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8.10.2. A note about shifts

The left operand of shifts can be any one out of unsigned bit-strings, signed bit-strings, and
arbitrary-precision integers, and the right operand of shifts must be either an expression of type
b1t<S> or a compile-time known value that is a non-negative integer. The result has the same

type as the left operand.

AZE HAXIC| Lat2:
e bit<S> EIRI0|7LY},
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bit<8> shl(in bit<8> X,
N bit<8> vy) {
return X << vy;

y . Q y

e bit<S> EfI0| ALY,

o int<S> EIR0|EIH ALIE AlE

bit<8> shl(in bit<8> x) {
const iInt<8> vy = 42;
return x << vy;
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bit<8> shl(in bit<8> x, in Int<8> y) {
return X <<y,

e bit<S> EtQI0|7{LY,

e int<S> EIO0[2IH ALY A|ME0 7t OtL|2t= A= & +
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Shift by a string literal is not rejected by type checker #5094
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8.10.2. A note about shifts

The left operand of shifts can be any one out of unsigned bit-strings, signed bit-strings, and
arbitrary-precision integers, and the right operand of shifts must be either an expression of type
b1t<S> or a compile-time known value that is a non-negative integer. The result has the same

type as the left operand.

bit<8> shl(in bit<8> X, in int<8> y) {
return x << vy;
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e bit<S> E}2I0|7{LY,

o int<S> EfZO[EIH ALz AIF0| 7t OfL2t= A= & = U0 SiL.

P4 7|A|et BA .
syntax binop =

A | PLUS | MINUS
| SHL | SHR

syntax type = IntT | BitT

syntax expr =
| VarE text
| IntE Int
| BitE nat

| BINE binop expr expr
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FE 11 (inference rule) 7|8t EF &I HA

AAr CHe(C, BinE ...)0 Cial, =710 B5 JEIetCtH, ErY AAte| Z21f= type_| O|LCt.
rule Expr_ok/binary-shift:

C  BinE binop expr_| expr_r : type_|

-- if binop € { SHL, SHR }

-- Expr_ok: CF expr_| : type_ |

-- Expr_ok: CF expr_r : type_r

-- if $is_int(type_r) => $is_non_negative(C, expr_r)
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rule Expr_ok/binary-shift:
C  BinE binop expr_| expr_r : type_|
-- if binop € { SHL, SHR }
-- Expr_ok: CF expr_| : type_ |
-- Expr_ok: CF expr_r : type_r

-- if $is_int(type_r) => $is_non_negative(C, expr_r)
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EIQ0| SHIE T2 18H=S R0 hit<8> shi(in bit<8> x,
N bit<8> vy) {
return x <<vy,;

rule Expr_ok/binary-shift: b
C + BinE binop expr_| expr_r : type_| l
el
-- if binop € { SHL, SHR }
-- Expr_ok: CF expr_| : type_ |

-- Expr_ok: CF expr_r : type_r

-- if $is_int(type_r) => $is_non_negative(C, expr_r)
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ElQ} @5 T2 1sh= 04 bit<8> shl(in bit<8> x,
In iINt<8> vy) {
return X << vy;

rule Expr_ok/binary-shift: b
C + BinE binop expr_| expr_r : type_| l
el
-- if binop € { SHL, SHR }
-- Expr_ok: CF expr_| : type_ |

-- Expr_ok: CF expr_r : type_r

-- if $is_int(type_r) => $is_non_negative(C, expr_r)
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rule Expr_ok/binary-shift:
C  BinE binop expr_| expr_r : type_|
-- if binop € { SHL, SHR }
-- Expr_ok: CF expr_| : type_ |
-- Expr_ok: CF expr_r : type_r

-- if $is_int(type_r) => $is_non_negative(C, expr_r)
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rule Expr_ok/binary-shift:
C I BinE binop expr_I| expr_r : type_|

-- if binop € { SHL, SHR }

rule Expr_ok/binary-plus-minus:

C - BinE binop expr_| expr_r : type_|

-- if binop € { PLUS, MINUS }

WE 17 - 2 K0jM 22E .
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rule Expr_ok/binary-shift:
C I BinE binop expr_I| expr_r : type_|

xl0f| &= X7 9lS.

—1 L- AALCdy

-- if binop € { SHL, SHR } of Efol O [fAl C}2

-- Expr_ok: CF expr_| : type_|
-- Expr_ok: CF expr_r : type_r

- if $iS_int(type_r) => $iS_n0n_negative(C, eXpr—r)

20



-- if binop € { SHL, SHR }
-- if binop € { PLUS, MINUS }

& 9= =71 (Dangling Premise)

-- if $is_int(type_r) => $is_non_negative(C, expr_r)
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bit<8> shl(in bit<8> X, bit<8> shl(in bit<8> X,
in bit<8> ) {_> in int<8> y) {
return x << vy; return X << vy;

} 9 X,

T8 Qs X 9t

|

M

-- if $is_int(type_r)

=> $is_non_negative(C, expr_r)
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Z{H2|X| 7|4t E}Q] 7 HIAE 0714 (Fuzzing)
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-- if $is_int(type_r)

=> $is_non_negative(C, expr_r)
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bit<8> shl(in bit<8> X,

T,

in bit<8> y) {_>

return X << vy;

-- if $is_int(type_r)

> $is_non_negative(C, expr_r)
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bit<8> shl(in bit<8> X,
in bit<8> y) {

uE AlSH
return X << vy; ok” %7

-- if $is_int(type_r)

=> $is_non_negative(C, expr_r)
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-- if $is_int(type_r)

=> $is_non_negative(C, expr_r)
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-- if $is_int(type_r)

=> $is_non_negative(C, expr_r)
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-- if $is_int(type_r)

=> $is_non_negative(C, expr_r)

$is_int(type_r)

@280 @ @285 (false)

\> /> $is_non_negative(C, expr_r)

@286 (true)

AAE
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bit<8> shl(in bit<8> X, e ——
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return X << vy;

$is_int(type_r)
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T2 2H0| hit< 8>} B 912

bit<8> shl(in bit<8> X, bit<8> shl(in bit<8> X,
N bit<8> sye— in int<8> v) ¢
return X << vy, e_.?_&_?_‘ |I:|_;|%| return X << vy,
by by
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bit<8> shl(in bit<8> X,

in bit<8> vy) {

return x << vy;

ag SN =27

-- if $is_int(type_r)

=> $is_non_negative(C, expr_r)
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x71 (False Positive)

-- if binop € { SHL, SHR }
-- if binop = PLUS \/ binop = MINUS

aklz= HIO0[X|2, HAM7Zt 22t Z2{LhiX] X
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» HA|-El B18t (Meta-type driven)

HAN| Aol 281 Molof w2t £ #13d, e.q., BitT (type) — IntT (type)

S| AEQ 5= A 4% /AN /=M FHR Y], eq.,[1;2; 3] 2[2; 3; 1]

> 7][2]77]12] ¥iet (Constructor)

M2 H|eh BA| /7|2 #Het, e.g., IntE 42 — BitE 42
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2. Ef2] OFM A H{ 0| A

8.12.1. Explicit casts |___||:”7|_ W2 Z 7|.o [[Hm
The following casts are legal in P4:
. (o] o (B int<W>0|A bit<W>2 =2 dtistE 5|235IC}

const bit<32> two = 32w2:
const bit<6> twofour = ((bit<6>) (((bit<@>) (((int<32>) (two))))));

int<32>0]|Af b|t<0>0§ 5|31 xR 525!
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