ANALOG High Speed 64-Bit IEEE
DEVICES Floating-Point ALU

‘ ADSP-3221

1.1 Scope.

This specification covers the detail requirements for a CMOS monolithic 32-bit and 64-bit IEEE
Standard 754 format floating-point arithmetic and logic unit (ALU).

1.2 Part Number.
The complete part number per Table 1 of this specification is as follows:

Device Part Number
-1 ADSP-3221SG/883B
-2 ADSP-3221TG/883B

1.2.3 Case Outline.
See Appendix 1 of General Specification ADI-M-1000: package outline: G-144A.

1.3 Absolute Maximum Ratings.

SupPly VOItage ... ...oovrneee e -03Vto7V
InPut VOItAgE . .« oo vttt e e —-0.3Vto Vpp
OULPUL VOIAZE « « « v oo vt e e e e -0.3VtoVpp
Operating Temperature Range (Ambient) ............oveievnrneenry —55°C 10 +125°C
Storage Temperature Range . ...........otneii i —65°C 10 +150°C
Lead Temperature (Soldering 10 S€C) . . .« oot +300°C

1.5 Thermal Characteristics.
Maximum Thermal Resistance 8;¢: see MIL-M-38510, Appendix C.
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ADSP-3221 — SPECIFIGATIONS

836

Design Sub Sub Sub Sub
Limit Group| Group| Group| Group
Test Symbol| Device] @ +25°C| 1 2,3 9 10,11 | Test Condition' | Units
Digital Input High Voltage Vig -1,2 | 20 2.0 2.0 Vpp = max V min
Digital Input High Voltage, Viua -1,2 | 3.0 3.0 3.0 Vpp = max V min
CLK and Asynchronous Controls
(RESET, MSWSEL, OEN
& IPORTO:1)
Digital Input Low Voltage Vi -1,2 | 6.8 0.8 0.8 Vpp = min V max
Digital Output High Voltage Vou -1,2 | 24 2.4 24 Vpp = min V min
Iog = ~1 mA
Digital Qutput Low Voltage VoL -1,2 | 04 0.6 0.6 Vpp = min V max
Io, = +4mA
Digital Input High Current Iig -1,2 10 10 10 Vpp = max A max
Vi = 50V
Digital Input Low Current I -1,2 | 10 10 10 Vpp = max pA max
Vin =00V
Three-State Leakage Iozu -1,2 50 50 50 Vpp = max 1A max
Current Ioze HighZ,Vy =
0 V or max
Supply Current Ibpy -1,2 150 200 200 @ max Clock mA max
. Rate, TTL Inputs
Iop: 50 60 60 AllVy =24V | mAmax
Clock Cycle tey -1 125 150 150 Note 2 ns max
-2 100 125 125
Clock LO ter -1,2 | 20 30 30 Note 2 ns min
Clock HI ten -1,2 | 20 30 30 Note 2 ns min
Data & Control Setup t -1 20 25 25 Note 2 ns min
-2 15 20 20
Data & Control Hold tou -1,2 1 3 3 3 Note 2 ns min
Data Output Delay tpo -1 30 35 35 Note 2 ns max
-2 25 30 30
Status Qutput Delay tso -1 30 35 35 Note 2 ns max
-2 25 30 30
MSWSEL-to-Data Delay teno -1 25 30 30 Note 2 ns max
-2 20 25 25
Three-State Disable Delay tois -1 18 25 25 Notes2 & 3 ns max
-2 15 20 20
Three-State Enable Delay tENA -1 25 30 30 Notes 2,3 & 4 ns max
-2 20 25 25
RESET Setup tsu -1,2 | 25 25 25 Note 2 ns min
RESET Pulse Duration trs -1,2 | 75 75 75 Note 2 ns min
Operation Time (With or Without | topp
Direct Operand Feed):
32-Bit Multiplication -1 125 150 150 Note 2 ns max
-2 100 125 125
64-Bit ALU Operation torp -1 125 150 150 Note 2 ns max
-2 100 125 125
Table 1. (Continued on next page) REV. A



