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CONSTRAINT PROPAGATION 207 CONSTRAINT PROPAGATION
B.2.2.7 Indexing - [ ] LA := | VL
LA :=~ <LR
RA := >0 LL := RA
RR = >0 .
TL := gpumeric-or-boolean
TA := TR
RA := +/ RL B.2.2.11 Drop
LA := LL
RR := s RA RA := >0
TR := TA RR := >0
LL := LA RL := <2
RR := oumber of subscripts TL := numeric-or-boolean
RA := RR
RA := LL
RR RA
B.2.2.8 Inner Product LA <R
LL RA

B.2.2.9 Outer Product

TA := as required by left operator
TR := as required by right operator
TL := as required by right operator
if RR = 0 xor RL = O then RA := RR +
if RR > 0 and RL > 0 then RA := RR +
1f RR = 0 and RL = O then RA := 0
LA := l+LL,l1LR
if RR > 0 and RL > 0 then

last position of LL := first positiom of LR
if RR > 0 and RL > O then

first position of LR := last position of LL

RL -1
RL - 2

BEZEFEREER

required by operator
required by operator
required by operator

+ RR RA :=m
LL,LR RR :
TL :
RA :=
TA :=
LA :=
RR :=
B.2.2.10 Take TR :=
LR :=
RA := >0 RL :=
>0 RA =
<2 LL :=
numeric-or-boolean
RR
LL T~

B.2.2.12 Transpose

>1

>1

1

numeric

< RR

TR

maximum of VL
2 RA

RR

LL

B.2.2.13 Rotate

>0

>0

numeric-or-boolean

RR

TR

LR

RA

TA

LA

Ra -] .
RL + 1

LA wvithout rotated dimension

LA except rotated dimension ;= LL

*

208
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RR := RA if RL = 0 and RR = 0 then LA := 1
TR := TA , if VR 1s constant and VL is constant them VA := VL op VR
IR := LA if RR > 0 then RR := RA

1f RR > 0 thea LR := LA

1f RL > O then RL := RA

1f RL > O then LL := LA

B.2.2 Dyadic Operators

B.2.2.1 Dyadic Arithmetic Operatora - + - x + [ L » e | ! o

B.2.2.4 Dyadic Relational Operators - < S 2 >
TA := numeric

TR := numeric-orboolean TA := boolean
TL := numeric-or-boolean TR := numeric-or-boolean
1f RR > 0 then RA := RR else RA := RL TL := numeric-or-boolean
if RR > 0 then LA := LR 1f RR > 0 then RA := RR else RA :~ RL
if RL > 0 then RA := RL if RR > 0 cthen LA := LR
if RL > O then LA := LL if RL > 0 then RA := RL
if RL = 0 and RR = O thea LA := 1 if RL > 0 then LA := LL
if VR is constant and VL is constant then VA := VL op WR 1f RL = 0 and RR = O then LA 5=}
if RR > 0 thea RR := RA . if VR 1s constant and VL 18 conatant then VA := VL op VR
if RR > 0 then LR := LA : 1f RR > 0 then RR := RA
if RL > 0 then RL := RA : 1€ RR > 0 then LR := LA
if RL > 0 then LL := LA if RL > O then RL := RA
if RL > 0 then LL := LA

