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FEATURES

Complete 40 MFLOPS Floating-Point Chipset
Multiplier/Divider and ALU
Fully Compatible with IEEE Standard 754

Arithmetic Operations on Four Data Formats:
32-Bit Single-Precision Floating-Point
64-Bit Double-Precision Floating-Point
32-Bit Twos-Complement Fixed-Point
32-Bit Unsigned-Magnitude Fixed-Point

Only One Internal Pipeline Stage

20 MFLOPS Pipelined Throughput For Multiplication
and Standard ALU Operations

Exact Division: 300ns Single Precision and 600ns
Double Precision

Low Latency for Scalar Operations
130ns for 32-Bit Multiplication or Standard ALU
Operations
155ns for 64-Bit Multiplication or Standard ALU
Operations

Exact Square Root ALU Instruction

2.5W Maximum Power Dissipation per Chip with
1.0 um CMOS Technology

144-Lead Pin Grid Array

Available Specified to MIL-STD-883, Class B

Pin-Compatible Upgrades From ADSP-321UHDS%&%

APPLICATIONS
High Performance Digital snm%%mq
Engineering Workstations %,
Floating-Point Accelerators
Array Processors

Mini-Supercomputers -

RISC Processors

GENERAL DESCRIPTION

The ADSP-3212 Floating-Point Multiplier/Divider and the
ADSP-3222 Floating-Point ALU are high speed, low power
arithmetic processors conforming to IEEE Standard 754. The
multiplier/divider and ALU comprise the basic computational
elements for implementing a high speed numeric processor.
Operations are supported on four data formats: 32-bit IEEE
single-precision floating-point, 64-bit IEEE double-precision
floating-point, 32-bit twos-complement fixed-point and 32-bit
unsigned-magnitude fixed-point.

The high throughput of the ADSP-3212/ADSP-3222 is achieved
with only a single level of internal pipelining, greatly simplifying
program development. Theoretical MFLOPS rates are much
easier to approach in actual systems with this chip architecture
than with alternative, more heavily pipelined chipsets. Also, the
minimal internal pipelining in the ADSP-3212/ADSP-3222
results in very low latency, important in scalar processing and in
algorithms with data dependencies.

Both chips have internal feedback paths from the output to four
of the eight input registers and feedforward paths from all input
registers to the oytp ster. Feedback to both banks of input
registers fagili hterlgaving partial sums and partial products
fop,mékin ughput.

ﬁ\"é “
0 % e

%é’xﬁmg 10 IEgE Standard 754, these chips assure com-
‘Ple software ta ty for computational algorithms adhering
. srounding modes are supported for all
data formats and conversions. Five IEEE excep-

;Mmendiﬁgﬁs—overﬂow, underflow, invalid operation, inexact

Yresult and division-by-zero—are available externally on four sta-
tug:phs. JEEE gradual underflow provisions are also sup-

| “port w@ special instructions for handling denormals. Alter-
| «mmgively, each chip offers a FAST mode which sets results less
than the smallest IEEE normalized values to zero, thereby elimi-

nating underflow exception handling when full conformance to
the Standard is not essential.

IEEE floating-point division is supported by both the ADSP-
3212 and the ADSP-3222. The ADSP-3212 is the faster of the
two, performing single-precision division in six cycles and
double-precision division in 12 cycles. The division operation

is initiated by the assertion of the multiplier/divider’s DIVMUL
input. On the ADSP-3222 ALU two instructions, SDIV and
DDIV, calculate single-precision division (16 cycles) and
double-precision division (30 cycles), respectively. ADSP-3222
division instructions are supported for compatibility with the
ADSP-3221.

The instruction set of the ADSP-3212/ADSP-3222, a superset of
the ADSP-3210/3211/3220/3221 instruction set, is oriented to
system-level implementations of function calculations. Specific
instructions are included to facilitate such operations as floating-
point division and square root, table lookup, quadrant normal-
ization for trigonometric functions, extended-precision integer
operations, logical operations and conversions between all data
formats.
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Both chips have two input ports and eight input registers (two
banks of four registers) and are always in a two-input-port
configuration; data can always be input on both ports simulta-
neously. In the 32-bit data loading mode, input can be directed
to registers in either bank, although both ports may not input to
the same bank at once. If 64-bit parallel data loading is enabled,
64-bit data from both ports may be directed to one of four regis-
ter pairs.

In addition to double- and single-precision floating-point
multiplication and division, the ADSP-3212 Floating-Point
Multiplier/Divider supports 32-bit fixed-point multiplications:
twos-complement, unsigned-magnitude and mixed-mode. The
ADSP-3212 also has a HOLD control that prevents the updat-
ing of the output data and status registers.
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The instruction set of the ADSP-3222 Floating-Point ALU
includes exact IEEE ﬂoatmg-pomt division and square-root
operations. The ADSP-3222 is pin-compatible with the ADSP-
3220/ADSP-3221. It also includes a HOLD control that is
enabled through an overhead instruction.

The ADSP-3212/ADSP-3222 chipset is fabricated in double-
metal 1.0um CMOS. Each chip consumes 2.5W maximum, sig-
nificantly less than comparable bipolar solutions. The differen-
tial between the chipset’s junction temperature and the ambient
temperature stays small because of this low power dissipation.
Thus, the ADSP-3212/ADSP-3222 can be safely specified for
operation at environmental temperatures over its extended tem-
perature range (—55°C to +125°C ambient).

The ADSP-3212/ADSP-3222 are available for both commercial
and extended temperature ranges. Extended temperature range
parts are available processed fully to MIL-STD-883, Class B.
The ADSP-3212 and ADSP-3222 are packaged in a ceramic 144-
lead pin grid array.

FUNCTIONAL DESCRIPTION OVERVIEW
The ADSP- 3212/ADSP-322 share a common architecture
(Flgure 1)i in Whl h ‘data is loaded to a set of input
3 falling clock edges. Two 32-bit

oaddedRimultaneously; alternatively, the ADSP-
22 can operate in a mode in which both halves of
8 %ed in parallel. The input registers can

% ational cu'cu:try as they are loaded

t

tHe end of first proccssmg clock cycle, par-

ate clocked into an output register. The contents of the
output register can then be driven off-chip. An output multi-
plexer allows driving both halves of a 64-bit double-precision
result off-chip through the 32-bit output port in one output
cycle.

Because all input and output data is internally registered and

because of the single level of internal pipeline registers, opera-
tions can be overlapped for high levels of pipelined throughput.

| INPUT REGISTERS

[ Reap seLEcTiON MuxEs |

FIRST-STAGE PROCESBSING

SECOND-STAGE 'MCEMIMG

D outpur reaister| [ srnusJ

:

Figure 1. ADSP-32XX Generic Architecture
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ADSP-3212/ADSP-3222

Figure 2 illustrates a typical sequence of pipelined operations. “FAST” control that flushes all denormalized results to zero,
Note cycle #4 of Figure 2 after the data transfer and internal avoiding the system delays of IEEE exception processing for
pipelines are full. While the final A results of the first operation gradual underflow.

are being driven °ff'°hlP’ B processing can be concluding at the All status output flags except denormal detection are registered
second stage, C processing bf:gmmng at the first stage and D at the output in parallel with their associated results. The asyn-
data loading to the input registers. chronous denormal flag allows an early detection of a denormal-

ized number loaded to a Floating-Point Multiplier/Divider,

time Load First-Stage | Second-Stage Cutput speeding exception processing.
(cycles) | Input Data | Processing Processing Result
Data Sot A PIN DEFINITIONS AND FUNCTIONAL BLOCK
! ata Set DIAGRAMS
All control pins are active HI (positive true logic naming con-
2 DataSetB | DataSetA (positiv
ata e aa Se vention), except RESET and HOLD. Some controls are regis-
3 Data Set C Data Set B Data Set A tered at the clock’s rising edge (REG); other controls are latched
in clock HI and transparent in clock LO (LAT), and others are
a4 Data Set D Data Set C Data Set B Data Set A asynchronous (ASYN).
5 Data Set E Data Set D Data Set C Data Set B ADSP-3212 FLOATING-POINT MULTIPLIER/DIVIDER
v PINLIST . e
_Pin Name . D Type
Figure 2. Typical Pipelining with the ADSP-3212/ADSP«3222 . DATAPINS®
‘gure P P g o AING 32-Bit Data Input

The ADSP-3212/ADSP-3222 can load data“on sising edges of g%\%}}f?' Zgz%g;kgm glput
the clock and on falling edges of the clock; subject:to constraintg * "% = 3107 24-Bit Data Qutput

described in “Method of Operation,”” The ADSP-3212/ADSP: . | CONTROL PINS

3222 can also operate in a mode in Which all, 64 Bits. ofa double- © "RESET =, Reset ASYN

precision word are loaded into an input register pair jn ‘parallel. ';:’“)& Hold Control LAT
This mode allows direct connection to a 64-bit input bus. Al " Input Port Configuration Control ASYN
input registers have their own independent load selection cen- Load Selection for A0 LAT
trols, allowing the same data to be loaded to multiple registezs’ Load Selection for Al LAT
simuitaneously. Load Selection for A2 LAT
A set of read selection multiplexers feeds input data from the Iioaj ge:ec?on tt:or gg i‘ﬁi
input registers to the computational circuitry. These multiplex- SELBI LZ: " S:fzﬂf"g f"r Bl AT
ers can select data that was just loaded at the clock’s rising edge, SELB2 Load s le ﬁo for B2 LAT
if desired, with no throughput or cycle-time penalty. SELE3 Lg:d S:lzztig:ll fgi B3 LAT
All control signals need only be suppl.ie_d to the chips at their RDAO Register Ax Read Selection Control 0 REG
cycle rate. Thi‘s approach avoids requiring that th.e sequencing RDA1 Register Ax Read Selection Control 1 REG
control cycle time be fgster t'han the chipset’s major processing RDBO Register Bx Read Selection Control 0 REG
cycle rate. Lf:ss expensive mxcrocpde memory can th'ercfore be RDB1 Register Bx Read Selection Control 1 REG
used. For this reason, loa}d selection controls for registers to be WRAPA Wrapped Contents in Register Ax REG
l(?adcd on the clock’s fallmg edge need only be valid at the pre- WRAPB Wrapped Contents in Register Bx REG
vious rising edge. (The dgs1gner may ch095e to supply _the asyn- TCA Twos-Complement Integer in Register Ax REG
chronous port ‘conﬁguranon, output multiplexer and tristate TCB Twos-Complement Integer in Register Bx REG
controls at a higher rate, however.) ABSA Read Absolute Value of Ax REG
The ADSP-3212/ADSP-3222 fully supports the gradual under- ABSB Read Absolute Value of Bx REG
flow provisions of IEEE Standard 754 for floating-point arith- N g Single-Precision Mode REG
metic. The Floating-Point ALU can operate directly on both DP Double-Precision Mode REG
normals and denormals (except division and square root). The RNDO Rounding Mode Control 0 REG
Floating-Point Multiplier/Divider operates on normals but can- RND1 Rounding Mode Control 1 REG
not operate on denormals directly. Denormals must first be FAST Fast Mode REG
“wrapped” (converted to a format acceptable for multiplication, SHLP Shift Left Fixed-Point Product REG
division or square root) by an ALU. Several flags are available FDBKO Feedback Control 0 REG
for detecting and handling exceptions caused by loading a de- FDBK1 Feedback Control 1 REG
normal into a Floating-Point Multiplier/Divider. Information LOADé4 Enable 64-Bit Parallel Input REG
about rounding and inexact results generated by the multiplier/ DIVMUL Divide/Multiply REG
divider is needed by the ALU to produce results in conformance MSWSEL Select MSW of Output Register ASYN
to Standard 754. Both ADSP-3212/ADSP-3222 chips include a OEN Output Data Enable ASYN
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Figure 3. ADSP-3212 Block Diagram
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ADSP-3212/ADSP-3222

CLK AIN BIN Vop GND

Controts
‘
32 32 i 4 EI ,;3 2
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“ after FAST has been redefined as HOLD

Figure 4. ADSP-3222 Block Diagram
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Pin Name Description Type METHOD OF OPERATION
Data Formats
STATUS OoUT
INEXO Inexact Result The ADSP-3212/ADSP-3222 chipset supports both single- and
double-precision floating-point data formats and operations as
OVRFLO Overflowed Result - g
UNDI;LO U:Ilfi;r})l:)vveved le{se‘:ult defined in IEEE Standard 754-1985. Both chips support 32-bit
INVALOP Invalid Operation twos-complement fixed-point as well as 32-bit unsigned-
DENORM  Denormal Output magnitude data formats and operations (the ADSP-3212 sup-
D d4C P ion Out ports fixed-point multiplication but not fixed-point division).
RNDCARO  Round Carry Propagation Ou Both chips operate directly on 32-bit fixed-point data. No time

MISCELLANEOUS consuming conversions to and from floating-point formats are
CLK Clock Input required.
Vob +5V Power Supply (four lines)
GND Ground Supply (four lines) IEEE Single-Precision Floating-Point Data Format
IEEE Standard 754 specifies a 32-bit single-precision floating-
ADSP-3222 FLOATING-POINT ALU PIN LIST point format, which consists of a sign bit s, a 24-bit significand
Pin Name Description Type Hidden Bit
DATA PINS /
AIN 32-Bit Data Input
BIN.. 32-Bit Data Ingm Sign | Exponent (e) * Fraction (f)
DOUT;, , 32-Bit Data Output s 97 1, f22 fo
CONTROL PINS
RESET Reset ASYN bit 31 30 22 0
IPORT Input Port Configuration Control ASYN e %
SELAO Load Selection for :o II::”; w0 Binary Point
SELA1l Load Selection for Al L ; iei i ;
SELA2 Load Selection for A2 L LAT Figure 5 IEEE $mg{f Precision Floating-Point Format
SELA3 Load Selection for A3 L LAT and an’8-bit unsigned-magnitude exponent e. For normalized
SELBO Load Selection for BO . = TLAT. ¢ sumbers, this$ignificand consists of a 23-bit fraction f and a
SELBI Load Selection for B1 © . AT, “hidden™ bit of 1 that is implicitly presumed to precede f;, in
SELB2 Load Selection for B2 “ LAT the significand. The binary point is presumed to lie between
SELB3 Load Selection for B3 1 LAT this Hidden Birnd f,,. The least significant bit of the fraction
RDAO Register Ax Read Selection Control 0 REG*"; is f; the LSB of the exponent is e,. The hidden bit effectively
RDA1 Register Ax Read Selection Control 1 REG. |  ificreases the precision of the floating-point significand to 24
RDBO Register Bx Read Selection Control 0 REG * bits from the 23 bits actually stored in the data format. It also
RDBI1 Register Bx Read Selection Control 1 REG insures that the significand of any number in the IEEE
ABSA Read Absolute Value of Ax REG normalized-number format is always greater than or equal to 1
ABSB Read Absolute Value of Bx REG and less than 2.
Iso ALU Instruction REG The unsigned exponent e for normals can range between 1 < ¢
RNDO Rounding Mode Control 0 REG = 254 in the single-precision format. This exponent is biased by
RND1 Rounding Mode Control 1 REG +127 (254-+2) in the single-precision format. This means that to
FAST Fast Mode/HOLD Control REG calculate the “true” unbiased exponent, 127 must be subtracted
FDBKO Feedback Control 0 REG from e.
f,g%yléin_ I;:fec;i:l:ax:&l; gyox;;rg)lultpm Register ﬁlsigN ;[‘he IEI:EE Standa.rc'i also pr.ovides.for several special data types.
OEN Output Data Enable ASYN n the 31ng1e-prec1§1on floating-point f_ormgt, an exponent value
P of 255 (all ones) with a non-zero fraction is a not-a-number
STATUS IN (NAN). NANSs are usually used as flags for data flow control,
INEXIN Inexact Data In REG for the values of uninitialized variables and for the results of
RNDCARI  Round Carry Propagation In REG invalid operations such as Oexc. Infinity is represented as an ex-
STATUS OUT ponent of 255 and a zero fraction. Note that because the fraction
INEXO Inexact Result is signed, both positive and negative INF can be represented.
OVRFLO Overflowed Result The IEEE Standard requires the support of denormalized data
UNDFLO Underflowed Result formats and operations. A denormalized number, or “denor-
INVALOP  Invalid Operation mal,” is a number with a magnitude less than the minimum
ZERO Zero Result normalized (“normal”) number in the IEEE format. Denormals
have a zero exponent and a non-zero fraction. Denormals have
lg{f((:ELLANE?OEEInpm no h'idden “one” bit. _(Equivalently, the hidden bit of a denor-
Voo +5V Power Supply (four lines) mal is ze}*o.) Thg unbxasec'i '(truc) value Aof a denonjnal’s exponent
GND Ground Supply (four lines) is —126 in the single-precision format, i.e., one minus the expo-

nent bias. Note that because denormals are not required to have
a significant leading one bit, the precision of a denormal’s signif-
icand can be as little as one bit for the minimum representable
denormal.
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ADSP-3212/ADSP-3222

ZERO is represented by a zero exponent and a zero fraction. Oate ll;.lmﬂg Exp. B ddon Fre pUnblased
2 el : SBOI V.! QYE. as ‘ ﬂlrn abeclute value
As with INF, both positive ZERO and negative ZERO can be NORMMAX | 264 | unsigned | +127 | 1 [111.t1] 27 o0
represented. NORMMIN 1 Unsigned | <127 7 [o0o.....00] ,-%
The IEEE single-precision floating-point data types and their ONAMMAX] 0  funsigned | +128 o ittt z'::- 2
interpretations are summarized: DNAMMIN [] unsigned +128 0 000.....01{ o~'®,
P WRAP.MAX [ 2scmpimt | +127 1 i1 z-ﬁ’ . :5)
WRAPMIN | -22 | 2ecmpimt | +127 1 Jooo.....o0[ =¥
Mnemonic| Exponent | Fraction Value Name IEEE Format? 1
NAN 286 non-zero | undefined not-a-number yes UNRM.MAX -23 2scmpimt +127 1 111....11] o @2
INF 288 zer0 (=1)3(infinity) infinity yes UNRMMIN -171 2scmplmt +127 1 000......00| 2
NORM 1 thru 254 any (=1 )'(1 N2 227 | normal yes B . i
ONAM 0 non-zero | (~1)*(0.02"*%° | denormai yos Table Il. IEEE Single-Precision Floating-Point Range Limits
ZEAQ - 2815 00 jrer0 — IEEE Double-Precision Floating-Point Data Format
WRAP —22thru0 | any (-1) (1.h2 wrapped no i . . .
N a7t thre 20| = = ia——s-,... inormal o IEEE Standard 754 specifies a 64-bit double-precision floating-

Table |. IEEE Single-Precision Floatmg -Point Data Types

and Interpretations

The ADSP-3212/ADSP-3222 chipset also supports two data
types not included in the IEEE Standard, “wrapped” and “un-
normal.” These data types are necessitated by the fact that the
ADSP-3222 ALU (during division and square root) and the
ADSP-3212 Multiplier/Divider do not operate directly o
mals. (To do so, they would need shifting har
slow them significantly.) Denormal op
lated by the ADSP-3222 ALU to
able by the ADSP-3212 Multiplie: .
normal multiplier/divider results mist also be,
ADSP-3222 before an ALU can operate

eral. (See “Gradual Underflow and IEEE Ex ptl $

The interpretation of wrapped numbers differs from normafs
only in that the exponent is treated as a twos-complement nw#i
ber. Single-precision wrapped numbers have a hidden bit of one
and an exponent bias of +127. All single-precision denormals
can be mapped into wrapped numbers where the exponent e
ranges between —22 =< ¢ < 0, WRAPA and WRAPB controls
on the ADSP-3212 tell the multipliet/divider to interpret a data
value as a wrapped number.

