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Freestanding OO Programs
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Services, Users, Contexts




Dynamic Contextual
Variation

® Objects look different in different contexts

® Both state and behavior
® Context is multi-dimensional

® New context dimensions and dependencies constantly
emerge
® Rapid evolution
® Dynamic as cognitive systems discover relevant context

® Old issues of supporting variation come the fore, with a
new twist
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Displaying a point

point1.display(stdscreen)

poeintRarent

display(device) device.drawPixel(x, v, color)

color black
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Displaying a point

point1.display(stdscreen)

LJ
L4

pointRarent

display(device) device.drawPixel(x, y, color)
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Displaying a line

aline.display(stdscreen)

LJ
L4

ineRarent

display(device) for-points-from-start-to-end( p.display(device) )

aline neintParent

start point1 display(device) device.drawPixel(x, y, color)

end point2
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Add Location Sensitivity

aline.display(stdscreen, S)

LJ
L4

- -ﬂ .L
ineRarent

display(device, hemi) for-points-from-start-to-end( p.display(device, hemi) )

alline nointParent

start point display(device, hemi) device.drawPixel(x, y, color, hemi)

end point2

drawFix_@[(gg,_ y, color, hemi) drawfjixel(x, hemi=S ? -y :y, color)
drawPixel(x, V, C().I.(SF)"'/";'Ii'éH’E up a pixel */
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Implicit context flow: self object

aline.display(stdscreen, S)

self- aLine  lineParent

device, hemi) for-points-from-start-to-end(

))

display( p.displray(device, herﬁi,

.
.
.
.
------
"
.

alline neintRarent

start point display(device, hemi) device.drawPixel(x, y, color, hemi)

end

point2
self: stdscreen

.
.
.
.
.
.t
a®
---------
.
unnt®
ann®

drawFix_@[(gg,_ y, color, hemi) drawfjixel(x, hemi=S ? -y :y, color)
drawPixel(x, y, color) /% light Up a pixel */  gelf: stdscreen
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Context Clutter

aline.display(stdscreen, §),

ineRarent

display(device, hemi) |for-points-from-start-to-end( p.display(device, hemi) )

2l5he

start point1i

end point2

sereenParent
=S ?-y:vy, color)

drawP|er(x Y, Color) /* light up a pixel */

Context passed explicitly through methods that don’t care
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Context Clutter

°
L]
.....
.............
.............

ineRarent

display(device, hemi) | for-points-from-start-to-end( p.display(device, hemi) )

alfine ointRarent

start point display(device, hemi) | device.drawPixel(x, y, color, hemi) §l -

end point2

=S ?-y:vy, color)

drawPixel(x, y, color) /* light up a pixel */

Context passed explicitly through methods that don’t care
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Variation Explosion

aline.display(stdscreen, S, ...)

ineRarent

display(device, hemi, ...) for-points-from-start-to-end( p.display(device, hemi, ...))

EEE

.
.
.
.
------
"
.

alline nointParent

start point1i

display(device, hemi) device.drawPixel(x, vy, color, hemi, ...)

end point2 71

.
.
.
.
.
s
a®
---------
.
unnt®
ann®

drawFix_@[(gg,_ y, color, hemi, ...) drawPixel(x, hemi =S ? -y 1y, color, ...)

drawPixel(x, y, color) /* light up a pixel */

Every dimension of variation creates another problem
I
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Dynamic Contextual Variation
requires a
new way of thinking

about objects
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Dynamic Contextual Variation




Old: Slots in objects

point1.display(stdscreen)

poeintRarent

display(device) device.drawPixel(x, v, color)

color black
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New: Slots linked instead of contained

point1 .disp[ay(stdscreen)

rcvr @ display(device) device.drawPixel(x, v, color)

/FC\:D X 0
revif® v 0
black

rCV. color
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Objects are just unique coordinates, with identity

point1.display(stdscreen)

poeintRarent:
Y display(device device.drawPixel(x, y, color)

rcvr @ X 0
reve @ vy 0
(=49 color black
Coordinates
18
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Slot guards control dispatch

point1 .disp[ay(stdsoreen)

L 2

device.drawPixel(x, v, color)

Slot
Guard

~
. s
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rCVI

) rovr @

M color



Slot guards control dispatch

.9 :
.--rfcvr = display(device)

________________________ Explicit
Slot parameter
Guards
. - rovr @ X 0
[ point T "x,:’*rcvrQ y 0
rcvr, @ color black
Dimension Constraint—" Selector
20
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Message Context

sugar for

{rcvr: point1}.d'\sp\ay(stdscreen)

pointT.display(stdscreen) M €ssage

T e e Context

rcvr @ display(device)

