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Arithmetic Logic Unit (ALU)

Data Arithmetic Unit

B —_—

R L ‘
LDO 32-bits 16 x
e 2 z \ 5/ i%’sj
R7.H | R7.L
R6| R6.H | R6.L \L

LD1 32-bit )
Sl RS R5H ' R5.L
R4| R4.H | R4L barrel M
R3 : shifter 40 40
. R3.H i R3.L
SD 32-bits
R2| R2.H | R2.L
<<
RO| RO.H | RO.L

.
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Arithmetic Logic Unit (ALU)

e Two 40-bit ALUs operating on 16-bit, 32-bit, and 40-bit input
operands and output 16-bit, 32-bit, and 40-bit results.
e Functions

Fixed-point addition and subtraction

Addition and subtraction of immediate values
Accumulator and subtraction of multiplier results
Logical AND, OR, NOT, XOR, bitwise XOR (LFSR), Negate
Functions: ABS, MAX, MIN, Round, division primitives
Supports conditional instructions

e Four 8-bit video ALUs

Explained in more detail as part of Advanced Instructions
section
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40-bit ALU Operations

e 40-bit ALU operations support the following operations:
— Single 16-Bit Operations
— Dual 16-Bit Operations
— Quad 16-Bit Operations
— Single 32-Bit Operations
— Dual 32-Bit Operations

NKAZTE

ANALOG
§/ENGINEERIN DEVICES

4-5




ALU Operations
Single 16-Bit Operations

¢ Single 16-bit Addition, Subtraction Operations
— Any two 16-bit register halves may be used as inputs.
— One 16-bit result is deposited in designated 16-bit register half.
— Must specify saturation option (s) or (ns)

e General Form:
Dreg_lo_hi = Dreg_lo_hi + Dreg_lo_hi (sat_flag);

Example:
R6.H = R3.H + R2.L (s);

Single
16-bit addition

§/ENGINEERIN
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ALU Operations
Dual 16-Bit Operations

e Dual 16-bit Addition, Subtraction Operations

— Any two 32-bit registers may be used as inputs.

— Two 16-bit results are deposited in designated 32-bit register.
* General Form:

Dreg = Dreg +|+ Dreg [(opt_mode_0)];
Dreg = Dreg -|- Dreg [(opt_mode_0)];

Dreg = Dreg +|- Dreg [(opt_mode_0)];
Dreg = Dreg -|+ Dreg [(opt_mode_0)];

Example:

R6 = R2 +|- R3; -

16-bit addition
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ALU Operations
Quad 16-Bit Operations

e Quad 16-bit Addition, Subtraction Operations

— Any two 32-bit registers may be used as inputs.

— Four 16-bit results are deposited in two designated 32-bit registers.
e General Form:

Dreg = Dreg +|+ Dreg, Dreg = Dreg -|- Dreg [(opt_mode_0, opt_mode_2)];

Dreg = Dreg +|- Dreg, Dreg = Dreg -|+ Dreg [(opt_mode_0, opt_mode_2)];
Example:

R3=R0+|+R1,R2=R0 -| - R1;

31 16 0 31 16

(=]

Quad
16-bit addition
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ALU Operations
Single 32-Bit Operations

e Single 32-bit Addition, Subtraction Operations
— Any two 32-bit registers may be used as inputs.
— One 32-bit result is deposited in designated 32-bit register.
— Optional saturation flag

e General Form:
Dreg = Dreg + Dreg [(sat_flag)];
Dreg = Dreg — Dreg [(sat_flag)];

Example:
R6 = R2 + R3;

32-bit addition 31 0
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ALU Operations

Dual 32-Bit Operations
e Dual 32-bit Addition, Subtraction Operations
— Any two 32-bit registers may be used as inputs.

— Two 32-bit result is deposited in designated 32-bit register.

e General Form:

Dreg = Dreg + Dreg, Dreg = Dreg — Dreg [(opt_mode_1)];
Example:

R3 =R1 + R2, R4 =R1 - R2;

Dual 31 0 31 0
32-bit operation

R4 R3
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ALU Operation

Options and Examples

The Vector Add / Subtract instruction provides three option modes.
*opt_mode_0 supports the Dual and Quad 16-Bit Operations versions of this instruction.
opt_mode_1 supports the Dual 32-bit and 40-bit operations.
*opt_mode_2 supports the Quad 16-Bit Operations versions

Mode Option Description
opt_mode_0 S Saturate the results at 16 bits.

CcO Cross option. Swap the order of the results in the destination regis-
ter.

SCO Saturate and cross option. Combination of (8) and (CO) options.
opt_mode_1 S Saturate the results at 16 or 32 bits, depending on the operand size.
opt_modc_z ASR Arithmetic shift right. Halve the result (divide b)’ 2) before storing

in the destination register. If specified with the S (saturation) flag in
Quad 16-Bit Operand versions of this instruction, the scaling is per-
formed before saturation.

