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Recall: Shift-Reduce Parser
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Recall

Shift-Reduce Parser

STACK | STATE PARSED | INPUT ACTION

1 0 V [ =F(VNC); [ S
2 0 1 V=/|F(VNC);, |S
3 0,1 4 V =F | (VNC); S
4 01,4 9 V =F(| VNC); S
5 01,49 11| V=F\V | NC); S

6 0,1,4,9,11 7 NC); R(PT)
7 0,1,4,9 11 V = F(e | NC); S
8 0,1,4,9,11 15| V=F(eN | C); S
9 0,1,4,9,11,15 13 | V=F(eNC | ); S

10 | 0,1,4,9,11,15,13 8 ); R(P8)
11 0,1,4,9,11,15 13 | V =F(eNe | ); S

12 | 0,1,4,9,11,15,13 17 ); R(P5)
13 01,49 11 V=F(|) S
Introduction to AD, info@stce.ruth-aachen.de =] F = = 9DaAx




Recall

Shift-Reduce Parser

STACK | STATE PARSED | INPUT | ACTION
14| 0140911 15[ V=F(e) |: S
15 | 0,1,4,9,11,15 18 ; R(P6)
16 0,1 4 V=el; S
17 0,1,4 10 V =g S
18 0,1,4,10 14 R(P3)
19 0 a S
20 0 3 R(P1)
21 0 s S
22 0 2 $end S
23 0,2 5 R(PO)
24 0 $accept ACCEPT

PO is an auxiliary production rule for accepting the empty word.
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Syntax-Directed Source Transformation
Attribute Grammars

Attribute grammars are a very powerful tool for rigorous definition of source
code modification algorithms.

Transformation rules are associated with the syntactical structure of the
language making their implementation often a straight-forward extension of the

parser. A single pass over the input program may suffice to perform the desired
transformation.

Moreover, attribute grammars describe exactly the corresponding traversal and
modification pattern of the parse tree making them applicable to multi-pass
compilation as well.
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Syntax-Directed Source Transformation

Attribute Grammars: Synthesized Attributes

A synthesized attribute v.s for the left-hand side v of a production
v:@(ur,...,ux) is defined only in terms of its own attribute values or of
attribute values of its children uy,

ey Uk

A grammar is called S-attributed if it contains only synthesized attributes.
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S-Attributed Grammar

Example: Counting Subexpressions froveea

The synthesized attribute s stores the number of subexpressions in the subtree
rooted by the current nonterminal symbol.

a:V=e
el Fle) {elsi=e's+1}
cetle” {elsi=elste?s+1}

ce"Ne? {els:=erste?s+1}

1V {els:=1}
:C {els:=1}
Introduction to AD, info@stce.rwth-aachen.de «Or «Fr «=Er «Er» =
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S-Attributed Grammar

Example: Counting Subexpressions with bison

Software and Tools
for Computational
Engineering

%%
a:V'="e"; { printf("%d\n",$3); }
e:ele{$5=981+%3+1; }
|eNe{ $$ $14+9$3+1; }
[F'("e’) {$$=9%3+1; }
|V {$5=1;}
| C{$$=1;}
%%
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Syntax-Directed Source Transformation
Attribute Grammars: Inherited Attributes

An inherited attribute v.i for a symbol v on the right-hand side of a production
w: (U1, ..., V,...,ux) is defined in terms of its own attribute values, of those
of its children, of those of its parent w, or of attribute values of its siblings

ug, ..., Ug.

Any S-attributed grammar is also L-attributed. Moreover, in an L-attributed
grammar the values of all inherited attributes of an instance v of a
non-terminal symbol are either functions of synthesized or inherited attributes
of non-terminals to the left in the given production (including the parent on the
left-hand side) or they are functions of synthesized or inherited attributes of v
itself. Cyclic dependences among the attributes of v must not occur.
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L-Attributed Grammar

Example: Enumerating Subexpressions

Software and Tools
omputational

Engineering

The inherited attribute / stores the index of the subexpression associated with

the current nonterminal symbol.

a:V=e {ei:=0}
el Fle") {els=es+1ei=eit1}
cele” {elsi=etsters+1
ehj:=e i+1: e”i:=etji+ets }
ceNe? {els:=ets+e?s+1

eti=e i+ 1 e?i:=eli+es }

Vv {elsi=1}
. C {els:=1}
Introduction to AD, info@stce.rwth-aachen.de «O> (Fr «E> «EH>» E HAQ 12



L-Attributed Grammar

Example: Enumerating Subexpressions with bison

A global counter (sacvc) can be used instead of an inherited attribute, which is
would require storage of (parts of) the parser tree.

