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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 

64-Bit IEEE 
Floating-Point Chipset 

ADSP-3212/ADSP-3222 j 

Both chips have internal feedback paths from the output to four 
of the eight input registe and feedforward paths from all input 
registers to the ster. Feedback to both banks of input 

1.0 µ,m CMOS Technology £ .i., 

144-Lead Pin Grid Array . •• Qf#Pl'W 

ing partial sums and partial products 

Available Specified to MIL-STD-883, Class B . . • :t • *' Standard 754, these chips assure com-
Pin-Compatible Upgradas From ADSP-3211JAOSp,if,\,} t; ftware 'ty for computational algorithms adhering 

. - l\,, s'.¼ 1;:, '¥, ·' tO)h$ ~ ounding modes are supported for all 
A~PLICATIONS . . . €.".:¥;..'!. ", ti , 4.;A" .:ft 1£!!1 rmats and conversions. Five IEEE excep-
H•g~ Pe~ormance D1g.'tal S19r~iiig' . ditl'ons-overflow, underflow, invalid operation, inexact 
Engmeermg Workstations k .,res t andAjvision-by-zero-are available externally on four sta-
Floating-Point Accelerators tuJ ffllis. • EE gradual underflow provisions are also sup-
Array Processors . ·'portef, w special instructions for handling denormals. Alter-
Mini-Supercomputers '; ,: . ..uvefy, each chip offers a FAST mode which sets results less 
RISC Processors than the smallest IEEE normalized values to zero, thereby elimi

nating underflow exception handling when full conformance to 

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 
flo>1ting-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. 

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. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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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 floating-point 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 l.0µm 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 are a common architecture 

data is loaded to a set of input 
falling clock edges. Two 32-bit 

ultaneously; alternatively, the ADSP
ate in a mode in which both halves of 
d in parallel. The input registers can 

ational circuitry as they are loaded 
end of first processing clock cycle, par

ost controls are clocked into a set of internal 
, In most cases, only a second clock cycle is 

iftlf'to de processing. (The exceptions are division 
sqillfe At the end of this second processing cycle, 

are 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. 

fl'IIIIIT•ITAff PROCII-

PIPELINE REGISTER 

BIIOOND4TAff PROCIIBBING 

Figure 1. ADSP-32XX Generic Architecture 
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Figure 2 illustrates a typical sequence of pipelined operations. 
Note cycle #4 of Figure 2 after the data transfer and internal 
pipelines are full. While the final A results of the first operation 
are being driven off-chip, B processing can be concluding at the 
second stage, C processing beginning at the first stage and D 
data loading to the input registers. 

time 
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Figure 2. Typical Pipelining with the ADSP-3212/AD$P.322S, 

The ADSP-32!2/ADSP-3222 can load data 9n-riaing edies of 
the clock and on falling edges of tile doclc, 'subiei:t to constraints 
described in "Method of Operation.'"The ADSP-3212/ADSP~ 
3222 can also operate in a mode in which all 64 bits oh dQU~- • 
precision word are loaded into an input regi*r ~! ~ 'pata!!el. 
This mode allows direct connection to a 64-htt input bus. Ali 
input registers have their own independent load selection con- ., 
trols, allowing the same data to be loaded to multiple registl!ts 
simultaneously. 

A set of read selection multiplexers feeds input data from the 
input registers to the computational circuitry. These multiplex
ers can select data that was just loaded at the clock's rising edge, 
if desired, with no throughput or cycle-time penalty. 

All control signals need only be supplied to the chips at their 
cycle rate. This approach avoids requiring that the sequencing 
control cycle time be faster than the chipset's major processing 
cycle rate. Less expensive microcode memory can therefore be 
used. For this reason, load selection controls for registers to be 
loaded on the clock's falling edge need only be valid at the pre
vious rising edge. (The designer may choose to supply the asyn
chronous port configuration, output multiplexer and tristate 
controls at a higher rate, however.) 

The ADSP-32!2/ADSP-3222 fully supports the gradual under
flow provisions of IEEE Standard 754 for floating-point arith
metic. The Floating-Point ALU can operate directly on both 
normals and denormals (except division and square root). The 
Floating-Point Multiplier/Divider operates on normals but can
not operate on denormals directly. Denormals must first be 
"wrapped" (converted to a format acceptable for multiplication, 
division or square root) by an ALU. Several flags are available 
for detecting and handling exceptions caused by loading a de
normal into a Floating-Point Multiplier/Divider. Information 
about rounding and inexact results generated by the multiplier/ 
divider is needed by the ALU to produce results in conformance 
to Standard 754. Both ADSP-3212/ADSP-3222 chips include a 

ADSP-3212/ADSP-3222 
"FAST" control th11t flushes all denormalized results to zero, 
avoiding the system delays of IEEE exception processing for 
gradual underflow. 

All status output flags except denormal detection are registered 
at the output in parallel with their associated results. The asyn
chronous denormal flag allows an early detection of a denormal
ized number loaded to a Floating-Point Multiplier/Divider, 
speeding exception processing. 

PIN DEFINITIONS AND FUNCTIONAL BLOCK 
DIAGRAMS 
All control pins are active HI (positive true logic naming con
vention), except RESET and HOLD. Some controls are regis
tered at the clock's rising edge (REG); other controls are latched 
in clock HI and transparent in clock LO (LAT), and others are 
asynchronous (ASYN). 

ADSP-3212 FLOATING-POINT MULTIPLIER/DIVIDER 
PIN LIST 

Pi,s l"(amit IJ~llriptilJn 

w.r uilis , 
A1N31-0 32-Bit Data Input 
BIN;,1_. • ~.~Bi~Dllta Input 

.DOOTii-0. J2-:8it Data Output 

CONTROL PINS 
RESET Reset 
Hott> "'.; Hold Control 

'",lPORT •• Input Port Configuration Control 
• • •• 'sEL.(o Load Selection for AO 

SELA! Load Selection for Al 
SELA2 Load Selection for AZ 
SELA3 Load Selection for A3 
SELBO Load Selection for BO 
SELB I Load Selection for BI 
SELB2 Load Selection for B2 
SELB3 Load Selection for B3 
RDAO Register Ax Read Selection Contr0l 0 
RDA! Register Ax Read Selection Control I 
RDBO Register Bx Read Selection Control 0 
ROB! Register Bx Read Selection Control I 
WRAPA Wrapped Contents in Register Ax 
WRAPB Wrapped Contents in Register Bx 
TCA Twos-Complement Integer in Register Ax 
TCB Twos-Complement Integer in Register Bx 
ABSA Read Absolute Value of Ax 
ABSB Read Absolute Value of Bx 
SP Single-Precision Mode 
DP Double-Precision Mode 
RNDO Rounding Mode Control 0 
RND I Rounding Mode Control I 
FAST Fast Mode 
SHLP Shift Left Fixed-Point Product 
FDBKO Feedback Control 0 
FDBKI Feedback Control I 
LOAD64 Enable 64-Bit Parallel Input 
DIVMUL Divide/Multiply 
MSWSEL Select MSW of Output Register 
OEN Output Data Enable 

Type 

ASYN 
LAT 
ASYN 
LAT 
LAT 
LAT 
LAT 
LAT 
LAT 
LAT 
LAT 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
ASYN 
ASYN 
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Figure 3. AOSP-3212 Block Diagram 
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Figure 4. ADSP-3222 Block Diagram 
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Pin Name Description 

STATUS OUT 
INEXO Inexact Result 
OVRFLO Overflowed Result 
UNDFLO Underflowed Result 
INVALOP Invalid Operation 
DENORM Denormal Output 
RNDCARO Round Carry Propagation Out 

MISCELLANEOUS 
CLK Clock Input 
Von + 5V Power Supply (four lines) 
GND Ground Supply (four lines) 

ADSP-3222 FLOATING-POINT ALU PIN LIST 

Pin Name Description 

DATA PINS 
AIN31-0 32-Bit Data Input 
BIN, 1-0 32-Bit Data Input 
DOUT, 1_0 32-Bit Data Output 

CONTROL PINS 
RESET Reset 
!PORT Input Port Configuration Control 
SELAO Load Selection for AO 
SELA! Load Selection for Al 
SELA2 Load Selection for AZ 
SELA3 Load Selection for A3 
SELBO Load Selection for BO 
SELBI Load Selection for BI 
SELB2 Load Selection for B2 
SELB3 Load Selection for B3 
RDAO Register Ax Read Selection Control 0 
RDA! Register Ax Read Selection Control I 
RDBO Register Bx Read Selection Control 0 
RDBI Register Bx Read Selection Control I 
ABSA Read Absolute Value of Ax 
ABSB Read Absolute Value of Bx 
Is-0 ALU Instruction 
RNDO Rounding Mode Control 0 
RNDI Rounding Mode Control I 
FAST Fast Mode/HOLD Control 
FDBKO Feedback Control 0 
FDBKI Feedback Control I 
MSWSEL Select MSW of Output Register 
OEN Output Data Enable 

STATUS IN 
INEXIN Inexact Data In 
RNDCARI Round Carry Propagation In 

STATUS OUT 
INEXO Inexact Result 
OVRFLO Overflowed Result 
UNDFLO Underflowed Result 
INVALOP Invalid Operation 
ZERO Zero Result 

MISCELLANEOUS 
CLK Clock Input 
Von +5V Power Supply (four lines) 
GND Ground Supply (four lines) 

Type 

Type 

ASYN 
ASYN 
LAT 
LAT 
LA'r 

.. J,..AT 
LAT 
LAT 
LAT 
LAT 
REG 
RE<r 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 
ASYN 
ASYN 

REG 
REG 

METHOD OF OPERATION 
Data Formats 
The ADSP-3212/ADSP-3222 chipset supports both single- and 
double-precision floating-point data formats and operations as 
defined in IEEE Standard 754-1985. Both chips support 32-bit 
twos-complement fixed-point as well as 32-bit unsigned
magnitude data formats and operations (the ADSP-3212 sup
ports fixed-point multiplication but not fixed-point division). 
Both chips operate directly on 32-bit fixed-point data. No time 
consuming conversions to and from floating-point formats are 
required. 

IEEE Single-Precision Floating-Point Data Format 
IEEE Standard 754 specifies a 32-bit single-precision floating
point format, which consists of a sign bits, a 24-bit significand 

Hidden Bit 

Sign Exponent (e) Fraction (f) 

s 1 • f 22 

bit 31 30 0 

Binary Point 
figur~ 5. IEEE $ingle-Precision Floating-Point Format 

and an 8-Qi{
0

unsigned,magnitude exponent e. For normalized 
lil\1Jllbers, this .$1.gnificand consists of a 23-bit fraction f and a 
,iidden'' bit of I that is implicitly presumed to precede f22 in 
the significand. The binary point is presumed to lie between 
this hidd"en • d f22 . The least significant bit of the fraction 
is {Q; tit the exponent is e0 . The hidden bit effectively 
tricrtases the precision of the floating-point significand to 24 
bits from the 23 bits actually stored in the data format. It also 
insures that the significand of any number in the IEEE 
normalized-number format is always greater than or equal to I 
and less than 2. 

The unsigned exponent e for normals can range between I ,s e 
,s 254 in the single-precision format. This exponent is biased by 
+ 127 (254+2) in the single-precision format. This means that to 
calculate the "true" unbiased exponent, 127 must be subtracted 
from e. 

The IEEE Standard also provides for several special data types. 
In the single-precision floating-point format, an exponent value 
of 255 (all ones) with a non-zero fraction is a not-a-number 
(NAN). NANs are usually used as flags for data flow control, 
for the values of uninitialized variables and for the results of 
invalid operations such as O-x. Infinity is represented as an ex
ponent of 255 and a zero fraction. Note that because the fraction 
is signed, both positive and negative INF can be represented. 

The IEEE Standard requires the support of denormalized data 
formats and operations. A denormalized number, or "denor
mal," is a number with a magnitude less than the minimum 
normalized ("normal") number in the IEEE format. Denormals 
have a zero exponent and a non-zero fraction. Denormals have 
no hidden "one" bit. (Equivalently, the hidden bit of a denor
mal is zero.) The unbiased (true) value of a denormal's exponent 
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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ZERO is represented by a zero exponent and a zero fraction. 
As with INF, both positive ZERO and negative ZERO can be 
represented. 

