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Key Points
Just Rem

em
ber This

•Software D
evelopm

ent: Fighting M
oore’s Law

•Com
plexity Grows by M

oore’s Law, Tools D
on’t

•This Im
pacts O

ur D
aily Lives: Bugs, Costs, Com

plexity
•Proposal: “Concept Program

m
ing”

•W
YSIW

YG Philosophy of Program
m

ing
•N

eed a Revolution in D
evelopm

ent Tools
•Continuous Effort, M

any Results
•X

rom
a, LX

: Cool Ideas
•M

ozart, M
oka: Infrastructure, First U

sable Tools
•X

L: State of the A
rt



Problem
 Statem

ent
W

hy W
aste M

y Tim
e?

•Software Grows Too Fast
•Com

plexity Follows M
oore’s Law

•Increased Business Pressure - “Tim
e To M

arket”
•N

o Increm
ental Growth of D

evelopm
ent Tools

•Tools Grow D
iscontinuously - “Paradigm

 Shifts”
•Last Big Two: Java (Internet) and C++ (GU

I)
•D

irect Im
pact on O

ur Lives
•Software is A

lways Late
•Software is A

lways Buggy



Explosive Growth
The Initial Stage

•Linux Kernel Growth

Source: http://plg.uwaterloo.ca/~m
igod/papers/icsm

00.pdf



Reaching Saturation
D

im
inishing Returns

Source: http://www.doc.ic.ac.uk/~m
m

l/feast2/papers/pdf/jfr103c.pdf



Concept Program
m

ing
O

ld Ideas, N
ew Spin

•Code Should Represent A
pplication Concepts

•M
ap D

om
ain Space to Code Space

•N
ecessary and Sufficient Level of A

bstractions
•M

inim
ize “A

rtificial Com
plexity”

•Enable Ecosystem
s of Concepts

•Transposition of A
pplication D

om
ain Ecosystem

•Exam
ple: O

O
 M

ethodology
•O

bjects Represent “N
am

es”
•M

ethods Represent “Verbs”



Sim
ple Concept

A
 General “M

ax” Function in X
L

gen
eric ty

p
e ord

ered
 if

   w
ith

 ord
ered

 A
, B

   w
ith

 boolean
 T

est := A
 < B

fu
n

ction
 M

ax
(ord

ered
 X

) retu
rn

 ord
ered

 is
   retu

rn
 X

fu
n

ction
 M

ax
(ord

ered
 X

; oth
er) retu

rn
 ord

ered
 is

   resu
lt := M

ax
(oth

er)
   if resu

lt < X
 th

en
 resu

lt := X

p
roced

u
re T

est() is
  w

ith
 real R

 := M
ax

(1
.0

, 3
.0

, 5
.0

)
  w

ith
 in

teger I := M
in

(1
, 3

, 4
, 5

, 6
, -1

)



Concepts ≠ O
bjects

O
bject-O

riented “M
ax”

#
in

clu
d

e <iostream
>

u
sin

g n
am

esp
ace std

;

tem
p

late<class T
>

class M
ax

im
u

m
 {

p
riv

ate:
    T

 m
ax

;
p

u
blic:

    M
ax

im
u

m
(T

 X
) { m

ax
 = X

; } 
    M

ax
im

u
m

 &
op

erator,(T
 X

) {
        if (X

 > m
ax

)
            

m
ax

 = X
;

        retu
rn

 *
th

is;
    }
    op

erator T
() {

        retu
rn

 m
ax

;
    }
};

tem
p

late <class T
>

M
ax

im
u

m
<T

> M
ax

(T
 t) {

    retu
rn

 M
ax

im
u

m
<T

>(t);
}in

t m
ain

() {
    cou

t << "M
ax

(2
,8

,5
,7

)="
         << (M

ax
(3

),8
,5

,7
)

         << en
d

l;
    cou

t << "M
ax

(2
.5

,8
.2

,5
.1

,7
.3

)="
         << (M

ax
(2

.5
),8

.2
,5

.1
,7

.3
)