%f

un5|gned int sacvc; // sac variable counter

%}
%%

<'

a: =" {sacvc=0; } e’}
e:e L e { $$=sacvc++; printf(" (%d,%d)\n(%d,%d)\n" ,$1,$%,$3,$%); }
e N e { $$=sacvc++; printf(” (%d,%d)\n(%d,%d)\n",$1,$$,$3,$%); }

|
1 | F'("e’) { $%=sacvc++; printf(" (%d,%d)\n",$3,9%); }
12 |V { $$=sacvc++; }
13 | C { $$=sacvc++; }
14 y
15
16 | %%
17

Introduction to AD, info@stce.rwth-aachen.de «Or AFr Er «Er E DAX 13
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Assignment-Level Single Assignment Code
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Syntax-Directed Source Transformation
Assignment-Level SAC

The attributes n and j replace the previously used s and /. The SAC is
synthesized into the string attribute c.

(P3) a:V=e ej=0

ac=ec
+ V.c+" =v0;"”
(P4) e :ele” e.n=e"n+e?n+1
enj=¢ej+1

e”j=e"j+ern

elc=e.c+ec
+"V 4+ = +etj+ L
+UV e 4"
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Syntax-Directed Source Transformation
Assignment-Level SAC

(P5) e :emNe? e

n=e".\n+e?n+1

enj=cej+1

e

e?j=¢€e"j+e"rn
ol

c=er.c+ec

i

+"V 4 e j+" =" e+ N
n=¢e".n+1

LUV e 4"
(P6) €' :F(e)

e
ej=ej+1

elc=¢e".c

+H V” +e/.j+” _r +F.C+” (V” +er.j+” );n
Introduction to AD, info@stce.rwth-aachen.de
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Syntax-Directed Source Transformation
Assignment-Level SAC

(P7) e:V en=1

”

e.c=
(P8) e:C en=1

Vet =" 4 Vet

ec="V+ej+" ="+Cc+";
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Syntax-Directed Assignment-Level SAC
Example: y = sin(x x 2);

The following refers to the characteristic DFA of the SL? parser.

i PARSED | ACTION | $$.; | $%.c Comment
0 % S

1 V = S

4 V=F S

9 V = F( S

11| V=FV S

7 R(P7) | 2
11 V=F(e S

15| V=F(eN S

13 | V = F(eNC S

8 R(P8) | 3

13 | V = F(eNe S
17 R(P5) Vo = X; <...=e"c
vz = 2; <...=e"c
] Ne=r e

1

n
it
)
pe)
i)
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Syntax-Directed Assignment-Level SAC
Example: y = sin(x x 2);

i PARSED | ACTION | $$.; | $%.c Comment
11| V=F(e S
15 | V =F(e) S
18 R(P6) Vo = X; <
vz = 2; <
Vi = Vo % V3; < =e'.c
0 vo=sin(v1);| | F.c="sin",e"j=1
4 V=e S
10 V =g S
14 R(P3) Vo = X; <
vz = 2; <
Vi = Vo ¥ Vv3; <
vo = sin(vy); <...=ec
W Ve="y" ej=0

Introduction to AD, info@stce.rwth-aachen.de
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Syntax-Directed Assignment-Level SAC

Example: y = sin(x x 2);

nnnnnnnnnnnnnnn

$$.j

$%.c | Comment

i | PARSED | ACTION
0 a S
3 R(P1)
0 s S
2 $end S
5 R(PO)
0 | S$accept | ACCEPT
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Straight-Line Tangent Code
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Syntax-Directed Source Transformation
Straight-Line Tangent Code

Software and Tools
for Computational
Engineering

(P7) e:V en=1

ec="V+ej+" = +V.c+"
(P8) e:C

FV dej T = 4 Vet
en=1

ec="

”

V' tejt+" =0;

+n V” “l‘e.j"_” " +C.C+H ’vv
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Syntax-Directed Source Transformation
Straight-Line Tangent Code

(P6) e :F(e") en=e"n+1

ej=ej+1
elc=e".c

+n V" + e/._j+” ey

+ e jF+" XV e j+"

+"V e+ ="+ Fe+" (Vi e+ )
where Q- jF ="cos(v' +e"j+")" if F.c ="sin" etc.
Introduction to AD, info@stce.rwth-aachen.de «Or AFr Er «Er E DAX
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Syntax-Directed Source Transformation
Straight-Line Tangent Code