The IEEE single-precision floating-point data types and their 
interpretations are summarized: 

Mn1monlo lxaon1nt l'r■otlon YIIUI N1m1 1111 l'orm11? 
NAN 255 non-zero undtllntd not-1-numbtr YII 

INF 255 zero 1-11• 1nflnltv1 lnllnlty yll 

NORM 1 thru 254 an, 1-111 11,112►121 normal YH 
ONRM 0 non-zero 1-01 10,112"1'" d1n0rm1I yH 

ZERO 0 zero 1-0
1
0.0 zero YII 

WRAP -22thru o any (-111f1,l\2t- 1U wrapped no 

UNRM -171 thru -23 Inv 1-111 11,112►"' unnormal no 

Table I. IEEE Single-Precision Floating-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 bar 
slow them significantly.) Denormal op 
lated by the ADSP-3222 ALU to 
able by the ADSP-3212 Multiplie 
normal multiplier/divider results m t als 
ADSP-3222 before an ALU can operate 
era!. (See "Gradual Underflow and IEEE E 

The interpretation of wrapped numbers differs from nor 
only in that the exponent is treated as a twos-complement n' • 
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 s es 0. WRAPA and WRAPB controls 
on the ADSP-3212 tell the multiplier/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 s es -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 s e < -128, the most significant bit in the eight-bit ex
ponent field (e7 , 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. 

ADSP-3212/ADSP-3222 
Data nam, lxponen l!xp. data l!xponent Hidden l'r■otlon Unbl111d 
lDOlltlVI) 1v•1 blll bit lblna,vl lblOIUtl value 
NORM.MAX 254 unIlgnId +127 1 111,,,. .. 11 ,.1 ... ,...,-zi, 
NORM.MIN 1 un1!gn1d +127 1 000 ...... 00 .,-1a 

ONRM.MAX 0 unIlgnId +128 0 111 ,,, .. 11 .,-uie.,1.Jl~ 

ONRM,MIN 0 un1lgn1d +129 0 000 ..... 01 ,-1211.,-a 

WRAP.MAX 0 21cmplmt +127 1 111 .... ,11 ,-m ,,,._,..,, 
WRAP.MIN -22 21cmplmt +127 1 000 .. , .. oo ~-14w 

UNRM.MAX -23 21cmplmt +127 1 111... .. 11 •'"' ., .... ,"', 
UNRM.MIN -171 21cmplml +127 1 000 "" 00 2 .... 

Table II. IEEE Single-Precision Floating-Point Range limits 

IEEE Double-Precision Floating-Point Data Format 
IEEE Standard 754 specifies a 64-bit double-precision floating
point format: 

Hidden Bit 

(f) 

0. 

Binary Point 

rences with the single-precision format are that the 
w 11 bits in length and the fraction f is now 52 

, 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 f51 • The binary 
point comes between the hidden bit and f51 • 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 -5 I 
s e s 0. The exponent of unnormals can range from -1125 :s e 
s -52. Again, the smallest unnormal is the result of multiply
ing the smallest wrapped number by itself. Note that e = 
- 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. 

Mnemonic Exponent Frectlon Value Name IEEE Format? 
NAN 2047 non-zero undefined not-a-number yes 

INF 2047 zero (-1) 5(intinity) infinity yes 

NOAM 1 thru 2046 aay (-1)S(1.f)2e--1023 normal yes 

DNAM 0 non-zero (- 1 )s (0.!)2-1022 denormal yes 

ZERO 0 zero ' (-1) 0.0 zero yes 

WRAP -51 thru O any H)s( 1_1)2 e--1023 wrapped no 

UNAM 1125 thru -5~ any (-1)s(1.f)2e--1023 unnormal no 

Table Ill. 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 Exponen Exp. data Exponent Hidden Fraction Unbiased 
(DOSltlve) IVDO bias bit lblnarvl absolute value 

NOAM MAX 2046 unsigned +1023 1 111 11 2+1023• (2-2-521 

NOAM.MIN 1 unsianed +1023 1 000 00 2-1022 

DNRM.MAX 0 unsianed +1022 0 111 .... 11 2-1022 • 11-2-521 

DNRM.MIN 0 unsigned +1022 0 000 ... 01 2-1022 • 2-52 

WRAP.MAX 0 2scmpJmt +1023 1 111 ..... ~ 1 f1023 •12-2---521 

WRAP.MIN -51 2scmplmt +1023 1 000 ..... 00 2-1074 

UNAM MAX -52 2scm lmt +1023 1 111 ..... 11 2 '"'· •(2--2~<) 

UNRM.MlN -1125 2scmplmt +1023 1 000 ... 00 2-2148 

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 ~... i 
The ADSP-3212/ADSP-3222 chipset 2-bi~Jt 
point formats: twos-complement and 'de. Wi 
the ALU, the output data format is idlltical with ~I ' 
format, i.e., 32 bits wide. In contrast, the m:teff,tiAri 
produces a 64-bit product from two 32-bit inpu Flflieoot,ouft 
division and fixed-point square root are not sup ted directlY41("''¾,. 
However, they can be accomplished using the fixed-point/ W; ff 
floating-point conversions. ·:,,, 

Normals 
Wrappeds 

ADSP-3212 
Floating-Point 

Multiplier/Divider 

Normals 
Wrappeds 
Unnormals 

Normals 
Denormals 
Wrappeds 1 

Unnormals 2 

ADSP-3222 
Floating-Point 

ALU 

Normals 
Denormals 
Wrappeds 3 
Unnormals 4 

1. for unwrapping, division, and square root 
2. for unwrapping only 
3. from wrapping and division 
4. from division 

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 l+3o l+29 k 
2 ... 

VALUE i31 130 
129 10 ... 

POSITION 31 30 29 ... 0 

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

The MSB is i31 , 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 wheg. k = - 31. The value of k is for 

we <~-.,. 
WEIGHT 

VALUE 

POSITION 

general does not affect the opera
ceptions are the ALU conversion 

g-point and fixed-point. For these 
format is presumed to be twos- com-

0. 

ivider can produce a 64-bit prod
. The ADSP-3212 will produce results 

at of Figure 9 at the DOUT port if the Shift Left 
uct (SHLP) control ( described below in 
) is LO: 

Sign 
_

2 
r+63 r+62 r+32 

2
r+31 

2 
r+1 2' 2 ... 2 ... 

1
63 162 ... 1

32 
1
31 ... 11 10 

63 62 ... 32 31 ... 1 0 

~ ~ 
Most Significant Product Least Significant 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 kA represents the weighting of operand A and k8 the 
weighting of operand B, then r = kA + k8 . 

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 

r+62 r+61 r+31 r+30 2' r-1 
2 ... 2 2 ... 2 

VALUE 162 1
61 ... 1

31 
1
30 ... 10 0 

POSITION 63 62 ... 32 31 ... 1 0 

~ ~ 
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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The LSB becomes zero and i62 moves into the sign bit position. 
Normally i63 and i62 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 = 2•k = 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: 

WEIGHT 2 
k+31 k+30 k+29 k 

2 2 ... 2 

VALUE 1
31 

1
30 

1
29 'o ... 

POSITION 3 1 30 29 ... 0 

WEIGHT I 2 
r+62 

VALUE 

POSITION I 6 3 

ADSP-3212/ADSP-3222 
r+61 

2 

62 

~ ~ 
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 
128 x 128. 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 i62 • Hence, mixed-mode results should be 
read out with SHLP LO as in Figure 9 . 

Cc)ntllOls 
TM controls fur the ADSP-3212/ADSP-3222 (see Pin Defini-

Figure 11. 32-Bit Unsigned-Magnitude Fixed-Point~., ·1ians above) are all'active HI, with the exceptions of RESET 
Format • • .: .• • and HOLD. The.contrQ.ls are either regis1ered into the input con-

*'* 
4 

, . , , ,, ttol tegk,ter at the·•eJock's rising edge, latched into the input con-
Again, the position of the binary llJ!lj.at fc:/t~&~int data i§ • • U'Qj ~fstet'with clock HI and transparent in clock LO, or asyn-
represented here in full generality ft the Integer k,.lnJi!!gers.;" " ,. chrtmou.i. The controls are discussed below in the order in which 
(binary point to the right of bit position ~- r~ect.-wllen th!;)! .t'fe¢,t dpta flowing through the chipset. 

k=0; unsigned fractional numbers (binary pdint iftm hti posi- Reglater(ltf'colltrols, in general, are pipelined to match the flow 
tion 31) are represented when k= -32. The ftlue of k is for~,.. o£ dat'a. All data and control pipelines advance with the rising 
user interpretation only and, except for conversions to fixed- edge of each clock cycle. For example, to perform an optional 
point, does not affect the operation of the chips. fixed-point one-bit left-shift on output with the product of X 
The ADSP-3212 Multiplier/Divider discriminates twos- and Y, you would assert the registered, pipelined control SHLP 
complement from unsigned-magnitude inputs with TCA and on the rising edge that causes X and Y inputs to be read into 
TCB controls (see "Controls"). When TCA and TCB are both the multiplier array. Just before the result was ready to be 
LO, the ADSP-3212 produces a 64-bit unsigned-magnitude loaded to the output register, the pipelined SHLP control would 
product at its output register. The ADSP-3212 will produce perform the proper shift. After the initiation of a multi-cycle 
results in this format if SHLP is LO: operation, registered control inputs are ignored until the end of 

WEIGHT 2 
r+63 

2
r+62 2t+32 

2
r+31 ... 2 

r+1 r ... 2 

VALUE 1
&3 1

s2 ... 132 13, ... ', 'o 

POSITION 63 62 ... 32 31 ... 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 kA represents the weighting of operand A and k8 the 
weighting of operand B, then r = kA + k8 . 

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. 

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, "G 
derflow and IEEE Exceptions," for a fuller 
details of implementing an IEEE sys 

On the ADSP-3222, the FAST input 
set as a HOLD input through the HO E 
Table XIII). The mode (IEEE or FAST) tha 
instruction is executed remains in effect. To res e 
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. 

IPORT PORT CONFIGURATION 

AIN BIN 

0 i ~ 
I A registers! I B registers I 

AIN BIN 

1 ~ ~ 
I A registers! I B registers I 

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

Input Register Loading an Operand Storage - SELA/B 
Controls (LAT) 
The chi et' 

tc 
isters are selected for data loading 

uon controls, SELA0:3 and SELB0:3. 
has its own control, the load selection 
of one another. Multiple registers can 

of the same input data, if desired. 
rols' effects on data loading are summa-

SEL control 
SELAO 
SELA1 
SELA2 
SELA3 

SELBO 
SELB1 
SELB2 
SELB3 

register 
loaded 

AO 
A1 
A2 
A3 

BO 
B1 
B2 
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 
LOAD64 pin on the ADSP-3212; on the ADSP-3222, the 
LOAD64 instruction sets 64-bit loading until the next reset. If 
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A registers are selected, they are loaded on the rising edge of the 
clock; B registers are loaded on the falling clock edge. LOAD64 
is pipelined for one cycle on both parts; that is, the 64-bit load 
option will become effective at the next rising edge after the pin 
is asserted or the instruction is presented. 

AO A1 BO B1 

1--tlLI 
A2 A3 B2 B3 

1--tlLI 1--tlLI 
Figure 16. ADSP-3212/ADSP-3222 Clock Edge for 32-Bit 
Data Loading 

Restrictions on Register Storage 
For single-precision and fixed-point data, any convenient regis-
ter can be used. The only restriction is that the register being 
loaded is not currently in use by the chip's processing elements. 
For all multiplications and most ALU operations, input registers . 
are only read into the computational circuits for one cycle. Dd 
not load a register for 32-bit operations on the,dock's fa!Hng-
edge when that register has been ~!4 ili feed _the chip;s pro
cessing circuits in that same cycle {with the 1!,Dll\/B cont.rol~.de• 
scribed in "Input Data Register Reid Selection"), Pick ·a fegis-
ter not in use. ' 

The ADSP-3222 ALU is capable of two mul%ycfe 'operations:, 
IEEE floating-point division (16 cycles for single precision ~d 
30 cycles for double precision) and square root (29 cycles for ;. 
single precision and 58 cycles for double precision). The ADSP-
3212 Multiplier/Divider performs multicycle (6 and 12 cycles for 
single precision and double precision, respectively) floating-point 
division. For single-precision floating-point division, the divi
dend can be stored in any A register and the divisor can be 
stored in any B register. Single-precision operands for IEEE 
square root can be stored in any B register. The registers se
lected to the computational circuits for these operations must be 

AIN BIN AIN BIN 

u u 
AO A1 A2 A3 

AIN BIN AIN BIN 

art a4 
BO 81 82 83 

Figure 17. ADSP-3212/ADSP-3222 64-Bit Parallel Load 

ADSP-3212/ADSP-3222 
stable until the end of the operation time, whether single
precision or double-precision. (See "Timing" and the timing 
diagrams below for a precise definition of "operation time.") 