ADSP-3221

Design Sub Sub Sub Sub
Limit Group {Group |Group | Group
Test Symbol {Device |@+25°C |1 2,3 9 10,11 | Test Condition® | Units
Hold Setup tus -1 20 22 22 Note 2 ns min
-2 15 18 18
Hold Hold tyu -1,2 3 3 3 Note 2 ns min
Total Latency’® (With Direct tLAD
Operand Feed):
32-Bit ALU Operation -1 300 360 360 Note 2 ns max
-2 240 300 300
64-Bit ALU Operation -1 363 435 435 Note 2 ns max
-2 290 363 363
32-Bit Division -1 2.175 2.61 2.61 Note 2 |&$ max
-2 1.74 2.175 }2.175
64-Bit Division -1 3.925 471 4.71 Note 2 j1s max
-2 3.14 3.925 |3.925
32-Bit Square Root -1 3.8 4.56 4.56 Note 2 s max
-2 3.04 3.8 3.8
64-Bit Square Root -1 7.425 8.91 §.91 Note 2 S max
-2 5.94 7.425 | 7.425
NOTES
T, = +25°C; Vpp=+4.5V min to +5.5 V max (unless otherwise noted).
2Input levels are GND and +3.0 V; Vo, = +4.5 V, and timing transitions, per Figure 1 through 8, measured at +1.5 V.,
3Transitions measured per Figure L.
*3 ns minimum.
STotal latency = (data setup + processing + output delay of MSW) in Direct Operand Feed Mode.
Table 1.
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ADSP-3221

3.2.1 Functional Block Diagrams and Terminal Assignments.

CLK  Vp, GND ANy, BINy, CONTROLS
? ?4 g 22 2 ‘63
[ PORT CONFIGURATION |—{ PORT CONFIGURATION | IPORT0:1
£ 52 132 RESET
b Lz M
75 7% Tk
SELAO [SELA1 |SELA2 |SELA3 SELBO [SELB1 |SELB2 | SELB3 *gr a/mo:3
a0 D a1 A2 E 81 b B2 1D B3 [ controLs
P37 Y
32 32 a2 32 32
[ REGISTER Ax READ SELECTION MUX }— RDAO:1 | REGISTER Bx READ SELECTION MUX }— RDBO:1
Exp A M. A Exp B |Mantissa B
4 4 4 4

n /sa il /o4 SELA/BO:3

10:8

RDA/BO:1

ABSA/B

54-BIT ARITHMETIC & LOGIC UNIT FAST

RNDO:1

RNDCARI

54 INEXIN

PIPELINE REGISTER

D PIPELINE REGISTER |

D CONTROL PIPELINE REGISTER |

Ao

EXPONENT ROUNDING & FAST, RNDO:1,RNDCARLINEXIN
CIRCUITRY EXCEPTION PROCESSING
4
Asa
Vi
711
STATUS | B OUTPUTREGISTER |
R
C MSWSEL
| OUTPUT MUX ]
OVRFLO 2
UNDFLO
INEXO OEN
INVALOP
32
STATUS DOUT,, 4

3.2.4 Microcircuit Technology Group.

This microcircuit is covered by technology group (105).

838

Pin Assignments

PIN |[FuncTion [ PIN | FUNCTION
B2 |DIN3 M12 | DOUT28
B1 |DIN2 M13 | DOUT29
c2 {DIN 112 | DOUT30
c1 |opiNo L13 | DOUT31
D2 |wRAPB K12 | GND
D1 |RDBO K13 | GND
E2 |SELBO J12 | GND
E1 | SELB1 J13 | DENORM
F3 | ABSB H11 | INvALOP
F2 |op H12 | OVRFLO
F1 |sp H13 | UNDFLO
G2 |cik G12 | OEN
G3 | RESET G11 | MSWSEL
G1 | RND? G13 | SHLP
H1 | RNDO F13 | FAST
H2 |RNDCARO {[F12 | ABSA
H3 | Voo F11 | SELA1
A | Ve E13 ] SELAO
2 [ Voo E12 | RDAO
K1 | INEXO D13 | WRAPA
K2 |DpouTo D12 | DIN31
L1 | pboutt c13 | DIN3o
M1 | DOUT2 B13 | DIN29
L2 |DbouTs c12 | DIN28
N1 | N/C A13 | NIC
M2 | DOUT4 B12 | DIN27
N2 | DOUTS A12 | DIN26
M3 | DOUTs B11 | DIN25
N3 | bout? A11 | DIN24
M4 | DOUTS B10 | DIN23
N4 | DOUTY A10 | DIN22
Ms [pouTio |[[Bs | DiN21
N5 | DouT11 | A9 | DIN20
16 |bouT1z2 | cs | DNt
Me |pouT1z |[[Bs |oDiNts
Ne |pouTis [[As | otz
M7 |oouTis || B7 |DIN16
L7 |poutis | c7 |DINIS
N7 |DouT17 || A7 | DIN14
N8 |DouT1s ||A6 | DIN13
M8 |DOUT19 |[B6 |DIN12
L8 |[pout20 ([cs | D11
NS |DpouT21 [[As |DiNto
M9 |pout2z ||B5 |DINg
N10 | DOUT23 ||A4 |DINS
M10 | DOUT24 ||B4 | DIN7
N11 | DOUT2s (A3 | DING
N12 | DOUT26 (A2 | DINS
M11 {DOUT27 {|B3 |DIN4
N13 | N/C A1 | N/C
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ADSP-3221