The ranges of the various single-precision IEEE floating-point
data formats supported by the ADSP-3212/ADSP-3222 are sum-
marized in Table II.

The multiplication of a wrapped number by a normal number or
another wrapped number can produce a number smaller than
can be represented as a wrapped number. Such numbers are
called “unnormals.” Unnormals are interpreted exactly as are
wrapped numbers. They differ only in the range of their expo-
nents, which is ~171 < ¢ =< —23 for single-precision unnor-
mals. The smallest unnormal is the result of multiplying
WRAP.MIN by itself. Unnormals, because they are smaller
than DRNM.MIN, generally unwrap to ZERO. (Unnormals can
unwrap to DRNM.MIN, depending on the rounding mode.)

The underflow flag should be thought of as an implicit most
significant ninth bit, the sign bit. For unnormals for which
—171 = ¢ < —128, the most significant bit in the eight-bit ex-
ponent field (e;, Bit 30) will be zero, but the underflow flag un-
derstood as weighted by —256 allows their representation with-
out ambiguity. This sign bit is implicitly assumed by the ALU
to be present when unwrapping unnormals, making this conven-
tion for very small unnormals transparent to the user.

point format:

Hidden Bit

[

* Fraction (f)

1.f51 fo

51 0

Binary Point

th, yielding a 53-bit significand for double-precision
als. Double-precision, like single-precision, has an implicit
hidden bit; in this case the hidden bit precedes fs,. The binary
point comes between the hidden bit and fs,. The exponent bias
for double-precision floating-point normals is +1023 (2046+2).

In other respects, IEEE double-precision floating-point is ex-
actly analogous to single-precision, with the same data types
whose values are summarized in Table III.

The unbiased value of a denormal’s exponent is —1022 for
double-precision denormals, i.e., one minus the bias. Because of
the extended width of the double-precision fraction, the expo-
nent of double-precision wrapped numbers can range from —51
=< ¢ = 0. The exponent of unnormals can range from ~1125 < ¢
= —52. Again, the smallest unnormal is the result of multiply-
ing the smallest wrapped number by itself. Note thate =
—1024 is the smallest double-precision exponent that is directly
representable in the eleven-bit IEEE twos-complement exponent
field. The underflow flag should be thought of as a most
significant twelfth bit, the sign bit, as explained above for
single-precision unnormals.

P t Value Name IEEE_Format?
NAN 2047 nen-zero |undefined not-a-numbar yes
INF 2047 2610 (=1)S(infinity) infinity yes
NORM 1thru 2046 | any (1)5(1.92% 1% | normal yes
DNRM [ non-zero |i—1)*10.9271°%2 | denormal yes
ZERO [} zer0 -11°0.0 zero yes
WRAP —51thru0 | any (<17 (1.92°1°% | wrapped no
UNAM {1125 thra —52] any (1 (1.92° 192 | unnormal no

Table lll. IEEE Double-Precision Floating-Point Data Types
and Interpretations
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The ranges for the various double-precision data types are:

Data name |Exponent] Exp. Fraction Unblased
(positive) type bias bit (binary) | absolute value
NORMMAX | 2046 | ynsigned | +1023 1 frrae] OB o2
NORM.MIN 1 | unsigned | +1023 t_Jooo.....00] 502

DNRM MAX o | unsigned | 1022 0 it 5192452
DNRMMIN 0 | unsigned | +1022 o Jooo....or] 792 .,
WRAP MAX [ 41028 1 R ] 7B L5 2)
wrAPMIN | 51 41023 1 fooo.....00f 7197
unAmMax | -s2 o 1023 1 et 3 e
UNRMMIN [ -1125 | 2scmpimt | 41023 1 Joco.....00] 221

Table IV. IEEE Double-Precision Floating-Point Range
Limits
Supported Floating-Point Data Types

The floating-point data types supported directly by the ADSP-
3212/ADSP-3222 chipset are summarized in Figure 7.

Not all the data types described above are supported directly.
See the section below, “Gradual Underflow and IEEE Excep-
tions”” for a full description of how the chips work together to
implement the IEEE Standard. For systems not requiring full
conformance to Standard 754, the section below, “FAST/IEEE
Control,” describes a simplified operation for this chipset that
avoids denormals, wrappeds, and unnormals altogether.

32-Bit Fixed-Point Data Formats . 3
The ADSP-3212/ADSP-3222 chipset suppofts woi32-bit;
point formats: twos-complement and upsignes- 1

the ALU, the output data format is idéjtical with
format, i.e., 32 bits wide. In contrast, the m
produces a 64-bit product from two 32-bit inpu ;
division and fixed-point square root are not supported di

However, they can be accomplished using the fixed-point/
floating-point conversions.

Normals
Denormals
Normals Wrappeds'
Wrappeds Unnormals
ADSP-3212 ADSP-3222
Floating-Point Floating-Point
Multiplier/Divider ALY
Normals Normals
Wrappeds Denormals
Unnormals Wrappeds 3
Unnormals?

. for unwrapping, division, and square root
. for unwrapping only

. from wrapping and division

. from division

rWOWN -

Figure 7. Data Types Directly Supported by the
ADSP-3212/ADSP-3222

The 32-bit twos-complement data format for ALU inputs and
outputs and multiplication inputs is:

Sign
WEIGHT _2k+31 2k4~30 2k+29 L 2k
VALUE]| i, 50 ihg iy
POSITION] 31 30 29 0

Figure 8. 32-Bit Twos-Complement Fixed-Point Data
Format

The MSB is i3y, which is also the sign bit; the LSB is i;. Note
that the sign bit is negatively weighted in twos-complement for-
mat. The position of the binary point for fixed-point data is rep-
resented here in full generality by the integer k. Integers (binary
point to right of bit position 0) are represented when k=0;
signed fractional numbers (binary point between bit positions 31
and 30) are represented when k= ~31. The value of k is for
general does not affect the opera-
ceptions are the ALU conversion

rati
et integers,

432

WEIGHT |_ zr.az zroSI vee 21.‘ 21
VALUE| 1., 2 % 134 I lo
POSITION| 63 62 32 ER 1 0

Most Significant Product Least Signiticant Product

Figure 9. 64-Bit Twos-Complement Fixed-Point Data For-
mat at Multiplier/Divider Output Register with SHLP LO

The weighting of the product bits is given by the integer r.
When k, represents the weighting of operand A and kg the
weighting of operand B, then r = k,+kg.

When HI, the SHLP control shifts all bits left one position as
they are loaded to the output register. The results will then be
in the format:

Sign
WEIGHT -2,,52 2roe1 2I’031 27430 e 2r 2r-1
VALUE
IS? |61 b |31 .30 e IO 0
POSITION| 63 62 32 31 1 1]

e g

Most Significant Product Least Significant Product

Figure 10. 64-Bit Twos-Complement Fixed-Point Data For-
mat at Multiplier/Divider Output Register with SHLP HI
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ADSP-3212/ADSP-3222

The LSB becomes zero and iz, moves into the sign bit position.
Normally ig; and ig, will be identical in twos-complement prod-
ucts. (The only exception is full-scale negative multiplied by
itself.) Hence, a one-bit left-shift normally removes a redundant
sign bit, thereby increasing the precision of the most significant
product. Also, if the fixed-point data format is fractional

(k= —31 in Figure 8), then a single-bit left-shift will renormalize
the MSP to a fractional format (because r = 2sk = 2¢(—31) =
—62).

For unsigned-magnitude data formats, inputs to the ADSP-3212
Multiplier/Divider and inputs and outputs for the ADSP-3222
ALU will be 32-bits wide. The 32-bit unsigned-magnitude data
format is:

Figure 11. 32-Bit Unsigned-Magnitude

Format . =

o
k:

Again, the position of the binary e int
represented here in full generality by the integer k.dngegers '+
(binary point to the right of bit position 08¢ rep:
k=0; unsigned fractional numbers (binary psint lefof bit posi-

tion 31) are represented when k= —32, The %lue of k is for™ .
user interpretation only and, except for conversions to fixed:
point, does not affect the operation of the chips. 4

The ADSP-3212 Multiplier/Divider discriminates twos-
complement from unsigned-magnitude inputs with TCA and
TCB controls (see “Controls””). When TCA and TCB are both
LO, the ADSP-3212 produces a 64-bit unsigned-magnitude
product at its output register. The ADSP-3212 will produce
results in this format if SHLP is LO:

WEIGHT 2k+31 2k+30 2k+29 . 2k
VALUE| I is0 e i
POSITION| 31 30 29 o 1

ented when 7

WEIGHT 2!063 21062 2r932 2r~31 e zyu 2r
VALUE

LB s 's2 o | a2 USRS I o

POSITION} 63 62 32 31 e 1 0

‘\\—__’/\_/

Most Significant Product Least Significant Product

Figure 12. 64-Bit Unsigned-Magnitude Fixed-Point Data For-
mat at Multiplier/Divider Output Register with SHLP LO

Again, the weighting of the product bits is given by the integer
r. When k, represents the weighting of operand A and kg the
weighting of operand B, thenr = k, + kg.

If SHLP is HI, the data at the output register will have been
shifted left one position and zero-filled in the format shown in
Figure 13.

G i
Fixed-Point:Date, . |

e & , #Z 5 i
foi Mgcdipbint datais 4

", chronous. The controls are discussed below in the order in which

i

WEIGHT | 57+62] ,7+61 731 1,30
VALUE] ; i i i !
's2 i 1 '31 igg e lig 10

POSITION| 63 62 32 31 .- 10 z

Most Significant Product Least Significant Product

Figure 13. 64-Bit Unsigned-Magnitude Fixed-Point Data For-
mat at Multiplier/Divider Output Register with SHLP Hi

The ADSP-3212 also supports mixed-mode multiplications, i.e.,
twos-complement by unsigned-magnitude. These are valuable in
extended-precision fixed-point multiplications, e.g., 64x64 and
128x128. The result of a mixed-mode multiplication will be in a
twos-complement format. Unlike twos-complement multiplica-
tions, however, mixed-mode results do not in general have a
redundant sign bit in ig2+ Hence, mixed-mode results should be
read out with SHLP LO as in Figure 9.

Controls LT

The'controls for the ADSP-3212/ADSP-3222 (see Pin Defini-
‘tions above) arg all‘gctive HI, with the exceptions of RESET

and HOED. The controls are either registered into the input con-

teol register, at theclock’s rising edge, latched into the input con-

ol égfitef‘with clock HI and transparent in clock LO, or asyn-

they affect data flowing through the chipset.

Registered cotitrols, in general, are pipelined to match the flow
‘of data. All data and control pipelines advance with the rising
edge of each clock cycle. For example, to perform an optional
fixed-point one-bit left-shift on output with the product of X
and Y, you would assert the registered, pipelined control SHLP
on the rising edge that causes X and Y inputs to be read into
the multiplier array. Just before the result was ready to be
loaded to the output register, the pipelined SHLP control would
perform the proper shift. After the initiation of a multi-cycle
operation, registered control inputs are ignored until the end of
the operation time. (See “Timing” below for a precise definition
of “operation time.”)

Because this chipset uses CMOS static logic throughout and
controls are pipelined, the clock can be stopped as long as de-
sired for generating wait-states, diagnostic analysis, or whatever.
These chips can also be easily adapted to “‘state-push” imple-
mentations. The machine’s state can be pushed forward one
stage by simply providing a rising edge to the clock input when
desired.

The only controls that are latched (as opposed to registered) are
the Load Selection Controls. They are transparent in clock LO
and latched with clock HI. Load selection controls are set up to
the chips exactly as if they were registered, with the same setup
time. The fact that they are transparent in clock LO allows
them to select input registers in parallel with the setup of data
to be loaded on the rising edge. Because they are latched with
clock HI, microcode need only be presented at the clock rate,
though data is loaded on both clock rising and falling edges.

A few controls are asynchronous. These controls take effect im-
mediately and are thus neither registered nor pipelined. Each
has an independently specified setup time.
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FAST/IEEE Control (REG)

FAST is a pipelined, registered control. It affects the interpreta-
tion of data read into processing circuitry immediately after hav-
ing been loaded to the input control register. FAST affects the
format of results in the rounding and exception processing pipe-
line stage. FAST also affects the definition of some exception
flags (see ‘‘Status Flags™).

IEEE Standard 754 requires a system to perform operations on
denormal operands (which are smaller in magnitude than the
minimum representable normalized number). This capability to
accommodate these numbers is known as *“‘gradual underflow.”
For floating-point systems not requiring strict adherence to the
IEEE Standard, the ADSP-3212/ADSP-3222 provides a FAST
mode (FAST control pin HI) which consistently flushes post-
rounded results less than NORM.MIN to ZERO. This approach
greatly simplifies exception processing and avoids generating the
denormal, wrapped, and unnormal data types described above.
When in FAST mode, the multiplier/divider will treat denormal
inputs as ZERO. The ALU will treat denormal inputs exactly as
it does in IEEE mode but still flush post-rounded results less
than NORM.MIN to ZERO.

Systems implementing gradual underflow with the ADSP-3212/
ADSP-3222 must treat the multiplication of operands that in-

clude a denormal as an exception to normal process flow. FAST
should be LO on all chips. See the section below,
derflow and IEEE Exceptions,” for a fuller digcums
details of implementing an IEEE sys h 4

On the ADSP-3222, the FAST input
set as a HOLD input through the HOE!
Table XIII). The mode (IEEE or FAST) that’
instruction is executed remains in effect. To res#
function, you must reset the ADSP-3222.

RESET Control (ASYN)
The asynchronous, active LO RESET control clears all control
functions in the ADSP-3212/ADSP-3222, RESET should be as-
serted on power up to insure proper initialization. (RESET will
abort any multicycle operation in progress.) Status flags are
cleared by RESET. No input register contents are affected by
RESET; however, the output register can be invalidated if
RESET is asserted LO during a multicycle operation. All load
selection controls (SELA/B) must be LO at RESET.

On reset, the ADSP-3222 is set for 32-bit input data loads and
for the IEEE/FAST function on its FAST input.

Port Configuration — IPORT Control (ASYN)

This chipset offers two options on input port configuration.
Both configurations in Figure 14 are “two-port” configurations.
The options are controlled by the asynchronous input IPORT,
which allows you to switch the port configuration dynamically —
as often as every half cycle. Take care that IPORT is at valid
logic levels at all clock edges at which data is loaded. IPORT
must meet setup and hold times at every point at which data is
loaded —a rising edge or falling edge of the clock. Proper data
loading cannot be guaranteed unless this requirement is
observed.

ual / %
f & the
bs L

IPORT PORT CONFIGURATION
AIN BIN
0
[ A registers| B registers|
AIN BIN
1
{ A registers||B reglsters|

Figure 14. ADSP-3212/ADSP-3222 Input Port Configurations

Input Register Loading quennd Storage - SELA/B
t

Controls (LAT) | A

The chipget’'¢4 \ﬁ: isters are selected for data loading
i tiae U flodl sétection controls, SELAO0:3 and SELBO:3.

§.ifbut register has its own control, the load selection

Hs are indepmadelR of one another. Multiple registers can
ei p of the same input data, if desired.
ec

conitrols’ effects on data loading are summa-
e 15.

A register

SEL control | loaded
SELAO A0
SELA1 A1
SELA2 A2
SELA3 A3
SELBO BO
SELB1 B1
SELB2 B2
SELB3 B3

Figure 15. ADSP-3212/ADSP-3222 Load Selection Controls

For 32-bit data loading, even-numbered registers load data on
rising edges and odd-numbered registers on falling edges, as
shown in Figure 16. However, you should not load a 32-bit reg-
ister on the clock’s falling edge in the same cycle that the regis-
ter is read into the chip’s processing circuits (see “Restrictions
on Register Storage,” below).

In the 64-bit parallel loading mode, inputs from both ports can
be directed to appropriate register pairs (see “Restrictions on
Register Storage,” below). This mode is enabled by the
LOADG64 pin on the ADSP-3212; on the ADSP-3222, the
LOAD®64 instruction sets 64-bit loading until the next reset. If
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ADSP-3212/ADSP-3222

A registers are selected, they are loaded on the rising edge of the stable until the end of the operation time, whether single-
clock; B registers are loaded on the falling clock edge. LOAD64 precision or double-precision. (See “Timing” and the timing

is pipelined for one cycle on both parts; that is, the 64-bit load diagrams below for a precise definition of “operation time.”)
option will becomg effecu've at the next rising edge after the pin With 64-bit double-precision data, there are constraints on

is asserted or the instruction is presented. which registers hold which 32-bit halves of operands. You must

A1 load 64-bit data in adjacent pairs of 32-bit registers as shown in
Figure 18. The 32-bit most significant word (MSW) will be in

A0 BO B1
[ —r I _L ] l J_ ] _G one even register and the 32-bit least significant word (LSW) in

its odd neighbor.

A2 A3 B2 B3 A0 A1l BO B1
% v | [ F T v ] [ MSW, | LSW, | [MSW, [ LSW, |
ggtl;rio‘laé;.ﬁ:gDSP-&‘Z 12/ADSP-3222 Clock Edge for 32-Bit A2 A3 B2 B3
l MSWC | LSWC l I MSWD l LSWD I
Restrictions on Register Storage —~
For single-precision and fixed-point data, any convenient regis- Figure 18. ADSP-3212/ADSP-3222 Operand Storage for
ter can ‘bc used. The ogly restriction is Fl1,at the reg_ister being Dgu blé: Pr'eéisibn %gérations P g
loaded is not currently in use by the chip’s processing elements. & o
For all multiplications and most ALU operations, input registers’: M&ish@s on Register Stability )
are only read into the computational circuits for one cycle, Ds. With 64-bit data—as W“—'{ 32-bit data—rcglster.s should not l?e
not load a register for 32-bit operations on theitlock’s falling loaded that are currently in use by the processing elements. (i.e.,
edge when that register has been slectéd 16 f a}ﬁem% pro- . sg{ectcé by the RDA/B c<.)ntrols). Half the 32_—bit registers in any
cessing circuits in that same cycle ¢with the RDA/B controlside= " pair of 64-bit operands will loaded on the falling edge with both

scribed in “Input Data Register Read Selection”), Pick a fegig: members of this chipset.

ter not in use. . Tegperate the ALU at full throughput in single-cycle double-
The ADSP-3222 ALU is capable of two multicycle operationss, i precision pperations, 64-bit register sets should be alternated
IEEE floating-point division (16 cycles for single precision and . »~€yery cycle. For example, A/A, and B,/B; could be loaded with
30 cycles for double precision) and square root (29 cycles for..+ new operands while A,/A; and By/B, were feeding the computa-
single precision and 58 cycles for double precision). The ADSP- tional circuits (and were not changing). In this way, data loading
3212 Multiplier/Divider performs multicycle (6 and 12 cycles for will not disturb the contents of registers in use.

single precision and double precision, respectively) floating-point The ADSP-3222 ALU includes two double-precision multicycle
division. For single-precision floating-point division, the divi- operations in its instruction set: IEEE division (30 cycles) and
dend can be stored in any A register and the divisor can be square root (58 cycles). The ADSP-3212 performs a 12-cycle
stored in any B register. Single-precision operands for IEEE double-precision floating-point division. For double-precision
square root can be stored in any B register. The registers se- floating-point division, the 64-bit dividend can be stored in ei-
lected to the computational circuits for these operations must be ther pair of A registers consistent with Figure 18. The divisor

can be stored in either pair of B registers, also consistent with
Figure 18. Double-precision operands for IEEE square root can
AIN BIN AIN BIN be stored in either pair of B registers consistent with Figure 18.
Registers containing operands in use must remain unchanged
until the end of the operation time.