With 64-bit double-precision data, there are constraints on 
which registers hold which 32-bit halves of operands. You must 
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 
one even register and the 32-bit least significant word (LSW) in 
its odd neighbor. 

AO A1 BO 81 

I MSWA LSWA I MSWB LSW8 

A2 A3 82 B3 
jMSWC LSWC jMSWD I LSW0 

Figure 18. ADSP-3212/ADSP-3222 Operand Storage for 
Doybll//>Preolsfon Operations 

• Rtstril;til)lls on Register Stability 
Wrth 64-bit data-as with 32-bit data-registers should not be 
loaded that are eurrernly in use by the processing elements (i.e., 
selecte4 by the-RDA/B controls). Half the 32-bit registers in any 
pair of ()4..bft operands will loaded on the falling edge with both 
nieinbers of this chipset. 

To·operate the ALU at full throughput in single-cycle double
, precision t)petations, 64-bit register sets should be alternated 

. 11Very cycle. For example, Ar)A1 and B2/B3 could be loaded with 
new operands while A2/A3 and Br)B1 were feeding the computa
tional circuits (and were not changing). In this way, data loading 
will not disturb the contents of registers in use. 

The ADSP-3222 ALU includes two double-precision multicycle 
operations in its instruction set: IEEE division (30 cycles) and 
square root (58 cycles). The ADSP-3212 performs a 12-cycle 
double-precision floating-point division. For double-precision 
floating-point division, the 64-bit dividend can be stored in ei
ther pair of A registers consistent with Figure 18. The divisor 
can be stored in either pair of B registers, also consistent with 
Figure I 8. Double-precision operands for IEEE square root can 
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) 
The three data formats processed by the ADSP-3212/ADSP-
3222 chipset are single-precision floating-point, double-precision 
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: 

SP DP Data Format Selection 
0 0 fixed 
0 1 double-precision 
1 0 single-precision 
1 1 illegal mode 

Figure 19. ADSP-3212 Multiplier/Divider Data Format 
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, I8_0 . (See "Instructions and Operations" 
section below_) 

Input Data Register Read Selection - RDA/B Controls (REG) 
The register read selection controls, RDA0: I and RDB0: I, 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: 

SP & Fixed: DP: 
A register A reglttera 

RDAl RDAO selected selected 

0 0 A2 illegal state 
0 1 A3 A2, A3 
1 0 AO illegal stete 
1 1 At AO, At 

SP & Fixed: DP: 
B register B registers 

RD Bl RDBO selected selected 

0 0 B2 illegal state 
0 1 B3 B2, B3 
1 0 BO illegal state 
1 1 Bt BO, B1 

Figure 20. ADSP-3212/ADSP-3222 Input Register Read 
Selection 

Note that when feedforward is activated, tte 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 A2 , A3 , B2 , 

and B3 and feedforward paths from all registers to the output 
register. The feedback controls FDBK0: I 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: 

Interpretation 

normal o eration 

feedforward 

feedback to A re 

feedback to B re 

Figure 21. Feedback and Feedforward Controls 

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 A2 or B2 , and the LSW is 
written to A3 or B3 . In SP feedback transfers, the 32-bit result is 
written to A2 or B2 ; A3 or B3 should not be selected in this case. 
The registers in the bank not selected by FDBK0: I can be 
loaded concurrently in the normal manner. Also, the low-order 
(0 and I) 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. RDA0 deter
mines whether A registers (HI) or B registers (LO) are fed for
ward: The pair is selected by the register read selection controls, 
RDA11Bl, as shown in Figure 22. 

RDAO ADA1 RDB1 Feedforward Registers 

0 X 0 82/83 

0 X 1 80/81 

1 0 X A2/A3 

1 1 X A0/A1 

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, FDBK0:I 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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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 needs !ilea 
normals to be converted to wraps before proce~g. To indk:ate 
that the dividend in the A register is a wnppc!l!,, INEXIN , 
should be asserted (HI) exactly as ~A wo.,be asserted 
on a multiplier/divider. To indicated that either the divisor ~a 
B register or a square root operand in a B register' is w,,:apped, 
RNDCARI should be asserted (HI). Except for unwrap, divi
sion, and square root operations, both INEXIN and RNDCARI 
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, RND0: 1. They 

ADSP-3212/ADSP-3222 
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 ANDO Floating-Point Fixed•Point 

RN 0 0 Round-to-Nearest Round-to-Nearest 
RZ 0 1 Round-toward-Zero Un rounded 
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-lnfinil{y (RP): "When rounding toward +co, 
the result shall be the fotntat's value (possibly +co) closest to 
and DP lei$, thall d!e inftllitely precise result." (Standard 754-
1985, Sec, 4-Z.) 1f die result before rounding (the "infinitely 
preci~ reiult") is n,ot exactly representable in the destination -
format, then th¢_ reSlllt will be that number which is nearer to 
positiveJifflnicy. &t.Wkoward-Plus-Infinity is available in 
floa~g'IJ)oil(lt operations only. If the result before rounding is 
31:,eatet thln NORM.MAX but not equal to Plus Infinity, the 
result willA1e Plus Infinity. If the result before rounding is less 
thall - NP:R;M.MAX but not equal to Minus Infinity, the result 
will be --;NORM.MAX. For fixed-point destination formats, the 
results of RP are undefined. 

Round-toward-Minus-Infinity (RM): "When rounding toward 
-x, the result shall be the format's value (possibly -oc) 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 (RZJ: "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 lines, sq\lllre 
brackets are inclusive of the points on the ljµpJhey )ntet$ect. 
Note that brackets intersect points repr~ ill,t~ destina
tion format except for Round-to-Nearest, wllflre they intersect. 
the line midway between representable points. S\;µ;Ju:s areiused 
to indicate a break in the number line of arbitrary s~. ' • •• 

Note that Round-to-Nearest is unique among the:rounding 
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. 

- NOAM.MAX O NORM.MAX 

-00-----:,--//j IOj#j IOj IOj,Yj IOj,l'j IO +oo 
Round to Plus Infinity (RP) 

- NORM MAX Q NORM.MAX 

-oo--f-l/ [ 4 [ t• [ 4 [ • [ ,Y [ • [ // [ 4 +oo 
Round to Minus Infinity (RM) 

- NORM.MAX Q NOAM MAX 

-oo • j // j ,. ] A' ] ., • • [A' [ 4 [A' [ 4 +oo 
Round to Zero (RZ) 

- NOAM.MAX O NOAM MAX 

-oo-4]--u[•J • [.,] • [•] • [11] • [•J.l'•[..+c,,, 
LSB-0 LSB• 1 LSB .. 1 LSB~O LSB .. 1 LSB-1 LSB=O 

Round to Nearest (RN) 
(for RN, brackets intersect at m1d-po1nts 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
tus 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 TIO. In the 
cycle following the asserti.Pn.of DENORM, the INEXO status 
flag (see "Ine~ct,':'1'&loWJ.indicates which operand was denor
mal; INEXO'~ Hf sif 't~ B operand or both operands were 
d1111onffllJ'.an4:LOif"only the A operand was denormal. The 
D~ORM flag is asserti:d in both IEEE and FAST modes. 

Some nu1ltiplicatiorit w~. qenormal operands do not require 
'\!'fllpPirtg and tp.e:t,Hore do not cause the assertion of the DE
N()&M ftag!These are DNRM•ZERO, DNRM•INF, and 
DNRM•NA:tj, Multiplication of a finite number by zero always 
yiel~ ~~ result the multiplier/divider will produce any
way-so, the,iffli"no need to signal an exception. Any finite non
ilel'Q .. number multiplied by INF should yield INF, and in the 
IEEE 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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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 :tINF by either :tZERO 
• In FAST mode, multiplication of either :tINF by ei 

:tDNRM or :tZERO 
• Subtraction of liked-signed INFs o 

signed INFs 
• Conversion of a NAN or INF 
• Wrapping an operand that is n her al 
• Division of either :t ZERO by either '...: • ... E 

:tINF by either :tINF, Division by :tZ 0 
rather than a NAN (see "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. 

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 :tNORM.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 

ADSP-3212/ADSP-3222 
• 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 

o, post-rounded numbers smaller in mag-

4 IN. The second way is in terms of loss of 
nting numbers as denormals. With the 

hipset, the conditions under which 
0 JI depend on whether the chip in question 

!Ille ''te denormals in its current operating mode. If the 
enerate denormals, the definition in terms of num-

b~a ' magnitude than NORM.MIN will apply; if it 
t:ne normals, the definition in terms of inexact denor-

ls'i\\rill 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 DNRMs; if the unbounded, 
post-rounded, nonzero result of (DNRM :t 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 
y(DNRM.MIN) 2- 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 

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 
• For fixed-point multiplications, the pre-rounded 64-bit prod

uct contains ones in the least-significant 32-bits 
• For floating-point operations, in conjunction with 

INVALOP, the B operand is a NAN 
• 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) 

• 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). • 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 ' ted ZERO flag. ZERO goes HI 
magnitude than NORM.MIN in the destination format suit in the output register is 

• Conversions to integer if the magnitude of the floating-point :±:Zlil\O,~x oaring-point instructions. Thus, in-
source before rounding is less than one . ,, . ,:~~t':t_~ d to ±ZERO are flagged, as well as 

• Conversions from DP floating-point to SP floating-point :; ,:i ¾. ! 1±21£~ results f at conversions and logical operations. 
whenever the unbounded, post-roundeq,.,!MlP7'-9J~lt is L ;. ·* fhe •. ERO is not valid are: SXSUB, 
less than SP DNRM.MIN or wh~~l!ellJS,tdemtmal ?> ~ ct), SITRN, DITRN (logical down-
is produced 2:··" •, • ¥1 FIXA, SFIXB and DFIXB (floating-point to 

• Comparison when operand A is lesi than OJJ1,F~llie 1'1. .,,. 'tfilled 0point sion). For these instructions, the state of 
• Attempting to wrap a ZERO " +· • • ZERQ;jiu d. 
• Unwrapping if there is a loss of accuracy . . • • ;~...,c .Jl '!, G t Th d u d d 

· h h 1 • • " • ·"'= £Wn, quw, rea er an an nor ere 
• Expo~ent subtraction w en t e r~su tant ex~n~nt IS more,;, VSi.'icomparison operations in the ALU, the OVRFLO, UND-

neg~tive than C3? be represented m. the destmat1on fo~mat *.. FLO and INV ALOP status outputs are used to indicate the four 
• Logical downsh1ft that before roundmg would have shifted a1I • di • f IEEE S d d 754 S · 5 7 Th 

bits out of the destination format companson con tlons o tan ar ' ecuon • • ey 
• With the ADSP-3222 ALU in IEEE mode, in conjunction are defined as follows: 

with INVALOP, a denormal divisor or dividend • "Less than" is signalled by the assertion of UNDFLO 
• A quotient from division less than NORM.MIN (while OVRFLO is LO) 
• In IEEE mode, in conjunction with INVALOP, a denormal • "Equal" is signalled by not asserting either OVRFLO or 

input operand for square root. UNDFLO (i.e., both LO) 

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 NAN s. 
If the ADSP-3222 detects a denormal input to division, it asserts 
UNDFLO and INVALOP 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. 

• "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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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 using

1
µte 

same rounding mode. ... , ., :• 

The ADSP-3222 ALU itself generates Wll,t\1'in ullde~ 
division operations. These WRAfS~t~ fed backto'the 
ALU to be unwrapped to DNRMt 'th!AOOP-3222, unlike 
the multiplier/divider, does not ha\ie a RND~l\RO pjp to •• 
signal whether or not a carry bit propagate( int~,the, deadrta
tion format on rounding. For this reason, WllAP!·producc;d

4
, 

by the ADSP-3222 ALU in division are rounded differen~ 

Boperand 

ZERO DNRM WRAP 

A operand resu/f status 1'6511/t stB/us fflUII 

ZERO ZERO ZERO ZERO 

ADSP-3212/ADSP-3222 
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 d~~Jo(l);la,t of results and status flags from multi
plication are sJui~J in ¾fpbles V and VI. Format and status for 
4ixtsfon f~1~~ri in Tables VII and VIII. 