ASL Arithmetic shift left. Double the result (multiply by 2, truncated)
before storing in the destination register. If specified with the S (sat-
uration) flag in Quad 16-Bit Operand versions of this instruction,
the scaling is performed before saturation.

4-11

of this instruction.

Examples:
R6 = RO -|+ R1 (s);
R7 = R3 -|- R6 (SCO);

ANALOG
DEVICES




ALU Operations
Dual 16-Bit Cross Options

e High result is placed in the low half of designated result

/ENGINEERIN

register.
e Low result is placed in the high half of designated result
register.
Example:
RO = R2 +|- R1 (CO);
31 15 0
NKAZTE
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Rounding Instructions

The Round to Half-Word instruction rounds a 32-bit, normalized-fraction number
into a 16-bit, normalized-fraction number by extracting and saturating bits 31-16,
then discarding bits 15—0. The instruction supports only biased rounding, which
adds a half LSB (in this case, bit 15) before

truncating bits 15-0. The ALU performs the rounding. The RND_MOD bit in the
ASTAT register has no bearing on the rounding behavior of this instruction.

Fractional data types such as the operands used in this instruction are always
signed.

General Form
dest_reg = src_reg (RND)

Syntax

Dreg lo_hi =Dreg (RND) ; /* round and saturate the source to 16 bits. (b) */
Example

/* If r6 = OxXFFFC FFFF, then rounding to 16-bits with . . . */
rl.1l = r6 (rnd) ; // . . . produces rl.l1 = OxFFFD

// If r7 = 0x0001 8000, then rounding . .

rl.h = r7 (rnd) ; // . . . produces rl.h = 0x0002

4/ ENGINEERING

NKAZTE

4-13

ANALOG
DEVICES




Other ALU Operations
Pointer Register Example Instructions

e P5=P3+PO; Il add two 32-bit pointer registers
e P5+=-4; I/l add immediate value to P register
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32-bit ALU Logical Operations

AND

General Form:
Dreg = Dreg & Dreg;
Example:

R4 = R4 & R3;

NOT

General Form:
Dreg = ~Dreg;
Example:

R3 =~ R4;

NKAZTE
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OR

General Form:
Dreg = Dreg | Dreg;
Example:

R4 = R4 | R3;

XOR

General Form:
Dreg = Dreg ” Dreg;
Example:

R4 = R4 " R3;
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ASTAT Register

Arithmetic Status Register (ASTAT)

31 30 29 28 27 26 25 24 23 22 21 20

19 18 17 186

Io |0 |0 |0|0 |0 |o |0|0 |0 |0 |0|0 |o |o |o| Reset = 0x0000 0000

VS (Sticky Dreg Overflow) g

Sticky version of V

V (Dreg Overflow)

0 - Last result written from
ALU to Data Register File
register has not overflowed

1 - Last result has overflowed

AV1S (Sticky A1 Overflow)

Sticky version of AV1

15 14 13 12 11

AVO (A0 Overflow)
0 - Last result written to AQ
has not overflowed
1 - Last result written to AD
has overflowed
AVOS (Sticky A0 Overflow)
Sticky version of AVO

AV1 (A1 Overflow)

0 - Last result written to A1
has not overflowed

1 - Last result written to A1
has overflowed

0 & 8 7 6 5 4 3 2 1 0
 CHENENEN CHENCHEN ENCHENEN N ENENEN

AC1 (ALU1 Carry)

O - Operation in ALU1 does not
generate a carry

1 - Operation generates a carry

ACO (ALUO Carry)

O - Operation in ALUO does not
generate a carry

1 - Operation generates a
carry

RND_MOD (Rounding Mode)

0 - Unbiased rounding

1 - Biased rounding

AQ (Quotient)
Quotient bit

LAZ (Zero Result)

0 - Result from last ALUO,
ALU1, or shifter operation
is not zero

1 - Result is zero

AN (Negative Result)

0 - Result from last ALUO,
ALU1, or shifter operation
is not negative

1 - Result is negative

ACO_COPY
Identical to bit 12
V_COPY
Identical to bit 24
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CC (Condition Code)

Multipurpose flag, used
primarily to hold resolution of
arithmetic comparisons. Also
used by some shifter instruc-
tions to hold rotating bits.
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ALU Instruction Summary

Instruction

ASTAT Status Flags

A7 AN ACD AVO AV1 A% AQ
ACO_COPY AVOS AVIS V_COPY
AC1 VS

Preg = Preg + I'reg : - - - - - - -
Preg += Preg ; = = = - — — —
Preg -= Preg ; = = = = = = =
Dreg = Direg + Dreg s * - - -
Dreg = Dreg — Dreg (S); * - - -
Dreg = Direg + Dreg, Dreg = Direg - Direg " - - -
Dreg_lo_hi = Dreg_lo_hi + Dreg_lo_hi; * * - - -
Dreg_lo_hi = Dreg_lo_hi - Dreg_lo_hi (S) ;| * B = = =
Dreg = Dreg +|+ Dreg - * - - -
Dreg = Dreg +|- Dreg ; : * - - -
Dreg = Direg —|+ Dreg ; E ' = = =
Dreg = Dreg —|- Dreg - - - - -
Dreg = Dreg +|+ Dreg, - - - -
Dreg = Dreg |- Dreg :