Data Format Selection — SP and DP Controls (REG)

_F_ _F‘ _r__r The three data formats processed by the ADSP-3212/ADSP-
3222 chipset are single-precision floating-point, double-precision

A0 A1 A2 A3 floating-point, and fixed-point. With the ADSP-3212 Multiplier/

Divider, the data format is indicated explicitly by the states of

the DP and the SP registered controls:

BIN

AIN
SPIDP| Data Format Selection
ofio0 fixed
o1 doubie-precision

I_LI_Q L_L'ﬂ tj0 single-precision

1 1

BO B1 B2 B3 illegal mode

Figure 19. ADSP-3212 Multiplier/Divider Data Format
Figure 17. ADSP-3212/ADSP-3222 64-Bit Parallel Load Selection
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The state of the SP and DP controls at the rising edge when
data is read into the multiplier array determines whether the
data is interpreted as single-precision floating-point, double-
precision floating-point, or fixed-point. Fixed-point division is
not supported; fixed-point numbers should be converted to
floating-point format for division and the result converted

back to fixed-point format. Division is a multicycle operation

(6 cycles for single precision and 12 cycles for double-precision);
once initiated, the states of SP and DP don’t matter until the
next data is read to the processing circuitry.

For the ADSP-3222 ALU, data format selection is implicit in
the ALU instruction, I4,. (See “Instructions and Operations™
section below.)

Input Data Register Read Selection — RDA/B Controls (REG)
The register read selection controls, RDAO:1 and RDBO0:1, are
registered controls which select the input registers that are read
into the chipset’s processing circuitry. Any pair of input regis-
ters can be read into the processing circuitry. (For single-
operand operations, the state of the selection controls for the
unused register bank doesn’t matter.) Data loaded to an input
register on a rising edge can be read into the processing circuitry
on that same edge.

The data format selected affects the interpretation of the RDA/B
controls as follows: 5

SP & Fixed: DP:
A register LA reginters
RDA1jRDAO| selected | salscted
0 0 A2 iliegal state
0 A3 A2, A3.
1 0 AO illegat’state
1 1 Al AQ, At )
SP & Fixed: DP:
B register {B registers
RDB1}RDBO| selected selected
0 0 B2 illegal state
Q 1 B3 B2, B3
1 0 BO illegal state
1 1 B1 BO, B1

Figure 20. ADSP-3212/ADSP-3222 Input Register Read
Selection
Note that when feedforward is activated, the definitions of the
RDA/B controls change. See “Feedback and Feedforward,”
below.

After the initiation of multicycle operations, the RDA/B controls
are ignored.

Feedback and Feedforward - FDBK Controls (REG)

The ADSP-3212/ADSP-3222 have feedback paths to A,, A;, B,,
and B, and feedforward paths from all registers to the output
register. The feedback controls FDBKO:1 determine whether
the device is in normal operation, whether the feedback data
goes to the A registers or the B registers, and whether feedfor-
ward is activated, as shown below:

FDBK1 | FDBKO Interpretation
0 0 normal operation
0 1 feedforward
1 0 feedback to A reg
1 1 feedback to Breg |

Figure 21. Feedback and Feedforward Controls

DA1 RDB1 | Feedforward Registers
: 0 X 0 B2/B3
0 X 1 BO/B1
1 0 X A2/A3
1 1 X AO0/A1

These controls are pipelined for one cycle; that is, they take ef-
fect at the next rising clock edge from the one at which they are
presented. For feedback operations from the 64-bit result (be-
fore the output register), each register to receive data must also
be selected for loading in the usual way, by asserting the corre-
sponding SELA or SELB; thus, you would assert the FDBK
controls in one cycle and the SELA or SELB controls in the
next cycle. For feedback, all input registers are loaded in paral-
lel on the rising clock edge.

Both SP and DP feedback transfers are supported. In DP feed-
back transfers, the MSW is written to A, or B,, and the LSW is
written to A; or B;. In SP feedback transfers, the 32-bit result is
written to A, or B,; A; or B; should not be selected in this case.
The registers in the bank not selected by FDBKO0:1 can be
loaded concurrently in the normal manner. Also, the low-order
(0 and 1) registers in the selected bank can be loaded concur-
rently in the normal manner. You should not, however, load
registers intended to receive feedback data in the cycle before
the feedback data is written (the same cycle in which you assert
the FDBK controls). In theory, such an action would serve no
purpose, because the newly loaded data would be overwritten
by the fed-back data before it could be passed to the pro-
cessing circuits;.in practice, the data load will actually inhibit
the feedback, . ‘

When feedforward is selected, a pair of input registers will be

fed directly to the output port in the same cycle. RDAO deter-
mines whether A régisters (HI) or B registers (LO) are fed for-

.. ward. The paif is selected by the register read selection controls,
. RDAV/BI, as shown in Figure 22.

Figure 22. Feedforward Register Selection

The pair fedforward must have been in input registers from a
previous cycle but will reach the output register on the rising
edge following the cycle in which the FDBK controls are set up
for a feedforward operation (and the read selection controls are
also set up). There is no cycle time or output delay penalty for
feedforward operations.

For normal operation, FDBKO:1 must both be LO. Feedback
and feedforward timing is shown in Figures TS and T6 in the
Timing section.

Absolute Value - ABSA/B Controls (REG)

The registered absolute value controls convert an operand se-
lected by the read selection controls to its absolute value before
processing. Asserting ABSA (HI) causes the A operand to be
converted to its absolute value; asserting ABSB (HI) causes the
B operand to be converted to its absolute value. The contents of
the input registers remain unaffected.

With the ADSP-3222 ALU, the ABSA/B controls are effective
with most fixed-point and all single-precision and double-
precision operations. If the ABSA/B controls are asserted in
logical operations, the results will be undefined.

For the ADSP-3212 Multiplier/Divider, the absolute value
operation is available on single-precision and double-precision
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ADSP-3212/ADSP-3222

floating-point operands only. If the ABSA/B controls are
asserted with a multiplier/divider for a fixed-point operation, the
results will be undefined.

Wrapped Input - WRAPA/B Controls (REG) (and INEXIN
and RNDCARI on the ADSP-3222)

The ADSP-3212 cannot operate directly on denormals; denor-
mals to be multiplied must first be converted by an ALU to the
“wrapped” format. (See “Gradual Underflow and IEEE Excep-
tions” below.) The multiplier/divider must be told that an input
is in the wrapped format so that its exponent can be interpreted
properly as a twos-complement number.

The registered WRAPA/B controls inform the multiplier/divider
that a wrapped number has been selected as an operand (RDA/B
controls) to the multiplier/divider array. WRAPA indicates

(HI) that the selected A register contains a wrapped number;
WRAPB, that the selected B register contains a wrapped
number.

The ALU in general operates directly on denormals and hence

doesn’t need a similar set of controls. However, for IEEE
division and square root operations, the ALU cannot operate

directly on denormals. Like the multiplier/divider, it needside- =

normals to be converted to wraps before processing. To irdicate
that the dividend in the A register is a wrapped; INEXIN
should be asserted (HI) exactly as WRAPA would:be asserted
on a multiplier/divider. To indicated that either the divisor in.a
B register or a square root operand in a B register is wrapped,:
RNDCARI should be asserted (HI). Except for unwrap, divi-
sion, and square root operations, both INEXIN and RNDGARI
should be held LO.

Twos-Complement Input - TCA/B Controls (REG)

The registered ADSP-3212’s Twos-Complement Input Controls
inform the multiplier/divider to interpret the selected fixed-point
inputs in the twos-complement data format. (See “32-Bit Fixed-
Point Data Formats” above.) TCA HI indicates that the selected
A register is twos-complement; TCB HI indicates a twos-
complement B register. A LO value on either control for fixed-
point multiplication indicates that the selected input is in
unsigned-magnitude format. Mixed-mode (twos-complement
times unsigned-magnitude) multiplications are permitted. The
TCA/B controls are operative in fixed-point mode only; in
floating-point mode, they are ignored.

Rounding - RND Controls (REG)

For floating-point operations, the ADSP-3212/ADSP-3222
chipset supports all four rounding modes of IEEE Standard 754.
These are: Round-to-Nearest, Round-toward-Zero, Round-
toward-Plus-Infinity and Round-toward-Minus-Infinity. For
fixed-point operations, two rounding modes are available:
Round-to-Nearest and Unrounded.

Rounding is involved in all operations in which the precision of
the destination format is less than the precision of the intermedi-
ate results from the operation. Multiplications internally gener-
ate twice as many bits in the intermediate result significand as
can be stored in the destination format. Data conversions to a
destination format of lesser precision than the source also always
force rounding unless the source value fits exactly.

Rounding with the ADSP-3212/ADSP-3222 chipset is controlled
by a pair of pipelined, registered round controls, RNDO:1. They

. precisg result™) is not exactly representable in the destination

should be set up with the input data whose result is to be
rounded. Rounding is performed in the last stage of processing;
the output register always contains rounded results. The effects
of the round controls are defined as:

Mnemonic | RND1|RNDO, Floating-Point Fixed-Point
RN 0 o Round-to-Nearest Round-to-Nearest
RZ [ 1 Round-toward-Zero Unrounded
RP 1 0 Round-toward-Plus-Infinity illegal state
RM 1 1 Round-toward-Minus-Infinity illegal state

Figure 23. Round Controls

The four floating-point modes of the IEEE Standard can be
summarized as follows. In all cases, if the result before rounding
can be expressed exactly in the destination format without loss
of accuracy, then that will be the destination format result, re-
gardless of specified rounding mode.

Round-toward-Plus-Infinizy (RP): “When rounding toward +oo,
the result shall be:the format’s value (possibly +2) closest to
and no less than the infinitely precise result.” (Standard 754-
1985, Sec. 4.2,) If the result before rounding (the “infinitely

format, Fhen the resglt will be that number which is nearer to
positive iftfinity, Rounds-toward-Plus-Infinity is available in

“ flaating-poigit operations only. If the result before rounding is
 ‘rearer thin NORM.MAX but not equal to Plus Infinity, the

result will:be Plus Infinity. If the result before rounding is less
thati ~NORM.MAX but not equal to Minus Infinity, the result

: will'be -ORM.MAX. For fixed-point destination formats, the

results of RP are undefined.

Round-toward-Minus-Infinity (RM): “When rounding toward
—, the result shall be the format’s value (possibly ~) closest
to and no greater than the infinitely precise result.” (Standard
754-1985, Sec. 4.2.) If the result before rounding is not exactly
representable in the destination format, the result will be that
number which is nearer to Minus Infinity. Round-toward-
Minus-Infinity is available in floating-point operations only. If
the result before rounding is greater than NORM.MAX but not
equal to Plus Infinity, the result will be NORM.MAX. If the
result before rounding is less than —~NORM.MAX but not equal
to Minus Infinity, the result will be Minus Infinity. For fixed-
point destination formats, the results of RM are undefined.

Round-toward-Zero and Unrounded (RZ): “When rounding to-
ward 0, the result shall be the format’s value closest to and no
greater in magnitude than the infinitely precise result.” (Stan-
dard 754-1985, Sec. 4.2.) If the result before rounding is not
exactly representable in the destination format, the result will be
that number which is nearer to zero. The Round-toward-Zero
operation is available in floating-point operations only. It is
equivalent to truncation of the (unsigned-magnitude) signifi-
cand. If the result before rounding has a magnitude greater than
NORM.MAX but not equal to Infinity, the result will be
NORM.MAX of the same sign.

For fixed-point destination formats, the RZ mode is Unrounded.
For fixed-point operations, RZ has no effect on the result at the
output register and should be specified whenever unmodified
fixed-point results are desired. (Treating the unrounded most
significant product as the final result and throwing away the
LSP is logically equivalent to Round-toward-Minus-Infinity for
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twos-complement numbers and equivalent to Round-toward-
Zero [truncation] for unsigned-magnitude numbers.)

Round-to-Nearest (RN): When rounding to nearest, ‘... the rep-
resentable value nearest to the infinitely precise result shall be
delivered; if the two nearest representable values are equally
near, the one with its least significant bit zero shall be deliv-
ered.” (Standard 754-1985, Sec. 4.1). If the result before round-
ing is not exactly representable in the destination format, the
result will be that number which is nearer to the result before
rounding. In the case that the result before rounding is exactly
half way between two numbers in the destination format differ-
ing by an LSB, the result will be that number which has an
LSB equal to zero. If the result before rounding overflows, i.e.,
has a magnitude greater than or equal to NORM.MAX + 1/2
LSB in the destination format, the result will be the Infinity of
the same sign.

Round-to-Nearest is available in both floating-point and fixed-
point operations. In fixed-point, Round-to-Nearest treats the
most significant product after having been shifted in accordance
with SHLP (see Figures 9, 10, 12, and 13) as the destination
format.

The four rounding modes are illustrated by number lines in Fig-
ure 24. The direction of rounding is indicated by an arrow.
Numbers exactly representable in the destination format are
indicated by ‘““¢”’s. In subdividing the number lmes, _square
brackets are inclusive of the points on the ling: I.hey, intersect. .
Note that brackets intersect points represexmbﬁ u@g destma-
tion format except for Round-to-Nearest, ‘where they intersees.
the line midway between representable points. SlasWare uscd
to indicate a break in the number line of arbitfary size:" ...

Note that Round-to-Nearest is unique among theJou’ﬁdmg
modes in that it is unbiased. The large-sample statistical mean *

from a set of numbers rounded in the other modes will be dis- " «

placed from the true mean. The other three modes will exhibit a
large-sample statistical bias in the direction of the rounding
operation performed.
~ NORM.MAX 0 NORM.MAX
—co WM—}-—» +00

Round to Plus Infinity (RP)

— NORM.MAX 0 NORM.MAX
< D  ha s s e
Round to Minus Infinity (AM)
~ NORM.MAX 0 NORM.MAX
T R o

Round to Zero (RZ)

~ NORM.MAX 0 NORM.MAX
—ooaleslel oyl el el elsrlerlelspeletoo
=TT | [Eipgn I R By W R g SO
L58=01SB=1 LSB=115B8=0 LSB=1 1L8B=1 LSB=0

Round to Nearest (AN)
{for RN, brackets intersect at mid-points between LSBs)

Figure 24. IEEE Rounding Modes
Status Flags
The ADSP-3212/ADSP-3222 chipset generates on dedicated pins
the following exception flags specified in the IEEE Standard:
Overflow (OVRFLO), Underflow (UNDFLO), Inexact Result
(INEXO), and Invalid Operation (INVALOP). The IEEE ex-
ception condition Division-by-Zero is flagged by the simulta-
neous assertion of both OVRFLO and INVALOP pins. The
five IEEE exceptions are defined in accordance to the default

assumption of Standard 754 of non-trapping exceptions. The
ADSP-3222 also generates a ZERO flag to indicate that the re-
sult of the ALU operation is ZERO.

Flag results are registered in the status output register when the
results they reflect are clocked to the output register. They are
held valid until the next rising clock edge. The IEEE Standard
specifies that exception flags when set remain set until reset by
the user. For full conformance to the Standard, the status out-
puts from this chipset should be individually latched externally.

Denormal

In addition to the IEEE status flags, the ADSP-3212 Multiplier/
Divider has a DENORM output flag that signals the presence of
a denormalized number at one of the input registers being read
into the multiplier array. This denormal must be wrapped by
the ALU before the multiplier/divider can read it. To minimize
the system response time to a denormal input exception, the
DENORM flag comes out earlier than the associated IEEE sta-
s flags. For both multiplication and division, DENORM goes
HI during the cycle after a denormal was read into the array
(with the RDA/B controls). See Figures T7 through T10. In the
cycle following the assergion of DENORM, the INEXO status
flag (see “Inexact,? ‘belowyindicates which operand was denor-
mal; INEXO 18 HIL ’tﬁc B operand or both operands were

“denormal ‘and T.0:if only the A operand was denormal. The

DENORM flag is asserted in both IEEE and FAST modes.

Some mulgiptications: w@\ denormal operands do not require
w:apgmg and ﬂ;ex%fofe 33 not cause the assertion of the DE-
NORM flag “These are DNRMeZERO, DNRMSINF, and

. DNRMeNAN, Multiplication of a finite number by zero always

yields.zgto result the multiplier/divider will produce any-
way —so thege #§'no need to signal an exception. Any finite non-
zera:number multiplied by INF should yield INF, and in the
1EEE mode, the ADSP-3212 Multiplier/Divider will produce
this result with a DNRM operand, hence no wrapping is re-
quired. In FAST mode, DNRM is treated as ZERO, so a NAN
results, and no wrapping is needed. And multiplication of any
number by a NAN produces a NAN (and the INVALOP flag);
no wrapping is necessary for the multiplier/divider to produce
this correct IEEE result.

Similarly, divisions that have a denormal operand and ZERO,
INF, or NAN as the other operand do not require wrapping
and do not cause the assertion of the DENORM flag on the
multiplier/divider (or the INVALOP and UNDFLO combina-
tion on the ALU, which flags a denormal operand for division
or square root). Zero divided by a finite number always yields
zero, so in IEEE mode, ZERO + DNRM yields ZERO without
signalling an exception. DNRM + ZERO results in INF, be-
cause any finite nonzero number divided by zero should yield
INF. In FAST mode, DNRM is treated as ZERO, so ZERO
+ DNRM and DNRM + ZERO both yield a NAN (and IN-
VALOP). Any finite number divided by INF should yield
ZERO, and INF divided by any finite number should yield
INF. In both IEEE and FAST modes, INF + DNRM results
in INF and DNRM + INF results in ZERO, without generat-
ing any flags. Division of any number by a NAN or division of
a NAN by any number produces a NAN (and the INVALOP
flag); therefore, the multiplier/divider and the ALU generate
this result without flagging a denormal and without wrapping.

Note that the ALU in general operates directly on denormals
and therefore does not flag any exception. However, it cannot
operate directly on denormals in its division and square root op-
erations. For these operations, denormal inputs will cause the
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ADSP-3212/ADSP-3222

simultaneous assertion of UNDFLO and INVALOP in IEEE
mode. For divisions, INEXO LO indicates that the dividend is
a DNRM; INEXO HI indicates that the divisor or both oper-
ands are DNRMs. In FAST mode, only INVALOP will be as-
serted. This denormal exception information becomes available
with the status outputs, i.e., at the end of an attempted multi-
cycle division or square root.

Invalid Operation and NAN results

INVALOP is generated whenever attempting to execute an in-
valid operation, as defined in Standard 754, Section 7.1. The
INVALOP output is also used in conjunction with other pins to
indicate the Division-by-Zero exception and denormal divisor or
dividend (on the ADSP-3222). The default non-trapping result
is required to be a quiet NAN. Except when passing a NAN
with PASS or copying a sign bit to a NAN in the ALU, a NAN
output will always have an exponent and fraction of all ones.

Conditions that cause the assertion of INVALOP are:

® NAN input read to computational circuitry (except for logi-
cal PASS); INEXO indicates the B operand is a NAN
® Multiplication of either =INF by either +ZERO

® In FAST mode, multiplication of either +INF by cx?%%

*DNRM or £ZERO : 2

® Subtraction of liked-signed INFs o it 2 %9;
signed INFs ‘ e, B

@ Conversion of a NAN or INF gﬁxc‘péfm

® Wrapping an operand that is nefther 8

® Division of either = ZERO by either i% !
+INF by either =INF. Division by *ZBRO ¥lelds INEss,
rather than a NAN (sec “Division-by-Zero,” below). = #

® Attempting the square root of a negative number

® In conjunction with OVRFLO, the Division-by-Zero
exception

® On the ADSP-3222 in FAST mode, a denormal divisor or
dividend; in IEEE mode, in conjunction with UNDFLO, a
denormal divisor or dividend

® In conjunction with UNDFLO, a denormal input operand to
square root.