4.2.1 Life Test/Burn-In Circuit.

Steady state life test is per MIL-STD-883 Method 1005. Burn-in is per MIL-STD-883 Method 1015 test
condition (B).

+5.5Vdc-  OPEN GROUND

PINS D3 PINS A1 ALLOTHERPINS
D13 B2
€12 Cc2
c13 c3

TOP VIEW

GUIDEPIN ~
(¢]

» wm O g MW OO T - R - I 2T O

p— +55Vdc
3

2204

AAA A

Output disable time, tpg, is measured from the time the output enable control signal reaches 1.5 V to
the time when all outputs have ceased driving. This is calculated by measuring the time, tyeasureDs
from the same starting point to when the output voltages have changed by 0.5 V toward +1.5 V. From
the tester capacitive loading, C; , and the measured current, ir, the decay time, tpgcay, can be approxi-
mated to first order by:

C.-05V

73

IpECAY =
from which

tpis = IMEASURED ~IDECAY
is calculated. Disable times are longest at the highest specified temperature.

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

The maximum output enable time, maximum tgy,, is also measured from output enable control signal at
1.5 V to the time when all outputs have reached TTL input levels (Voy or Vor ). This could also be
considered as “data valid.” Maximum enable times are longest at the highest specified temperature.

OEN
\ f OEN
15V 5V
N_ i
oo <o
Vgu - 0.5V
~ Vamsrare + 01V cLock
V.
: TRISTATE Vymsyare - 0.1V
VoL+ D5V 1
v v —
- MINIMUM 1y ~___ RESET CONTROL ————\ ST
MAXIMUM tg,, :
tueasunen
QUTPUT DISABLE TIME MEASUREMENT OUTPUT ENABLE TIME MEASUREMENT . Figure 2 Reset Tlm Ing

REFER TO THE DISCUSSION IN THE SECTION "TIMING™ IN THE TEXT OF THE DATA SHEET
FOR A DESCRIPTION OF THIS FIGURE .

Figure 1. Three-State Disable and Enable Timing REV. A

839




ADSP-3221

CLOCK

IB-O

SELBj
SELAj
SELBk

SELAk

DATA
INPUT*

SELB]
SELA]

SELBk

SELAk

ANy,

BINg,

ABSA/B, RNDO:1,

INEXIN, AND
RNDCARIt

RDAO0:1 READ

SELECTION CONTROLS =<

RDBO:1 READ

SELECTION CONTROLS =

MSWSEL
CONTROL

DOUT,, ,

STATUS
OUTPUTS

ONE INPUT-PORT
CONFIGURATION

TWO INPYT-PORT
CONFIGURATION

[}

nigy il S ENE N
. X STATUS X k STATUS )

1RNDCARI AND INEXIN SHOULD BE LO EXCEPT FOR UNWRAP, DIVISION, AND SQUARE ROOT OPERATIONS.

Figure 3. 32-Bit Single-Precision Floating-Point Logical and Fixed-Point ALU Operation
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CLOCK

cten L tor
0 1 2 3 4 5 6 7

lso

SELB, gy
SELA, gy

SELB ysw
SELA 5w

DATA
INPUT

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

RDAD & RDBD
READ SELECTION CONTROLS

RDA1 READ
SELECTION CONTROL

RDB1 READ
SELECTION CONTROL

MSWSEL
CONTROL

DOUT,,

STATUS
OUTPUTS

ONE INPUT-PORT
CONFIGURATION

[}

-

X status X

k STATUS

+RNDCARI AND INEXIN SHOULD BE LO EXCEPT FOR UNWRAP, DIVISION, AND SQUARE ROOT OPERATIONS.