Dreg = Direg +|- Dreg, - - - -
Dreg = Dreg —|+ Dreg

Dreg = An + An, Dreg = An— An; * - - -
Dreg += imm7 ; * - - -
Preg += imm?7 ; - - - - - - -
Dreg= ( AD +=Al ) * “ - -
Dreg_lo_hi = { A0 += Al); e e = =
AD += Al . = = =
AD —= Al ; * - _ -
DIVS ( Dreg, Dreg ) : . - - d
DIVQ ( Dreg, Dreg ) ; e = = d

Dreg

= MAXN { Dreg, Dreg |} (V) :

KAZTE
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ALU Instruction Summary

Instruction

ASTAT Status Flags

AZ AN ACO
ACO_COPY
AC1

AVD
AV0S

AVDI V
AVIS V_COPY
Vs

AQ

Dreg = MIN { Dreg, Dreg ) (V) 3

Dreg = ABS Dreg (V)

An = ABS An s

An = ABS An, An = ABS An ;

An = -An:

An = -An, An=-An;:

An = An(8);

An=An(S), An=An(S);

Dreg_lo_hi = Dreg (RND) 3

131‘:.-;;[07[1i = Dreg + Dreg (RND12) ;
Dreg_lo_hi = Dreg - Dreg (RND12);
131‘:.-;;[07[1i = Dreg + Dreg (RND20) ;
Dreg_lo_hi = Dreg - Dreg (RND20) ;
Dreg_lo = SIGNBITS Dreg

Dreg_lo = SIGNBITS Dreg_lo_hi
Dreg_lo = SIGNBITS An ;

Dreg_lo = EXPAD] ( Dreg, Dreg_lo ) (V)5
Dreg_lo = EXPAD] (Dreg_lo_hi, Dreg_lo);
Dreg = Dreg & Dreg

Dreg = - Dreg ;

Dreg = Dreg | Dreg
Dreg = Dreg & Dreg ;

Dreg = Direg s

KAZTE
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Conditional Code (CC) Bit in ASTAT

e CC bitis used in several instructions
— Action taken in the instruction depends on the value of CC
— If cc jump here; //if cc =1, jump to label “here”
— If cc r3 =r0; /| perform move if cc=1

e CC bit value is based on a comparison of two registers, pointers
or accumulators

e CC bit can be moved to and from a data register or ASTAT bit
e CC bit can be negated

KAZTE
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CC Bit Instructions

General Syntax for Data/Pointer Register Compare Operations

CC = operand_1 == operand_2
CC = operand_1 < operand_2
CC = operand_1 <= operand_2
CC = operand_1 < operand_2 (IU)
CC = operand_1 <= operand_2 (IU)

Examples

CC = Dreg == Dreg ; I* equal, register, signed (a) */
CC = Dreg == imm3 ; [* equal, immediate, signed (a) */

CC = Preg == Preg ; I* equal, register, signed (a) */
CC = Preg == imm3 ; [* equal, immediate, signed (a) */

General Syntax for Accumulator Compare Operations

CC=A0==A1
CC =A0<A1
CC = A0 <= A1

§/ENGINEERIN
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ALU Exercise

LAB 3
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Multiply-Accumulators (MAC)

YKAZTE
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LDO 32-bits

LD1 32-bits

SD 32-bits

<

NKAZTE
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Multiply-Accumulators (MAC)

R7
R6
R5
R4
R3
R2
R1
RO

Data Arithmetic Unit

1

N

R7.H

R7.L

R6.H

R6.L

R5.H

R5.L

R4.H

R4.L

R3H 1

R3.L

R2.H |

R2.L

R1.H |

R1.L

RO.H ;

RO.L

barrel
shifter

\°/

acc0

\40

acc1
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Multiply-Accumulators (MAC)

e Two identical MACs

— Each can perform fixed point multiplication and multiply-and-
accumulate operations on 16-bit fixed point input data and
outputs 32-bit or 40-bit results depending the destination.

e Functions
— Multiplication
— Multiply-and-accumulate with addition (optional rounding)
— Multiply-and-accumulate with subtraction (optional rounding)
— Dual versions of the above
e Features
— Saturation of accumulator results
— Optional rounding of multiplier results

KAZTEK
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Placement of Binary Point in Multiplication

* Binary Integer Multiplication

M Bits

X P Bits

M+P Bits

Example: 16.0 x 16.0 =>32.0

* Mixed/Fractional Multiplication

M.N Bits
X P.Q Bits
(M+P).(N+Q) Bits

Example: 1.15 x 1.15 => 2.30**
412 x 1.15=>5.27

** In fractional mode the result of a multiplication will be automatically left shifted by 1 bit resulting in a 1.31 format