' AdellOJ'Ittal input qperand will generally cause the DENORM 
• 'ei&eption (see 11\Statil,s Flags" above) unless the other operand is 

ZEgO, INF ot•:N~t (See Tables V through VIII.) The sign 
bjJ ~ ~ b!AN. generated from any invalid operation will de
''l)tlrld on 'the operands. (The IEEE Standard does not specify 
conditi the sign bit of a NAN.) On the ADSP-3212 
Mu;ltipl ider, the sign of a NAN result will be the exclu· 

• •. sivel)R ♦ t e signs of the input operands. 

NORM INF NAN 

1'6/IUII status result status result 

ZERO INVALOP ... INV4LOP 
INEXO 

DNRM ZERO ZERO "'"""" ZERO "'"""" ZERO "'"""" INVALOP 

WRAP 
ZERO "'"""" NORM ... INVALOP 

WIW' """-0 INEXO 

""" """0 

ZERO "'"""" NORM INF.NORM.MAX 
1 

OVRFLO INVALQP 
NORM WIW' '"""" NORM INEXO 

""" '-""A.O 

INF INVALOP INF INVALQP 
INEXO 

NAN 
INVlll.Of> ... INV,._Of> ... INVALOP INVALQP INVALOP INVALOP 

1 Either INF or NOAM MAX. depending on rounding mode See ·Round Controls • 

Table v. ADSP-3212 Floating-Point Multiplication (IEEE Mode) 

8 operand 

ZERO DNRM NORM INF NAN 

A operand result statvs resvlt status result status result status result status 

ZERO ZERO ZERO ZERO NAN INVALOP NAN INVALOP 
INEXO 

DNRM ZERO ZERO OENORM ZERO "'"""" NAN INVALOP NAN !NVALOP 
INEXO 

ZERO ZERO OENORM INF,NORMMAX 1 OVRFLO '"' NAN INVALOP 
NORM "°"' INEXO 

ZERO l>lDFLO 

INF 
NAN INVALOP NAN INVALOP INF INF NAN INVALOP 

INEXO 

NAN NAN INVALOP NAN INVALOP NAN INVALOP NAN INVALOP NAN INVALOP 
INEXO 

In FAST mode, WRAP inputs are IUegal 

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. INF•ZERO will cause INV ALOP and 
yield a NAN. A NAN operand in either multiplication or divi-

ONRM 

Bope,and 

ZERO 

INVALOP 
OVRFLO 

DNRM WRAP 

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

INF 

INVALOP 
INEXO 

INVALOP 
OVRFLO 

DENORM NORM = INVALOP 
INEXO 

INVALOP 
OVRFLO 

OENORM ~RMMAX
1 

0VRFL0 ~RMMAX
1 

QVRFLO INVALOP 
INEXO 

WRAP UNDFLO 

INVALOP 
INEXO 

INVALOP 
INEXO 

1 Either INF or NORM MAX depending on rounding mode See ·Ao~nd Controls • 

Table VII. ADSP-3212 Floating-Point Division (A+BJ (IEEE 
Mode) 

Boperano 

ZERO DNRM 

ZERO NAN INVALOP NAN INVALOP ZERO 

DNRM 

The ADSP-3222 ALU, in contrast to the multiplier/divider, is 
instruction driven with the operation specified by I8_0 . 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 

Instruction (18. 0) 

18-6 I,_3 12-0 
001 000 Oil 
001 001 011 
001 000 lll 
001 010 011 
001 011 Oil 
001 010 lll 
001 000 101 
001 001 010 
001 100 011 
001 101 011 
001 100 111 

NORM 

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 IA + Bl 
Fixed-point IA - Bl 
Fixed-point IB - Al 

Table IX. ADSP-3222 Fixed-Point ALU Operations 
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Mnemonic 

COMPLA 
COMPLB 
PASSA 
PASSB 
AANDB 
AORB 
AXORB 
NOP 

CLR 

Mnemonic 

SADD 
SSUBB 
SSUBA 
SCOMP 

SADDAS 
SSUBBAS 
SSUBAAS 
SFIXA 
SFIXB 
SFLOATA 
SFLOATB 
DOUBLEA 
DOUBLEB 
SPASSA 
SPASSB 
SWRAPA 
SWRAPB 
SUNWRAPA 
SUNWRAPB 
SSIGN 

SXSUB 

SITRN 

SDIV 
SSQR 

Instruction (I,__,) 
Is--,; r,_3 
000 000 
000 001 
000 000 
000 000 
000 010 
000 100 
000 110 
000 000 

100 000 

I2-o 
101 
010 
001 
010 
010 
010 
010 
000 

000 

Description 

Ones-complement A 
Ones-complement B 

ADSP-3212/ADSP-3222 

Pass A unmodified. Set no flags. 
Pass B unmodified. Set no flags. 
Bitwise logical AND 
Bitwise logical OR 
Bitwise logical XOR 
No operation. Preserve status flags and Output 
Register contents. 
Clear all status flags. Data register contents are 
unaffected. 

Table X. ADSP-3222 ALU Logical Operations 

Instruction (I8.0) Description 
r •.• I,_, I2.o 

SP FltgPt c.f +. Ji) lll 000 Oil 
Ill 000 Ill SP Ff~(~'...: BJ. 
Ill 001 • 014 :: sP FltgPt (B - A) 
Ill ·OOl. "Ill \ ~ •·sp FltgPt eompari$Qn 'of A to B. Result is (A - B). 

Greatit 'Qian: t wOVRF'to HI 
'Bqpitl: '. , , " ' OVRFLO LO, UNDFLO LO 

; ,;~ ;:, ' l:,.esSThan: UNDFLO HI 
0 J UnonJ.#f.'ed:, ,. INVALOP HI 

Oil Gil.a • "011 •W Flr,aPt IA,.j:i,BI 
Oil 000 Ji!'' w,~,Fltg}'t IA - Bl 
Oil 001 011 t, SP FltgPt IB - Al 
Oil 001 Ifft Convert SP FltgPt A to twos-complement Integer 
Oil 001 110 Convert SP FltgPt B to twos-complement Integer 
Oil 100 101 Convert twos-complement integer A to SP FltgPt 
Oil 100 110 Convert twos-complement integer B to SP FltgPt 
Oil 101 IOI Convert SP FltgPt A to DP FltgPt 
Oil IOI 110 Convert SP FltgPt B to DP FltgPt 
Oil 110 001 Pass SP FltgPt A. NANs cause INVALOP. 
Oil 110 010 Pass SP FltgPt B. NANs cause INVALOP. 
Oil 100 001 Wrap SP DNRM A to SP WRAP 
Oil 100 010 Wrap SP DNRM B to SP WRAP 
Oil 010 001 Unwrap SP WRAP A to SP DNRM 
Oil 010 010 Unwrap SP WRAP B to SP DNRM 
Oil lll 101 Copy sign from SP FltgPt B to SP FltgPt A. Result 

is [ sign B, exponent A, fraction A]. 
Oil Ill 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 2: + 128, INF 
results. If the unbiased exponent is s -127, ZER( 
results. 

Oil 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. 

Oil 110 Ill SP FltgPt (A+ B) 
Ill 110 110 SP FltgPt y'B 

Table XI. ADSP-3222 ALU Single-Precision Floating-Point 
Operations 
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Mnemonic 

DADD 
DSUBB 
DSUBA 
DCOMP 

DADDAS 
DSUBBAS 
DSUBAAS 
DFIXA 

DFLOATA 

DFLOATB 

SINGLEA 
SINGLEB 
DPASSA 
DPASSB 
DWRAPA 
DWRAPB 
DUNWRAPA 
DUNWRAPB 
DSIGN 

DXSUB 

DITRN 

DDIV 
DSQR 

Instruction (18 . 0 ) 

18-,. 15. 3 12.0 

ll0 000 0ll 
llO 000 lll 
ll0 001 0ll 
110 001 Ill 

010 
010 
010 
010 
010 
010 

010 

110 
110 
010 
010 
010 
010 
010 
010 
010 

010 

010 

010 
110 

000 
000 
001 
Oil 
Oil 
100 

100 

Oil 
Oil 
110 
110 
100 
100 
010 
010 
Ill 

Ill 

010 

110 
110 

Oil 
Ill 
Oil 
IOI 
110 
IOI 

110 

IOI 
110 
001 
010 
001 
010 
001 
01-0 
IOI 

001 

101 

lll 
110 

Description 

DP FltgPt (A + B) 
DP FltgPt (A - B) 
DP FltgPt (B - A) 
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 
DP FltgPt IA + Bl 
DP FltgPt IA - Bl 
DP FltgPt IB - Al 
Convert DP FltgPt A to twos-complement integer DFIXB 
Convert DP FltgPt B to twos-complement integer 
Convert twos-complement integer A (even A 
register sources only) to DP FltgPt 
Convert twos-complement integer B (even B 
register sources only) to DP FltgPt 
Convert DP FltgPt A to SP FltgPt 
Convert DP FltgPt B to SP FltgPt 
Pass DP FltgPt A. NANs causelN\'ALOP. 
Pass DP FltgPt B. NiNsi:aU$e ~ALOP. 
Wrap DP DNRM A io:Dl':wtu? 
Wrap DP DNRM Bto DP WRAP 
Unwrap Oi' WRAP A toJ)P t)NRM 
Unwrap DP WRAP• to~ D~RM 
Copy sig.Q. from DP Fltg~1ho DP FltgPt A. Result 
is [ sign 13, eitp0$:nt A; fraction A]. 
Subtract B exponentJrom A exponent. Result is 
{sign A, (exptA - tiltpt B), fraction A] for all data 
types. If the unbiased Jtponent is 2> + 1024, INF 
results. If the unbiased exponent is :,; - 1023, ZERO 
results. 
Downshift DP FltgPt A mantissa (with hidden bit) 
logically by the unbiased DP FltgPt B exponent to 
a 32-bit unsigned-magnitude integer. Use RZ only. 
DP FltgPt (A+B) 
DP FltgPt \/B 

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

Mnemonic Instruction (18 .0 ) Description 
Is-• I,., l2.0 

HOLDEN 
LOAD64 

100 000 100 Redefine FAST to HOLD control 
Enable 64-Bit parallel data loading 100 001 100 

Table XIII. 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 
NANs, 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. 

B operand 

ZERO DNRM 
A aper and 

ADSP-3212/ADSP-3222 
NOP will advance the ALU pipeline one cycle. Both the status 
flags and the output register will be preserved during NOP. 
CLR 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. 

NORM INF NAN 

result status result status '6tf;uff 5- result status result status 

ZE RO 

D NRM 

N ORM 

IN F 

NA N 

ZERo' DNAM l«JAl,1 

DNRM NOAM INF,NOAM.MAX1 0VRFLO 
QNRM NOllM 
ZERO -NOAM INF,NORM,MAX1 OVRno INF,NOJil:M MAX1 OVRFLO 
NOAM r-.(lt<M 
~ DNAM 

ZERO 

INF INF INF 

NAN INVALOP NAN INVALOP NAN INVALOP 

1 Either INF or NORM.MAX, depending on rounding mode See "Round Controls • 
2. (±ZERO)+ {± ZERO) ⇒ ±. ZERO 

{±ZERO)+ ~ ZERO) ⇒ + ZERO (RN, AZ, RP rounding modes) 
(±ZERO)+ (+: ZERO) ⇒ -ZERO (AM rounding mode) 

3. (± INF) + (± INF) ⇒ ± INF 
(±INF)+ (+ INF) ⇒ +NAN (RN, AZ, RP rounding modes) 
(±INF)+ (+ INf) ⇒ -NAN (RM rounding mode) 
II DNRM result Is inexact, UNDFLO will be set. 