         << en
d

l;
}



W
hat H

ave W
e Gained

N
ot Just Increm

ental Benefits

•Less “A
rtificial Com

plexity”
•N

o N
eed for Interm

ediate “M
axim

um
” M

anager O
bject

•N
o Com

m
a O

perator O
verloading

•Less Punctuation
•M

ore Safety
•“O

rdered” Validates its A
rgum

ents
•Type-Safe Variable A

rgum
ent Lists - W

riteLn

•M
ore Expressive Power

•The Right Level of A
bstraction



Expression Reduction
O

perator O
verloading++

•Reduction of Function Calls
fu

n
ction

 M
u

ltip
ly

A
n

d
A

d
d

(m
atrix

 A
, B

, C
) retu

rn
 m

atrix
w

ritten
 A

 *
 B

 + C
m

atrix
 M

 := M
1

 *
 M

2
 + M

3
 *

 M
4

 + M
5

•Reduction of Generic Types
gen

eric [ty
p

e item
] ty

p
e p

oin
ter w

ritten
 p

oin
ter to item

p
oin

ter P
 to item

•Reduction of Constructors
gen

eric [ty
p

e item
] fu

n
ction

 v
ector(in

teger S
ize)

retu
rn

 v
ector of item

w
ritten

 v
ector[S

ize] of in
teger

v
ector V

[3
] of in

teger



True Generics
For a Better STL

•Standalone (non param
eter) Generic Types

gen
eric ty

p
e ord

ered
fu

n
ction

 M
ax

(ord
ered

 A
) retu

rn
 ord

ered
•D

eclare a Real Concept
•C++: Convention on Tem

plate A
rgum

ent N
am

es
•Validation Clauses

gen
eric ty

p
e ord

ered
 if

w
ith

 ord
ered

 A
, B

w
ith

 boolean
 C

 := A
<B

•M
odel a Real Concept

•Enhance Robustness, Enable D
iagnostics



Im
proving Perform

ance
A

bstraction ≠ !Efficiency

•Giving Inform
ation to the Com

piler
•A

voiding “N
oisy” Sem

antics, such as Im
plicit Pointers

•Keeping Freedom
 of Im

plem
entation

v
oid

 D
raw

R
ect(R

ect *
r);

•“Com
plex N

um
bers” Core Code (Julia Sets)

•70%
 faster than C++ on Itanium

•M
ajor Benefit: Everything in Registers

•X
L is 7x Faster if C++ uses <iostream

>



Im
proving Perform

ance
N

o Loss in A
bstraction

ty
p

e com
p

lex
 is record

 w
ith

real R
e, Im

fu
n

ction
 C

om
p

lex
(real R

e, Im
 := 0

.0
) retu

rn
 com

p
lex

 is
resu

lt.R
e := R

e
resu

lt.Im
 := Im

fu
n

ction
 A

d
d

(com
p

lex
 X

, Y
) retu

rn
 com

p
lex

 w
ritten

 X
+Y

 is
resu

lt.R
e := X

.R
e + Y

.R
e

resu
lt.Im

 := X
.Im

 + Y
.Im



H
igher-O

rder Concepts
Exam

ple: Sym
bolic D

erivative

class T
est

{    p
u

blic static fin
al d

ou
ble om

ega = 3
.2

7
6

;
    p

u
blic static fin

al d
ou

ble th
eta = 0

.2
2

7
;

    p
u

blic static fin
al d

ou
ble d

ecay
 = 1

.4
4

7
E

-3
;

    p
u

blic static in
t m

ain
(S

trin
g args[]) {

        // T
abu

late th
e follow

in
g ex

p
ression

        for (d
ou

ble t = 0
.0

; t < 5
0

.0
; t += 0

.0
1

) {
            d

ou
ble y

 = d
(M

ath
.sin

(2
 *

 om
ega *

 t + th
eta) *

 M
ath

.ex
p

(-d
ecay

 *
 t))/d

t;
            

S
y

stem
.ou

t.p
rin

tln
("t=" + t + ", y

=" + y
);

        }
        retu

rn
 0

;
    }
} •H

ere is W
hat You’d Like to W

rite



Language Extensions
M

oka External Plug-ins
d

d
d

%
 ./m

ok
a tests/d

eriv
ation

.jav
a +d

eriv
ation

 +con
stan

tfold
 -ou

t
/*

 G
en

erated
 by

 M
ok

a u
sin

g m
ok

a.sty
lesh

eet *
/

// T
h

is ex
am

p
le d

em
on

strates th
e sy

m
bolic d

eriv
ation

 "p
lu

gin
" 

class T
est

{  
   p

u
blic static fin

al d
ou

ble om
ega = 3

.2
7

6
;

   p
u

blic static fin
al d

ou
ble th

eta = 0
.2

2
7

;
   p

u
blic static fin

al d
ou

ble d
ecay

 = 0
.0

0
1

4
4

7
;

      p
u

blic static in
t m

ain
(S

trin
g[] args)

   {  
      
      // T

abu
late th

e follow
in

g ex
p

ression
 

      for(d
ou

ble t = 0
; t < 5

0
; t += 0

.0
1

)
      {  
         d

ou
ble y

 = M
ath

.cos (2
 *

 om
ega *

 t + th
eta) *

 (2
 *

 om
ega) *

 M
ath

.ex
p

 
                    