KAZTE
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Multiplier Results

EHIFTED ZEROQ

aouT FILLED
P BIGH, 7
BITE MULTIPLIER F QUTPUT
N
I ———
31|31 3IIBIIBIIBIIBIIBIIBIIH'E'#T %IEISH Elﬁlillbil‘*l*li‘ I4I‘1I-1 Iildllllﬂ|9 g gle|4]3|2|1]|0
| | |

|l l I

Fractional mode 7lels)a)a)z]1 o) mlm :alz'z xl:qlmlmlml:uln HIi‘i- B ulnluln wlolel7|e|s|a|z|z]1]0
‘-.___T___.-"--__ I
——
ADX AD.W
PSIGH, 8
EITS HWULTIFLIER P GUTPUT

e

- e

Integer mode

H|H|H A A3 |H | H A ‘!]|ﬂ2&|2?26£:3—12’!|2!|2| :Elll'il IE|I;‘IE IE1-11‘]1:!|11 ﬂlil BIT|E|G|4|3]2[1]|0

TIE|E|4]3|2]1]0AH ‘!]|2‘J?E|2i‘26£muﬂ|i1:3]|ﬂl ‘H|1i‘ 18 IE1-11‘]1:!|11 ‘l]|5l BIT|E|G|4|3]2[1]|0
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Placement of Binary Point in A0

Sign Bit
A0.X l AO0.H A0.L
S Fractional
5 ud Mode
OVERFLOW Most Significant Least Significant
16 Bits 16 Bits
Sign Bit
A0.X l AO0.H AO0.L
S Integer
S o® Mode
OVERFLOW Most Significant Least Significant
16 Bits 16 Bits
NKAZTE
s/ ENGINEERIN ANALOG
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Multiplication Modes -- Fractional Mode

Mode 1: fractional mode
* Multiplier assumes all numbers ina 1.15 format
* Multiplier automatically shifts product 1-bit left before accumulation

(Result forced to 1.31 format)
« Example: A0 =RO0.L *R1.L;

RO.L R1.L
0x4000 =0.5 0x4000 =0.5
A0.X AO.H AO.L
0x00 2000 0000 =0.25
overflow Ul underflow
0x2000

SKAZTE
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Multiplication Modes -- Integer Mode

Mode 2: integer mode

Multiplier assumes all numbers in a 16.0 format
No automatic left-shift necessary
Example: A0 =RO0.L * R1.L (IS);

RO.L R1.L
0x4000 =o' 0x4000 =2
A0.X AO.H AO0.L
0x00 1000 0000 =27
| AO.L '
overflow overflow 0x0000

NKAZTE

N/ ENGINEERIN

4-29

ANALOG
DEVICES




Multiply Operations
Example Instructions

A0 =R2.L * R3.L; Al =R2.H * R3.H;

R2 R2
R3 R3

e Example input operand combinations

e Accumulator or data register or half-
register can be the destination

\KAZTE
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RO = R2.L * R3.H;

%J R3
; RO

RO.H = R2.H * R3.L;
R2
R3

Em RO
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Multiply and Accumulate Operations

Example Instructions

e Example input operand combinations
A0 +=R2.L * R3.L; Al +=R2.H * R3.H; A0 -=R2.L * R3.H;

R2 R2 [ [ R2
R3 R3 %}J R3

i

Al +=R2.H * R3.L;
R2
R3

ANALOG
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Multiply and MAC Operations
When Result is Transferred From the Accumulator to a 16-
bit Data Register

R4.L = (A0 +=R2.L * R3.L); R4.H = (A1 +=R2.L * R3.L);

R2 R2
R3 R3

. -

ANALOG
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Multiply and MAC Operations
When Result is Transferred From the Accumulator to a 32-
bit Data Register

RO = (A0 += R2.L * R3.H); R1= (Al += R2.L * R3.H);

When A0 is used, the destination When Al is used, the destination
must be to an even Data Register, e.g. must be to an odd Data Register, e.g.
RO, R2, R4, R6 R1, R3, R5, R7

In both cases, the accumulate can be removed or replaced by a
subtraction

\KAZTE
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Dual Multiply Operations
Example Instruction

e Both Multipliers can be used in the same operation to double the
throughput. The same two 32-bit input registers must be used.

A1 =R2.H *R3.H, A0 = R2.L * R3.L;

NKAZTE
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Dual MAC Operations

Example Instruction

e Both MACs can be used in the same operation to double the
MAC throughput. The same two 32-bit input registers must
be used (R2 and R3 in this example).

A1 -=R2.H * R3.H, A0 += R2.L * R3.L;

In both cases, the accumulate and subtraction are interchangeable

\KAZTE
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Dual MAC Operations
With Destination of Two 16-bit Data Registers

e Both MACs can be used in the same operation to double the
MAC throughput. The same two 32-bit input registers must
be used (R6 and R7 in this example).

