprising computer hardware. The code modules may be
stored on any type of non-transitory computer-readable
medium or computer storage device, such as hard drives,
solid state memory, optical disc, and/or the like. The systems
and modules may also be transmitted as generated data
signals (for example, as part of a carrier wave or other
analog or digital propagated signal) on a variety of com-
puter-readable transmission mediums, including wireless-
based and wired/cable-based mediums, and may take a
variety of forms (for example, as part of a single or multi-
plexed analog signal, or as multiple discrete digital packets
or frames). The processes and algorithms may be imple-
mented partially or wholly in application-specific circuitry.
The results of the disclosed processes and process steps may
be stored, persistently or otherwise, in any type of non-
transitory computer storage such as, for example, volatile or
non-volatile storage.

[0061] In general, the word “module,” as used herein,
refers to logic embodied in hardware or firmware, or to a
collection of software instructions, possibly having entry
and exit points, written in a programming language, such as,
for example, Java, Lua, C or C++. A software module may
be compiled and linked into an executable program,
installed in a dynamic link library, or may be written in an
interpreted programming language such as, for example,
BASIC, Perl, or Python. It will be appreciated that software
modules may be callable from other modules or from
themselves, and/or may be invoked in response to detected
events or interrupts. Software modules configured for execu-
tion on computing devices may be provided on a computer
readable medium, such as a compact disc, digital video disc,
flash drive, or any other tangible medium. Such software
code may be stored, partially or fully, on a memory device
of the executing computing device, such as the program-
ming notebook system 100, for execution by the computing
device. Software instructions may be embedded in firmware,
such as an EPROM. It will be further appreciated that
hardware modules may be comprised of connected logic
units, such as gates and flip-flops, and/or may be comprised
of programmable units, such as programmable gate arrays or
processors. The modules described herein are preferably
implemented as software modules, but may be represented
in hardware or firmware. Generally, the modules described
herein refer to logical modules that may be combined with
other modules or divided into sub-modules despite their
physical organization or storage.

[0062] The various features and processes described
above may be used independently of one another, or may be
combined in various ways. All possible combinations and
subcombinations are intended to fall within the scope of this
disclosure. In addition, certain method or process blocks
may be omitted in some implementations. The methods and
processes described herein are also not limited to any
particular sequence, and the blocks or states relating thereto
can be performed in other sequences that are appropriate.
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For example, described blocks or states may be performed
in an order other than that specifically disclosed, or multiple
blocks or states may be combined in a single block or state.
The example blocks or states may be performed in serial, in
parallel, or in some other manner. Blocks or states may be
added to or removed from the disclosed example embodi-
ments. The example systems and components described
herein may be configured differently than described. For
example, elements may be added to, removed from, or
rearranged compared to the disclosed example embodi-
ments.

[0063] Conditional language used herein, such as, among
others, “can,” “could,” “might,” “may,” “for example,” and
the like, unless specifically stated otherwise, or otherwise
understood within the context as used, is generally intended
to convey that certain embodiments include, while other
embodiments do not include, certain features, elements
and/or steps. Thus, such conditional language is not gener-
ally intended to imply that features, elements and/or steps
are in any way required for one or more embodiments or that
one or more embodiments necessarily include logic for
deciding, with or without author input or prompting,
whether these features, elements and/or steps are included or
are to be performed in any particular embodiment. The terms
“comprising,” “including,” “having,” and the like are syn-
onymous and are used inclusively, in an open-ended fashion,
and do not exclude additional elements, features, acts,
operations, and so forth. Also, the term “or” is used in its
inclusive sense (and not in its exclusive sense) so that when
used, for example, to connect a list of elements, the term
“or” means one, some, or all of the elements in the list.
Conjunctive language such as the phrase “at least one of X,
Y and Z,” unless specifically stated otherwise, is otherwise
understood with the context as used in general to convey that
an item, term, etc. may be either X, Y or Z. Thus, such
conjunctive language is not generally intended to imply that
certain embodiments require at least one of X, at least one
of Y and at least one of Z to each be present.

[0064] While certain example embodiments have been
described, these embodiments have been presented by way
of example only, and are not intended to limit the scope of
the disclosure. Thus, nothing in the foregoing description is
intended to imply that any particular element, feature, char-
acteristic, step, module, or block is necessary or indispens-
able. Indeed, the novel methods and systems described
herein may be embodied in a variety of other forms; fur-
thermore, various omissions, substitutions, and changes in
the form of the methods and systems described herein may
be made without departing from the spirit of the inventions
disclosed herein. The accompanying claims and their
equivalents are intended to cover such forms or modifica-
tions as would fall within the scope and spirit of certain of
the inventions disclosed herein.