INF 

lNF 

INF 

INF3 
NAN3 

NAN 

The ADSP-3222 does not accept wrapped numbers as inputs for standard arithmetic operations 

NAN INVALOP 
INEXO 

NAN INVALOP 
INEXO 

NAN INVALOP 
INEXO 

NAN INVALOP 
INVALOP INEXO 

INVALOP NAN INVALOP 
INEXO 

Table XIV. ADSP-3222 Floating-Point Addition/Subtraction (IEEE Mode) 

B operand 

A aper and 

ZE 

DN 

NO 

RO 

RM 

RM 

INF 

NA N 

ZERO DNRM NORM INF NAN 

result status result status result status result status result status 

ZER02 ZERO UNDFLO NORM INF NAN INVALOP 
INEXO 

ZERO UNDFLO NORM INF.NORM.MAX1 OVRFLO INF NAN INVALOP 
ZERO NORM lNEXO 

ZERO UNDFLO 

NOOM INF,NORM.MAX
1 

OVRFLO INF,NORM.MAX
1 

OVRFLO INF NAN INVALOP 
NORM NORM INEXO 
ZERO UNDFLO ZERO 

ZER0 4 
UNDFLO 

INF INF INF INF3 NAN INVALOP 
NAN3 INVALOP INEXO 

NAN INVALOP NAN INVALOP NAN INVALOP NAN INVALOP NAN INVALOP 
INEXO 

ln FAST mode, WRAP inputs are illegal 

1 Either INF or NOAM MAX, depending on rounding mode See "Round Controls." 
2 (± ZERO) + (± ZERO) ⇒ ± ZERO 

3 (± INF} + (± INF) ⇒ ±. INF 

{± ZERO) + (t ZERO) ⇒ + ZERO (AN, AZ, RP rounding modes) 
(±ZERO)+ (t ZERO) ⇒ - ZERO (AM rounding mode) 

(±INF)+ (+ INF) ⇒ +NAN (AN, AZ, AP rounding modes) 
(±INF)+ ( + 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: 

(±INF)+(±INF)=(±INF)-(=INF)->±INF 
(± INF)+( +INF)=(± INF)-(::: INF)->+ NAN 

(RN, RZ, RP rounding modes) 
( ±INF)+(+INF)=( ± INF)-( :>:INF)->- 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 general, s the data result, [operand A minus oper
and BJ. 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. A'NAN input te the 
comparison operation will cause the un,oFdered flag teSUlt 
(INVALOP) and the production of an al-I-ones NAN. Even"ill 
FAST mode, the ALUs will accept denormals as ln~tiuo·the 
comparison operation. See "Less Than, Equal, ~reatfLJhan' 
and Unordered" in the "Status Flag" section abo\l'e for a com•,;- " 
plete discussion of these flags in comparison operations. 

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 (SFLOA T A/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

0

, A
2

, B
0 

or B
2

) 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'i;,DJLOATB and SFLOATB instruc
tions, not DFLONf,.;:'°/Slfj.,oATA. 

. ,,, ,,,,, ·\ 

Con~io~: Floiqjn(lo filoating 
For conver&iOf. from single-precision to double-precision (DOU
BLliAlB); aU single:;prl$jsion normals and denormals will con
vert wit404t'ew.Ceptl'llQ.s. ;+\,J!jngle-precision NAN will convert to 
adou~lct-p~,cisio~-Elheli NAN; the INVALOP flag will be 
seJ:.•Sh,.gl#,-Jireclsion INF converts to double-precision INF; no 
·flats ire set. S,ingle-precision ZERO converts to double
precisiw:i,.ZE~;no flags are set. 

C:l!)verslc!ns lfonr'double-precision to single-precision floating
J)(iint (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 INV ALOP 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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ADSP-3212/ADSP-3222 
s;.,. HB 122 ... n RI Unbiased Source Name s;.,. ;JO u9 i28 i27 i26 i25 i24 i23 i22 ... i7 i6 iS i4 ;J i2 ii i0 Roundiq Status Flap 

Expnt Modes 

X. X X 2 .. 128 +NAN I I I I I I I I !. I I I I I I I I all INVALOP 
0. 0 0 2 .. 128 +INF I I I I I I I I !. I I I I I I I I all INVALOP 
0. 0 0 2 .. 31 u• u u u u u u u u u. u u u u u u u u all OVRFLO 
I. I I 2 .. 30 0 I I I I I I I I I. I 0 0 0 0 0 0 0 all 
!. I 2 .. 23 0 0 0 0 0 0 0 0 I I. I I I I I I I I all 
0. 0 2 .. 23 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 all 
I. I 2 .. 22 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 RN,RP INEXO 
! .. I 2 .. 22 0 0 0 0 0 0 0 0 I. I I I I I I I I RZ,RM INEXO 
0. 0 2 .. 0 one 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 I all 
!. I I 2 .. -1 one - lLSB 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 I RN,RP UNDFLO,INEXO 
I. I I 2 .. -1 one - ILSB 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 RZ,RM UNDFLO,INEXO 
0 .. 0 I 2 .. -1 1/2 +ILSB 0 0 0 0 0 0 0 0 0 .. 0 0 0 0 0 0 0 I RN,RP UNDFLO,INEXO 
0. 0 I 2 .. -1 1/2 +ILSB 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 RZ,RM UNDFLO,INEXO 
0. 0 0 2 .. -1 1/2 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 I RP UNDFLO,INEXO 
0. 0 0 2 .. -1 1/2 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 RM,RN,RZ UNDFLO,INEXO 
0 .. 0 0 2 .. -126 +NORM.MIN 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 I RP UNDFLO,INEXO 
0 .. 0 0 2 .. -126 +NORM.MIN 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 RM,RN,RZ UNDFLO,INEXO 
0 .. 0 I 2 .. -126 + DENORM.MIN 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 I RP UNDFLO,INEXO 
0 .. 0 I 2 .. -126 + DENORM.MIN 0 0 0 0 0 0 0 0 0 ... 0 0 0 0 0 0 0 0 RM,RN,RZ UNDFLO,INEXO 
o. 0 0 0 +ZERO 0 0 0 0 0 0 0 0 0 .. 0 0 0 0 0 0 0 0 all 
0. 0 I 2 .. -126 - DENORM.MIN I I I I I I I I I. I I I I I I I I RM UNDFLO,INEXO 
0. 0 I 2 .. -126 -DENORM.MIN 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 RP,RN,RZ UNDFLO,INEXO 
o. 0 0 2 .. -126 -NORM.MIN I I I I I I I I I. I I I I I I I I RM UNDFLO,INEXO 
0. 0 0 2 .. -126 -NORM.MIN 0 0 0 0 0 0 0 0 0 .. 0 0 0 0 0 0 0 RP,RN,RZ UNDFLO,INEXO 
0. 0 0 2 .. -1 -1/2 I I I I I I I I I I I I I RM UNDFLO,INEXO 
o. 0 0 2 .. -1 -112 0 0 0 0 0 0 0 0 0 0 0 0 RP,RN,RZ UNDFLO,INEXO 
0. 0 I 2 .. -1 -1/2-!LSB I I I I I I I I I I I I RM,RN UNDFLO,INEXO 
0. 0 I 2 .. -1 -112-!LSB 0 0 0 0 0 0 0 0 0 0 0 RP,RZ UNDPLO,INEXO 
I. I I 2 .. -1 -one+ ILSB I I I I I I I I I RM,RN UNDFLO,INEXO 
I. I I 2 .. -1 -one+ ILSB 0 0 0 0 0 0 RP,RZ UNDFLO,INEXO 
0. 0 0 2 .. 0 -one I I I I I I all 
I. I I 2 .. 22 I 0 0 0 0 RM,RN INEXO 
!. I I 2 .. 22 I 0 0 0 I RP,RZ INEXO 
o. 0 0 2 .. 23 0 0 0 0 all 
!. I I 2 .. 23 0 0 0 I all 
!. I I 2 .. 30 0 0 0 I all 
0. 0 0 2 .. 31 0 0 0 0 all 
0. 0 I 2 .. .31 u u u u all 
0. 0 0 2 .. 128 I I I all INVALOP 
X .. X X 2 .. 128 I I I all INVALOP 

•"U" deno1etan undefined mult. 

Table XVI. Conversion of 32-Bit Single-Precision Floating-
Point to 32-Bit Twos-Complement Integer 
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Sip ! ff]I 151 ... 12211211120 fl9 ••• fl ro Unbiased Source Name Sip i30 ... il iO 
Expnt ., 

0 1 x ... xltf¾-lx X ... X X 2** 1024 +NAN 0 I ... 1 I 
0 1 0 ... 0 0 0 0 ... 0 0 2** 1024 +INF 0 1 ... 1 1 
0 1 0 ... 0 0 0 0 ... 0 0 2** 31 U* u". u u 
0 1 1 ... 1 1 1 1 ... 1 1 2** 30 u u ... u u 
0 1 1 ... 1 1 1 1 ... 1 1 2** 30 0 I. .. 1 1 
0 l l ... l l 0 0 ... 0 0 2** 30 u u". u u 
0 l l ... 1 1 0 0 ... 0 0 2** 30 0 1 ... 1 1 
0 1 1 ... l 0 1 1 ... l l 2** 30 u u". u u 
0 1 l ... 1 0 1 1 ... 1 1 2** 30 0 1 ... 1 1 
0 1 l ... 1 0 0 0 ... 0 1 2** 30 u u". u u 
0 1 l ... l 0 0 0 ... 0 l 2** 30 0 1 ... 1 1 
0 l l ... 1 0 0 0 ... 0 0 2** 30 0 1 ... 1 1 
0 1 0 ... 0 0 0 0 ... 0 0 2** 0 one 0 0 ... 0 1 
0 1 l ... l 1 1 l ... 1 1 2** -1 one - lLSB 0 0 ... 0 1 
0 l l ... 1 1 1 1 ... 1 l 2** -1 one -lLSB 0 0 ... 0 0 
0 1 0 ... 0 0 0 0 ... 0 1 2** -1 1/2 +lLSB 0 0 ... 0 1 
0 1 0 ... 0 0 0 0 ... 0 l 2** -1 1/2 + lLSB 0 0 ... 0 0 
0 1 0 ... 0 0 0 0 ... 0 0 2** -1 1/2 0 0 ... 0 1 
0 l 0 ... 0 0 0 0 ... 0 0 2** -1 1/2 0 0 ... 0 0 
0 l 0 ... 0 0 0 0 ... 0 0 2** -1022 +NORM.MIN 0 0 ... 0 .). 

0 l 0 ... 0 0 0 0 ... 0 0 2** -1022 +NORM.MIN 0 . 0 .... Q () 

0 0 0 ... 0 0 0 0 ... 0 1 2** -1022 + DENORM.MIN () ••.. .' "tf·· I 
0 0 0 ... 0 0 0 0 ... 0 1 2** -1022 + DENORM.MIN 0 o·; .. , o 0 
0 0 0 ... 0 0 0 0 ... 0 0 0 +ZER,O 'I) • 0 ... 0 0 
l 0 0 ... 0 0 0 0. .. 0 1 2** -1022 -DSNG~MtN 1 1.,, 1 I 
1 0 0 ... 0 0 0 0 .. 0 1 2** -1022 -DENORM.MIN 0 c, 0 ,{► • 0 !:A 
1 l 0 ... 0 0 0 0 .. 0 0 2** -1022 -NORM.MIN l 1 . ~. 1 ··t 
l l 0 ... 0 0 0 0 .. 0 0 2"'" -1022 -NQRM:,.M~ .0 'O ... 0 0 
l l 0 ... 0 0 0 0 .. 0 0 2"* -1 -Ill' 1 1 ... 1 1 
l 1 0 ... 0 0 0 0 ... 0 0 2** -1 -112 0 .() ... 0 0 
l l 0. .. 0 0 0 0 .. 0 l 2** -1 -112 -lLSB I : l:: 1 1 
1 l 0. 0 0 0 0 .. 0 l 2** -1 -1/2 -lLSB 

) 

0 0 0 .. 
l 1 l. . . l l 1 l .. 1 l 2** -1 -one+ lLSB-. •• 1 1 ... 1 1 
l ..!..... l ... l 1 1 1 .. 1 l 2** -1 -one +lLSB 0 0 ... 0 0 
1 l 0 .. 0 0 0 0. 0 0 2** 0 -one 1 1 ... 1 1 
l 1 l ... 1 0 0 0 .. 0 0 2** 30 1 0 ... 0 1 
l l l .. l 0 0 0 .. 0 1 2** 30 1 0 ... 0 0 
l l l. 1 0 0 0. 0 1 2** 30 1 0 ... 0 1 
l l l .. l 0 1 l. 1 l 2** 30 1 0 ... 0 0 
l 1 l .. l 0 1 l. l l 2** 30 l 0 ... 0 1 
l l l. .. 1 l 0 0. 0 0 2** 30 1 0 ... 0 0 
l l 1 .. 1 l 0 0. 0 0 2** 30 1 0 ... 0 1 
l 1 l. l 1 1 1. 1 l 2** 30 l 0 ... 0 0 
l l l. l 1 1 l. 1 1 2** 30 1 0 ... 0 1 
l l 0 .. 0 'o 0 0. 0 0 2** 31 1 0 ... 0 0 
l l 0 .. 0 0 0 0. 0 l 2** 31 1 0 ... 0 0 
l l 0 ... 0 0 0 0. 0 l 2** 31 u u". u u 
l l 0 ... 0 0 1 0. 0 0 2** 31 1 0 ... 0 0 
l l 0 ... 0 0 l 0. 0 0 2** 31 u u". u u 
l 1 0 ... 0 0 l 1. l l 2** 31 1 0 ... 0 0 
l l 0 ... 0 0 l l. .. l l 2** 31 u u". u u 
l l 0. .. 0 1 0 0. 0 0 2** 31 u u". u u 
l l 0 ... 0 1 .!!.... 0 .. 0 l 2** 31 u u." u u 
l l 0. .. 0 0 It~ 0 0 2** 32 u u". u u 
1 l 0 .. 0 o o lo. 0 0 2** 1024 -INF 1 1 ... 1 1 
l l X. X X X X .. X X 2** 1024 -NAN 1 1 ... 1 1 

