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Defects in procedural languages

e Conventional programming languages are growing ever more
enormous, but not stronger. Inherent defects at the most basic
level cause them to be both fat and weak:

— their primitive word-at-a-time style of programming inherited
from their common ancestor - the von Neumann computer,

— their close coupling of semantics to state transitions,

~ their division of programming into a world of expressions and
a world of statements,

— their inability to effectively use powerful combining forms for
building new programs from existing ones,

- and their lack of useful mathematical properties for reasoning
about programs. _
John Backus Can Programming Be Liberated from the von

Neumann Style? A Functional Style and Its Algebra of
Programs 1977 ACM Turing Award Lecture
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Dependency

aisb+c
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WARWICK

Dependency in logic circuits
m/ P
L Q f P is A and B;
< 0 is B and C;
FI.UL_» R is A and C;
f is P or QO or R;
A B C|P QR |f
0 0 O 0 0 O 0 f is (A and B) or
0 0 1 0 0 © 0 (B and C) or
0 1 0O 0 0 O 0 (A and C);
01 10 1 0 |1
1 0 00 0 0 |O
1 0 110 0 1 |1
11 0|1 0 0 |1
11 1 1 1 1 1
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The script graph

= 3 3 h

- 10 )
a 7 :
~ 9 3
= addiz,b]

! k)
= add{b, o) 3 \
= timesg{e, £} 3 \
/ \

= maxli{g, ,4)

I A
i

= poweylh,z}

a (=l 4

jan

R. I Cartwright. Geometric Aspects of Emprrical
Modelling: Issues in Design and Implementation. Ph.D.
thesis, University of Warwick, Sepiernber 1998.
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Dependency as agency in Eden

Dependency: a is b+c;
Agency: proc updatea : b,c {a = b+c;)

In the action-based version:

~ There is no easily identifiable “location” for the definition of a
» Harder to debug a script
» Possibility of more than one definition of a, causing interference

- Current Eden implementation doesn’t “know” what is written

to when an action is run

» There is no check for cyclic dependency
» Update ordering could be less efficient

— The action could read from variables not specified as a trigger
» Creates cases of missing dependency

CS405 - JBn_mBmzmzu EM”: slide 13
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Eden execution

current ! ! transfer of i ; stand-by
to-do | | to-do list when | : to-do list
Tist the curtent ore | N
exhausted “
user input | i
\\ E
\\\
M aall
i . | mvoke ; R
||||| i action i oyt
lllll I E i
s
..... | ,___\ action queue
- - _ \11‘\\\,
...... T redefinition
sct of defimtions

Simon Yung (July 1996) EPSRC report

WARWICK - CS405 - “Implementing EM”: slide 14
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Eden agency control “hacks

® todo(script_string);

- executes script_string along with user input after all the current
actions have finished executing
- typical use: for a clocking mechanism
" @ autocalc = (; (also autocalc = 1;)

— controls “recalculation”
— typical use: to form blocks of redefinitions

® eager();

— forces actions to be performed and screen to be updated, even
in the middle of a for loop

- typical use: to show animation
® procmacro

— marks a block of redefinitions, like “proc”, but effectively with
an eager(); automatically inserted between each statement

- typical use: to replay user interaction

WARWICK
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Rationalisation proposal: the
4-layer prioritised action system

e Definition layer

— Maintains state specified by definitions
® Meta-definition layer

- Maintains Higher Order Definitions (HODs)
e Decision layer

— “... determines what actions are needed to transit the state”
e Transition layer

- “... performs the actions determined by the decision layer”
e “..if we have prioritised actions, we can in principle remove

definitions altogether. Of course, we still want to keep the

definitional form for clarity”.
Simon Yung (July 1996) EPSRC report

CS405 - “Implementing EM™ slide 16
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scicsYung1995

SCICS = sc (Spreadsheet Calculator) + ics (“Introduction to
Computer Science” machine simulator)
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Evaluation / Storage strategies Observation/Change-Update
1. evaluate at every use coordination <l = b

» storing only formulae IM. . lu
2. evaluate at every redefinition | TN
» storing formulae and values IM.. S
3. amix of 1 and 2: evaluate at use when a 2 T~
redefinition has previously out-dated the M.
store 2 w =
» storing formulae, values and out-of-date M
flags S reion et — vm
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$ cd ~empublic/projects/catflapYungl994
$ cat flap-noinstantiate.am - |
/decs/emp/empublic/bin/am-1.1

am-1.1> compiling flap ()
am=1.1> compiling man ()
am-1.1> compiling cat ()
am-1.1> 1 en # list entity descriptions (P)

ENTITY LIST

Kok ok Kok ko ok ok kK

entity flap() { (0 parameters)

entity cat () { (0 parameters)
DEFINITION

height = 2,

pos = 2,

obstruct = 0,

intention = -1,

pushOut = intention>0&&obstruct,

pushIn = intention<0&&obstruct

ACTION

intention>0&&!obstruct print ("Cat moves forward")