E

Division-by-Zero

The Division-by-Zero exception is generated whenever attempt-
ing to divide a finite nonzero dividend by a divisor of zero
(Standard 754, Section 7.2). The Division-by-Zero exception is
indicated by the simultaneous assertion of both OVRFLO and
INVALOP. The result is a correctly signed INF.

Overflow

OVRFLO is generated whenever the unbounded (i.e., suppos-
ing hypothetically no bounds on the exponent range of the
result), post-rounded result exceeds in magnitude NORM.MAX
in the destination format, as defined in Standard 754, Section
7.3. Note that the overflow condition can occur both during
computations and during data format conversions. The result in
IEEE or FAST mode will be either +INF or +*NORM.MAX,
depending on the sign of the result and the operative rounding
mode. (See “Rounding - RND Controls” above.) The OVR-
FLO pin is also used to signal additional exception conditions.

Conditions that cause the assertion of OVRFLO are:

® Unbounded, post-rounded result exceeds destination format
in computation or conversion

® In conjunction with INVALOP, the Division-by-Zero excep-
tion

® Comparison when operand A is greater than operand B

® Exponent subtraction when the resultant exponent is more
positive than can be represented in the destination format,

Underflow
Underflow is defined in four ways in Standard 754, Section 7.4.
The IEEE Standard allows the implementer to choose which
definition of underflow to use and provides no guidance. The
first option is whether to flag underflow based on results before
or after rounding. Consistent with the definition of overflow,
underflow is always flagged with this chipset based on results
after rounding (except for the operations of conversion from
floating-point to fixed-point and logical downshifts). Thus, a
result whose infinitely precise value is less than NORM.MIN
yet which rounds to NORM.MIN will not be considered to have
underflowed.

to interpret what the Standard calls
&.accuracy.” The first way is in terms of
2¢ro, post-rounded numbers smaller in mag-
{,MIN. The second way is in terms of loss of
enting numbers as denormals. With the
hipset, the conditions under which
; serted depend on whether the chip in question
, Bnctite denormals in its current operating mode. If the
chip cang generate denormals, the definition in terms of num-

b%;ﬁ‘na in magnitude than NORM.MIN will apply; if it
can genepgte denormals, the definition in terms of inexact denor-

. UaotpplsWill apply. Thus, which definition applies will depend on

whether the chipset is operating in IEEE or FAST mode,
whether the result is generated by a multiplier/divider or an
ALU and whether the operation is division.

With the ADSP-3212 Multiplier/Divider, UNDFLO is gener-
ated whenever the unbounded, post-rounded, nonzero result is
of lesser magnitude than NORM.MIN in the destination format.
In FAST mode, the data result will be ZERO; in IEEE mode
the data result will be in the wrapped format. An exact ZERO
result will never cause the assertion of UNDFLO.

With the ADSP-3222 ALU in the FAST mode, UNDFLO is
also generated whenever the unbounded, post-rounded, nonzero
result is of lesser magnitude than NORM.MIN in the destina-
tion format for standard ALU operations as well as for division
and square root. For FAST mode underflows, the ALU result
will always be ZERO. The only exception to this rule is for
sums of and differences between DNRM:s; if the unbounded,
post-rounded, nonzero result of (DNRM = DNRM) is of lesser
magnitude than NORM.MIN in FAST, then UNDFLO will not
be set. The ALU result will still be ZERO.

With the ADSP-3222 ALU in IEEE mode, UNDFLO is gener-
ated (except for divisions) whenever the unbounded, infinitely
precise (i.e., supposing hypothetically no bounds on the preci-
sion of the result), post-rounded result is a denormal and does
not fit into the denormal destination format without a loss of ac-
curacy. In other words, UNDFLO will be generated whenever
an inexact denormal result is produced. (See “Inexact” below.)
If the result is a denormal and does fit exactly, neither UND-
FLO nor INEXO will be asserted. Note that additions, subtrac-
tions and comparisons cannot generate this underflow condition
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(since no operand contains significant bits of lesser magnitude
than DNRM.MIN). IEEE-mode ALU underflow exceptions
occur only during conversions and divisions.

The division operation is treated like a multiplication operation
in IEEE mode rather than an ALU operation in the definition
of underflow. A quotient from division smaller in magnitude
than NORM.MIN will always be flagged as underflowed.

The data result will be in the wrapped format. Note that
V/(DNRM.MIN) = NORM.MIN. Therefore, square root

will never underflow with operands greater than or equal to
DNRM.MIN.

Conditions that cause the assertion of UNDFLO are:

@ With the ADSP-3212 Multiplier/Divider, whenever the un-
bounded, post-rounded, nonzero result is of lesser magni-
tude than NORM.MIN in the destination format

® With the ADSP-3222 ALU in the FAST mode, whenever
the unbounded, post-rounded, nonzero result is of lesser
magnitude than NORM.MIN in the destination format

® With the ADSP-3222 ALU in IEEE mode, whenever an in-
exact denormal is produced or whenever the unbounded,
post-rounded, nonzero quotient from division is of lesser
magnitude than NORM.MIN in the destination format

e Conversions to integer if the magnitude of the floating-point
source before rounding is less than one

e Conversions from DP floating-point to SP ﬂoaung-ppmt

whenever the unbounded, post-rounded,. mpm o remult i 1 *

less than SP DNRM.MIN or whqﬁgh@e@c&dmﬂ

is produced

Comparison when operand A is less than o

Attempting to wrap a ZERO w0

Unwrapping if there is a loss of accuracy

Exponent subtraction when the resultant exponent is more&

negative than can be represented in the destination format .

e Logical downshift that before rounding would have shifted all’
bits out of the destination format

® With the ADSP-3222 ALU in IEEE mode, in conjunction
with INVALOP, a denormal divisor or dividend

® A quotient from division less than NORM.MIN

e In IEEE mode, in conjunction with INVALOP, a denormal
input operand for square root.

.

Inexact

The inexact exception is defined in Standard 754, Section 7.5,

as the loss of accuracy of the unbounded, infinitely precise re-

sult when fitted to the destination format. It is signalled on the
ADSP-3212/ADSP-3222 chipset by INEXO.

For fixed-point multiplications, the ADSP-3212 Multiplier/
Divider will assert INEXO HI if and only if any of the least
significant 32 bits of the pre-rounded 64-bit product are ones.

INEXO is also used for signaling various other conditions. If
the ADSP-3212 or the ADSP-3222 detects a NAN input to a
floating-point operation, it asserts INVALOP. At the same time,
it asserts INEXO if the B operand or both operands are NANs.
If the ADSP-3222 detects a denormal input to division, it asserts
UNDFLO and INVALORP to flag the denormal and asserts
INEXO if the B operand or both operands are denormals. Simi-
larly, the ADSP-3212 asserts DENORM to flag a denormal in-
put to floating-point multiplication or division. INEXO, in that
context, signals which of the two was the denormal: INEXO HI
indicates that the B operand or both operands are denormals;
INEXO LO indicates that only the A operand is a denormal.

If you convert a fixed-point number in the B input to floating-
point format and the fixed-point number has the same bit pat-
tern as a floating-point NAN (i.e., bits 23-30 are all ones and at
least one of bits 0-22 is a one), INEXO is asserted. This occurs
only in the ALU’s DFLOATB and SFLOATB instructions, not
DFLOATA or SFLOATA. These instructions are described in
Floating-Point ALU Operations.

Conditions that cause the assertion of INEXO are:

® Loss of accuracy when fitting result to destination format

e For fixed-point multiplications, the pre-rounded 64-bit prod-
uct contains ones in the least-significant 32-bits

e For floating-point operations, in conjunction with
INVALOQP, the B operand is a NAN

e In IEEE mode on the ADSP-3222, in conjunction with
UNDFLO and INVALOP, dividend is a denormal (LO) or
divisor is a denormal or both are denormals (HI)

o In IEEE mode on the ADSP-3212, in conjunction with DE-
NORM, A operand is a denormal (LO) or B operand is a
denormal or both are denormals (HI).

Zero

wheneverﬁth P st de fesult in the output register is
oating-point instructions. Thus, in-

“resylts | %a ound to +ZERO are flagged, as well as
results &«W @conversmms and logical operations.

s fo ERO is not valid are: SXSUB,
ponent act), SITRN, DITRN (logical down-
" FIXA SFIXB and DFIXB (floating-point to

2 T
i-&s gan, Equal, Greater Than and Unordered

; Tha
?’or ¢omparison operations in the ALU, the OVRFLO, UND-

FLO and INVALOP status outputs are used to indicate the four
comparison conditions of IEEE Standard 754, Section 5.7. They
are defined as follows:

® “Less than” is signalled by the assertion of UNDFLO
(while OVRFLO is LO)

o “Equal” is signalled by nor asserting either OVRFLO or
UNDFLO (i.e., both LO)

® “Greater than” is signalled by the assertion of OVRFLO
(while UNDFLO is LO)

® “Unordered” is signalled by the assertion of INVALOP,
caused by attempting a comparison with at least one NAN
operand.

The data result from a comparison operation is identical to sub-
tracting operand B from operand A. See Tables XIV and XV.

In IEEE comparisons, the data types are always ordered in
ascending sequence: —INF, —-NORM, —~DNRM, ZERO,
DNRM, NORM and INF. Comparisons between like signed
INFs will generate the “Equal” status condition. Comparisons
between signed ZEROs will also generate the “Equal” status.
Any comparison to a NAN will also cause INVALOP and pro-
duce an all-ones NAN. Even in FAST mode, DNRMs will be
compared based on their true value (rather than all being treated
as ZEROs).

Special Flags for Unwrapping

The ADSP-3212 generates a Round Carry Propagation Out flag,
RNDCARO, that indicates whether or not a carry bit propa-
gated into the destination format’s fraction during the multipli-
er/divider’s floating-point rounding operation. The rounding
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ADSP-3212/ADSP-3222

that the multiplier/divider does in creating the wrapped or un-
normal result may cause a carry bit into the LSB in the destina-
tion’s format’s fraction. This rounding position will not in gen-
eral be correct for a properly rounded denormal. Thus, when
the underflowed multiplier/divider result is unwrapped to a de-
normal, the ALU has to undo the multiplier/divider’s rounding
and re-round to achieve the properly rounded denormal.

To do this, the ALU has to know if any carry bits in the multi-
plier/divider’s rounding operation propagated into the fraction of
the result. This information is provided in the multiplier/
divider’s RNDCARO flag. The ALU also needs to know if the
multiplier/divider’s rounded result caused a loss of accuracy
when expressed in its destination wrapped format, indicated by
the multiplier/divider’s Inexact Result (INEXO) flag.

The ADSP-3222 ALU has a corresponding pair of flag status
input pins: Round Carry Propagation In (RNDCARI) and Inex-
act Data In (INEXIN). In an unwrap operation, these flags are
used by the ALU when converting from a WRAP to a DNRM
to obtain the properly rounded result. RNDCARI and INEXIN
should be setup to the ALU with the instruction for the unwrap
operation. Both multiplier/divider and ALU must be usingé;.he f )
same rounding mode. 2

The ADSP-3222 ALU itself generates WRAPS in underflowed
division operations. These WRAES”?.\% e fed back to the
ALU to be unwrapped to DNRMs; The ADSP-3222, unlike
the multiplier/divider, does not have a RNDCARO pin to_
signal whether or not a carry bit propagated into‘the destina-
tion format on rounding. For this reason, Wﬁ%ﬁoduch i
by the ADSP-3222 ALU in division are rounded differently

it bit of the N
[ ‘m&"an ‘the operands. (The IEEE Standard does not specify
L condi/tiongafor the sign bit of a NAN.) On the ADSP-3212

i
§

than they are on the multiplier/divider; underflowed (only) quo-
tients are always truncated (Round-toward-Zero) to the destina-
tion wrapped format. Hence there is no carry bit propagation.
When unwrapping a WRAP quotient produced by the ALU,
RNDCARI should always be held LO. INEXIN should reflect
the status of INEXO when the ALU produced the underflowed
wrapped quotient.

The ADSP-3222 ALU also uses the RNDCARI and INEXIN
pins to indicated wrapped A and B operands, respectively, to
ALU division and square root operations. Both RNDCARI and
INEXIN should be held LO except for unwrap, ALU division,.
and square root operations.

Instructions and Operations
The ADSP-3212 multiplier/divider executes one of two instruc-
tions: multiply or divide. If the DIVMUL input is LO, the
ADSP-3212 multiplies; if DIVMUL is HI, the ADSP-3212
divides. The instruction need not be specified explicitly in mi-
crocode. The data, fotmat of results and status flags from multi-
plication are sHows in “fables V and VI. Format and status for
. diyision are shown ip Tables VII and VIIL.
E A“zﬂml input gperand will generally cause the DENORM
‘exception (see:#Status Flags” above) unless the other operand is
ZERO; INF o & NAN#(See Tables V through VIII.) The sign
3 generated from any invalid operation will de-

Muijtiplier/Divider, the sign of a NAN result will be the exclu-

1. sive DR of theé signs of the input operands.

8 operang
zER0 DNAM WRAP NORM INF NAN
A0Perand | rosun status | resut stats | resut starus | resun staws | rosut status |resut  stats
ZER0 R0 ZER0 ZER0 NAN | INVALOP | NAN | INVALOP
2ERO
INEXO
ZeRO Z£R0 [ oenorm | ZERO [ oENORM | ZERO OENoRM | INF N | invaLop
ONAM INEXO
zERO ZERO {DENORM | UMM | LnoRLO | NORM e NN | mvaLoR
WRAP WRAP NDFLO INEXO
e UNORLO
zer0 2RO | DenoRM | NOAM wrNoRMMAX ' [ overLo | E NAN | INVALOP
NORM WRAP | UNDFLO | NORM INEXO
UNAM | UNOFLO | WRAP UNDFLO
INF | Nav [ invacoe| e INF NF NF NN [ vaLoe
INEXO
NN INVALOPT A finvaLoe [ Nan | ivaLoe | Nan wvaLoR | N [ nvacoe [ naw | invatoe
NAN INEXO

1. Exther INF or NORM MAX. depending on rounding mode. See “Round Controls.”

Table V. ADSP-3212 Floating-

Point Muiltiplication (IEEE Mode)

8 operand
ZERO DNAM NORM INF NAN
Aoperand | oot status | result status | resutt status result  status |result  status
ZERO [ ZERO 2ERO 2RO NAN |INVALOP | NAN | INVALOP
INEXC
bpNRM | ZERC 2RO | DENOAM | ZERC DENOAM | NAN |INVALOP | NAN | invALOP
INEXO
ZERO ZERO | DENORM | INFNORMMAX' | OVRFLO | W Nan | INvALOP
NORM NORM INEXO
ZERO UNDFLO
INF NAN INVALOP | NAN INVALOP | INF INF NAN INVALOP
INEXO
NAN | NN [ invaiop | Nan | INvALOP | nan INVALOP| NAN  [INVALOP | NaN | INvaLOP
INEXO

In FAST mode, WRAP inputs are illegal.

1. Either INF or NORM MAX, depending on rounding mode. See “Round Controls.”

Table VI. ADSP-3212 Floating-Point Multiplication (FAST Mode)
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The product of INF with anything except ZERO or NAN is a
correctly signed INF. INFeZERO will cause INVALOP and

yield a NAN. A NAN operand in either multiplication or divi-

sion will also cause INVALOP and yield a NAN
the B operand, INEXO is also asserted.

. If the NAN is

B operand
ZERO DNRM WRAP NORM INF NAN
A resun  status | resur  status | resut status | result staws | result swatus |result siatus
operano
NAN | VALGP | ZERO zER0 ) 2ER0 NAN | nvaLoP
ZERO
INEXO
INF INVALOP NAN OENORM | NAN DENORM | NAN DENOAM | 2ERO NAN | INVALOP
DNRM OVRFLO INEXO
INF INVALOP NAN DENOAM | NORM NORM ZERO NAN | INVALOP
WRAP OVRFLO WRAP UNDFLO INEXO
NF | INVALOP | NAN | DENORM | INF.NORMMAX'{ OVRFLO | INE.NORMMAX ' | OVRFLO | ZERO Ny [ mvacor
NORAM OVRFLO NORM NORM INEXO
WRAP UNDFLO
INF NF e e wF Nan [ wvaoe | | nvaLor
INEXO
NAN INVALOP NAN INVALOP | NAN INVALOP | NAN INVALOP | NaN INVALOP | NAN | INVALOP
NAN INEXO
1. Either INF or NORM MAX. depending on rounding moede. See “Round Controls.”
Table VIl. ADSP-3212 Floating-Point Division (A+B) (IEEE
Mode/
8 operang
ZERO onAM NOAM INF NAN
A operand | result status result  status result status | result  staws | resy st
2eR0 |Mav | mwvator | nav [ wvaoe | zemo zeR0 0 LoP
: | rexo
NAN INVALOP NAN INVALOP INVALOP
ONAM DENOAM INEXO
INF INVALOP INF OVAFLO NAN | INVALOP
NORM OVRRLO INV) . o | mexo
2 o8 - |
INF = INF 3 0 AT - \LOP
INF oo Ve . P gt o
i ¥ ——
R i %o g i [“iNvaLop 2, age Pun ignimor [nan | mvaco
" %g ik -} %, | St INEXO
L7 2 T r—
1% In FASTmode, WRAP re 400l o ;
pmare Ml TR y
1. Efther, g ”roﬁmg mbde. See "Roung Gantoi 5l
: i "
Table Vill. ‘4 212 Floatingifgint w%@ﬂ +B) (FAST
3 . L

The ADSP-3222 ALU, in contrast to the multiplier/divider, is
instruction driven with the operation specified by Igo. The
ALU instructions fall into five categories: Fixed-Point, Logical,
Single-Precision Floating-Point, Double-Precision Floating-Point
and Miscellaneous. Instructions are summarized in Tables IX

Mnemonic

IADD
ISUBB
ISUBA
IADDWC
ISUBWBB
ISUBWBA
INEGA
INEGB
IADDAS
ISUBBAS
ISUBAAS

Mode)

Is
001
001
001
001
001
001
001
001
001
001
001

Instruction (I5.o)

L,
000
001
000
010
011
010
000
001
100
101
100

Lo
011
011
111
011
011
111
101
010
011
011
111

o

o,

through XIII and described in this section below. The data for-
mat of results and status flags from the various ALU operations
are shown in Tables XIV and XV. Division is shown in Tables
XIX and XX; square root in Table XXI. Conversions are illus-
trated in Tables XVI, XVII, and XVIII.

Description

Fixed-point A + B

Fixed-point A - B

Fixed-point B - A

Fixed-point A + B with carry
Fixed-point A - B with borrow
Fixed-point B - A with borrow
Fixed-point ~A. ABSA/B must be LO.
Fixed-point -B. ABSA/B must be LO.
Fixed-point |A + B}

Fixed-point |A - B

Fixed-point |B - A|

Table IX. ADSP-3222 Fixed-Point ALU Operations
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Mnemonic Instruction (1) Description
Iy ¢ I I,

COMPLA 000 000 101 Ones-complement A

COMPLB 000 001 010 Ones-complement B

PASSA 000 000 001 Pass A unmodified. Set no flags.

PASSB 000 000 010 Pass B unmodified. Set no flags.

AANDB 000 010 010 Bitwise logical AND

AORB 000 100 010 Bitwise logical OR

AXORB 000 110 010 Bitwise logical XOR

NOP 000 000 000 No operation. Preserve status flags and Output
Register contents.

CLR 100 000 000 Clear all status flags. Data register contents are
unaffected.