•"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 

RoUDCWII Sta-Flap 
Modes 

all INVALOP 
all INVALOP 
all OVRFLO 
RP,RN OVRFLO,INEXO 
RZ,RM INEXO 
RP,RN OVRFLO,INEXO 
RZ,RM INEXO 
RP OVRFLO,INEXO 
RM,RN,RZ INEXO 
RP OVRFLO,INEXO 
RM,RN,RZ INEXO 
all 
all 
RN,RP UNDFLO,INEXO 
RZ,RM UNDFLO,INEXO 
RN,RP UNDFLO,INEXO 
RZ,RM UNDFLO,INEXO 
RP UNDFLO,INEXO 
RM,RN,RZ UNDFLO,INEXO 
RP UNDFLO,INEXO 
RM,RN,RZ UNDFLO,INEXO 
RP UNDFLO,INEXO 
RM,RN,RZ UNDFLO,INEXO 
all 
RM UNDFLO,INEXO 
RP,RN,RZ UNDFLO,INEXO 
RM UNDFLO,INEXO 
RP,RN,RZ UNDFLO,INEXO 
RM UNDFLO,INEXO 
RP,RN,RZ UNDFLO,INEXO 
RM,RN UNDFLO,INEXO 
RP,RZ UNDFLO,INEXO 
RM,RN UNDFLO,INEXO 
RP,RZ UNDFLO,INEXO 
all 
all 
RM INEXO 
RP,RN,RZ INEXO 
RM INEXO 
RP,RN,RZ INEXO 
RM,RN INEXO 
RP,RZ INEXO 
RM,RN INEXO 
RP,RZ INEXO 
all 
RP,RN,RZ INEXO 
RM OVRFLO,INEXO 
RP,RZ INEXO 
RM,RN OVRFLO,INEXO 
RP,RZ INEXO 
RM,RN OVRFLO,INEXO 
all OVRFLO 
all OVRFLO,INEXO 
all OVRFLO 
all INVALOP 
all INVALOP 
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ADSP-3212/ADSP-3222 
Sip HB 151 ... f30 f29 128 1'27 ... fl fll Uabiaaed 

Expnt 
Source Name Sip HB 1'22 ... fl fll Unbiased 

Expnt 
Result Name Rounding 

Modes 
Status Flap 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I O. 
0 I. 
0 I. 
0 0. 
0 0. 
0 0. 
0 0. 
0 0. 
0 0 .. 
0 I . 
0 I .. 
I 0. 
I O. 

I. 
I .. 
o. 
I 
I .. 
I. 
I. 
I 
I .. 
! .. 
I 
I. 
0 .. 
X .. 

X ... 
0. 
I. 
I. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
0 .. 
I. 
I 
0. 
0. 
0 .. 
0. 
I. 
! .. 
0 .. 
0 .. 
0 .. 
0. 
0. 
0 .. 
I. 
I 
0. 
0. 
0. 
0 .. 
I. 
I 
0. 
0. 
0. 
0 .. 
0 ... 
o. 
0. 
0 .. 
I .. 
I .. . 
0 .. . 
X .. . 

X X 2** 1024 
0 0 2** 1024 
I l 2** 1023 
I I zu 1023 
0 0 2•• 127 
0 0 2** 127 
0 1 2"'* 127 
0 1 2** 127 
0 0 2** 127 
0 l 2** 127 
0 I 2** 127 
0 0 2** -126 
I I 2** -127 
1 I 2** -127 
0 0 2** -127 
0 0 2** -149 
0 0 2** -1022 
0 0 2** -1022 
I I 2** -1022 
1 I 2** -1022 
0 1 2** -1022 
0 I 2*"' - 1022 
0 0 0 
0 0 0 
0 I 2** - 1022 
0 I 2** -1022 
I I 2** - 1022 
I I 2** -1022 
0 0 2** -1022 
0 0 2** -1022 
0 0 -149 
0 0 
I I 
I I 
0 0 
0 I 
0 I 
0 0 
0 I 
0 1 2** 
0 0 2** 
0 0 2** 
I I 2** 
1 I 2** 
0 0 2** 
X X 2** 

NOTE: Heavy line indicates roundin1 boundary in source. 

+NAN 
+INF 
+NORM.MAX 
+NORM.MAX 

+NORM.MIN 
+NORM.MIN 
+DNRM.MAX 
+DNRM.MAX 
+DNRM.MIN 
+DNRM.MIN 
+ZERO 
-ZERO 
-DNRM.MIN 
-DNRM.MIN 
-DNRM.MAX 
-DNRM.MAX 
-NORM.MIN 
-NqRM,11J"~ 
4% gt 

(0 ' 

·" k f,o, 

- NORM.MAX·. 
-NORM.MAX 
-INF 
-NAN 

1 I. I I zu 128 
l 0. 0 2** 128 
1 0 0 2** 128 
l l. I zu 127 
l O. 0 2** 128 
l 1. l zu 127 
l 0. 0 zu 128 
l 1. I 2** 127 
l 1 l I 2** 127 
l l. I I 2** 127 
l l. I O 2** 127 
I O. 0 0 2** -126 
0 I . I I 2*"' - 126 
0 l. I I 2** -126 
0 I . . I I 2** - 126 
0 0 . 0 I 2** - 126 
0 0 . 0 I 2** - 126 
0 0 . 0 0 2** - 126 
0 0 . 0 I 2** - 126 
0 0 . 0 0 2** - 126 
0 0 . 0 I 2** - 126 
00. 002** 
0 0. 0 0 
0 0. 0 0 
0 0. 0 I 2** 
0 0. 0 ~ 2**< 
0 o ... ,. kV' 
001 ~;t};,.. ft, ~ ,,, 12 

' 0 w d, f: 2 -126 
, -#. 0 2** -12• 

.. ~ ~" },_, ;:~ ~128:t 

C .'f' tt'' I 2*~!'--~~¥ 

it:?;;" if!, t•tc -126 
)d;. \I 2** -126 

I;' I 1 2** 127 
I . l f'"--' 2** 127 
1.; :';~''1 t ~· 127 

., 0 .• ;', 0 f" t- 128 

:;t 0 ;:: :;~ 

I 
0 
I. 

l 2** 127 
0 2** 128 
1 2** 127 
0 2** 128 

I 1 2** 128 

+NAN 
+INF 
+INF 
+NORM.MAX 
+INF 
+NORM.MAX 
+INF 
+NORM.MAX 
+NORM.MAX 
+NORM.MAX 

+NORM.MIN 
+NORM.MIN 
+DNRM.MAX 
+DNRM.MAX 
+DNRM.MIN 
+DNRM.MIN 
+ZERO 
+DNRM.MIN 
+ZERO 
+DNRM.MIN 
+ZERO 
+ZERO 

.\:.ZERO 
,-DNRM.MIN 
,-ZERO 
0-DNRM.MIN 
-ZERO 
-DNRM.MIN 
-ZERO 
-DNRM.MIN 
-DNRM.MAX 
-NORM.MIN 
-DNRM.MAX 
-NORM.MIN 
-NORM.MAX 

-NORM.MAX 
-INF 
-NORM.MAX 
-INF 
-NORM.MAX 
-INF 
-NORM.MAX 
-INF 
-NAN 

all 
all 
RP,RN 
RZ,RM 
RP,RN 
RZ,RM 
RP 
RM,RN,RZ 
all 
RP 
RM,RN,RZ 
all 
RP,RN 
RZ,RM 
all 
all 
RP 
RM,RN,RZ 
RP 
RM,RN,RZ 
RP 
RM,RN,RZ 
all 
all 
RM 
RP,RN,RZ 
RM 
RP,RN,RZ 
RM 
RP,RN,RZ 
all 
all 
RM,RN 
RP,RZ 
all 
RM 
RP,RN,RZ 
all 
RM 
RP,RN,RZ 
RM,RN 
RP,RZ 
RM,RN 
RP,RZ 
all 
all 

INVALOP 

OVRFLO,INEXO 
OVRFLO,INEXO 
OVRFLO,INEXO 
INEXO 
OVRFLO,INEXO 
INEXO 

INEXO 
INEXO 

INEXO 
UNDFLO,INEXO 

UNDFLO,INEXO 
UNDFLO,INEXO 
UNDFLO,INEXO 
UNDFLO,INEXO 
UNDFLO,INEXO 
UNDFLO,INEXO 

UNDFLO, INEXO 
UNDFLO, INEXO 
UNDFLO,INEXO 
UNDFLO,INEXO 
UNDFLO, INEXO 
UNDFLO,INEXO 

INEXO 
UNDFLO,INEXO 

INEXO 
INEXO 

OVRFLO,INEXO 
INEXO 
OVRFLO,INEXO 
INEXO 
OVRFLO,INEXO 
OVRFLO,INEXO 

INVALOP 

Table XVIII. 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 
ZERO, 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 tum 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. 
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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°) = - ain 
(37°). By looking up sin (37°) and transferring the sign of the 
angle (-37°, the B operand) to the value front the lookup table 
(0.60182, the A operand), the correct result is obtained 
(-0.60182). 

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-Blt A Register 

Is I e I f ,. 
HB 23-Blt Fraction 

24-Blt Source 

l._.__ 

Zero-FIiied • ... 

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, INEXO will be set. 

The logical downshift operations can be useful to generate table 
lookup addre$SCS. In this application, the most significant man
tissa bits would be use(!, as table addresses. Because different B 
exponents can ):,e applied to the same A mantissa, the same 
datum can l;,e used to llddress multiple tables with differently 
sited llddtess fields. 

Division and Square Root 
The ADSP-3222 ALU supports multicycle division (SDIV, 16 
cycles, and ODIV, 30 cycles) and square root (SSQR, 29 cycles, 
an(! DSQR, S8 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-Blt B Register 

Is 1 e f -8-Blt Biased Exponent 

\______ 
e-127 

:-. 
53-Blt to 32-Blt Logical Downshlft Shift Amount 

(unsigned) 

32-Blt Unsigned-Magnitude Integer 

Figure 25. ADSP-3222 SITRN Instruction 

MSW In 
Output Register 
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Is 1 

B operand 

ZERO 

A opera nd result 

ZE RO NAN 

DN RM INF 

WR AP INF 

NO RM INF 

INF INF 

NA N NAN 

ADSP-3212/ADSP-3222 
32-Bit MS A Register 32-Bit LS A Register 

e 

status 

INV,l\,Of' 

01/RFLO& 
INVALOP 

OVRFLO& 
INVALOP 

OVRFLO& 
INVALOP 

INVALOP 

1. 
HB 52-Bit Fraction 

53-Bit Source 

~ 32-Bit MS B Register 

l I,,', .. , .. : .... ,.~-· ' 

53-Bit to 32-Bit Logical Downshift 

32-Bit Unsigned-Magnitude Integer 

Shift Amount 
(unsigned) 

MSW in 
Output Register 

Figure 26. ADSP-3222 DITRN Instruction 

DNRM WRAP NORM INF 

ffi$Ult sta/j/s r'8$uh status r(l$1/t II/at<$ C result status 

WlO ZERO if;llo ZERO 

NAN VNl)FLO& NAN UNllFLO NAN UNOFLO ZERO 
li'IVALOP INVALOP INVALOP 

NAN uNOFLO& NOAM NORM ZERO 
INVALOP WR/II> UNDFLO 

UNAM UNDFLO 

NAN UNDFLO& INF.
1 

OVAFLO INF,1 OVRFLO ZERO 
INVALOP NORM.MAX NORM.MAX 

NOAM NOAM 
WRAP UNDFLO 
UNAM UNDFLO 

INF INF INF NAN INVALOP 

NAN INVALOP NAN INVALOP NAN INVALOP NAN INVALOP 

NAN 

result status 

NAN INVALOP 
INEXO 

NAN lNVALOP 
INEXO 

NAN INVALOP 
INEXO 

NAN INVALOP 
INEXO 

NAN INVALOP 
INEXO 

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 oper and 

result status result status result status result status result status 

ZE RO NAN INVALOP NAN INVALOP ZERO ZERO NAN INVALOP 
INEXO 

ON RM NAN INVALOP NAN INVALOP ZERO ZERO NAN INVALOP 
INEXO 

NO RM INF OVAFLO&. INF,1 OVAFLO& INF,NORM.MAX1 OVRFLO ZERO NAN INVALOP 
INVALOP NORM.MAX INVALOP NOAM INEXO 

ZERO UNDFLO 

IN F INF INF INF NAN INVALOP NAN INVALOP 
INEXO 

NA N 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 

Table XX. ADSP-3222 Floating-Point Division (A+B) (FAST Mode) 
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B operand 