R2.H = (A1 += R7.H * R6.H), R2.L = (A0 += R7.L * R6.L);

NKAZTE
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Dual MAC Operations
With Destination of Two 32-bit Data Registers

e Both MACs can be used in the same operation to double the
MAC throughput. The same two 32-bit input registers must
be used.

R3 = (A1 += R7.H * R6.H), R2 = (A0 += R7.L * R6.L);

32-bit Data Register
Destinations must be used in
pairs, e.g. RO:R1 or R2:R3,
R4:RS or R6:R7

R2
YKAZTE
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Dual Multiply Operations
With Destination of Two 32-bit Data Registers

e Both Multipliers can be used in the same operation to
double the throughput. The same two 32-bit input registers
must be used.

RO =R2.H * R3.H, R1 = R2.L * R3.L;

32-bit Data Register Destinations must be used in pairs,
e.g. RO:R1 or R2:R3 or R4:RS5 or R6:R7

KAZTE
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16-bit Multiplier Options

Oiption Dlescription

delauh Bath aperands of both MACS are treared as sipnd fractions with lefi-shift cor-
rection 1o normalize the fraction.

{FLT} Unsigned fraction operands. Wa shife coresction,

i15) Sipned inteper operands, Mo shil comrection.

(11851 Unsigned integer operands. Mo shift correction. Saailable only for the 1a-bit
destination versions af this instruerion.

(T Sipned fraction aperands, Trunears the result te 16 bits when copying ta the
destinatiom half register. Available anly for the 16-hit deination varsions of this
instruction.

ands. Trun

(TELT) Unsigned fraction op e the result te 16 bics when copring 1o the

‘n hall register. Available anly for the 16-hit deination varsions of this

sErnction.

Option Dlescription

[SZRMII) Sipned fraction operands with lefi-shift corrsction ta normalize the faaion,

Scale the result (multiply £2 by pacforming a one-phice shifi L) when copring
1o the destination hall repisier, 17 scaling preduces a sipned valc
Lits, the mumber is saturatad o s magiooum pesitive or negati

arger than 16
wal e,

1l integer operands. Scale the reuli imuliply 22 by performing a one-place
shili left) when copying to the destinarion hall register. 1f scaling procluces a
signed value larger than 16 bis, the number is siorated 10 s maximom posi-

tive ar negative value,

{THL} Integer multiplication with high halfword extracion. The result is soomed a
32 Bits and bits 31216 of thar value are copied inte the destimion half

Amailable cnly for the 16-Hit destination verdons of this instroction,

2N Blimed multiply mode, MACT multiplies a signed fracion by an unsgred frac-
tion opstand with no leftshilt correction. Src_rep 0is signed and src_rep 1 is
unsigned. MACH performs an unmixed muliiply on signed Factions by defanli
wr anather formar as specifisd. The (M) option can be wsed alone ar in conjunc-
tion with one cther formar eption, but only with MACI versions of this instroc-

tion, When wsed together, the apticn Haps must be enclosed in one set o
paranthesis and separated by a comma, Example (M, 15).

KAZTE ANALOG
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Unbiased and Biased Rounding

e Unbiased Rounding: Returns number closest to the original
number

e When it lies exactly halfway between 2 numbers ...
e The nearest even number is returned

¢ Biased Rounding: Returns number closest to the original
number

e When it lies exactly halfway between 2 numbers ...
e The larger of the numbers is returned

e RND_MOD (bit 8 of ASTAT register) set to “1” enables biased
rounding

KAZTE
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ASTAT Register

Arithmetic Status Register (ASTAT)

31 30 29 28 27 26 25 24 23 22 21 20

19 18 17 186

Io |0 |0 |0|0 |0 |o |0|0 |0 |0 |0|0 |o |o |o| Reset = 0x0000 0000

VS (Sticky Dreg Overflow) g

Sticky version of V

V (Dreg Overflow)

0 - Last result written from
ALU to Data Register File
register has not overflowed

1 - Last result has overflowed

AV1S (Sticky A1 Overflow)
Sticky version of AV1

15 14 13 12 11

AVO (A0 Overflow)
0 - Last result written to AQ
has not overflowed
1 - Last result written to AD
has overflowed
AVOS (Sticky A0 Overflow)
Sticky version of AVO

AV1 (A1 Overflow)

0 - Last result written to A1
has not overflowed

1 - Last result written to A1
has overflowed

0 & 8 7 6 5 4 3 2 1 0
 CHENENEN CHENCHEN ENCHENEN N ENENEN

AC1 (ALU1 Carry)

O - Operation in ALU1 does not
generate a carry

1 - Operation generates a carry

ACO (ALUO Carry)

O - Operation in ALUO does not
generate a carry

1 - Operation generates a
carry

RND_MOD (Rounding Mode)

0 - Unbiased rounding

1 - Biased rounding

AQ (Quotient)

Quotient bit

LAZ (Zero Result)

0 - Result from last ALUO,
ALU1, or shifter operation
is not zero

1 - Result is zero

AN (Negative Result)