Table X. ADSP-3222 ALU Logical Operations

Mnemonic Instruction (I5.¢) Description -
Iss Lz 2-0 ol D s |

SADD 111 000 011 SP Elight (A'+ B,

SSUBB 111 000 111 ¢ SPElgPL (AB)

SSUBA 111 001 =01% ' SPEgPr(B-A)

SCOMP 111 =008, 11 & VSP FligPt comparison of A to B. Result is (A - B).
; s Greater. Than; #ONRFLO HI
. . % ' Fqudl: s« " OVRFLO LO, UNDFLO LO
##'L. Les¢'Than: UNDFLO HI
s £ " Unordered: INVALOP HI

SADDAS 011 % 011 =8P FlgPt [A++ B

SSUBBAS 011 * 000 A¥Y%, SP.FligPt |A - B

SSUBAAS 011 001 @11 . SPFlgPt B - A

SFIXA 011 001 16Y Convert SP FltgPt A to twos-complement Integer

SFIXB 011 001 110 Convert SP FligPt B to twos-complement Integer

SFLOATA 011 100 101 Convert twos-complement integer A to SP FltgPt

SFLOATB 01l 100 110 Convert twos-complement integer B to SP FligPt

DOUBLEA 011 101 101 Convert SP FligPt A to DP FligPt

DOUBLEB 011 101 110 Convert SP FligPt B to DP FltgPt

SPASSA 011 110 001 Pass SP FligPt A. NANs cause INVALOP.

SPASSB 011 110 010 Pass SP FligPt B. NANs cause INVALOP.

SWRAPA 011 100 001 Wrap SP DNRM A to SP WRAP

SWRAPB 011 100 010 Wrap SP DNRM B to SP WRAP

SUNWRAPA 011 010 001 Unwrap SP WRAP A to SP DNRM

SUNWRAPB 011 010 010 Unwrap SP WRAP B to SP DNRM

SSIGN 011 111 101 Copy sign from SP FligPt B to SP FltgPt A. Result
is [sign B, exponent A, fraction A].

SXSUB 011 111 001 Subtract B exponent from A exponent. Result is
[sign A, (expt A - expt B), fraction A] for all data
types. If the unbiased exponent is = +128, INF
results. If the unbiased exponent is = —127, ZERC
results.

SITRN o1l 010 101 Downshift SP FltgPt A mantissa (with hidden bit)
logically by the unbiased SP FltgPt B exponent to a
32-bit unsigned-magnitude integer. Use RZ only.

SDIV 011 110 111 SP FligPt (A+B)

SSQR 111 110 110 SP FltgPt \/B

Table XI. ADSP-3222 ALU Single-Precision Floating-Point
Operations
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Muaemonic Instruction (Iy,) Description
I Is5 Lo

DADD 110 000 011 DP FligPt (A + B)

DSUBB 110 000 111 DP FligPt (A - B)

DSUBA 110 001 011 DP FligPt (B - A)

DCOMP 110 001 111 DP FltgPt comparison of A to B. Result is (A — B).
Greater Than: OVRFLO HI
Equal: OVRFLO LO, UNDFLO LO
Less Than: UNDFLO HI
Unordered: INVALOP HI

DADDAS 010 000 01t DP FligPt |A + B|

DSUBBAS 010 000 111 DP FligPt |A - B

DSUBAAS 010 001 011 DP FligPt [B - A|

DFIXA 010 011 101 Convert DP FligPt A to twos-complement integer DFIXB

010 011 110 Convert DP FiigPt B to twos-complement integer

DFLOATA 010 100 101 Convert twos-complement integer A (even A
register sources only) to DP FligPt

DFLOATB 010 100 110 Convert twos-complement integer B (even B
register sources only) to DP FltgPt

SINGLEA 110 011 101 Convert DP FligPt A to SP FltgPt

SINGLEB 110 011 110 Convert DP FltgPt B to SP FltgPt

DPASSA 010 110 001 Pass DP FligPt A. NANs causel)WALOP

DPASSB 010 110 010 Pass DP FligPt B. NANS (:al¥§e ALOP.

DWRAPA 010 100 001 Wrap DP DNRM A 16 DP. WRAP

DWRAPB 010 100 010 Wrap DP DNRM B to DP WRAP

DUNWRAPA 010 010 001 © Unwrap DP WRAP A to, DP DNRM

DUNWRAPB 010 010 . Unwrap DP WRAP'B to DP DNRM

DSIGN 010 111

- Copy sign ftom DP FligPt'B to DP FligPt A. Result
L s [sign B, b&poﬂent ‘A, fraction A].
Sisbtract B exponent . from A exponent. Result is

sign A (expt:A~ egpt B), fraction A] for all data
types. Ifithe usbiased‘éxponent is = +1024, INF
results. If the unbiased exponent is =< —1023, ZERO
tesults.

Downshift DP FligPt A mantissa (with hidden bit)

logically by the unbiased DP FligPt B exponent to
a 32-bit unsigned-magnitude integer. Use RZ only.

DXSUB 010 m 0017
DITRN 010 010 101
DDIV 010 110 111
DSQR 110 110 110

DP FligPt (A+B)
DP FligPt /B

Table Xil. ADSP-3222 ALU Double-Precision Floating-Point Operations

Mnemonic Instruction (Iy o)
Iss I,

HOLDEN 100 000

LOAD64 100 001

Description

L
100 Redefine FAST to HOLD control
100 Enable 64-Bit parallel data loading

Table Xill. ADSP-3222 ALU Miscellaneous Operations

Fixed-Point Arithmetic ALU Operations
The negation operation is a twos-complementing of the input
operand.

The OVRFLO flags can be set by fixed-point ALU operations.
The twos-complement data format is presumed in the definition
of fixed-point overflow.

Absolute Value Controls

Absolute value controls (ABSA/B) cannot be used with all oper-
ands input to all fixed-point ALU operations. ABSA/B must be
LO for negation (INEGA/B) operations or results will be unde-
fined. Absolute value controls can be used with all other fixed-

point operations.

Extended-Precision Fixed-Point Arithmetic

The ADSP-3222’s fixed-point ALU operations include three op-
erations for extended fixed-point precision: addition with carry
and two subtractions with borrow. The carry bit generated by
an addition or subtraction is latched internally for one cycle
only.

To illustrate, these instructions can be used to add two 64-bit
fixed-point numbers. The two least-significant 32-bit halves can
be added with IADD. Any carry bit generated would be latched
internally in the ADSP-3222. On the next cycle, the most
significant 32-bit halves can be added with IADDWC which
would also add in the carry bit from the previous operation if
any. The two fixed-point results will be latched in the output
register in consecutive cycles. As with all fixed-point results,
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they will appear in consecutive cycles in the most significant
32-bits of the output register (bit positions 63 through 32).

Extended precision fixed-point subtraction is exactly analogous.
The least significant 32-bit halves can be subtracted with either
ISUBA or ISUBB. On the next cycle, the most significant 32-bit
halves can be subtracted with either ISUBWBA or ISUBWBB.

Logical ALU Operations

The ones-complement instructions (COMPLA/B) change every
one bit in the operand to a zero bit and every zero bit in the
operand to a one bit. Ones-complementing is equivalent to a
bitwise logical NOT operation on the 32-bit operand. The pass
instructions (PASSA/B) pass all operands unmodified, including
NANSs, without signaling an INVALOP exception. PASSA/B set
no flags.

The logical AND, OR and XOR (AANDB, AORB, AXORB)
operate bitwise on all 32-bits in their pair of operand fields to
produce a 32-bit result.

NOP will advance the ALU pipeline one cycle. Both the status
flags and the output register will be preserved during NOP.
CL.R simply resets all status flags. Note that CLR is pipelined
and takes effect one cycle after it is presented. All data register
contents, including the output register, remain unaffected.

Do not assert the absolute value controls (ABSA/B) with logical
operations. The results will be undefined.

Floating-Point ALU Operations

The single-precision and double-precision floating-point opera-
tions are exactly analogous and both will be discussed here. The
data types and flags resulting from additions, subtractions, com:
parisons, absolute sums, and absolute differences are shown in
Tables XIV and XV. The INEXO flag is not shown explicitly in
these tables (or any other) since it may or may not be set, de-
pending on whether the result is inexact.

B operand £
ZERO DNRM NORM INF NAN
A operand
result status result status rgsult . L statug résult status result status
ZERO | ZERZP DNAM ROfM INF NAN | INvALOP
i INEXO
DNRM | DNAM 2o} NORM 1 INENORMMAX!: | OVRFLO § INE NAN | INVALOP
g DNRM: 2 NORM: INEXO
ZERO DNRM X
s -
NORM | NORM INFNORMMAX' | GVRFLO { NENGRM max' | overo | INF NAN | INVALOP
NORM. NORM 4 INEXO
DNEM DNRM :
ZERO, sl
INF INF INF INF INF3 NAN | INvALOP
. NaNS | iNvALOP INEXO
NAN NAN | INVALOP | NaN INVALOP“ ¥ NAN INVALOP | NAN INVALOP | NAN | INVALOP
INEXO
1. Either INF or NORM.MAX, depending on rounding mode. See “Round Controls.”
2. (+ZERO) + (+ZERD) = + ZERO
(+ ZERO) + & ZERO)= + ZERQ (RN, RZ, RP rounding modes)
(+ ZERO) + & ZERO)= — ZERO (RM rounding mode)
3. (£INF)+ (£INF) = £INF
(£ INF) + (3 INF)= +NAN (RN, RZ, RP rounding modes)
(£ INF) + (F INF)= —NAN (RM rounding mode)
4. 1f DNRM result is inexact, UNDFLO will be set.
5. The ADSP-3222 does not accept wrapped numbers as inputs for standard arithmetic operations.
Table XIV. ADSP-3222 Floating-Point Addition/Subtraction (IEEE Mode)
B operand
ZERO DNRM NORM INF NAN
A operand
result status result status result status result status result status
ZERO | zERO? ZERO UNDFLO NORM INF NAN | INvALOP
INEXO
DNRM T
ZERO |UNDFLO | NORM INFNORMMAX | OVRFLO | INF NAN | INVALOP
ZERO NORM INEXO
ZERO UNDFLO
NORM T T
NORM INFNORMMAX | OVRFLO INFNORMMAX' | OVRFLO | INF NAN | INVALOP
NORM NORM INEXO
ZERO UNDFLO ZERO UNOFLO
zer0?
INF INF INF INF INF3 NAN [ INVALOP
NaNS | INvALOP INEXO
NAN NAN | INVALOP | NAN INVALOP | NAN INVALOP | NAN INVALOP NAN | INVALOP
INEXO

in FAST mode, WRAP inputs are illegal.

1. Either INF or NORM.MAX, depending on rounding mode. See "Round Controls.”
2. (+ZERO) + (+ZERO) = £ ZERO

(+ ZERO) + { ZERO)=> + ZERO (RN. AZ. AP rounding modes)

(£ ZERO) + (7 ZERO) = — ZERO (RM rounding mode)

3. (2INF) + (£INF) = 2 INF
(xINF) + (5 INF)= +NAN (RN, AZ, AP rounding modes)
( INF) + (7 INF) = —NAN (RM rounding mode)

4. Exact result

Table XV. ADSP-3222 Floating-Point Addition/Subtraction (FAST Mode)
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Absolute Value Controls
Absolute value controls (ABSA/B) can be used with all operands
input to all floating-point ALU operations.

Sign of NAN Results

On the ADSP-3222, the sign of a NAN resulting from any oper-
ation (except division) involving at least one NAN operand will
be the sign which would be produced if the magnitude portion
(sign plus fraction) of the NAN operand(s) were treated as nor-
mal numbers.

Some ALU operations with two INF inputs can cause
INVALOP and generate NANs. The assignment of sign to the
NAN is analogous to additions with signed zeros:
(zINF)+(=INF)=(zINF)—(=INF)—>=*INF
(£INF)+(FINF)=(zINF)-(=INF)—+NAN
(RN, RZ, RP rounding modes)
(£INF)+(FINF)=(«=INF)-(:tINF)»>—NAN
(RM rounding mode)

In this notation, the expression to the left of the equals sign in
the first line refers to (+INF) + (+INF) or to (—INF) +
(—INF). The leading expressions on the second and third lines
refer to (+INF) + (—INF) or to (~INF) + (+INF).

Comparisons

Comparison generat: s the data result, [operand A minus oper-
and B]. The flags, h.  ~ver, are defined to indicate the compari-
son conditions rather the flag conditions for subtraction..
Signed INFs will be compared as expected. <& WAN-input.to the
comparison operation will cause the unordered flag result
(INVALOP) and the production of an &ll-ones NAN Even‘iﬁ
FAST mode, the ALUs will accept denormals asmput to the
comparison operatlon See “Less Than, Equal, &'eang Than*"
and Unordered” in the “Status Flag” section abowe for a com-:
plete discussion of these flags in comparison operations. 'j

Conversions: Floating to Fixed

Conversions from floating-point to twos-complement integer
(SFIXA/B and DFIXA/B) are considered ““floating-point” opera-
tions, and all four rounding modes are available. If the operand
after rounding overflows the destination format, OVRFLO will
be set, and the results will be undefined. Thus, OVRFLO for
fixed-point operations is treated exactly as it is for floating- point
operations.

If the nonzero operand before rounding is of magnitude less than
one, UNDFLO will be set in a conversion to integer. The mag-
nitude of the result may be either one or zero, depending on the
rounding mode. Conversion to integer is the only operation
where UNDFLO depends on the pre-rounded result. The reason
for this is that the infinitely precise result could be almost one
integer unit away from the post-rounded result, potentially a
large difference. We have chosen to flag underflow whenever the
magnitude of the source operand is less than one, thereby alert-
ing the user to a potentially significant loss of accuracy.

INEXO will be asserted if the conversion is inexact. NANs and
INFs will both convert to an all-ones twos-complement integer
with the sign bit preserved, either full-scale positive (for +NAN
or +INF) or —1 (for —NAN or —INF). INVALOP will be
asserted. See Tables XVI and XVII for illustrations of fixing
single- and double-precision floating-point numbers.

Conversions: Fixed to Floating

All four rounding modes are also available for conversions from
twos-complement integer to floating-point. For conversion to
single-precision floating-point (SFLOATA/B), the numerical

result will always be IEEE normals. The only flag ever set is
INEXO. INEXO will be set if the source integer contains more
than 24 bits of significance. “Significance” is defined as follows:
For positive twos-complement integers, the number of signifi-
cant bits is [(32 minus the number of leading zeros) minus the
number of trailing zeros). “Leading zeros” are the contiguous
string of zeros starting from the most significant bit. “Trailing
zeros”” are the contiguous string of zeros starting from the least
significant bit. For negative twos-complement integers, the
number of significant bits is [(33 minus the number of leading
ones) minus the number of trailing zeros].

For conversion from twos-complement integer to double-
precision floating-point (DFLOATA/B), the numerical result
will always be an IEEE normal. No flags will be set. Only even-
numbered registers (A,, A, B, or B,) can be sources for the
DFLOAT operation.

If you convert a fixed-point number in the B input to floating-
point format and the fixed-point number has the same bit pat-
tern as a floating-point NAN (i.e., Bits 23-30 are all ones and at
least one of Bits 0-22 is a one), INEXO will be asserted. This
occurs only in the ALU’s DE OATB and SFLOATB instruc-
tions, not DFLOA&‘ OATA.

Conversions: FZoa;m@;to §f‘loatmg
“For cmvemosi from single-precision to double-precision (DOU-

4o BLﬁAfB), all single re@sxon normals and denormals will con-
. vert wuhoqvmep%%’g

gle-precision NAN will convert to
a doubl&pmcxswn&’ﬁ “ones NAN; the INVALOP flag will be

. set. Smgb-pmefsmn INF converts to double-precision INF; no
flags dre set. Single-precision ZERO converts to double-

no flags are set.

Gox}versmns ﬁ-om “double-precision to single-precision floating-

., point (SINGLEA/B) can cause exceptions because overflow, un-

derflow and inexact status can result in mapping to the smaller
destination format. See Table XVIII for illustrations. A double-
precision NAN will convert to a single-precision all-ones NAN;
the INVALOP flag will be set. DP INFs convert to SP INFs;
no flags are set. Finite numbers greater in magnitude than
single-precision NORM.MAX will result in an OVRFLO flag
and SP INF or SP NORM.MAX , depending on the rounding
mode, (see “Rounding — RND Controls” above). Nonzero,
post-rounded operands whose magnitudes are between SP
NORM.MAX and SP NORM.MIN inclusive will be SP
NORMs. In IEEE mode, operands between SP DNRM.MAX
and SP DNRM.MIN inclusive will be SP DNRMs, whereas in
FAST mode, the result is ZERO with UNDFLO and INEXO
flags set.

For both normals and denormals, INEXO will be asserted if the
conversion from double-precision to single-precision floating-
point is inexact. If the conversion to denormals is inexact, both
INEXO and UNDFLO will be set, in accordance with the
IEEE definition in terms of loss of accuracy when representing
a denormal (see “Underflow” in ‘‘Status Flags” above). Post-
rounded, nonzero numbers less than SP DNRM.MIN will con-
vert to ZERO; UNDFLO and INEXO will be set. DP ZERO
converts to SP ZERO without exception.