(-(d
ecay

 *
 t)) + M

ath
.sin

 (2
 *

 om
ega *

 t + th
eta) 

                    
*

 -(M
ath

.ex
p

 (-(d
ecay

 *
 t)) *

 d
ecay

);
         S

y
stem

.ou
t.p

rin
tln

 ("t=" + t + ", y
=" + y

);
      }
      retu

rn
 0

;
   }
}

•A
 Plug-In W

ith 464 
Lines of Code 
(Com

m
ented)



H
ow M

oka W
orks

M
ozart A

PI - Persistent D
B

•Separation of Concerns
•M

oka: Parsing and U
nparsing Java Code

•M
ozart: Program

 Representation and Persistence
•Plug-In: D

erivatives

M
oka Parser

M
oka Renderer

Plug-In

D
atabase



O
ther A

pplications
A

 few existing M
oka Plug-Ins

•Sym
bolic D

erivation
•Constant Folding and Sim

plification
•Program

m
ing by Contract

•Stripping Selected Code (debug code, tracing)
•Generating Execution Traces (“profiling”)



Extensions = D
ialects

Philosophy Conflict

•Concept A
bstractions That You can’t even Read

•O
ne D

ialect Per D
eveloper - Best Case

•N
on O

bvious Boundaries
•H

idden External D
ependencies (found in Com

m
and Line)

•Still W
orth Fixing

•M
ore than Increm

ental Increase in A
bstraction

•General M
anipulation of Tree



X
L Pragm

as
Escape Codes

•N
on-Invasive Pragm

a N
otation

for t in
 0

.0
..5

0
.0

 step
 0

.0
1

 loop
{d

eriv
ation

} real Y
 := d

(sin
(2

*
om

ega*
t+th

eta) *
      ex

p
(-d

ecay
*

t))/d
t

W
riteL

n
 “t=”, t, “ y

=”, y

•Fix D
ialect Issues

•M
ake U

se of Extensions Visible
•Pragm

a N
am

e Indicates D
ependency

•Ensure Locality of Pragm
a Effects



U
nlim

ited Capabilities
“Revolution”

•Im
plem

entation D
etails

•{by_value}, {bit_size}, {address}, {volatile}, {debug}
•O

ptim
izations

•{inline}, {fast}, {com
m

utative}
•O

bject M
odels

•{C “bcopy”}, {dynam
ic}, {persistent}, {clonable}

•Foreign Paradigm
s

•{task}, {prolog}
•Custom

-D
efined

•{derivation}, {warn “O
bsolete!”}, {doc “This is a function”}



M
odelling Tasking

A
da-Like Syntax... Library-M

ade

{p
rotected

} record
 B

u
ffer w

ith
    {en

try
} fu

n
ction

 C
ou

n
t() retu

rn
 u

n
sign

ed
    {en

try
} fu

n
ction

 A
v

ailable() retu
rn

 u
n

sign
ed

    w
h

en
 C

ou
n

t() > 0
:

       {en
try

} p
roced

u
re R

ead
(ou

t ch
aracter C

)
    w

h
en

 A
v

ailable() > 0
:

       {en
try

} p
roced

u
re W

rite(in
 ch

aracter C
)

// P
rod

u
cin

g task
task

 P
rod

u
cer is

   w
ith

 ch
aracter C

   loop
      C

 := P
rod

u
ceC

h
aracter()

      B
u

ffer.W
rite C

      ex
it if C

 = A
S

C
II.E

O
T



Progress Report
Sum

m
ary of Results

•M
ozart - The Foundations
•Language-Independant Interm

ediate Language
•Extensible, Reversible, Persistent

•M
oka - Java to Java Com

piler
•Parser and U

nparser
•Java Extensions using Com

piler Plug-Ins
•X

L Com
piler

•Supports “Concept Program
m

ing”
•M

ore Efficient than C / C++ on M
odern Processors

h
ttp

://m
ozart-d

ev
.sf.n

et



Key Points
Just Rem

em
ber This

•Software D
evelopm

ent: Fighting M
oore’s Law

•Com
plexity Grows by M

oore’s Law, Tools D
on’t

•This Im
pacts O

ur D
aily Lives: Bugs, Costs, Com

plexity
•Proposal: “Concept Program

m
ing”

•W
YSIW

YG Philosophy of Program
m

ing
•N

eed a Revolution in D
evelopm

ent Tools
•Continuous Effort, M

any Results
•X

rom
a, LX

: Cool Ideas
•M

ozart, M
oka: Infrastructure, First U

sable Tools
•X

L: State of the A
rt