0 - Result from last ALUO,
ALU1, or shifter operation
is not negative

1 - Result is negative

ACO_COPY
Identical to bit 12
V_COPY
Identical to bit 24

4-41

CC (Condition Code)

Multipurpose flag, used
primarily to hold resolution of
arithmetic comparisons. Also
used by some shifter instruc-
tions to hold rotating bits.
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Multiplier Instruction Summary

Instruction ASTAT Status Flags
AV AV k%
AVOS AV1S V_COPY
VS
Dreg_lo = Dreg_lo_hi * Dreg_lo_hi ; - - ’
Dreg_hi = Dreg_lo_hi * Dreg_lo_hi ; = = g
Direg = Dreg_lo_hi * Direg lo_hi - - -
An = Dreg_lo_hi * Dreg_lo_hi - - —
An += Dreg _lo_hi * Dreg_lo_hi; * * —
An —= Direg_lo_hi * Direg_lo_hi ; * * —
Dreg lo = { A0 = Direg_lo_hi * Dreg lo_hi) e = -
Direg lo = ( AQ += Dreg_lo_hi * Dreg lo_hi ) : - - -
Dreg lo = ( A0 —= Dreg lo_hi * Dreg_lo_hi ) : : -
Direg hi = { Al = Dreg_lo_hi * Dreg_lo_hi ) : - - -
Dreg hi= (Al += Dreg_lo_hi * Dreg lo_hij ; * * *
Dreg hi = ( Al -= Dreg_lo_hi * Dreg_lo_hi ) : e = -
Direg = ( An = Dreg_lo_hi = Dreg_lo_hi ) : & & =
Direg = ( An += Dreg lo_hi * Dreg_lo_hi j : - - -
Direg = ( An —= Dreg lo_hi * Dreg_lo_hi } ; - - -
Direg "= Dreg — — —
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Multiplier Exercise

LAB 4
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Barrel-Shifter (Shifter)
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Data Arithmetic Unit

Barrel-Shifter (Shifter)

—

T

|

R7|R7.H | R7.L

LDO 32-bits R6 R6.H | R6L
R5| R5.H i R5.L |
R4| R4.H | RAL

. R3| R3.H | R3.L

LDI 32-bits R rah | RoL 4 ; 40 ;
R R1H | R1.L
RO !

SD 32-bits R ‘
<
acc0 acct
L
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Barrel-Shifter (Shifter)

e The shifter performs bitwise shifting for 16-bit, 32-bit or 40-bit
inputs and yields 16-bit, 32-bit, or 40-bit outputs.

e Functions

— Arithmetic Shift: The Arithmetic Shift instruction shifts a registered
number a specified distance and direction while preserving the
sign of the original number. The sign bit value back-fills the left-
most bit positions vacated by the arithmetic right shift.

— Logical Shift: The Logical Shift instruction logically shifts a
registered number a specified distance and direction. Logical
shifts discard any bits shifted out of the register and backfill
vacated bits with zeros.

KAZTEK
_ ANALOG
ENGINEERING 4-46 DEVICES




e Functions

Barrel-Shifter (Shifter)

— Rotate: The Rotate instruction rotates a registered number
through the CC bit a specified distance and direction.

— Bit Operations

— Field Extract and Deposit

NKAZTE
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Shifter Instructions

Arithmetic Shift

The “2:5=" and *>33" versions of this instruction supports anly arithmetic

right shifts. If left shifts are desired, the programmer must explicitly use

arithmetic “¢<” {saturating] or |U'b!ir_'-.1| L (non-saturating] instructions.

The Arithmetic Shift instruction supports 16-hit and 32-bit instruction

length.

*  The “:>>=" synmax instruction is 16 bits in length, allowing for

smaller code at the expense of flexibility.

# The “x3x", “<<", and “A5HIFT syntax inscructions are 32 hits in

|-.'|1-b:t|1. prov idi ng a separabe source and destination register, alter-
native data sizes, and parallel issue with Load/ Store instructions.

Logical Shift

Syniax Description

“am I'he value in desi_ree is shifisd by the number of places specified by

anl " shift_magnitude. The daa size is abvas 32 bics lang. The entire 32 bics
al the shifi_magnitude determine the shifi walue. Shift magnioodes
larper than 0x1F produce a 000000000 result.