Pass

Pass instructions (SPASSA/B and DPASSA/B) pass all operands
unmodified. Unlike the PASSA/B instructions, the floating-point
pass instructions will cause INVALOP if a NAN is passed. The
NAN will pass unmodified. INFs are passed without setting any
flags. The absolute value controls can be used with the floating-
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Sign| HB | 22 1] Unbiased | Source Name Sign |i30|i29] i28| i27] i26] i25] i24[i23] i22 . . . i7] i6| i5| 4| i3] i2] il| i0 | Rounding Status Flags

" Expnt e Modes
0 1 X. .. X[x[2**]128 +NAN [ o e oo T e e [ fan INVALOP
0 1 0... 0|0 |2~ 1128 +INF o D2 U 1 0 S 0 U I U I N I AN tlrfr 111 jan INVALOP
0 1 0. 00 |2* |31 U* |[U|U|Uu|UU|U|UU|U. uluju|lujfu|Uu{Uu|Ufal OVRFLO
0 1 1. 1|1 f2*~ |30 ¢ 1 (1|1 |1 (1 1 |1 1 [1.. 1|c|o|ojofofafjo jall
0 1 1. 1|1 f2* |23 0 0 |0 ]0 {0 O |0 |0 |1 f1.. 11| frpr)n jall
0 1 0. 0|0 2% |23 o 0 (0 |0 o {0 |0 |O |1 |O.. ojo|ofo |0 |Of0]|O |al
0 1 1. L1 |2*~ 22 0 0 |0 |0 |0 {0 |0 JoOo |1 |O.. olo|oto|o|O0]|O0]O |RNRP INEXO
[} 1 1. 1|1 2%~ |22 0 0 |0 |0 O |G {0 [0 O {1.. 1j1rfyf1|r|1]1|1 |RZRM INEXO
0 1 0. 0|0 |2* |0 one 0 0 [0 |0 |0 |0 O |O |O {O.. 0|0|0|O0O]|O O[O 1 [all
0 1 1o 11 2%~ -1 one ~ 1LSB 0 0 Jo (oo oo {0 |o {O.. 0|o0ofojo|ojo|0o|1 |RN,RP UNDFLO,INEXO
0 1 1o 1|1 f2x~] -1 one — 1LSB 0 0 |0 |0 [0 O |0 |0 |O [O.. 0lo0f0jo|Oo|O|O0|0 |RZRM UNDFLO,INEXO
0 1 0. 01 [2%) -1 172 +1LSB 0 0 |0 o [0 0o |0 (O |O |O.. 0{ofojJo|o|o])O0|1 |RNRP UNDFLO,INEXO
0 1 0. 01 2" | -1 1/2 +1LSB 0 0 |0 jo [0 |0 O (O JO |O.. ojo|ofojo|o|of0 {RZRM UNDFLO,INEXO
0 1 0. 0|0 [2*]| -1 12 0 o [0 |0 O [0 ]O |0 O |O.. olojojojofo]of1 |RP UNDFLO,INEXO
0 1 0. 010 |2* | -1 172 o o [0 |jo |0 (0 |0 [0 |0 |O.. ¢jo|lofojJo|o]o]| O JRMRNRZ UNDFLO,INEXO
0 1 0. 0|0 2] -126 +NORM.MIN [ ¢ |0 |0 |0 |O O [0 |O}O.. ojo|ofofo|0]JOo[1 |RP UNDFLO,INEXO
0 1 0. 0|0 [2* | -126 +NORM.MIN [ 0 |0 |0 0 O |O |O |0 |O.. ojofoto|o|ofo|O0 |[RMRN,RZ UNDFLOQ,INEXO
0 0 0. G |1 |2** | -126 +DENORMMIN | | 0 0 [0 |0 [0 {0 jO O [0 (O.. ofolo|ofofo|o|1 |RP UNDFLO,INEXO
0 0 0... 0|1 [2**] 126 +DENORM.MIN | | 0 0 (0 |0 |0 0 O |0 (0 |O.. ojofo (0|0 |0f0]|O0 |RMRN,RZ UNDFLO,INEXO
0 0 0... 010 [] +ZERO 0 0 |0 |0 [0 j0 |0 O [0 |O.. ojofo|ofofofc|O |all
1 0 0... 01 [2*~] -126 -DENORMMIN | | 1 141 | (1 g1 f1 |1 |1 .. 1j1 (1 (11111 [RM UNDFLO,INEXO
1 0 |O... 01 [2* | -126 —DENORM.MIN |10 [0 |0 O [0 {0 [0 |0 {0 |O.. ojofojojo]o|0|0 |RP,RN,RZ UNDFLO,INEXO
1 1 ... 010 2" -126 -NORM.MIN 1 1|1 |y |1 |11 J1 41 1., 111 f{rjr{r|1|1 {RM UNDFLO,INEXO
1 1 0... 00 [2**| -126 - NORM.MIN 0 0 {0 (0 |0 jo [0 |0 lo]0.. 00|09 (0(0|0]|C §RP,RN,RZ UNDFLO,INEXO
1 1 0... 0|0 |2*| -1 -2 1 DU U U T I U T O I 11 14 11|11 JRM UNDFLO,INEXO
1 1 9... 0|0 |2 ]| -1 -2 [ 0 {0 |0 [0 |O |0 [0 |O {O., 0]0]0]0 [RP,RN,RZ UNDFLO,INEXO
1 1 0... 0|1 |2*~| -1 -1/2 -1LSB 1 11 |1 1|1 j3 1 1|t j1]1 |RMRN UNDFLO,INEXO
1 1 O... 0|1 [2**] -1 —1/2-1LSB [ 0 (0|0 [0 |0 |0 [] 0|0|0|0 |RPRZ UNDFLO,INEXO
1 1 ... b1 f2ae] -1 —one +1LSB 1 1|1 |1 [tad R 1 (1 |1|1]1 |RMRN UNDFLO,INEXO
1 1 1., 1|1 (2% ] -1 ~-one +1LSB o 0 0 0|0to]|o|0 |RPRZ UNDFLO,INEXO
1 1 0... 0fO0([2**]O ~—one 1 1 Ty |1 1] [ali
1 1 oo V[ ] (2% ]22 <% 11! 0|0 |0]|0|0 |[RMRN INEXO
1 1 oo 11 2%~ |22 =) 1 #0 |0 |0 |0 |1 |RPRZ INEXO
1 1 0... 0|0 [2** |23 0|0 |0 OO |all
T FO O R Pl P S ofojofofofr jan
1 1 1... 1|1 [2*]30 1 o|o(0o|ofoll fall
1 1 G... 010 [2** |31 0|0 (0000 [all
1 1 0... 0|1 |2* |31 Ulu|u|ufu(U|a
1 1 0... 00 |2+ 3128 Py i1 fall INVALOP
1 1 X...X|X|2* 128 TP 1)1 |alt INVALOP

4¢

*!'U* denotes an undefined resuit.

Table XVI. Conversion of 32-Bit Single-Precision Floating-
Point to 32-Bit Twos-Complement Integer
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Sign | HB|fS1 . . .f22{ f21]f20{f19 . . .1 | fO Unbiased | Source Name Sign 1i30 . . .il | i0 Rounding Status Flags

24 Expat 46 Modes
0 1 [x. U x [xIX Ix... X|X]2*| 1024 +NAN o |1...71 |1 all INVALOP
0 1 Jo....010J0 jo... 0|0 |2* 1024 +INF 0 1... 1|1 all INVALOP
] 1{o... 0 [0 g0 Jo... o0 |2=|31 u lu...UlU all OVRFLO
0 PO FUU U U D U B U B O il 1) u (u...Uj|U RP,RN OVRFLO,INEXO
0 i 1 fr o fr..o 11 |2*=]30 0 1... 111 RZ,RM INEXO
] 1 f1... 1 |1 ]oJo... 0|0 ]2**}30 U {U...UlU RP,RN OVRFLO,INEXO
0 1 f1... v j1|o|o... 0fo |2*~}30 0o [1... 11 RZ,RM INEXO
0 1 1. 1 o fr Jr... 11 j2*=j30 U |u...U|U RP OVRFLO,INEXO
0 1 fr... 1 Jofr .o 1 1|2+ ] 30 o fr...1]1 RM,RN,RZ | INEXO
0 1J1... 1 Jofojo... o1 |2*~|30 v (u...UlU RP OVRFLO,INEXO
0 1 |1... 1 Jojo |o... o1 |2*[30 0 1... 11 RM,RN,RZ | INEXO
0 ... 1 Joo|o... 00 ]2** |30 0o 1... 1|1 all
0 1 fo... 0,00 ]o... 0f0f2*}0 one o [0...0]1 all
0 T ¢1... 1 (1 |1 |1... 1|1 p2e=] -1 one — 1LSB o fo...0]1 RN,RP UNDFLO,INEXO
0 ' S YPUS T U T IR B I O 1Pl one —1LSB o lo...01o0 RZ,RM UNDFLO,INEXO
0 11o... 000 o Jo... 0of1 2|1 1/2 +1LSB 0o |o...0]1 RN,RP UNDFLO,INEXO
0 1 o... 0o o |o... 01 2% -1 1/2 +1LSB o |0...0]0 RZ,RM UNDFLO,INEXO
0 1lo... 0fo]olo... 0f0}2**]| -1 12 0o Jo...0]1 RP UNDFLO,INEXO
0 1lo... 0fojoo... 002 | -1 172 o lo... 0{0o |l RMRNRZ | UNDFLO,INEXO
0 1 lo... 0 Jo]o fo... oo 2% | -1022 +NORM.MIN o |o... 0344 RP UNDFLO,INEXO
0 1 lo... 0loJoJo... ofo]2*| —1022 +NORM.MIN o _lo.%, 0] RM,RN,RZ | UNDFLO,INEXO
0 0 lo... 00 ]o fo... 01 [2*}—1022 +DENORM.MIN | |0 -[8... 1 RP UNDFLO,INEXO
0 olo... 0o o jo... 0|1 |2%] -1022 +DENORM.MIN #1060 i0....070 RM,RN,RZ | UNDFLO,INEXO
0 olo... olojofo... 0]0 0 +ZERO {}@ 0... 040 all
1 o lo... 0o o lo... 0f1 |2*[—1022 ~DENORMMIN 1| | 1. 1)1 RM UNDFLO,INEXO
1 o lo... 0o o ]o... o1 |2%| <1022 —DENORM.MIN || 0.+30 0% RP,RN,RZ UNDFLO,INEXO
1 1lo... 0loloo... olo|2**] 1022 [ +~NORMMIN i [}t 1581 RM UNDFLO,INEXO
1 1 lo... oo |o |o... 0.0 2%} —1022 —NORMMIN:, |1 00.{0 o}o RP,RN,RZ UNDFLO,INEXO
1 1(o... 0fjoloJo... 0fjo 2% | -1 Nz e M 1...1]1 RM UNDFLO,INEXO
1 1lo... 0lo]oto... 0ofo|2x}~1" -2 0 4o... 010 RP,RN,RZ UNDFLO,INEXO
1 1o olofofo... o1 2=}t -1" |=#2-1LsB_ w41 Jg,.. 1|1 RM,RN UNDFLO,INEXO
1 1jo...0odofo... o1 |2* =1~ ~1/2—1LSH * 1o 0. 0|0 RP,RZ UNDFLO,INEXO
t O PR T U U 1 U B I O A D | —ohe +/JLSR. 1 1... 11 RM,RN UNDFLO,INEXO
1 PUNLE PR T U U S AU B I B I —one + ILSB 0 |0...0140 RP,RZ UNDFLO,INEXO
1 1 Jo... 0lolojo... 0f0]|2*]0O —one 1 1...1]1 all
1 1 (1... 1 oo ]o... 0fo0o]2*]30 1 ofo... 01 all
1 ... 1 jojodjo... 0|1 l2~]30 1 [0...01]0 RM INEXO
1 1J1... 1t {ofojo... 0f1]2**]30 1 fo...0]1 RP,RN,RZ INEXO
1 1 1.1 fofrjur... 1 p1 2|30 1 lo... 00 RM INEXO
1 tr... o |u o oo1 [ ]2e]30 1 0...01{1 RP,RN,RZ INEXO
1 1fi... 1 ijofo... o]0 }2*|30 1 [o...0]0 RM,RN INEXO
1 1{1... 1 1 folo... oo ]2*|30 1 |o...0[1 RP,RZ INEXO
1 PR U T VU U U U I U ol B 1 {0...010 RM,RN INEXO
1 PO AP T £ T B AP U I O Il (1) 1 |0...0]1 RP,RZ INEXO
1 1{0... 0,00 |0... 0][0]2*]31 1 |o...0f]0 all
1 1jo... 0o Jojo... o1 |2*]|3 1 |o...0]0 RP,RN,RZ INEXO
1 1dlo... 0o Jojo... 01 j2*|31 U ju...U|U RM OVRFLO,INEXO
1 1J0... 090 [t Jo... 0|0 |2**|31 1 [o...0}0 RP,RZ INEXO
1 1 lo... 0o J1jo... 0f0]2]|3 U |u...UjU RM,RN OVRFLO,INEXO
1 1Jo...0olo |1 j1... v |1 |2=]31 1 0...0fo RP,RZ INEXO
1 1 Jo... 0o |1 [r... 1|1 ]2*=[31 v |u...UufuU RM,RN OVRFLO,INEXO
1 1lo... 0|1 jofo... oo |2*[31 U |u...U|U alt OVRFLO
1 1jo... 01 Jolo... o1 ]2*]31 v (u...uU{u all OVRFLO,INEXO
1 1 fo... 0 |00 Jo... 010 2% |32 u (u...UufuU all OVRFLO
1 1{o... 0o [0,0... 0|0 |2*|1024 - INF 1 1... 1|1 all INVALOP
1 1 |X... X|X xlx. CX | x| 2%+ | 1024 ~NAN i 1... 1|1 all INVALOP

44— —4 %

*“U” denotes an undefined result.
NOTE: Heavy line indicates rounding boundary in source.

Table XVII. Conversion of 64-Bit Double-Precision Floating-
Point to 32-Bit Twos-Complement Integer
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ADSP-3212/ADSP-3222

Sign | HBYfS1 . . .£30]£29{£281 127 . . .01 |0 Unbiased |Source Name Sign|HB|f22 . . .1 |0 Unbiased | ResultName | Rounding Status Flags

” Expnt . Expnt Modes
o 1 fx...x |x[x[x..7x [x ]2 [1024 +NAN o [1 1 128 +NAN all INVALOP
o f1jo... 0 fofojo... 0o |2 |1024 +INF 0o |1 .0 128 +INF all
T C R T FO E O E O T R P U V% +NORM.MAX |lo |1 .0 128 +INF RP,RN OVRFLO,INEXO
I O | DI PO SO S DO N I o T +NORM.MAX |[o |1 o1 127 +NORM.MAX |RZ,RM OVRFLO,INEXO
o [t ... t [T ]o... 0 [0 [2** 127 o |1 .0 128 +INF RP,RN OVRFLO,INEXO
o |t fio.oa oo 0o |2+ |27 o |t S 127 +NORM.MAX |RZ,RM INEXO
o [t ro.o v oo 0 |1 |2 |127 o |1 .0 128 +INF RP OVRFLO,INEXO
o |1 fi... 1 fufofo... 0|1 f2e 127 o 1 o1 127 +NORM.MAX |RM,RN,RZ | INEXO
o 1 fto.o 1 o fo... 0 fo [z |27 o 1 o1 127 +NORM.MAX |all
o |1 fi...1folofo... 0 fr [z 22 o |1 1 127 +NORM.MAX |RP INEXO
o |r ..o fedofo... 0|1 {2 u27 o N o1 127 RM,RN,RZ | INEXO
o [t lo... 0 oo fo... 0o |2**]-126 o |1 .0 —126 +NORM.MIN |all
o |1 t...1 Voo e -7 0 o 1 -126 +NORM.MIN |RP,RN INEXO
F S E O CREE N s ur O F U N F N PLUN S Y o |o 1 ~126 +DNRM.MAX |RZ,RM UNDFLO,INEXO
o (1 h...1Jojolo... 00|z }-127 o o L1 -126 + DNRM.MAX |all
o |1L[oC 0 [0 fo... 00 |2+ |-149 0o o .0 -126 +DNRM.MIN |all
o |T6-.. 0 oo lo... 0o |2o~]=-1022 |+NORMMIN |l0o [0 .0 -126 +DNRM.MIN |RP UNDFLO, INEXO
o |t o... oo fofo... oo |2e+]|-1022 [+NORMMIN |lo [o .0 -126 +ZERO RM,RN,RZ UNDFLO, INEXO
o lo|i... v fr i, 1|1 {2 }-1022 |+DNRM.MAX |i0 [0 .0 +DNRM.MIN |RP UNDFLO, INEXO
o fo ft... 1 v v 1.0 1|1 |2 |-1022 |[+DNRM.MAX [|0 |o .0 RM,RN,RZ | UNDFLO,INEXO
o lofo...0o]ololo... o1 |2=«|-1022 |[+DNRMMIN [[0 |o .0 RP UNDFLO, INEXO
o Jofo... ofofofo... o1 f2*x]|-1022 |+DNRM.MIN |0 |0 .0 RM,RN,RZ | UNDFLO,INEXO
o [o]o... 0o o]o... 00 o o .0 all
1 |ofo... 0o {ofo... 00 1o .0 all
1 o fo... 0o (ofo... 011 1o .0 UNDFLO, INEXO
1 lofo... 0o fofo... 01 1 o .0 RP,RN,RZ UNDFLO, INEXO
tojo i i 1 o B UNDFLO, INEXO
vofo ji...on .o 116 B RP,RN,RZ UNDFLO, INEXO
v Jro...0fofofo... 00 1 RM UNDFLO, INEXO
1 [1do... 0 fofofo... 00 1 RP,RN,RZ UNDFLO, INEXO
1 .. o0lofofo... 010 al
1| T olofo... 00 all
1 {1 h..ooa {10 b ~NORM.MIN |RM,RN INEXO
Vo e IRV —DNRM.MAX | RP,RZ UNDFLO,INEXO
1 1 jo... 0 of{o... 00 —~NORM.MIN |all
vt oot fe oo 0|1 [ —NORM.MAX [RM INEXO
1 i fio.oafofole.. 0| RP,RN,RZ INEXO
v |i o iy fofo... 00 —NORM.MAX [all
' ETE TR E [ N DR I 0 -INF RM OVRFLO,INEXO
v frfe]oe... 0 b —~NORM.MAX |RP,RN,RZ INEXO
T T FR P B ) o ~INF RN OVRFLO,INEXO
' E N RN S P F DO K 1 —NORM.MAX |RP,RZ INEXO
v [y o T 0 ~INF RM,RN OVRFLO,INEXO
R N T F R E R B 1 - NORM.MAX |RP,RZ OVRFLO,INEXO
1 |1fo...0fofofo... 00 0 ~INF all
o XL X XXX x| x| 1 —NAN all INVALOP

¢ £
4 ad
NOTE: Heavy line indicates rounding boundary in source.

Table XVIil. Conversion of 64-Bit Double-Precision Floating-
Point to 32-Bit Single-Precision Floating-Point (IEEE Mode)

point pass instructions to reset the unmodified NAN’s sign bit
to zero.

Wrap

Wrap instructions (SWRAPA/B and DWRAPA/B) convert a
denormal to a wrapped number readable by a multiplier/divider
or the ADSP-3222 ALU in division and square root operations.
Since the wrapped format has an additional bit of precision (the
hidden bit), all wrapping is exact. If the operand is ZERO, then
UNDFLO will be set. If the operand is neither a DNRM nor
ZEROQO, INVALOP will be set.

Unwrap

Unwrapping instructions (SUNWRAPA/B and DUNWRAPA/B)
convert a wrapped number to the IEEE denormal format. After
rounding, the result can turn out to be NORM.MIN or ZERO.

WRAP.MAX, whose infinitely precise value is between
NORM.MIN and DNRM.MAX, will round to NORM.MIN

or DNRM.MAX, depending on rounding mode:

+WRAP.MAX — NORM.MIN (RN, RP modes)
+WRAP.MAX — DNRM.MAX (RZ, RM modes)
—WRAP.MAX — —NORM.MIN (RN, RM modes)
—WRAP.MAX — —DNRM.MAX (RZ, RP modes)

INEXO will always be set when unwrapping WRAP.MAX. If
the unwrapping operation, after rounding, shifts all ones out of
the DNRM destination format, ZERO will result. In unwrap-
ping numbers, UNDFLO and INEXO are set if 1) unwrapping
shifts ones out of the DNRM destination format or 2) INEXIN
is asserted and no ones are shifted out.

The UNDFLO condition for unwrapping is based on the IEEE
definition in terms of loss of accuracy when representing a de-
normal (see “Underflow” in “Status Flags” above). That is,
UNDFLO will only be set in the ALU when the unbounded,
post-rounded result cannot be expressed exactly in the destina-
tion denormal format. UNDFLO will always be set in conjunc-
tion with INEXO when unwrapping.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
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The ADSP-3222 determines inexactness by whether or not there
was a loss of accuracy when unwrapping the operand supplied to
the ALU and also whether the multiplication, division, or
square root that generated the wrapped number caused a loss of
accuracy. It determines this information by reading the
INEXIN flag input to the ALU.

The INEXIN is essential to the unwrapping operation. The
state of INEXIN input when wrapping should reflect the state
of INEXO when the wrapped number was generated during
multiplication, division, or square root. The ADSP-3222 uses
this information to determine if the operation creating the
wrapped number was inexact. When the ADSP-3222 unwraps a
wrapped number, its INEXO will be asserted if either the origi-
nating operation or the unwrapping operation caused a loss of
accuracy.