, : rcvr @ X 0
[ p0|nt1 ol rcvrS® vy 0
eV color black

Copyright © IBM Corporation, 2014 2|
I SRR HHHHSHB-



Slot Guard must match Context

""""""""""""""""""""""""""""""" Message
{rovr:point1}.display(stdscreen) Context

............................ pO'\““

ycVY-

rcvr @ display(device) device.drawPixel(x, y, color)

rCVr :
MUt inhe from,
Poj
"MtParep,
, : < rcvr @ X 0
[ p0|nt1 ol rcvrS® vy 0
eV color black
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More Implicit Context, and Multiple Dispatch

{rcvr:poinﬂz device:stdscreen}.display

(= color black

Coordinates in all
dimensions must match
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Simplify picture: Show only the parents

{rcvr:poinﬂ., device:stdscreen}.display

. 4 . .
rcvr @ device @ display device.drawPixel(x, vy, color)
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Simplify picture: Show only the parents

{rcvr:point1, device:stdscreen}.display

Copyright © IBM Corporation, 2014 25
SSSLLLHHHHHSESBRCL



Full Example

{revr: aLlne device:stdscreen}.display
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Add Location Sensitivity

rcvr display for-points-from-start-to-end( p.display() )

peInt , e .
rcvr @ device @ display device.drawPixel(x, y, color)

ﬁ drawPixel(x, y, color) {—h»emi}.drawPier(x, -y, color)

[ device—— J rcvr @ drawPixel(x, y, color) /* light up a pixel */

Just add one coordinate and one slot
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Add Location Sensitivity

{rcvr:aline, device:std, hemi:S}.display

‘‘‘‘‘‘

PoInt

display device.dranyixel(x, y, color)
S . .
rcvr @ hemi® drawPixel(x, y, color) {-hemi}.drawPixel(x, -y, color)

X y
[dewce j rcvr @ drawPixel(x, y, color) /* light up a pixel */

Just add one coordinate and one slot
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Dimensions not mentioned in slot guard match

»~
>1dy > C. Ul \A‘V‘ I~ IXC : 10r')

— K | ,

| S J rcvr @ hemi@ drawPixel(x, y, color) {-hemi}.drawPixel(x, -y, color)
-

: /'
[ device j rcvr @ drawPixel(x, y, color) /* light up a pixel */
29

Copyright © IBM Corporation, 2014




Implicit parameters propagated automatically

revr: aline, device: std, hemi: S' /{rcvr: p

......

for-points-from-start-to-end( p.display() )

>

.
-------------------------
.
o**
o*
.

W rcvr: p, device: std, hemi: S
| 3
rcvr @ device Yisplay device.drawPixel(x, y, color)

L S } rcvr @ hemi@ drgWPixel(x, y, color) {-hemi}.drawPixel(x, -y, color)

T
rcvr @ drawPixel(x, y, color) /* light up a pixel */

Can be explicitly changed
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Most-specific match wins

Sugar for
Yt erentnnnnnnnny rcvr: aL

- : 5 \1\ 'I'..‘ I

ineParent display for-points-from-start-to-end( )
| point , N .
——ooo rcvr @ device & display [device.drawRixel(X, y, color)

> K | .
rcvr @ hemi@® drawPixel(x\ y, color) {-hemi}.drawPixel(x, -y, color)

*

V'
rcvr’ rawPixel(x, y, color . /* light up a pixel */

rcvr: std, device: std, hemi: S
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All slot-guard dimensions must match

o
;Vv\,.;a L ; b ! :
display device.drawPixel(x, y, color)
p T : | : ,
t S } rcvr @ hemi @ JrawPixel(x, y, color) {-hemi}.drawPixel(x, -y, color)
A“

rcvr @ drawPixe\x, y, color) /* light up a pixel */

rcvr: std, device: std,

rcvr: std, device: std

32
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Adding hemisphere was easy

® Did not need:
® global
® extra parameter everywhere
® visitor or strategy

® pluggable objects, aspects, ...