[0065] Any process descriptions, elements, or blocks in
the flow diagrams described herein and/or depicted in the
attached figures should be understood as potentially repre-
senting modules, segments, or portions of code which
include one or more executable instructions for implement-
ing specific logical functions or steps in the process. Alter-
nate implementations are included within the scope of the
embodiments described herein in which elements or func-
tions may be deleted, executed out of order from that shown
or discussed, including substantially concurrently or in
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reverse order, depending on the functionality involved, as
would be understood by those skilled in the art.
[0066] All of the methods and processes described above
may be embodied in, and partially or fully automated via,
software code modules executed by one or more general
purpose computers. For example, the methods described
herein may be performed by the programming notebook
system 100 and/or any other suitable computing device. The
methods may be executed on the computing devices in
response to execution of software instructions or other
executable code read from a tangible computer readable
medium. A tangible computer readable medium is a data
storage device that can store data that is readable by a
computer system. Examples of computer readable mediums
include read-only memory, random-access memory, other
volatile or non-volatile memory devices, CD-ROMs, mag-
netic tape, flash drives, and optical data storage devices.
[0067] It should be emphasized that many variations and
modifications may be made to the above-described embodi-
ments, the elements of which are to be understood as being
among other acceptable examples. All such modifications
and variations are intended to be included herein within the
scope of this disclosure. The foregoing description details
certain embodiments of the invention. It will be appreciated,
however, that no matter how detailed the foregoing appears
in text, the invention can be practiced in many ways. As is
also stated above, it should be noted that the use of particular
terminology when describing certain features or aspects of
the invention should not be taken to imply that the termi-
nology is being re-defined herein to be restricted to includ-
ing any specific characteristics of the features or aspects of
the invention with which that terminology is associated.
What is claimed is:
1. A computer-implemented method comprising:
by one or more hardware computer processors executing
computer-readable instructions:
receiving, from a user, one or more requests to execute
units of program code as part of a first session,
wherein the units of program code each comprise
respective one or more lines of program code;
determining respective outputs associated with the
requests to execute the units of program code;
maintaining a session history of the first session, the
session history comprising the one or more requests
to execute the units of program code and the asso-
ciated outputs;
receiving a request to generate a program code card
based on at least a first unit of program code of the
units of program code of the session history; and
in response to receiving the request to generate the
program code card:
generating the program code card including at least
a portion of the one or more lines of program code
of the first unit of program code; and
storing the program code card.
2. The computer-implemented method of claim 1 further
comprising:
by the one or more hardware computer processors execut-
ing the computer-readable instructions:
further in response to receiving the request to generate
the program code card:
providing a program code card editor user interface
including at least the one or more lines of program
code of the first unit of program code.
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3. The computer-implemented method of claim 2 further
comprising:

by the one or more hardware computer processors execut-

ing the computer-readable instructions:

receiving, via the program code card editor user inter-
face, and from the user, a selection of the portion of
the one or more lines of program code of the first unit
of program code.

4. The computer-implemented method of claim 2 further
comprising:

by the one or more hardware computer processors execut-

ing the computer-readable instructions:

receiving, via the program code card editor user inter-
face, and from the user, a modification to the portion
of the one or more lines of program code of the first
unit of program code.

5. The computer-implemented method of claim 2 further
comprising:

by the one or more hardware computer processors execut-

ing the computer-readable instructions:

receiving, via the program code card editor user inter-
face, and from the user, at least one of a description
or a tag for the program code card.

6. The computer-implemented method of claim 2 further
comprising:

by the one or more hardware computer processors execut-

ing the computer-readable instructions:

receiving, via the program code card editor user inter-
face, and from the user, a specification of a user
interface component for the program code card,
wherein the user interface component is usable to
render information associated with the program code
card.

7. The computer-implemented method of claim 2 further
comprising:

by the one or more hardware computer processors execut-

ing the computer-readable instructions:

receiving, via the program code card editor user inter-
face, and from the user, a specification of one or
more input parameters associated with the program
code card.

8. The computer-implemented method of claim 1 further
comprising:

by the one or more hardware computer processors execut-

ing the computer-readable instructions:

providing a user interface including at least an aggre-
gate listing of the lines of program code associated
with the respective units of program code associated
with the session history; and

receiving, via the user interface, and from the user, a
selection of the first unit of program code or the
portion of the one or more lines of program code
associated with the first unit of program code.

9. The computer-implemented method of claim 8,
wherein the aggregate listing includes, for each unit of
program code, an indicator label of the associated unit of
program code.

10. The computer-implemented method of claim 1 further
comprising:

by the one or more hardware computer processors execut-

ing the computer-readable instructions:
receiving a request to import the program code card
into a second session; and
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importing the program code card into the second ses-
sion, such that a second user can cause execution, by
providing user input, of the portion of the one or
more lines of program code associated with the
program code card.

11. The computer-implemented method of claim 10 fur-
ther comprising:

by the one or more hardware computer processors execut-

ing the computer-readable instructions:

receiving one or more input parameters and an instruc-
tion to execute the program code card in the second
session according to the one or more input param-
eters.

12. The computer-implemented method of claim 1,
wherein the program code card is stored in a library of a
plurality of program code cards.

13. The computer-implemented method of claim 12,
wherein the plurality of program code cards in the library are
searchable and/or accessible by a plurality of users.

14. A system comprising:

a computer readable storage medium having program

instructions embodied therewith; and

one or more processors configured to execute the program

instructions to cause the system to perform the com-
puter-implemented method of claim 1.

15. A computer program product comprising a computer-
readable storage medium having program instructions
embodied therewith, the program instructions executable by
one or more processors to cause the one or more processors
to perform the computer-implemented method of claim 1.

#* #* #* #* #*