Copy Sign

The SSIGN and DSIGN operations copy the sign of the B oper-
and to the A operand. The result is [sign B, exponent A, frac-
tion A]. Rounding modes have no effect on this operation since
the precision of the result is exactly that of the source, i.e., all
“roundings” are exact. The only condition that generates a flag
is a NAN as the A operand; INVALOP will be set. This
instruction is useful for quadrant normalization of trigonometric
functions. Trigonometric identities allow mapping an angle of
interest to a quadrant for which lookup tables exist. SSIGN and
DSIGN simplify this mapping. For example, sin (37°) = - sin
(37°). By looking up sin (37°) and transferring the sign of the
angle (—37°, the B operand) to the valze from the lookup table
(0.60182, the A operand), the correct result is obtained
(—0.60182). 3

Exponent Subtraction

Exponent subtraction (SXSUB and DXSUB) subtracts the expo-
nent of the B operand from the A operand. The A operand is
the destination format: [sign A, (expt A - expt B), fraction A].
INFs and NANS are valid inputs to the SXSUB/DXSUB opera-
tions; INVALOP is never asserted. If the unbounded result is
greater than that of NORM.MAX, INF will be produced and
OVRFLO will be set. If the unbounded result is less than that
of NORM.MIN, ZERO will be produced and UNDFLO will
be set.

Logical Downshift

The mantissa of a floating-point A operand (with hidden bit
restored) can be downshifted logically to an unsigned-magnitude
integer destination format using the SITRN and DITRN opera-

32-Bit A Register

tions. (See Figures 25 and 26.) The source mantissa is treated as
a right-justified unsigned integer. The unbiased (i.e., the “true”
exponent after the bias has been subtracted) exponent of the B
operand determines the amount of the downshift. The unbiased
B exponent is interpreted as an unsigned number which indi-
cates how many bit positions the mantissa should be down-
shifted. (A negative unbiased exponent will cause a very large
downshift. The mantissa will be completely shifted out of range,
and the result will be zero.) The result will be a left-zero-filled
unsigned-magnitude integer. Like all fixed-point results, it

will appear in the most significant bit positions of the output
register.

Logical downshift is only defined for NORMs. Results from
operands that are not normals are undefined. A NAN
A-operand input to SITRN/DITRN will cause INVALOP and
produce all-ones NANs of the same sign. Round-toward-Zero
(RZ) must be specified for SITRN and DITRN. Otherwise, the
result is undefined. If the shifted result before rounding is all
zeros, UNDFLO will be set. (Actually, with RZ, the shifted
result before rounding is the same as the shifted result after
rounding.) If any bits are shifted out of the range of the destina-
tion format, INEXQ-will be set.

The logical downshift bgeraiions can be useful to generate table

Jookup addresses. In this application, the most significant man-

1issa bits would be used:as table addresses. Because different B
exponents can. be upplieé“to the same A mantissa, the same
datum ¢an be used to addréss multiple tables with differently
sized address fields.

Division and Square Root

The ADSP-3222 ALU supports multicycle division (SDIV, 16
cycles, and DDIV, 30 cycles) and square root (SSQR, 29 cycles,
and DSQR, 58 cycles) operations. (The ADSP-3212 performs
faster division; the ADSP-3222 supports division for code-
compatibility with the earlier ADSP-3221.) Tables XIX and XX
illustrate the resultant data types and status conditions for divi-
sion. Table XXI serves a similar role for square root. Neither
operation can accept denormal inputs directly. The ADSP-3222
will process DNRMs if they are first wrapped to the wrapped
format. Otherwise, DNRM inputs to division and square root
operations will cause the simultaneous assertion of UNDFLO
and INVALOP in IEEE mode. For divisions, INEXO HI indi-
cates that the dividend is a DNRM; INEXO LO indicates that
the divisor or both operands are DNRMs. In FAST mode, only
INVALOP will be asserted.

32-Bit B Register

[s] e | f ] [s] e | ! ]
1. < > P S—
HB 23-Bit Fraction 8-Bit Biased Exponent
< >

24-8Bit Source

k\

Zero-Filled

-

- >

\S-Blt to 32-Bit Logical Downshift

Shift Amount
(unsigned)

I 32-Bit Unsigned-Magnitude integer

MSW in
Output Register

Figure 25. ADSP-3222 SITRN Instruction
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ADSP-3212/ADSP-3222

32-Bit MS A Register 32-Bit LS A Register
[s] e [ f ] t |
e 52-Bit Fraction —
- >

53-Bit Source

32-Bit MS B Register

B e | f 1
+—>
11-Bit Biased Exponent

-

Shift Amount

\;3.3“ to 32-Bit Logical Downshift
{unsigned)

|732-Bil Unsigned-Magnitude In!egerJ o%‘mts“{\i"x

Figure 26. ADSP-3222 DITRN Instruttion -

B operand
ZERO DNRM TWRAP NORM INF NAN
Aoperand | result status sfa;gs regglt . status ] regiit slatug. | result status § result  slatus
— : 2} 2er0 - fzro } " | zero NAN | INVALOP
INVALOE S INEXO
e e
DNRM INF OVRFLO& [ NAN um.o P NAN - UNDFLO NAN UNDFLO ZERO NAN | INVALOP
INVALOP INVALOP - INVALOP, i INVALOP INEXO
wrap | INF OVRFLOB | NAN | UNDFLOR | NORM NORM ZERO NAN | INVALOP
INVALOP INVALOP WRAP UNDFLO INEXO
UNRM UNDFLO
NORM | NF OVAFLOS | NAN | UNDFLOB | INF.! ovAFLo | INF! OVRFLO | ZERO NAN | INVALOP
INVALOP INVALOP | NORM.MAX NORM.MAX INEXO
NORM NORM
WRAP UNDFLO
UNRM UNDFLO
INF INF INF INF INF NAN | INVALOP | NAN | INVALOP
INEXO
NAN NAN INVALOP | NAN | INVALOP | NAN INVALOP | NAN INVALOP | NAN | INVALOP | NAN | INVALOP
INEXO
1. Either INF or NORM.MAX, depending on rounding mode. See “Round Controls.”
Table XIX. ADSP-3222 Floating-Point Division (A+B) (IEEE Mode)
B operand
ZERO DNRM NORM INF NAN
A operand
result status result status result status result  status | result  status
NAN INVALOP | NAN INVALOP | ZERO ZERO NAN | INVALOP
ZERO
INEXO
DNRM NAN INVALOP | NAN INVALOP [ ZERO ZERO NAN | INVALOP
INEXO
ORM INF OVRFLOR § INF! OVRFLOB | INFNORMMAX' | OVAFLO ZERO NAN | INVALOP
N INVALOP § NORMMAX | INVALOP | NORM INEXO
ZERO UNDFLO
INF INF INF INF NAN |INVALOP}] NAN | INVALOP
INEXO
NAN INVALOP | NAN INVALOP | NAN INVALOP | NAN |INVALOP| NAN | INVALOP
NAN INEXO

In FAST mode, WRAP inputs are illegal
1. Either INF or NORM.MAX, depending on rounding mode. See "Round Controls.”
Table XX. ADSP-3222 Floating-Point Division (A+B) (FAST Mode)
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B operand

B<ZERO +ZERO +DNRM +WRAP +NORM +INF +NAN
Mode

result  status result  status | result status result  status | result  status | result status | result  status

cosult_ SCICICE | rosull_ stalus | resull status § result . status ]
IEEE | -NAN | INVALOP{ $ZERQ +NAN UNDFLO& | NORM NORM +INF NAN INVALOP

INVALOP
FAST] —-NAN | INVALOP} +ZERO +ZERO NORM NORM +INF NAN INVALOP
Table XXI. ADSP-3222 Floating-Point Square Root (\/B)
The square root of any nonnegative normal or wrapped number
Bit 63 32|31 0

will be an IEEE normal number. The square root of a negative
number is an all-ones (—NAN). The square root of +INF is
+INF without exception. The square root of a NAN is a same-
signed all-ones NAN.

Division can produce wrappeds and unnormals; these must be
passed back to the ALU for unwrapping. Note that division us-
ing the SDIV and DDIV instructions of the ALU can produce
wrapped results that are slightly different than those produced
by the multiplier/divider; this difference is explained in the Spe-
cial Flags for Unwrapping section. When the results are
unwrapped with the correct flag inputs, the same denormal
number is produced.

INF dividends cause correctly signed INFs without flags except

when the divisor is also an INF. Either *INF divided by eitheg:. fm 0% L%

+INF or any NAN input will generate INVALOP and:an aff«
ones NAN. For division operations, the sign, efgl% &wﬂh
be the exclusive OR of the signs of th@&g

‘“i

Output Control - SHLP (REG), OEN (ASYN), MSWSE.
(ASYN) and HOLD (ASYN) S
All members of the ADSP-3212/ADSP-3222 chxpaet havé a
64-bit output register. The output registers are clocked every

i

T

cycle, except for multicycle operations (division and square -

root), when HOLD is LO, and when the ADSP-3222 is execut-
ing NOP. Output registers are clocked at the conclusion of
multicycle operations and not before.

Results appear in the multiplier/divider’s output register as
follows:

SP FitgPt Product not meaningful

DP FitgPt Most Significant Product | DP FitgPt Least Significant Product

FxdPt Resuit not meaningful

ﬁi‘vy"sér -
y@

Bit 63 32§31 0

SP FltgPt Product not meaningful

DP FltgPt Most Significant Product | DP FltgPt Least Significant Product

FxdPt Most Significant Product FxdPt Least Significant Product

Figure 27. ADSP-3212 Multiplier/Divider Output Registers

When the destination format from multiplication is single-
precision floating-point, the fraction bits that are less than the
least significant bit in the destination format are stored in the
least significant half of the output register.

The multiplier/divider has a pipelined, registered fixed-point
shift-left control, SHLP. When HI, SHLP will cause a one-bit
left shift in the 64-bit product that appears in the multiplier/di-
vider’s output register. The least significant bit in the output
register will be zero. See ““32-Bit Fixed-Point Data Formats”
above for more details of the effects of SHLP. SHLP has no
effect on floating-point multiplications or divisions. Note that
SHLP should be setup at the clock edge when the multiplication
operands are read into the multiplier array.

Results appear in the ALU’s output register as follows:

Figure 28. ADSP-3222 ALU Output Registers

Both chips have an asynchronous output enable control, OEN.
When HI, outputs are enabled; when LO, output drivers at
DOUTS;,_, are put into a high impedance state. Note that status
flags are always driven off- clgxp, regardless of the state of OEN.
See Figure T1 for WM} of OEN.

Both g;hqg alsp*ha\{;ag m'sggsymhronous MSW select control,
Moﬁtputs are enabled and MSWSEL is HI, the
ant half (Bits 63 through 32) of the output register

.
. . wilF'be driveg.to the. oui;aut port, DOUT;,_,. When outputs are

enab&dzgné Msvm. i$FO, the least significant half (Bits 31
ﬁﬁmﬁl@ ‘of 1he output register will be driven to the output
pen ;POUT;,_,. The operation of MSWSEL is illustrated in all
"'timing dwrm where 64-bit outputs are produced.

The AmP 32%}? ‘Multiplier/Divider has a synchronous, active
gﬁ(}wmml HOLD, that prevents the output register from be-
ing updated. The IEEE/FAST pin on the ADSP-3222 ALU can
be redefined to a HOLD pin by executing the HOLDEN in-
struction. (To change the pin back to IEEE/FAST, you must
reset the ADSP-3222.) HOLD must be set up prior to the clock
edge when the output register would have otherwise been up-
dated. See Figure T3. For normal operations where the output
register is updated, HOLD must be held HI.

TIMING

Timing diagrams are numbered T1 through T16. Three-state
timing for DOUT is shown in T1. Output disable time, tps, is
measured from the time OEN reaches 1.5V to the time when all
outputs have ceased driving. This is calculated by measuring the
time, t;cqsureas ffom the same starting point to when the output
voltages have changed by 0.5V toward +1.5V. From the tester
capacitive loading, C; , and the measured current, i, , the decay
time, tpecays> can be approximated to first order by:

CL 0.5V
1L

IDECAY =
from which

Ipis = Umeasured — IDECAY
is calculated. Disable times are longest at the highest specified

temperature.

The minimum output enable time, minimum tgy,, is the earli-
est that outputs begin to drive. It is measured from the control
signal OEN reaching 1.5V to the point at which the fastest out-
puts have changed by 0.1V from V. toward their final out-
put voltages. Minimum enable times are shortest at the lowest
specified temperature.

This information applies to a product under development. its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.

4-112 FLOATING-POINT COMPONENTS

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003




ADSP-3212/ADSP-3222

The maximum output enable time, maximum tgy,, is also mea-
sured from OEN at 1.5V to the time when all outputs have
reached TTL input levels (Vg or Vo). This could also be
considered as “data valid.” Maximum enable times are longest
at the highest specified temperature.

Reset timing is shown in T2. RESET must be LO for at least
tgs. In addition, RESET must return HI at least tg; before the
first rising clock edge of operation. Hold timing is shown in T3.
HOLD must go LO tyg before the rising edge at which the out-
put register is not updated. HOLD must also be held tyyy after
the clock edge.

Figure T4 shows IPORT timing. IPORT must be set up at least
tps before each data load (on a rising or a falling clock edge) and
be held at least tpyy after the data load.

All data, registered and latched controls, and instructions shown
in TS through T16 must be set up tg before the rising edge
and held tgyy. Data is shown loaded for minimum latency.
Other sequencing options are possible and may be more conve-
nient, depending on the system. These other options, however,
require that data be loaded to the input registers earlier than as

shown in these diagrams and not overwritten. See “Input Regis- .
ter Loading and Operand Storage” above for constgaints on rt:g- .

ister loading and operand storage that must be observed.
The operation time, topp, is the time regtiited 1o :advance the =

internal pipelines one stage. It reflects the pipelined thronghpur .

of the device for that operation. The latency; t; s, is the time
it takes for the chip to produce a valid result at DOUT from
valid data at its input ports. (Latency is the true measure of:the
internal speed of the chip.) Latency is referenced from data
valid of the earliest required input to data valid of the first
32-bit output.

The asynchronous MSWSEL control’s delay is tgyg. The maxi-
mum specification for tgye is the delay which guarantees valid
data. The minimum specification for tgyo is the earliest time
after the MSWSEL control is changed that data can change.

Status flags have a maximum output delay of tso referenced
from the clock rising edge. All status flags except the multiplier/
divider’s DENORM are available in parallel with their associ-
ated output results. DENORM is available earlier to speed up
recovery from a denormal input exception. Note that DENORM
is LO except in the cycles indicated in Figures T7 through T10.

For all operations (Figures T7 through T16), a new operation
can begin the cycle before output results and status flags (other
than DENORM) results from the previous operation are driven
off chip. This feature leads to improved pipeline throughput.

GRADUAL UNDERFLOW AND IEEE EXCEPTIONS
The data types that each chip operates on directly are shown in
Figure 29.

Denormals are detected by the multiplier/divider when read into
its processing circuitry. The ADSP-3212 will produce a flag out-
put, DENORM, when one or both of the operands read into the
array are denormals. The occurrence of DENORM should trig-
ger exception processing. (See ‘“‘Status Flags” above for a discus-
sion of DENORM and its timing.) Controlling hardware must
recover the denormal(s) that was input to a multiplier/divider
and present it to an ALU for wrapping.

Normals
Denormals
Normals Wrappeds'
Wrappeds Unnormals
ADSP-3212 ADSP-3222
Floating-Point Floating-Point
Multiplier/Divider ALU
Normals Normals
Wrappeds Denormals
Unnormals Wrappeds 3
Unnormals?
1. for unw!appmg diylsnon and square root
2. for umfappmg@l
3, from wrapping and division
. 4 from division
F;gure 29. Data Types Directly Supported by the n
ADSP-. 32 !2/3.%22

The ADSP: 3222 ALU will also detect denormals when read into
m’tcmal “eitcuitry for division or square root operations. The
UNDFLQ and INVALOP flags will both be asserted on the
ADSP-3222 to signal the presence of a denormal input to these
operationsi INEXO will indicate whether the denormal input is

. the A operand or B operand. (See “Status Flags™ above for a

fuller discussion of denormal detection in the ADSP-3222.)

The ALU wraps denormals with its SWRAP or DWRAP in-
structions. Note from Tables II and IV that any denormal can
be represented as a wrapped without loss of precision (hence
triggers no exception flags in the ALU).

The wrapped equivalent from the ALU must now be passed to
the multiplier/divider for multiplication or division or the
ADSP-3222 ALU for division or square root. The controlling
system must tell the multiplier/divider to interpret the wrapped
input as wrapped by asserting WRAPA/B when it is read into
the multiplier/divider’s processing circuitry. For ALU division
and square root, the controlling system must tell the ALU to
interpret the wrapped operand A as wrapped by asserting IN-
EXIN when it is read into the ALU’s processing circuitry and
to interpret the wrapped operand B as wrapped by asserting
RNDCARI. The result of the multiplication or division can be a
normal, a wrapped, or an unnormal. (See Tables V through
VIII, XIX, and XX.) Square root on IEEE numbers only pro-
duces normals. (See Table XXI.) An underflowed result
(wrapped or unnormal) from either multiplier/divider or ALU
will be indicated by the UNDFLO flag and must be passed to
the ALU for unwrapping. Note that the ALU and the multipli-
er/divider may produce slightly different wrapped results from
the same division operation. When these results are unwrapped
with the correct flag inputs, however, they produce the same
number. See Special Flags for Unwrapping for an explanation of
this difference.

For full conformance to the IEEE Standard, all wrapped and
unnormal results must be unwrapped in an ALU (with the
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SUNWRAP and DUNWRAP instructions) to an IEEE sanc-
tioned destination format before any further operations on the
data. If the result from unwrapping is a DNRM, then that data
will have to be wrapped before it can be used in multiplication,
division or square root operations.

The reason why WRAPs and UNRMs should always be
unwrapped upon their production is that the wrapped and un-
normal data formats often contain ‘“‘spurious” accuracy, i.e.,
more precision than can be represented in the normal and de-
normal data formats. If WRAPs or UNRMs produced by the
system were used directly as inputs to multiplication, division or
square root operations, the results could be more accurate than,
and hence incompatible with, the IEEE Standard.

When unwrapping, additional information about underflowed
results must accompany their input to the ALU. See “Special

Flags for Unwrapping” in “Status Flags” above for details of
how INEXO and RNDCARO status flag outputs must be used
with INEXIN and RNDCARI inputs.

A final point about conformance with IEEE Standard 754 per-
tains to NANs. The Standard distinguishes between signalling
NANSs and quiet NANs, based on differing values of the frac-
tion field. Signalling NANSs can represent uninitialized variables
or specialized data values particular to an implementation. Quiet
NANS s provide diagnostic information resulting from invalid
data or results. The ADSP-3212/ADSP-3222 generally produce
all-ones outputs from invalid operations resulting from NAN
inputs. So a system that implements operations on quiet and
signalling NANs will have to modify the NAN output from
these chips externally. See Section 6.2 of Standard 754-1985 for
the details of these operations.

OEN
\ OEN
1.5V L_ 1.5V
N\ /]
Vou N
—Vristate® %1V
Viristate™ %Y
_ >
v . e 3 0oL
oL : N
e tmf;/r - i ; ENA
o ‘i b Maxinigm . |
le- . §
tmeammd . ENA

Output Disable Time Me@sur;@ m

“Output Enable Time Measurement

Refer to the "Timing" section for a description of thig figure. -
Figure T1. ADSP-3212/ADSP-3222 Three-State Enable and

Disable Timing

Clen el
Clock
tas sy

RESET Control

Figure T2. ADSP-3212/ADSP-3222 Reset Timing

HOLD Control

Figure T3. ADSP-3212/ADSP-3222 Output Register Hold
Timing

tCL

Clock

es
-

IPORT Control

XXX

XK KKK

Figure T4. ADSP-3212/ADSP-3222 IPORT Timing
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ADSP-3212/ADSP-3222

Clock

FDBKO:1 Feedback
Controls

o

SELA/B Control > XCXKRX

Result Register

input Register after

Feedback

Figtire T5.- ADSP-32124ADSP-3222 Feadbbck Timing
Clock
FDBKO

FDBK1 S AN AKX

Selection Controls "’A .‘ ““‘

Result Register m Xlin X Y'i” )<ZZX

Figure T6. ADSP-3212/ADSP-3222 Feedforward Timing
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Clock

SP (for SP FitgPt)

SP (for FxdPt)

DoP
DIVMUL

SELAj
SELBj
SELAK

SELBk

BIN31_0'

ABSA/B, WRAPA/B,
RNDO:1, and

SHLP Controls
RDAQ:1 Read
Selection Controls

RDBO:1 Read
Selection Controls

Result Register or
input Register after
Feedback

MSWSEL Control

DOUT .