"anT, e, I'he value in sre_rep is shified by the numbear of places spacifisd in

and “1SHIFT™ shift_magnitnde and the resule is stored ine dese_reg.
[he LEHIFT versicns can shifit 32-bic Direg and 48-bit Accumulaier
regigters by up o - 32 through 431 places.
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Arithmetic Shift

Example Instructions
e Immediate Shift Magnitude
R3.L =RO0.H >>> 7; [* arithmetic right shift, half word */
R5 = R2 << 24 (S); [* arithmetic left shift */

o Registered Shift Magnitude
R3.L = ashift R0.H by R7.L; /* arithmetic shift, half-word */
A0 = ashift A0 by R7.L; [* arithmetic shift, accumulator */
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Logical Shift

Example Instruction
e Pointer shift, fixed magnitude

P3 =P2>>1; I* pointer right shift by 1 */
PO = P1 << 2; I* pointer left shift by 2 */
e Data shift, immediate shift magnitude
R3.L = RO.L >> 4; [* data right shift, half word register */
R3 =R0 << 12; [* data left shift, 32-bit word */
A0 =A0<<7; [* accumulator left shift */

e Data shift, registered shift magnitude
R3.H = Ishift RO.L by R2.L; /* logical shift, half word register */
A1 = Ishift A1 by R7.L; I* logical shift, accumulator */
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Rotate

Example Instruction
e Immediate Rotate Magnitude
R4 = rot R1 by 8; [* rotate left by 8 */
A0 =rot A0 by -5; /* rotate right by 5 */
o Registered Rotate Magnitude
R4 =rot R1 by R2.L I* rotate by value in R2.L */
A1 =rot A1 by R7.L /* rotate by value in R7.L */

Fotation shifis all the bits cither right or lefi. Each bit that romtes out of
the register (the LSB for rotate right or the MSB for rotate left) is stored in "

the LT bit, and the CC bit is stored into the bit vacated by the motate on the
apposite end of the register. Dh-regisrer:

20 b BT o 0
IF

D registen: 1010 1111 110
Raotate right 1 bit

0 bie: W1 or <07
[Dr-register:

i bt i

Ratate left 1 bit

Di-register:

i b 1
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Bit Operations

Example Instructions

e Bit Clear: BITCLR(Dreg, uimmb5);
bitclr(R2, 3);

o Bit Set: BITSET(Dreg, uimmb5);
bitset(R2, 7);

o Bit Toggle: BITTGL(Dreg, uimmb5);
bittgl(R2, 24);

e Bit Test: CC = BITTST (Dreg, uimm5);
cc = bittst(r7, 15);

e Bit Test: CC = IBITTST (Dreg, uimm5);
cc = lbittst(r3, 0);

§/ENGINEERIN
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Field Extract and Deposit
Example Instructions

o Bit Field Extraction
R7 = extract (R4, R3.L) (2); l/lzero-extended
R7 = extract (R4, R3.L) (x); lIsign-extended

o Bit Field Deposit
R7 = deposit (R4, R3);
R7 = deposit (R4, R3) (x); lIsign-extended

A A B ri = extract (rd, r3.1) (z) ; /* zero-extended*/
o If

* R4=0bI1111 1111 1111 1111 1111 1111 1111 1111
where this is the background bit ficld

o If

* R4=0b1010 0101 1010 0101 1100 0011 1010 1010
where this is the scene bit field

*  R3=0bL0O0O0O0 0000 0000 0OOOO 0000 0111 Q000 0011
where bits 31-16 are the foreground bit field, bits 15-8 are .
the position, and bits 7-0 are the length

R3=0bxxxx sxooxx xxxx xoxxx 0000 0111 0000 0100
where bits 15-8 are the position, and bits 7-0 are the length

then the Bir Field Deposit (unsigned) instruction produces: then the Bit Field Extraction (unsigned) instruction produces:

* R7=0bLIIL 1111 1111 1111 1111 1100 0111 1111 * R7-0b0000 0000 0000 0000 0000 0000 0000 0111
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Shifter Instruction Summary

Instruction

ASTAT Status Flag

AZ

AN

ACO
ACO_COPY
AC1

AVO
AVOS

AV1
AVI1S

\!
V_COPY
Vs

BITCLR { Dreg, nimm5 ) ;
BITSET ( Dreg, uimm5 ) 5
BITTGL ( Dreg, uimm5 ) ;
CC= BITTST ( Dreg, uimm5 j

C

-

= IBITTST ( Dreg, uimm5 ) ;
Dreg = DEPOSIT ( Dreg, Dreg ) ;
Dreg = EXTRACT ( Dreg, Dreg ) ;
BITMUX ( Dreg, Dreg, A0 ) ;

Dreg_lo = ONES Dreg :

Direg = PACK (Dreg_lo_hi, Dreg_lo_hi};

Dreg »=>=uimm5 ;

Dreg ===uimm> ;

Dreg <<=uimm5 ;

Dreg = Dreg =>> uimm5 3

=]

Dreg = Dreg »> uimm5 3
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Shifter Instruction Summary