B.2.2.2 Dyadic Logical Operators — A vV m v

B.2.2.5 Reshape - dyadic p
TA := boolean

TR :~ boolean TA := TR
TL := boolean RA := LL
1f RR > 0 then RA :x= RR else RA := RL LA := LV
if KR > O then LA := LR TR := TA
if RL > O then RA := RL LL := RA
if RL > 0 then LA :e LL
if RL = 0 and RR = 0 then LA :w= 1}
if VR is constant and VL is coastant then VA := VL op VR
if RR > O then RR := RA B.2.2.6 Catenation - dyadic ,
if RR > 0 then LR := LA
if RL > O then RL := RA RA := >0
if RL > 0 then LL := LA 1f RR > 0 chen RA := RR
TA := TR
LA := LR except for dimension catenated
if RL > O thea RA := RL
B.2.2.3 Dyadic Equality Operators — = = TA := TL
LA := LL except for dimension catenated
TA i= boolean 1f RR = 0 and RL = O then RA := 1 '
TL := TR LA := LL + LR for catenated dimension
TR := TL if RL > 0 thea RL := RA
1f RR > 0 then RA := RR else RA := RL TL := TA
if RR > 0 then LA := LR if > 0 thea RR := RA
if RL > 0 thea RA := RL TR := TA
if RL > 0 then LA := LL
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B.2 SYNTAX CONSTRAINTS B.2.1.4 Index Generator - monadic 1
RA := 1
This section lists the syntax constraints and propagation rules used by . TA := pumeric
RR := 0
the constraiant propagation. Im these rules we ugse two letter variable TR := numeric~or-boolean
LA := VR
names to refer to properties. The first letter glves the property
( T(ype), R(ank), L(ength), and V(alue) ). The second gives the .
B.2.1.5 Ravel ’
position ( R(ight), L(eft), and A(bove) ). The positions are in
RA := ]
relation to the operator which establishes each set of rules. " TA := TR
LA := x/ LR
1f < 2 then VA := VR
B.2.1 Monadic Operators
B.2.1.6 Reduction !
B.2.1.1 HMonadic Arithmetic Operations - + - x + [ | » @ lto }
TA := as requitred by operation
= numeric RR := >0
= numeric-or-boolean TR required by operation
RA -1
LA with reduced dimension removed
RR +1
RL for un-reduced dimeasions
B.2.1.7 Scan
B.2.1.2 Not - ~
' TA := as required by operator
TA := boolean RA := >0
TR := boolean RR = >0
' RA := RR RA := RR
LA := LR TR := as required by operator
if is constant then VA :=~ VR RR := RA
RR := RA LA := LR
LR := LA LR := 1A
TA := TR
TR := TA
B.2.1.3 Size - Monadic p
RA = ] B.2.1.8 Reverse
TA := numeric
LA := RR RA := >0
VA := LR RR := >0
RR := LA RA := RR
TA := TR
LA := LR
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namxv ->  <(X-1) " <(2X) => no rescriction *

Aﬁme -> <X <(>X) => no restriction *

S(<X) => <X $(2X) => no restriction

£(SX) w=> <X 2(>X) => no restriction

zZ(2X) => 2X 2(<X) => no restriction

2(>X) => >X 2(sX) => no restriccion

>(2() => >X . >(<X) => >0

>(>X) => >(X+1) 2(SX) = >0

(* - we ignore the fact that this set may not contain

the largest element of the set of possible values)
* .

(<X) + (<¥) => <(X+Y-1) (2X) + (<Y) => 2X

(<X) + (3Y) =~> <(X+Y) (2X) + (SY) => X

(<X) + (2Y) => 2X C(2X) + (2X) = 2(X+Y)
(<X) + (>Y) => >Y (2X) + (>X) => >(X+Y)
(SX) + (<Y) => <(X+Y) (X) + (<¥) => >X

(SX) + (SY) => <(X+Y) (>X) + (SY) => >X

(S%) + (2Y) => 2 6K 4 (YY) = >(EH)
(50 + CY) = > (X) + (Y} => > (KT

(CX) + X => >(X+Y)
(2X) + Y = 2(X+Y)
(SX) + X => (S(X+Y)) n (2Y)

(<X) + Y => (<(X+Y)) o (2Y)

Figure B-2 - Set Algebra

CONSTRAINT PROPAGATION - 202
B.1l.5 Termination For Constraint Propagation

The constraint propagation procedure terminates when the list of items
to be put into parse tree positioas 1s empty. It 1is clear that the
process will terminate. A new list item 13 generated only when the set
for some property value decreases in size. Since all sets are finite,
thils process can not continue indefinitely. What must be evaluated more
carefully is the possibility of decreasing the size of a very large set
in tiny steps resulting in execution time not given as a function of
parse tree size. However it camn be shown that this is not possible. A
change to the property value at one position 1o the parse tree may
result in changes at four other adjaceant uomwn»onm. We can imagine
markers moving on the parse tree outwards from an initial point of
distubance. A marker may split into 3 at every property positioa.
However, since we do not allow a change to propagate back to the
position that caused it, no marker may retrace a path it or its
immediate ancestor has followed. Since the graph (tree) has no cycles,

no marker can get back to the initial position.

Thus each position in the parse tree is affected at most once for
every new item of information introduced. These items Om,hpnuﬂaun»on
come from the nodes of the parse tree in the form of syntax restrictions
and operand properties. Each node generates a maximum of onme item for®
each property of each of the three posirions surrounding it. No slow
refinement occurs. Thus the number of steps of constraint propagation

is of order N*2 where ¥ is the size of the vwnmn tree.
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-which collapses to:

CITAYY ]

Replacing B and C with the same temporary T gives the final form

which was included in the text (section G.3) describing this example.

(Note: labels not needed to show source of nodes in earlier drawing
Figure G-l - Example 3 (cont.)

have becn omitted to save apace.)
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