DENORM Status
Qutput

: oo, teo: : :
[ O e Ol

TG o XX e X R XXX
(except DENORM) : : : : : : A” "A

* See “Timing" section for additional sequencing options.

Figure T7. ADSP-3212 32-Bit Single-Precision Floating-
Point and Fixed-Point Multiplication
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ADSP-3212/ADSP-3222

' o
: - ——— : : : : : : : :
: 0 1 2 3 4 5
Clock .
: : Dot : : : : : : : :
-—b( os -— . N . N . N
oP P XN X0

Lo ——

- L OUKRRK

AlNg,.o"

NINAN N/

BiN31.0"

AlNgy o

{ 64.BIT LOAD |

ABSA/B, WRAPAB, : :E
RNDO:1 Controls : ,

RDAO & RDBO Read : : ’ N - /N - :
Selection Controls : : A " : "A.A :
RDA1 Read : A AT P vy
Selection Control : Q A .A ‘AA N

RDB1 Read D RO RN AT R AR
Selection Control § A .A .‘ AQA

Resuit Register or R
Input Register after
Feedback

MSWSEL Control

DOUTa'_O

DENORM Status

Qutput T

; : : so;
Status Outputs : : : : : ; : I . :
(except DENORM) : : : previous status )O();QLstatus

* See "Timing" section for additional sequencing options.

Figure T8. ADSP-3212 64-Bit Double-Precision Floating-
Point Multiplication
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L CH o oL . . : . . . . . . . . : . . .

Clock 0 1 2 L 6 7 8 9 10 I_
© 4] :/'" / . . ) h . .
L e L R

SP

DP

DIVMUL m

BN, o' @ %
0 10 oo

Controls : :
geolggt:iL: %a:mrols m}

RDBO:1 Read : ;
Selection Controls @

Result Register or |
Input Register after :
Feedback .

MSWSEL Control

pout,, L Lo 0'0'0 TRRE XRKK
)
: Heo:
ENORM S i TR
gu‘pu‘F{M tatus : : p TDNRM in
Status Outputs : : : : : : : : :
(except DENORM) prevrous status)O(x. Jstatus

* See “Timing" section for additional sequencing options.

Figure T9. ADSP-3212 32-Bit Single-Precision Floating-
Point Division
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ADSP-3212/ADSP-3222

15 16 '_

Clock

DP

sP PR .
DIVMUL FXYTIXXX

KKK

XK

XXX

SELA )

LSW . - - n : >
SELB g, X1 N COXXXXXKXKXKXKY XXX+
SELA sy L XTI KRKKIRY « KR
SELB ew L XTI

. A

N Aj . ¥ N H H s
ANy, TRRKEEIX IR

328ITLOAD : : u

B
: ] : §4-BIT LOAD
BN, X & XX [
: : : T b : :
ABSA/B, WRAPA/B, o~ N
RNDO:1 Controls § ’x’ o 01’1’:’:’:’ A@I‘Z’I’ o ‘:’A’A
ADAOERDBORead ;| S NI N R
Selection Controls : > : > < ¢ - . > . : . g
RDA1 Read AT - vvvvvvvv -
Selection Control ’A .AA’AA’AA’AA‘AA‘A‘.A’. )
RDB1 Read . . . . N N . N N . . .
Selection Control ’z 0:: IZOIIOIZOZC'IOZOZOXO° @ 2 , : :
: : — ‘torn: : : : . : : : : :
Result Register or ~ * : Pl : : : : : T : : : : :
loput Register atter  © 1 1o 00 n s S ALE WO
Feedback : : : : : : : : : : : : : : : :
MSWSEL Control | | : i i S N
DOUT3 10
tap f
T 5
N i, = :
DENORM Status : : : : . X |DNRMin' :
Output : : : T T N T : T i
N . . . . ot Lo
Staws Outputs : : : : : : : : : : : L so?‘_ :
(except DENORM) ! : ; : : : : ; : previous status X XX X | status

* See "Timing" section for additional sequencing options.

Figure T10. ADSP-3212 64-Bit Double-Precision Floating-
Point Division
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. . . : :
0 1 2 3 4 5
Clock
Lo Dlesi i C
le.o O X insH Kk ind XX
. | --— : : .
: on T : : :
SELB; XXX
SELAK L XXX
SELBK X XXX

>

2

R

@
P IXIX

@
2
@

K
X

ABSA/B, RNDO:1,
INEXIN, and
RNDCARIt
RDAO:1 Read
Selection Controls

RDBO:1 Read
Selection Controls

Result Register or
Input Register after
Feedback

MSWSEL Controt

DOUT31_O

Status Outputs

* See "Timing" section for additional sequencing options.
1 RNDCARI and INEXIN shouid be LO except for unwrap, division, and square root operations.

Figure T11. ADSP-3222 32-Bit Single-Precision Floating-
Point Logical and Fixed-Point ALU Operations
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ADSP-3212/ADSP-3222

0 1 2 3 4 5 6
Clock
t
'8-0
SELALSW

SELB XY IR O,
SELAqy XX XX XXX

32-BIT LOAR.
=)

BIN31-0'

ABSA/B, RNDO:1,
INEXIN,and
RNDCARIt

RDAO & RDBO Read
Selection Controls

RDA1 Read
Selection Control

RDB1 Read § Z OI QZX X

Selection Control

: : -
Result Register or : : © toep :
Input Register after : : : :
Feedback

MSWSEL Control

ENO —pm e : :

ST opa By OSSN WS « oty o
DouT,, : : : : p:( ):ML§W| b v LjswnnfSka
: : : : : 0o | : : : :

Status Outputs

* See "Timing" section for additional sequencing options.
1 RNDCARI and INEXIN should be LO except for unwrap, division, and square root operations.

Figure T12. ADSP-3222 64-Bit Double-Precision Floating-
Point ALU Operations
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XXX K

_ XK IR :
BN, TXKEXKRRK KKK KK KK KK SKEARIRKR

ABSA/B, RNDO:1, : : : : : : : : : :
INEXIN and 0, SR K XXX,

lg.o O IX ms I OOXXX

: ?D“—.? - : : : : : :
SELA] XK IO «
SELB] LoX OROKXAKAXHKX XD

RNDCARI
RDAO:1 Read X
Selection Controls @
RDBO:1 Read i
Selection Controls @

Result Register or
Input Register after
Feedback

MSWSEL Control

(KXHKRKRKKKLK KR BX KKK

e e
DOUT,, 4 L OCKOKA + B XXXX
el o

DO

: Ny
: 50

Status Outputs oo bn previous stats )X | status

* See "Timing" section for additional sequencing options.
1+ RNDCARI and INEXIN should be LO except for unwrap, division, and square root operations.

Note: The ADSP-3212 performs faster division. See Figure T9.

Figure T13. ADSP-3222 32-Bit Single-Precision Floating-
Point Division
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ADSP-3212/ADSP-3222
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: e : : : : : :
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* See “Timing" section for additional sequencing options.
1t RNDCARI and INEXIN should be LO except for unwrap, division, and square root operations.

Note: The ADSP-3212 performs faster division. See Figure T10.

Figure T14. ADSP-3222 64-Bit Double-Precision Floating-
Point Division
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* See “Timing” section for additional sequencing options.
1 RNDCARI and INEXIN should be LO except for unwrap, division, and square root operations.

Figure T15. ADSP-3222 32-Bit Single-Precision Floating-
Point Square Root
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ADSP-3212/ADSP-3222
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* See “Timing" section for additional sequencing options.
t RNDCARI and INEXIN should be LO except for unwrap, division, and square root operations.

Figure T16. ADSP-3222 64-Bit Double-Precision Floating-
Point Square Root

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.

FLOATING-POINT COMPONENTS 4-125

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



SPECIFICATIONS'

RECOMMENDED OPERATING CONDITIONS

ADSP-3212/ADSP-3222
J, K Grades S, T Grades®
Parameter Min Max Min Max Unit
Voo Supply Voltage 4.75 5.25 4.5 5.5 \%
Tams Operating Temperature (ambient) 0 70 —55 +125 °C
ELECTRICAL CHARACTERISTICS
ADSP-3212/ADSP-3222
J, K Grades S, T Grades
Parameter Min Max Min Max Unit
Vin High Level Input Voltage 2.0 2.0 \%
@Vpp=max
Vina High Level Input Voltage, 2.6 3.0 \%
CLK and Asynchronous Controls 3
@Vpp=max
ViL Low Level Input Voltage 0.8 v
@Vpp=min
Von High Level Output Voltage \%
@Vpp=min and Ioy=—1.0mA~
Vor. Low Level Output, Volug - 0.6 v
@Vpp=min and %o =40mA -
Lig High Level Input Gurrerit, 10 nA
All Inputs s
@Vpp=max and V=5.0¥
I Low Level Input Current, 10 rA
All Inputs
@Vpp=max and V;=0.0V
Ioz Three-State Leakage Current 50 50 nA
@Vpp=max; High Z; V=0V or max
Iop Supply Current 200 250 mA
@max clock rate; TTL inputs
Iop Supply Current-Quiescent 50 60 mA
All Vi =2.4V
NOTES

!All min and max specifications are over power supply and temperature ranges indicated.
%S and T grade parts are available processed and tested in accordance with MIL-STD-883, Class B. The processing and test methods used for $/883B and

T/883B versions of the ADSP-3212/ADSP-3222 can be found in Analog Devices’ Military Products Databook. Regular S and T grade parts are tested at +125°C.
’Input levels are GND and +3.0V. Rise times are Sns max. Input timing reference levels and output reference levels are 1.5V, except for (1) tgy, and tps
which are as indicated in Figure T1 and (2) tps and tpy which are measured from clock Vi, or V), crossing points.

Specifications subject to change without notice.
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ADSP-3212/ADSP-3222

SWITCHING CHARACTERISTICS®

ADSP-3212/ADSP-3222
J Grade K Grade S Grade T Grade
0 to +70°C 0 to +70°C ~55°C to +125°C —55°C to +125°C
Parameter Min Max Min Max Min Max Min Max Unit
tey Clock Period 60 50 58 ns
ter Clock LO 20 23 ns
tey Clock HI 20 23 ns
tns Data Setup 12 7 8 ns
tes Control Setup 10 12 ns
tpu Data and Control Hold 3 3 3 ns
tpo Data Output Delay 25 21 ns
tso Status Output Delay 25 21 ns
teno MSWSEL-to-Data Delay 25 21 ns
tpis Three-State Disable Delay 14 ns
tENA Three-State Enable Delay 1 21 ns
tsy RESET Setup 6 ns
trs RESET Pulse Duration 58 ns
tus HOLD Setup 12 ns
Ty HOLD Hold 3 ns
tps IPORT Setup 12 ns
tpH IPORT Hold 3 ns
torp Operation Time
32-Bit Multiplica 58 ns
64-Bit Multiplicatio 58 ns
32-Bit Division (3212) 345 ns
64-Bit Division (3212) 690 ns
32-Bit ALU Operations 58 ns
64-Bit ALU Operations 58 ns
32-Bit Division (3222) 920 ns
64-Bit Division (3222) 1725 ns
32-Bit Square Root 1668 ns
64-Bit Square Root 3335 ns
tLap Total Latency
32-Bit Multiplication 157 130 150 ns
64-Bit Multiplication 187 155 179 ns
32-Bit Division (3212) 457 380 437 ns
64-Bit Division (3212) 847 705 811 ns
32-Bit ALU Operations 157 130 150 ns
64-Bit ALU Operations 187 155 179 ns
32-Bit Division (3222) 1057 880 1012 ns
64-Bit Division (3222) 1927 1580 1817 ns
32-Bit Square Root 1897 1580 1817 ns
64-Bit Square Root 3577 2980 3427 ns
NOTES

'All min and max specifications are over power supply and temperature ranges indicated.

?S and T grade parts are available processed and tested in accordance with MIL-STD-883, Class B. The processing and test methods used for S/883B and
T/883B versions of the ADSP-3212/ADSP-3222 can be found in Analog Devices’ Military Products Databook. Regular S and T grade parts are tested at +125°C.
*Input levels are GND and +3.0V. Rise times are Sns max. Input timing reference levels and output reference levels are 1.5V, except for (1) tgy, and tos
which are as indicated in Figure T! and (2) tps and tpy which are measured from clock Vy,, or Vy; crossing points.

Specifications subject to change without notice.
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Voo ABSOLUTE MAXIMUM RATINGS
Supply Voltage. . . .. .................. —-0.3V 1o +7V
Input Voltage . ........... .. ......... —0.3V to Vpp
Output Voltage Swing . . . .. ............. —0.3V to Vpp
* Load Capacitance. . . .. ... .o iv it e 200pF
Operating Temperature Range (Ambient). . . .—55°C to +125°C
Storage Temperature Range . .. ......... —65°C to +150°C

Lead Temperature (10sec) . . . .. ............... +300°C

INPUT O ‘I

3pF x

o

ESD SENSITIVITY
The ADSP-3212 and ADSP-3222 feature proprietary input pro-
tection circuitry to dissipate high energy discharges (Human

= Body Model). Per Method 3015 of MIL-STD-883, the ADSP-
3212 and ADSP-3222 have been classified as Class 1 devices.

Proper ESD precautions are strongly recommended to avoid
functional damage or performance degradation. Charges as high

Figure 30. Equivalent Input Circuits

B L

ERING INFORMATION
Part: - Fempérature
o % ﬁ‘ﬁmﬁr % Range
U7 ADSPIR212)G 010 +70°C
ADSP-322KG'. 010 +70°C
ADSP-32128G. . —55°C to +125°C
ADSP-3212T6 —55°C to +125°C

ADSP-32125G/883B
ADSP-3212TG/883B
ADSP-3222]G
ADSP-3222KG
ADSP-32228G
: ADSP-3222TG

oL ADSP-32225G/883B
ADSP-3222TG/383B

Figure 31. Equivalent Output Circuits

—55°C to +125°C
—55°C 1o +125°C
0to +70°C

0 to +70°C

—55°C to +125°C
—55°C to +125°C
—55°C to +125°C
—55°C to +125°C

Package

144-Pin Grid Array
144-Pin Grid Array
144-Pin Grid Array
144-Pin Grid Array
144-Pin Grid Array
144-Pin Grid Array
144-Pin Grid Array
144-Pin Grid Array
144-Pin Grid Array
144-Pin Grid Array
144-Pin Grid Array
144-Pin Grid Array

Contact DSP Marketing in Norwood concerning the
availability of other package types.

TO

ouTPUT +1.8V
PIN

40pF

lon

Figure 32. Normal Load for ac Measurements

as 4000 volts readily accumulate on the human body and test
equipment and discharge without detection. Unused devices
must be stored in conductive foam or shunts, and the foam
should be discharged to_the:destination socket before devices are
removed. For furt}:té’t"ﬁxf&ﬁation on ESD precautions, refer to
A:lalgg D”Evie(sesg\, ES;)? ,\gez%ttion Manual.

Package
Outline

G-144A
G-144A
G-144A
G-144A
G-144A
G-144A
G-144A
G-144A
G-144A
G-144A
G-144A
G-144A
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ADSP-3212/ADSP-3222

1 2 3 q 5 6 7 8 9 10 11 12 13 14 15
Q AINTE [ AINIS [ AIN1Z | AINtO AIN7 AINg AIN3 AINT BIN30 | BIN29 | BIN25 | BIN23 | BIN22 | BINS BIN14 Q
P AIN22 | AINTO [ AINYE | AINT4 | AINI1 AINg AING AIN2 BIN28 | BIN27 | BiN24 | BIN21 BIN19 BIN1S | BIN11 P
N AIN26 | AIN23 | AIN20 AN17 | AINI3 AlNg AINS AINO BIN31 BIN26 | BIN20 | BIN17 | BINI6 | BIN12 BINS N
M AIN27 | ANzs | AIN2t BIN13 | BIN1O BINS M
L AIN29 | AINzs | AIN24 BINg BIN7 BIN3 L
K | LoADs4 | AIN3t AIN3O BINS BiN BINO K

Jd SELA3 IPORT SELA1 BIN1 BIN2 SELB3 J
H SELAQ RDA1 SELA2 SELBO SELB1 SELB2 H
G RDAO FAST WRAPA RDB1 ABSB RDBO G

F ABSA | MSWSEL| OEN DIVMUL | CLK WRAPB F

E SHLP | UNDFLO | INVALOP FDBK1 bP sP E
D TCA GND vDD I“p°|§x voD | RESET [ RND1 D
C | OVRFLO | DENORM [ DOUT29 | DOUT28 | DOUT25 | DoUT19 |  GND GND | DOUT10 | DOUTE | DOuUT2 | VDD vDD | FOBKo | RNDO c
B GND | DOUT30 | DOUT26 [ DOUT24 | DOUT21 | DOUT18 | DOUT17 | DOUT13 | DOuTs | pout? | bouts | poutt | Nexo | FGB Tce B
A | DOUT31 { DOUT27 [ DOUT23 | DOUT22 | DOUT20 | DOUT16 | DOUTIS | DOUT14 | DouT12 | DouT11 | pouTs | ouTs | couts | bouto rNDcARd A

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

ADSP-3212 Pinout

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
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Q AIN18 AINTS AIN12 AIN10 AIN7 AIN4 AIN3 AIN?t BIN30 BIN29 BIN2S BIN23 BIN22 BIN18 BIN14 °
p | amz2 | amie | amis | amis | amin | ame | ans | anz | einas | mne7 | eines | Binet | oeinte | Bints | B p
N | Ames | Az | ameo | a7 | amia | ame | ANs | aNo | BiNst | BiNzs | BIN2o | BNI7 | BiNt6 | BNtZ | BINS N
M| ANz | ames | Am BIN13 | BINtO | BING M
L o| amee | ames | anae ane | BN | Bing L
K | mwot | oamar | awse BINS | BING | BINO K
J | Anocam| Anoo | cLk BNt | BIN2 | IPORT J
H | aBse | aBsa | RESET RDAO | FDBKO | RODAf H
G 0 3 2 seLao | selas | seat | @
F I 15 s RoBo | moe1 | sEcA2 | F
E 1 8 FAST zero | SEwBt | sELBo| E
D i GNO voo | INDEX voo | roext | sewez | p
c | wexn |overio| mexo | poutar | poutes | boutz2| o | eNo | poutta | pouts | oouts | voo | voo |MswseL| sEwes | €
B | oo | unorio| oourzs | boutzr | poutzs | bouTz: | DouTz0 | DouTIs | DOUTIZ | DOUTIO | DOUT? | Doute | DoT2 | DOUTO | OEN B
A | nvaLor| bouTao | DouT2s | DouTzs | DouTzs | bouTis | bouTis | DouTi7 | DouTis | bouTis | DouTHt | DouTs | DOUTe | DOUTa | DouTt | A
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

ADSP-3222 Pinout
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