Instruction ASTAT Status Flag

AZ | AN [ACD AVD [ AVI CC |V
ACO_COPY | AVOS [ AVIS V_COPY
AC1 \E

Dreg = Dreg << uimmS5 ; - : = - . -

Dreg = Dreg =»= uimm4 (V) ; E = - — _ T

Dreg = Dreg > uimm4 (V) 3 " ! = = = = SR

Dreg = Dreg << uimm4 (V) 3 * . = . _ _

An = An >>>uimm>5 : - e = A | S— —
0/—

An = An >>uimms ; g ' = o S VA -
0/—

An = An <<uimmb5 3 N * = 0 “1 = =

Dreg_lo_hi = Dreg_lo_hi »>> uimm4 ; & e = - _ _ [

Dreg_lo_hi = Dreg_lo_hi »> nimmd4 ; & E = - - — B[

Dreg_lo_hi = Dreg_lo_hi << uimm4 ; < . = - - —

Dreg »== Dreg * * = = = - k-

<= Dreg - * = = = = T

Dreg = ASHIFT Dreg BY Dreg_lo : * : - = — _
Dreg = LSHIFT Dreg BY Dreg_lo ; - * = - . - whf_
Dreg = ROT Dreg BY immo ; = = = - - ook _
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Shifter Instruction Summary

Instruction ASTAT Status Flag
AZ | AN | ACO AVO [ AVI CcC |V
ACO_COPY | AVOS [ AVIS V_COPrY
ACI1 \'E

Dreg = ASHIFT Dreg BY Dreg_lo (V) 5 - g = = — _
Dreg = LSHIFT Dreg BY Dreg_lo (V) 3 " = = — _ _ onf_

Dreg_lo_hi = ASHIFT Dreg_lo_hi BY - . — _ _ _
Dreg_lo;

Direg_lo_hi = LSHIFT Dreg_lo_hi BY & E - . _ _ Rl

Direg_lo
An = An ASHIFT BY Dreg _lo - g = A1) * 1 _ _
An = An ROT BY immé6 ; - = = - — e _

Preg = Preg >> 1; = = = — . - _

Preg = Preg »>> 2; = = = . . - _
Preg = Preg << | = = = - — — _
Preg = Preg << 2; - - = = — — _
Dreg = ( Dreg + Dreg ) << 1 ; " * " — _ _

Dreg = ( Dreg +Dreg ) << 2 - = - . _ _

Preg = ( Preg +I'reg ) << 1 ; = = = - — — _
Preg = ( Preg +Preg ) << 2 = = = — _ _ _

Preg = Preg + ( Preg << 1) = = = _ . _ _

Preg = Preg + ( Preg << 2); = = = — . - _
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Barrel Shifter
Exercise

LAB 5
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Reference Material

Arithmetic Units
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Rounding Instructions

The Add/Subtract — Prescale Up instruction combines owo 32-bit values
to produce a 16-hit result as follows: Drag 1o hi

*  Trescale up both input operand values by shifting them four places Dreg_la_hi

o the left

*  Add or subtract the operands, depending on the instruction version

used
* Round and saturate the upper 16 bits of the result

*  Extract the upper 16 bits to the dest_rag

The Add/Subtract -- Prescale Down instruction combines two 32-bit val-
ues to produce a 16-bit result as follows: Dreq_la_hi

*  Trescale down both input operand values by arithmetically shifring Dreg_la_hi
them four places o the right

*  Add or subtract the aperands, depending on the instruction version

used
* Round the upper 16 bits of the result

*  Extract the upper 16 bits to the dest_rag

\KAZTE
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Bitwise XOR Instructions

e These instructions are used to implement Linear Feedback Shift
Registers (LFSR’s)

e Applications include CRC (Cyclic Redundancy Check) calculations and
PRN (Pseudo Random Number) generators

LFSR Type I (Without Feedback)

Oreg_Tlo = CC = BXORSHIFT ( AQ, Oreg ) ; /% (b)) */
Oreg_Jlo = CC = BXOR ( AO, DOreg ) /* (b) */

LFSR Type I (With Feedback)

Dreg_To = CC = BXOR ( AOD, Al, CC ) ; /% (b) */
AD = BXORSHIFT ( AO, Al, CC ) ; /* {b) */

In the following circuits describing the BXOR instruction group, a

—P(?—> s(D) bit-wise XOR reduction is defined as:

Out = (B y® B,) ® B,)® B;)®..)®B,_,)

D[0] D]
In the figure above, the bits A0 bit 0 and A0 bit 1 are logically AND’ed
with bits D[0] and D[1]. The result from this operation is XOR reduced
according to the following formula.
A0[0] AO[1]
s(D) = (A0[01&D[0]) ® (A0[1]1&D[0])
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Bitwise XOR Instructions

XOR Reduction

Example (no feedback) 00— o oo — > CC dreg_lo
Dreg_lo = CC = BXOR(AD, dreg) eee 0| o] o]
e oo Aoiz] L] aor11 [ 1| ooy
r0.1 = cc = bxor (a0, rl) ;
After Operation
[ aris) | af1a] | ari1a] | @ @ @ III
dreg_lo[15:0]
Example (feedback) cc—(G)— O — ()
Left Sh_ift by 1
A0 = BXORSHIFT(AD, A1, CC) [prse] [assa] ] e e e (o Reduction
A0[39] Ao[ss]|__|Ao[s?]| L

al = bxorshift (a0, al, cc) ;

After Operation

| Ao[3s] H A0[37] H A0[36] | PR III

A0[39:0]
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