(P4) el e"0e” ¢
and

n=e"n+e?n+1
enj=¢j+1
(P5)

e”j=e"j+etn
elc=el.cte.c

+"V 4 el j4+" =" 400
+" R e+
+0en jO+" *' +e”j+"
+"V e j+" = +e1j+0.c
+" V' e+
where O € {L, N}, 9en jO = 0en jO ="1" if O.c =" +", 9en jO ="V" + €7
and Oen jO ="V" +e"jif O.c="*", etc
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Syntax-Directed Source Transformation
Straight-Line Tangent Code

Software and Tools
for Computational
Engineering

(P3)

a:V=e ej=0

a.c = e.c

+ V.c+" =v0;"
+V.c+" =v0;"
For y = vy we get y(1) = g—‘}/; . Vél) = .
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Syntax-Directed Straight-Line Tangent Code e | RWTH
Example: y = sin(x x 2); o

i PARSED | ACTION | $$. | $%.c

0 % S

1 V= S

4 V=F S

9 V = F( S

11| v=FVv S

7 R(P7) | 1 Y = x®; v, = x;

11 V = F(e S

15 V = F(eN S

13 | V = F(eNC S

8 RP8) | 2 ||V =0; vs=2;

13 | V = F(eNe S

17 R(P5) D = x@; v, = x;

v3(1) =0;, y=2;
3 vl(l):vz(l)*V3+v2*v3(1); Vi = Vo % V3,
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Syntax-Directed Straight-Line Tangent Code

Example: y = sin(x x 2);

i PARSED | ACTION | $$./ | $%.c

11 V=F(e S

15 | V =F(e) S

18 R(P6) v2(1) =x; v = x;
v3(1) =0, s =
vl(l) = vz(l) * V3 + Vo % v3(1); Vi = Vo % V3;

4 vél) = cos(vy) * vl(l); vo = sin(vy);

4 V=e S

10 V=e S

14 R(P3) v2(1) =xW; v, =x:
v3(1) =0;, 3 =2
vl(l) = v2(1) * V3 + Vo % v3(1); Vi = Vo ¥ v3;
vél) = cos(vy) * vl(l); vo = sin(vq);
yO =M.y = v

Introduction to AD, info@stce.ruth-aachen.de «O> aFr «=>r «E>» E
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Syntax-Directed Straight-Line Tangent Code

Example: y = sin(x x 2);

nnnnnnnnnnnnn

i | PARSED | ACTION | $%.j | $%.c
0 a S
3 R(P1)
0 s S
2 $end S
5 R(PO)
0 | S$accept | ACCEPT
Introduction to AD, info@stce.rwth-aachen.de «O>» «Fr» «E>» «E>» E DA
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Syntax-Directed Adjoint Code
Attribute Grammar |

The inherited attribute k enumerates all assignments. The augmented primal is
synthesized into the string attribute c’; the adjoint is synthesized into c”.

(PO) $accept :

sk=0
s$end
$accept.c’ = s.cf
+"int i;"
+ "while(pop_c(i)){"
+ if(i == 1){"
+ s.clb
Introduction to AD, info@stce.rwth-aachen.de “O> (Fr CE> (E>» E DA 30



Syntax-Directed Adjoint Code
Attribute Grammar |l

+

"else if (i == 2){"
_l’_

s.ck

+ Tlelseif(i =="+s.k+"){"
b
+ 5.Co
+ " }”
(P1) s:
ak=sk+1
a
sk=ak, sc=ac sct=ach
Introduction to AD, info@stce.rwth-aachen.de «O0» «Fr «E>» «E>» E 9HAE
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Syntax-Directed Adjoint Code

menere | RWTH
Attribute Grammar o
(Pla) s:
b.k =s.k
b
s.k = b.k; s.ch = b.cf; s.cb=b.ct
(P1b) s:
|.k =s.k
/
sk=1k sci=1lc scb=1cb
Introduction to AD, info@stce.rwth-aachen.de «O0» «Fr «E>» «E>» E 9HAE
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Syntax-Directed Adjoint Code
Attribute Grammar

snemros | IRANTH
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(P2) I

ak=s'k+1

a
s".k=a.k
SI‘
slk=s"k
slef =ach +s.c; I.cb

slcb=s"cb+ach
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Syntax-Directed Adjoint Code
Attribute Grammar