BcZERO ±ZERO +DNRM +WRAP +NORM +INF ±NAN 
Mo de 

result status result status result status r9SUlt status result status result status result status 

EEE -NAN INVALOP ±ZERO ,NAN UNOFLO& NOAM NOAM .;.INF ±NAN INVALOP 
INVALOP 

AST -NAN INVALOP ±ZERO •ZERO NOAM NOAM .;.INF ±NAN INVALOP 

Table XX/. ADSP-3222 Floating-Point Square Root (\18) 

The square root of any nonnegative normal or wrapped number 
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 

Bit 63 ... 32 
SP FltgPt Product 

DP FltaPt Most Sianificant Product 
FxdPt Result 

31 ... 0 

not meaningful 

DP FltaPt Least Sianificant Product 

not meaningful 

passed back to the ALU for unwrapping. Note that division us- Figure 28. ADSP-3222 ALU Output Registers 

ing the SDIV and DDIV inSttuctions of the ALU can produce Both chips have an asynchronous output enable control, OEN. 
wrapped results that are slightly different than those produced When HI, outputs are enabled; when LO, output drivers at 
by the multiplier/divider; this difference is explained in the Spe- DOUT 31-0 are put into a high impedance state. Note that status 
cial Flags for Unwrapping section. When the results are flags are always driven off-chip, regardless of the state of OEN. 
unwrapped with the correct flag inputs, the same denormal See Figure Tl for tlw~J of OEN. 
number is produced. r " , 

. . . . Both ~Pl alSO'haV1tllb.asy11Chronous MSW select control, 
INF d1V1de?ds ca~se correctly signed INFs w1th?~t flags ex_cept ~~• ~oiltputs are enabled and MSWSEL is HI, the 
when the d1V1sor 1s also an INF. Either ±INF d1V1ded by e1thei:. tr 1n0$t ~ant half (Bits 63 through 32) of the output register 
±INF or any NA'.'_mput will ~enerate l~VALO~_ ~d"'1! ~' z *."' wilr1be driven to tlle;ou!Jlut port, DOUT 31-0, When outputs are 
ones NAN. ~or d1v1s10n ope_rations, the s1~Qf;1hlt~"t wi!' j • "' ena~d'<!!DI M.SWSSl, is'.U), the least significant half (Bits 31 
be the exclusive OR of the signs of thet~1Maif J;he'dlvtsor. ,. ~~!) ot the &utput register will be driven to the output 

Z "· P • ~, /: .p0rt;4)0t:JT 31-0, The operation of MSWSEL is illustrated in all 
Output Control- SHLP (REG), OEN(ASYN), ~SIL • 
(ASYN) and HOLD (ASYN) . . ·,t . -0., timing 7(ljjlgrams where 64-bit outputs are produced. 

All members of the ADSP-3212/ADSP-3222 chipaet JW a Th& A~P-3;21fMultiplier/Divider has a synchronous, active 
64-bit output register. The output registers are clocked every , [;.Qt40ntr0l, f'iOLD, that prevents the output register from be-
cycle, except for multicycle operations (division and square !£g u'pdated. The IEEE/FAST pin on the ADSP-3222 ALU can 
root), when HOLD is LO, and when the ADSP-3222 is execut- be redefined to a HOLD pin by executing the HOLDEN in-
ing NOP. Output registers are clocked at the conclusion of struction. (To change the pin back to IEEE/FAST, you must 
multicycle operations and not before. reset the ADSP-3222.) HOLD must be set up prior to the clock 

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

Bit 63 ... 32 31 ... 
SP FltgPt Product not meaningful 

0 

DP FltgPt Most Significant Product DP FltaPt Least Significant Product 
FxdPt Most Significant Product FxdPt Least Sianificant 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: 

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 Tl through Tl6. Three-state 
timing for DOUT is shown in Tl. Output disable time, toIS, 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, tmea,w-ed> from the same starting point to when the output 
voltages have changed by 0.5V toward + 1.5V. From the tester 
capacitive loading, Cu and the measured current, iu the decay 
time, toECAY• can be approximated to first order by: 

from which 

CL• 0.5V 
toECAY = -- 1~L--

101s = tmeasured - 1DECA Y 

is calculated. Disable times are longest at the highest specified 
temperature. 

The minimum output enable time, minimum !ENA> 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 0.1 V from V tristate toward their fmal out
put voltages. Minimum enable times are shortest at the lowest 
specified temperature. 
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The maximum output enable time, maximum tENA> is also mea
sured from OEN at I.SY to the time when all outputs have 
reached TTL input levels (V oH or V 0d, 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 
tRs• In addition, RESET must return HI at least tsu before the 
first rising clock edge of operation. Hold timing is shown in T3. 
HOLD must go LO tHs before the rising edge at which the out
put register is not updated. HOLD must also be held tHH after 
the clock edge. 

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

All data, registered and latched controls, and instructions shown 
in TS through Tl6 must be set up t0 s before the rising edge 
and held toH· 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 constraints Qn reg
ister loading and operand storage that ll!USt be observed. 

The operation time, t0 p0 , is the time required· to advance the 
internal pipelines one stage. It reflects the pipelined tbronghput 
of the device for that operation. The latency, tLAD, 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 tENo· The maxi
mum specification for tENo is the delay which guarantees valid 
data. The minimum specification for tENo 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 TIO. 

For all operations (Figures T7 through Tl6), 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. 

ADSP-3212/AOSP-3222 

Normals 
Wrappeds 

ADSP-3212 
Floating-Point 

Multipller/Dlvlder 

Normals 
Wrappeds 
Unnormals 

Normals 
Denormals 
Wrappeds 1 
Unnormals 2 

ADSP-3222 
Floating-Point 

ALU 

Normals 
Denormals 
Wrappeds 3 
Unnormals 4 

1. for unwrapping, division, and square root 
2. for ~ing· Qjlly 
3, 1rom wrapping and division 
4, from divisiOII 

Figure 29. Data Types Directly Supported by the 
ADSP-3212/32,,22 

The ADSP-32Z2 ALU will also detect denormals when read into 
inten:ial. circuitry for division or square root operations. The 
UNDFLO and INVALOP flags will both be asserted on the 
ADSP-nn to signal the presence of a denormal input to these 
operations. lNEXO 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 XXL) 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 

OEN 

1.SV 

t measured 

Output Disable Time Measurement 

Refer to the "Timing" section for a description of this. figure. 

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 
NANs and quiet NANs, based on differing values of the frac
tion field. Signalling NANs can represent uninitialized variables 
or specialized data values particular to an implementation. Quiet 
NANs 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 
1.SV 

Mlnl~IYIII t lla!A 

M-,,lntUlll t ENA,._ _____ .._ 

Output Enable Time Measurement 

Figure T1. ADSP-3212/ADSP-3222 Three-State Enable and 
Disable Timing 

Clock 

RESET Control 

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

Clock 

IPORT Control 

Ciock 

\ tHS tt+! 

: : t4-
HOLD Control ~ 

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

Figure T4. ADSP-3212/ADSP-3222 /PORT Timing 
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Clock 

FDBK0:1 Feedback 
Controls 

SELNB Control 

Result Register 

Input Register after 
Feedback 

Clock 

FDBKO 

FDBK1 

Read 
Selection Controls 

Result Register 

ADSP-3212/ADSP-3222 

X y 

X y 

X in yin 

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

SP (for SP FltgPt) 

SP (for FxdPt) 

DP 

DIVMUL 

SELAj 

SELBj 

SELAk 

SELBk 

BIN31-o• 

ABSA/B, WRAPA/B, 
RND0:1, and 
SHLP Controls 
RDA0:1 Read 
Selection Controls 

RDB0:1 Read 
Selection Controls 

Result Register or 
Input Register after 
Feedback 

MSWSEL Control 

DOUT 31_0 

DENORM Status 
Output 

Status Outputs 
(except DENORM) 

1DS • 

: __.; r4: ' . . 
-~ • ... i4-;-- • 

. . :t~ . . . . ·~ 
·~ 
. . . . . . . 
-~-. . ' . . ' . . 

~ 
Ll../: ~ . . . . 

~ 
~:~ 

~ 
L:i./'~ . . . . 

~ 

1
LAD 

_. t so+ _.; t so~ 

j' DNRM in -k-D_N_R-;-M-i' 

_.;
1so~ __. 1

SO+.'-

• j status : k status 

• 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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Clock 

DP 

SP 

DIVMUL 

SELA LSW 

SELB LSW 

SELA MSW 

SELB MSW 

ABSA/8, WRAPA/8, 
RND0:1 Controls 

RDA0 & RDB0 Read 
Selection Controls 

RDA1 Read 
Selection Control 

RDB1 Read 
Selection Control 

Result Register or 
Input Register after 
Feedback 

MSWSEL Control 

DOUT 
31

_
0 

DENORM Status 
Output 

Status Outputs 
(except DENORM) 

~ 
~ . . . . . 

~ 
~ 

~ 
~ 

. !so: : 
:-. :--

ADSP-3212/ADSP-3222 

.....;.__..;... _ _;,_,, '1""· D"'N""R'"M,..,...,.in' ,.;__..;..._.....;.__....;..._ 

. (so 
. :---+: '~ 

previous status xxx--;-,-s-ta-tu_s _______ _ 

• See "Timing" section for additional sequencing options. 

Figure TB. ADSP-3212 64-Bit Double-Precision Floating
Point Multiplication 
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t 
CH CL 

Clock 
~ .. ~ri r:-7 : ~-: : 

JVLJ'LJ'L: 6 
• •t • ••• -/ ••• 
: ~DS ,4- : : : : : : : 

SP 

DP 

DIVMUL ~ . . 

~ 
~ 

BIN3t ·O. ~~~~t~(~[><~:~:g:~~~~~~:~:g~~~~l~~,~,<J 
ABSA/8, WRAPA/B, : 
RND0:1, SHLP 7"-c,,...,"',~ 
Controls 

RDA0:1 Read 
Selection Controls 

RDB0:1 Read 
Selection Controls 

Result Register or 
Input Register after : 
Feedback • 

MSWSEL Control 

DENORM Status 
Output 

__:
1
so~ 

-;.--·,......,)( j DNRM in 

~ 

~ : _..J 1
EN~ : : : 

:~ 
:tOOi: 

·- i'"'-
: 1so, . - --x'":-k-cD-N""R'""M.,..i_n ___ _ 

: 1SO: • 

- !'4----
Status Outputs 
(except DENORM) 'previo~s stat~s xxx.r:-j-s-ta-tu~s-~-~-

• See "Timing" section for additional sequencing options. 

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

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. 

4-118 FLOATING-POINT COMPONENTS 



Clock 

DP 

SP 

DIVMUL 

SELALSW 

SELBLSW 

SELAMSW 

SELBMSW 

RDA0 & RDB0 Read 
Selection Controls 

RDA1 Read 
Selection Control 

RDB1 Read 
Selection Control 

Result Register or 
Input Register after 
Feedback 

MSWSEL Control 

DENORM Status 
Output 

Status Outputs 
(except DENORM) 

ADSP-3212/ADSP-3222 

I • 
~ osi4-

/'C:;iOl;~'7<:J-t7o~~~o-,;~;,,cj;,\.,.. 

~ 

·~ ~ 
1
EN~ -;:L + 1ENb . 

• Aj+Bj. ~ 
100 i • 

___,; ~ 

___: 
1so ~ _. 1so ,._ 

---~A,,.;:-j-D~N_R_M-in-;-:-~-~-~-------,. )..;.._i _. ___ _ 

. . . --
1
so f4--- . 

previous status XX )i(":_j_s-ta-tu-s----,---.---
. -:,---,-------

• See "Timing" section for additional sequencing options. 