But, what about a second,
different kind of dimension?
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Add another dimension: tint

rcvr:aline, device:std, tint:[0.7, Jispla Any: 3-elem vector of numbers,

-
can be created dynamically

revr Ehemi ]dr Pixel(x, y, color) I '}.draWFjier(x, -y, color)

.
.
.
.
st
at
I-l-'-.-....IIIIIIIII-.-“

h
3 ALY S LR N Th ey
ThT 24 1% .n TRt Sl
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Ly ) Egn Y ¥
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Add another dimension: tint

{rovr: aLlne device:std, tint:[0.7, 1.0, 1.0]}.display

lllll
lllll
lllllllllllllllll
Ill.
l..
Ny
Ny
~
Iy

~
IlneParent \ ® display for-points-from-start-to-end( p.display() )
pomt | — el e |
e rcvr @ device @& display dewce.drayyﬁxel(x, y, color)
o M | |
[ S j rcvr @ hemi@® drawPixel(x, y, color) {—hem|}.dravva|xel(x, -y, color)

W =
rcvr @ tint @ drawPixel(x, y, color)
{-tint}. drawP|er(x y, color.adjust(tint))

rcvr @ drawPixel(x, y, color) /* light up a pixel */
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See the Onward! 2014
paper for ...

® | anguage definition
® Prototype implementation
® Analysis of related work

® Discussion

David Ungar, Harold Ossher and Doug Kimelman,
“Korz: Simple, Symmetric, Subjective, Context-Oriented Programming.”

In Proceedings of the 2014 ACM International Symposium on
New Ildeas, New Paradigms, and Reflections on Programming & Software,
ACM, pages 113-131, October 2014.
http://dl.acm.org/citation.cfm?1d=2661147
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Figure “objects”

ineRarent

rcvr: @ display for-points-from-start-to-end( p.display() )

rcvr: @ device: std display device.drawPixel(x, y, color)
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Sea of slots

- s, SO SN 5 GO Mell i s

§ . By
R T 78 bt
\ Fgkot



Device “objects”

rcvr: pointParent, device @ display device.drawPixel(x, v, color)

rcvr @ hemi: S drawPixel(x, v, color) {-hemi}.drawPixel(x, -y, color)

rcvr @ tint: vectorParent drawPixel(x, vy, color)
{-tint}.drawPixel(x, y, color.adjust(tint))

rcvr @ drawPixel(x, y, color) /* light up a pixel */
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Sea of slots
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Hemisphere “object”




Generalize to Location Hierarchy




Subjectivity

® Sea of slots
® Object-like views gather slots into “objects”

® Different views for different contexts
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Reflection with Mirrors
—ssential problem:

Schizophrenia*

Every time one object hands
something to another, should it pass a
mirror or an object?

[Randy Smith, prophetically]

e Often not a problem
e Butwhenitis...

Huge problem in practice!
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Better reflection: Two views, not two objects

velhiew)

4

return (rho > arg rho) angle: . . .

return ((x*x)+(y*y)) sqgrt

theta returny arctan: x



Add view' & a viewing slot

vie TOMT s s Return source code of matching slot
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Multiple links: most matches wins

{rcvr: aPoint, view: sourceView}.rho

*

vie “_ Return source code of matching slot

VIO! . e\ O (SAVA[SAYA
rcvr matches anything, selector matches anything, view matches sourceView

* arg return (rho * arg rho) angle: (theta + arg theta)
rho  return ((X*x)+(y>ky)) sqart

theta returny arctan: x

Same reference for aPoint,
base or meta.
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Selector can be a dimension

{rcvr: aPoint, view: sourceView.-selector: “rho”}

alPoint
\ , * return (rho

rho  return ((x

VI theta returny arctan: x

Can get source code for any slot
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Different views can
trigger/shape introspection

Possible Views on System (Introspections)
name what comes back from a matching slot
normal result of method invocation
functional access returns method object
slot “slot mirror”
version version of code in the slot
link mirror reifying reference from slot to contents
provenance Who wrote the code? Whence the data?
behavioral “mirror” collapsing inheritance and super
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Ditferent views can
trigger/shape intercession

Possible Behaviors (Intercessions)
name behavior
base business as usual
iImmutable no assignments allowead
ensemble ambiguous lookups run all methods
super coordinate gives next place to look
objective prohibits context changes
fleeting context reverts on next send
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Conclusion

® Synergy of 3 ideas:
® Slot-based model
® |mplicit arguments (context)
® Multiple dispatch

® Simple, powerful model for dynamic
contextual variation

Copyright © IBM Corporation, 2014 52
I SRR HHHHSHB-



Thank you!

Thanks for encouragement / comments:

Sam Adams
Suparna Bhattacharya
Andrew Black
James Noble
Mark VWegman

Shriram Krishnamurthi (Onward! PC Chair)
Onward! Reviewers
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