Software and Tools
for

9
Engineering
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Syntax-Directed Adjoint Code

Attribute Grammar Sromenns
(P2b) s
l.k=5s"k
/
s".k=1k
sl’
sl k=s"k
s'.c

slcb=s"cb+1.cb

Introduction to AD, info@stce.rwth-aachen.de
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Syntax-Directed Adjoint Code
Attribute Grammar

(P3)

a .

e.k = ak;

ei=20
V =g

a.ch =ech +" pushc(" +ak+"
+" push_d(” + V.cf +7 )
+ Ve £ =0

a.ct, =" popd("+ V.cf +7);”

LU N0=" 4 Ve
LVl 4 =0

b
+e.coy
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Syntax-Directed Adjoint Code
Attribute Grammar |

(P4/5) e

Software and Tools

al
Engineering

=eli+1;, eik=¢é.k fori=12
e
e”i=¢e"ji+ers+1
Oe"
els=ets+e?s+1
el.cf

et.cf +e?.cf

+n pUSh,d(V” +el.l-+” )’u
+ v el
+"

=" 4+ eti+0.cf+" v +e?i+" ;!
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Syntax-Directed Adjoint Code

Attribute Grammar Il

snemros | IRANTH
:
gt

I b
€ .Coy =

[} pOp-d(V” +el.i+” ),n
+|| V” +er2.i+” _:n _|_ Oefz.i‘{'” *V” +el.i+,, _,n

+u V” —l—e“.i—f-" _:n + Oefl,i'f‘” *V” +el.l.+” _,n
+e?.cb, +en.ch
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Syntax-Directed Adjoint Code
Attribute Grammar

RWTH
(P6) e :

eli=ei+1, e .k=ek
F(e")
ls=es+1

fF—ercf

e

e'.c

+" push d(v' + eli+” )"

+H V” +el.i+” _n +F.Cf+” (V” +er.i+” ),n
e/.cf.k =" popd(v' + eli+" )"

UV e = Fa i N i+
+e'.cf.k
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Syntax-Directed Adjoint Code

Attribute Grammar

(P7) e:V es=1

a.ch =" pushd(v’ +ei+");
LV e =t Vf
a.ct, =" popd(v' +ei+")"

SV 4 4= feit"
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Syntax-Directed Adjoint Code
Attribute Grammar

(P8)

is
mmmmmmmmmmmm

_n pUSh,d(V” +6.I.+” )'H

Viteit" ="+ Cc 4"

e: C es=1
a.ch =
Sy
a.c., =" popd(v' +e.i+" )
(P9) b:IF(r)
s.k =b.k
{s}
b.k =s.k

b.cb =s.cb

Introduction to AD, info@stce.rwth-aachen.de
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Syntax-Directed Adjoint Code
Attribute Grammar

(P10) [/: WHILE(r)
s.k =1k
{s}
I.k =s.k
l.c" ="while" +"(" +r.c" +") +"{"s.c" +"}"
l.cb=s.cP
(P11) r: VHRV"™

rcf =vrcf + R+ vr.cf
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Syntax-Directed Adjoint Code

Example

i | $%.c $$.cP

11

7 \push(Vz): Vo = X;\ ]pop(w): X1) += v2q);

13

8 | |push(va); vs =2 pop(vs);

13

14 | push(va); va = x; ’pop(vl); Va1) = V3 Vi(1); V(1) = Ve * V()
push(vs); vz =2; pop(v3);
\Push(w); Vi = vk V3;\ pop(v2); X1y += Va(u);

11

15

Introduction to AD, info@stce.rwth-aachen.de
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Syntax-Directed Adjoint Code

Example

i | $%.c"

$$.cP

18 | push(vz); vo =

Vi = Vo * V3,

10
14 | push(va); va = x;
push(vs); vz =2;
push(vi); vi = va % v3;
push(vp); vo = sin(wv);
)

pop(vo); vi(1) = cos(v1) * Vo(1);

pop(vi); vagr) = V3 * Vi(1); V3(1) = V2 * vi(1);

pop(v3);

pop(v2); X1y += voqu);

‘POP(Y) Vo) = Yys Yy = 0;

pop(vo); Vi(1) = cos(vy) * Vo(1):

pop(Vvi); Vo) = V3 % Vi1); Vaa) = Vo * Vi(1);
pop(v3);

pop(va); X1y += a1y

Introduction to AD, info@stce.rwth-aachen.de
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