Figure T10. ADSP-3212 64-Bit Double-Precision Floating
Point Division 
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Clock 

SELAj 

SELBj 

SELAk 

SELBk 

ABSA/B, RND0:1, 
INEXIN, and 
RNDCARlt 
RDA0:1 Read 
Selection Controls 

RDB0:1 Read 
Selection Controls 

Result Register or 
Input Register after 
Feedback 

1os: 
. ---►, -- . . . . 

~ 
• t[>< .... :-..: ••• 

~ 
6/:~ 
~ 
4/:~ 
~ 
6/ :~ 
~ 
L'!,./:~ . . . 

~ 
~ 
~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

~ . . . . . . 

~ 
~ 

\jpo 
... --: 

op (Aj.Bj) • op (Ak,Bk) 

MSWSEL Control 1ENO 

~ '4---
DOUT 

31-0 
'o.;...p--:(-:,Ajc::,Bc-:-j), /.o:::p--;(A.;k:.,B:;;k:;-) V'!v'v".'7 

tLAD: 

:t 00 j . '.1oo I i 
- ~-+'. ~ 

Status Outputs 

• See "Timing" section for additional sequencing options. 
t RNDCARI and INEXIN should 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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Clock 

SELALSW 

SELBLSW 

SELAMsw 

SE LB MSW 

BIN31·0• 

ABSA/B, RNO0:1, 
INEXIN,and 
RNDCARlt 
ROAD & RDB0 Read 
Selection Controls 

RDA1 Read 
Selection Control 

RDB1 Read 
Selection Control 

Result Register or 
Input Register after 
Feedback 

MSWSEL Control 

DOUT31_0 

Status Outputs 
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:-: ~ 
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1
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1
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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 T12. ADSP-3222 64-Bit Double-Precision Floating
Point ALU Operations 
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Clock 

SELAJ 

SELBJ 

BIN
31

_0• 

ABSA/B, RND0:1, 
INEXIN,and 
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Selection Controls 

RDB0:1 Read 
Selection Controls 
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Input Register after 
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MSWSEL Control 
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31

_
0 

Status Outputs 

• See "Timing" section for additional sequencing options. 

: • : •
I
s0: • • 

previo~s stat~s )0( Ci-..: ~j_s_ta_tu_: s ______ _ 

t 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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SELBMSW 

AIN31.o' 

BIN31.o' 
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• See "Timing" section tor additional sequencing options. 

ADSP-3212/ADSP-3222 
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t RNDCARI and INEXIN should be LO except tor unwrap, division, and square root operations. 

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

Figure T14. ADSP-3222 64-Bit Double-Precision Floating
Point Division 
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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 T15. ADSP-3222 32-Bit Single-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. 
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• See "Timing" section tor additional sequencing options. 
t RNDCARI and INEXIN should be LO except tor 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 

• 



SPECIFICATIONS1 

RECOMMENDED OPERATING CONDITIONS 

Parameter 

Vuo Supply Voltage 
TAMB Operating Temperature (ambient) 

ELECTRICAL CHARACTERISTICS 

Parameter 

V01. 

1oz 

NOTES 

High Level Input Voltage 
@Voo=max 
High Level Input Voltage, 
CLK and Asynchronous Controls 
@V00 ~max 
Low Level Input Voltage 
@Vo0 =min 
High Level Output Voltage 
@V00 =min and loH=-1.0lllfi • 
Low Level Outp11,;,:\{9I • 
@V00 =min and\J'o. 
High Level Input lurre 
All Inputs . ·{ 
@'V00 =max and V1N=5.0'\f' 
Low Level Input Current, 
All Inputs 
@Vo0 =max and VrN=0.0V 
Three-State Leakage Current 
@V00 =max; High Z; V1N=0V or max 
Supply Current 
@max clock rate; TTL inputs 
Supply Current-Quiescent 
All V1N=2.4V 

ADSP-3212/ADSP-3222 
J, K Grades S, T Grade12 

Min Max Min Max 
4.75 5.25 4.5 5.5 
0 70 -55 +125 

ADSP•3212/ADSP•3222 
J, K Grades S, T Grades 

Min Max Min Max 
2.0 2.0 

2.6 3.0 

0.8 

0.6 

10 

10 

50 50 

200 250 

50 60 

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

Unit 

V 
'C 

Unit 

V 

V 

V 

V 

V 

µ.A 

µ.A 

µ.A 

mA 

mA 

2S 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 + 12S'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) tBNA and tDis 
which are as indicated in Figure Tl and (2) t 05 and toH which are measured from clock V1H or V1L crossing points. 

Specifications subject to change without notice. 

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. 
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ADSP-3212/ADSP-3222 

SWITCHING CHARACTERISTICS3 

ADSP-3212/ADSP-3222 
J Grade K Grade S Grade T Grade 

o to +1o•c 0 to +70°C -ss•c to + 12s•c -ss•c to + 12s•c 
Parameter Min Max Min Max Min Max Min Max Unit 

lcv Clock Period 60 50 58 ns 

lcL Clock LO 20 23 ns 
tcH Clock HI 20 23 ns 
los Data Setup 12 7 8 ns 
!cs Control Setup 10 12 ns 
Iott Data and Control Hold 3 3 3 ns 
loo Data Output Delay 25 18 21 ns 
Isa Status Output Delay 25 18 21 ns 
!ENO MSWSEL•to-Data Delay 25 18 21 ns 
!DJs Three-State Disable Delay 12 14 ns 

!ENA Three-State Enable Delay 18 I 21 ns 

lsu RESET Setup 6 ns 
!Rs RESET Pulse Duration 58 ns 
ltts HOLD Setup 12 ns 

IHH HOLD Hold 3 ns 
lps !PORT Setup 12 ns 
!pH !PORT Hold 3 ns 
lopo Operation Time 

32-Bit Multiplicati 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 

tLAD 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 
1 All min and max specifications arc over power supply and temperature ranges indicated. 
2S 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 Darabook. Regular Sand T grade pans are tested at + 125"C. 

'Input levels are GND and + 3.0V. Rise times are 5ns max. Input timing reference levels and output reference levels are 1.5V, except for (I) tENA and tms 
which are as indicated in Figure Tl and (2) 10 s and toH which are measured from clock V,H or V,L crossing points. 

Specifications subject to change without notice. 

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 4-127 

Ill 



INPUT 

3pF 

Figure 30. Equivalent Input Circuits 

Figure 31. Equivalent Output Circuits 

TO 
OUTPUT 
PIN 

+1.SV 

Figure 32. Normal Load for ac Measurements 

k 
J; 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ....................... -0.3V to +7V 
Input Voltage ....................... -0.3V to V00 

Output Voltage Swing .................. -0.3V to V00 

Load Capacitance ........................... 200pF 
Operating Temperature Range (Ambient) .... -55°C to + 125°C 
Storage Temperature Range ............ -65°C to + 150°C 
Lead Temperature (10sec) .................... + 300°C 

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 I devices. 

Proper ESD precautions are strongly recommended to avoid 
functional damage or performance degradation. Charges as high 
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 the1destination socket before devices are 
removed. For furt!'iednf'Oqllation on ESD precautions, refer to 
Analoi Devi~. E~Prevfmtion Manual. 

;,, i-- ,. ' ,, 

PIIDERIN~ IN~Rl\lATION 

P,1rt Tcemt,etature Package 
Nibu1ter Range Package Outline 

ADSP-3212JG 0 to +70"C 144-Pin Grid Array G-144A 
ADSP-32UKQ Oto +70"C 144-Pin Grid Array G-144A 
ADSP-3ll2S~ • -55"C to + 125"C 144-Pin Grid Array G-144A 
A~P-32'12TG -55"C to + 125"C 144-Pin Grid Array G-144A 
tb'§J>-3212SG/883B -55°C to + 125"C 144-Pin Grid Array G-144A 
ADSP-3212TG/883B -55°C to + 125"C 144-Pin Grid Array G-144A 
ADSP-3222JG Oto +70"C 144-Pin Grid Array G-144A 
ADSP-3222KG Oto +70"C 144-Pin Grid Array G-144A 
ADSP-3222SG -55°C to + 125°C 144-Pin Grid Array G-144A 
ADSP-3222TG -55°C to + 125"C 144-Pin Grid Array G-144A 
ADSP-3222SG/883B -55°C to + 125°C 144-Pin Grid Array G-144A 
ADSP-3222TG/883B -55°C to + 125"C 144-Pin Grid Array G-144A 

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

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. 
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ADSP-3212/ADSP-3222 
2 3 

Q AINtB AIN15 AlN12 

p AIN22 AIN19 AIN16 

N AIN26 AIN23 AIN20 

M AIN27 AIN25 AIN21 

L AJN29 AIN28 AIN24 

K LOAO64 AIN31 AIN30 

J SELA3 IPORT SELA1 

H SELA0 ROA1 SELA2 

G ADAO FAST WRAPA 

F ASSA MSWSEL DEN 

E SHLP UNDFLO INVALOP 

D TCA VDD 

4 5 

AIN10 AIN7 

AIN14 AIN11 

AIN17 AIN13 

INDEX 
PIN 

6 7 

AIN4 AIN3 

AINS AIN6 

AIN9 AINS 

C OVAFLO DENOAM DOUT29 DOUT28 DOUT25 DOUT19 G/'O 

8 9 10 11 12 

AIN1 BIN30 BIN29 BIN25 BIN23 

AIN2 BIN28 BIN27 BIN24 BIN21 

AINO BIN31 BIN26 BIN20 BIN17 

GO DOUTt 0 DOUT6 DOUT2 VDD 

B GO OOUT30 DOUT26 DOUT24 OOUT21 DOUT18 DOUT17 DOUT13 DOUT9 DOUTT DOUT4 DOUT1 

13 14 15 

BIN22 BIN18 BIN14 

BIN19 BIN15 BtN11 

BIN16 BlN12 BINS 

BlN13 BIN10 BINS 

BIN9 BIN? BIN3 

BINS BIN4 BIND 

BIN1 BIN2 SEL83 

SELBO SELBt SELB2 

RDBt ABSB RDBO 

DIVMUL CLK WRAPS 

FDBK1 DP SP 

VDD RESET RND1 

VDD FDBK0 ANDO 

INEXO HOW TCB 

A DOUT31 DOUT27 DOUT23 OOUT22 DOUT20 DOUT16 DOUT15 DOUT14 DOUT12 DOUT11 OOUTB OOUTS DOUT3 OOUT0 RNDCARC 

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

ADSP-3212 Pinout 

Q 

p 

N 

M 

L 

K 

J 

H 

G 

F 

E 

D 

C 

B 

A 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Q AIN18 AIN15 AIN12 AIN10 AIN7 AIN4 AIN3 AIN1 BIN30 BIN29 BIN25 BIN23 BIN22 BIN18 BIN14 Q 

p AIN22 AIN19 AIN16 AIN14 AIN11 AIN8 AIN6 AIN2 BIN28 BIN27 BIN24 BIN21 BIN19 BIN15 BIN11 p 

N AIN26 AIN23 AIN20 AIN17 AlN13 AIN9 AINS AINO BIN31 BIN26 BIN20 BIN17 BIN16 BIN12 BINS N 

M AIN27 AIN25 AIN21 BIN13 BIN10 BINS M 

L AIN29 AIN28 AIN24 BIN9 81N7 BIN3 L 

K RND1 AIN31 AIN30 BINS BIN4 SINO K 

J RNDCARI RND0 CLK BIN1 BIN2 IPORT J 

H ABSB ASSA iiEffi RDAO FDBK0 ROA1 H 

G 10 13 12 SE LAO SELA3 SELA1 G 

F 15 18 RDB0 RDB1 SELA2 F 

E 14 18 FAST ZERO SELB1 SELBO E 

D 17 GND VDD 
INDEX VDD FDBK1 SELB2 D PIN 

C INEXIN OVRFLO INEXO DOUT31 DOUT28 DOUT22 GND GNO DOUT13 DOUT9 DOUTS VDD VDD MSWSEL SELB3 C 

B GNO UNDFLO DOUT29 OOUT27 DOUT24 DOUT21 DOUT20 DOUT16 DOUT12 OOUT10 DOUT7 DOUT4 DOUT2 OOUTO OEN B 

A INVALOP DOUT30 DOUT26 DOUT25 DOUT23 DOUT19 OOUT18 DOUT17 DOUT15 OOUT14 OOUT11 DOUT8 OOUT6 DOUT3 DOUT1 A 

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

ADSP-3222 Pinout 

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. 
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