->
pos = |pos|+1,

intention<0&&!obstruct print ("Cat moves
backward") ->
pos = |posi|-1
}
0 instances
END OF ENTITY LIST
ok ok ok ok ok ok ok ke ok ok ok kK ok ok
am-1.1> 1 in # list instances
INSTANCES
Fok ok Khok ok ok ok k
END OF INSTANCES
am-1.1> 1 ds # list definition store (D)

DEFINITION STORE

kok ok ok ok ok kK k ok ok Kok ok ok k

END OF DEFINITION STORE

dhhkhkhhkhkkhkhkhkhkhkkhhkkkhkkkk

am-1.1> 1 as # list action store (A)

ACTION STORE

ok ok ok ok ok ok h ok h ok ok

END OF ACTION STORE

Fok ok ok ok ok ok ke ok ok ko ke ko kK kK
am-1.1> cat ()
instantiating cat
am-1.1> 1 in

INSTANCES

*kkk ok kkk ok

# instantiate new cat entity

cat ()
END OF INSTANCES
am-1.1> 1 ds

DEFINITION STORE

* ok ok Kk ok kokok ok ok ok ok ok kk Kk

Variable % 1: height = 2

Variable # 2: pos = 2

Variable # 3: obstruct = 0

Variable # 4: intention = -1

Variable # 5: pushOut = intention>0&&obstruct
Variable # 6: pushIn = intention<0&&obstruct

END OF DEFINITION STORE

hhkkkhkdhrkhhhhhkhkrhkhhhkkhx

am-1.1> 1 as

ACTION STORE

kk ok k ok ok ok k ok ok kK
Action # 1: intention>0&&!obstruct print("Cat moves
forward") ->

pos = |pos|+1
Action # 2: intention<0&&!obstruct print ("Cat moves
backward") ->

pos = |pos|-1

END OF ACTION STORE

koK Kok gk ok ok ok ok ok ok ok ok ok ok ok

am~1.1> ? (pos) # show current definition and
value
pos is defined as 2

pos evaluates to 2
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#
Cat moves forward
#
Cat moves forward
#
Cat moves forward
Four way lock is set to 1
#
Cat moves forward
#
Cat moves forward
#
Cat moves forward
#
Cat moves forward
Switch off
i
Cat moves forward
* 8 iterations successfully completed
am-1.1> ~D # exit am
$

Listing 4.2: An interaction with am

{O
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http:/ / empublic.des.warwick.ac.uk/ projects/ scicsYung1995/ examples/ heapsort.sc

# This data file was
generated by the
Spreadsheet Calculator.
# You almost certainly
shouldn't edit it.

format A 10 0 O
format B 10 0 O
format C 10 0 0O
format D 10 0 O
let A0 = 592
let Al = 4704
let A2 = 2632
let A3 = 1136
let A4 = 49676
let A5 = 1120
let A6 = 8272
let A7 = 4681
let A8 = 10320
let A9 = 6730
let A10 = 59952
let All = 2632
let A12 = 61955
let Al3 = 2656
let Al4 = 608
let Al5 = 8272
let BO = 4681
let B1 = 81

let B2 = 4682
let B3 = 59952
let B4 = 608
let B5 = 12289
let B6 = 4704
let B7 =1

let B8 = 4720
let B9 = 624

let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let

B10O
B1l
B12
B13
Bl4
B15
CO
C1l
Cl0
Cl1
ciz
C2
C3
C4
C5
cé
Cc7
C8
C9
DO
D1
D2
D3
D4
D5
D6
E8
FO
F1
F2
F3
F4
F5
F6
1)
F8

Il

I

I

I

I

i

i

I

32769
12896
49706
2672
1136
49706
1120
4684
2656
61965
63488
8272
4681
10320
6730
59952
588
4720
57881
1609
4683
1610
5705
587
5706
58368

15
11
12
10
100
45
30
31
91

let F9 = 0

let F10 = 22

let F11 83

let F12 4

let F13 56

let F14 3

let F15 = 24

let GO 15

let G1 =

G0<2?0: (GO<37?2: (F2>F37?2:
3))
let G2
G0<4?20: (GO<5?24: (F4>Fb?4:
5))
let G3
G0<6?0: (GO<T?6: (F6>F7726:
7))
let G4
G0<870: (G0<8?28: (F8>F9728:
9))
let G5
G0<1070: (G0<11?10: (F10>F
11210:11))

let G6 =

G0<12720: (G0<13712: (F12>F
13712:13))

let G7 =

G0<1470: (G0<15714: (Fl4>F
15714:15))

let H1 =

Fl>@nval ("F",G1)?21:0

let H2 =

F2>@nval ("F",G2)?1:0

let H3 =

E3>@nval ("F",G3)21:0

il

If

I

1l

let H4 =
F4>@nval ("F",G4)721:0
let H5 =
F5>@nval ("F",G5)721:0
let H6 =
F6>@nval ("F",G6)?21:0
let H7 =
F7>@nval ("F",G7)7?21:0