Figure 4. 64-Bit Double-Precision Floating Point ALU Operations — One Port Configuration
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. tCH . t(:L .
CLOCK 0 1 2 3 4 5 6

TWO INPUT-PORT
CONFIGURATION

ABSA/B, RNDO:1, | _
INEXIN,AND
RNDCARH

RDAQ & RDB0 READ :
SELECTION CONTROLS

RDAt READ
SELECTION CONTROL

RDB1 READ
SELECTION CONTROL

MSWSEL
CONTROL

DOUT,, ,

s
0.

3 X, sTATUS Xk STATUSX = =0

STATUS
OUTPUTS

+RNDCAR! AND INEXIN SHOULD BE LO EXCEPT FOR UNWRAP, DIVISION, AND SQUARE ROOT OPERATIONS.

Figure 5. 64-Bit Double-Precision Floating-Point ALU Operations — Two-Port Configuration
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CLOCK

19

20

's-0

SELB;

SELAj

AlN31.0

BIN31_°

ABSA/B, RNDO:1,
INEXIN,AND
RNDCARI

RDAO:1 READ
SELECTION CONTROLS

RDB0:1 READ
SELECTION CONTROLS

MSWSEL
CONTROL

DOUT,,,

STATUS
OUTPUTS

‘tap

TWO INPUT-PORT
CONFIGURATION

PREVIOUS STATUS

+RNDCARI AND INEXIN SHOULD BE LO EXCEPT FOR UNWRAP, DIVISION, AND SQUARE ROOT OPERATIONS.

Figure 6. 32-Bit Single-Precision Floating-Point Division — Two Input-Port Configuration
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CLOCK

33

34

IB~D

SELB, oy
SELA gy
SELB ysw
SELA s
AN,

BIN3, o

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

RDAC & RDBO READ

SELECTION CONTROLS

RDA1 READ

RDB1 READ

SELECTION CONTROL .-...

MSWSEL
CONTROL

DOUT,, o

STATUS
QUTPUTS

+RNDCARI AND INEXIN SHOULD BE LO EXCEPT FOR UNWRAP, DIVISION, AND SQUARE ROOT OPERATIONS.

Figure 7. 64-Bit Double-Precision Floating-Point Division — Two Input-Port Configuration

SELECTION CONTROL =<

'
]

TWO INPUT-PORT
CONFIGURATION

PREVIOUS STATUS

j STATUS
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ADSP-3221

s lon tey .
-

cLOCK 0 1 2 : § 29 30 3 32 33

lso

SELBJ

. TWO INPUT-PORT :
> CONFIGURATION

BIN31 0
ABSB, RNDO:1,
INEXIN,AND
RNDCAR#t

RDBO:1 READ
SELECTION CONTROLS

MSWSEL
CONTROL

DOUTGI 0

STATUS : : : : : : : : ' PREVIOUS STATUS
OUTPUTS ; : : ! : : : : : ; " "

+RNDCARI AND INEXIN SHOULD BE LO EXCEPT FOR UNWRAP, DIVISION, AND SQUARE ROOT OPERATIONS.

Figure 8. 32-Bit Single-Precision Floating-Point Square Root — Two Input-Port Configuration
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846

CLOCK

61 62

lao

SELBLSW :-_':-._

SELB g

BIN,,

ABSB, RNDO:1,
INEXIN,AND
RNDCARIt

RDBO READ
SELECTION CONTROLS

RDB1 READ
SELECTION CONTROL

MSWSEL
CONTROL

DOUT;,

STATUS
OUTPUTS

. TWO INPUT-PORT:
> CONFIGURATION

PREVIOUS STATUS jSTATUS

tRNDCARI AND INEXIN SHOULD BE LO EXCEPT FOR UNWRAP, DIVISION, AND SQUARE ROOT OPERATIONS.

Figure 9. 64-Bit Double-Precision Floating-Point Square Root — Two Input-Port Configuration

VDD
VDD
INPUT }
3pF - OUTPUT
Figure 10. Equivalent Input Circuits lov Figure 11. Equivalent Output Circuits

TO
OuUTPUT +1.5V

1

40pF

|ON

Figure 12. Normal Load for AC Measurements
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ADSP-3221

5.0 ADSP-3221 Floating-Point ALU Instructions.

For all operations involving two operands, the operands may be in SP Floating point format. DP Float-
ing point, or 32-bit FIXED point, but both-operands must be of the same data type.

Note that for all arithmetic operations (SP, DP, and FIXED), the ABSA and ABSB controls can be
used with the input operands, causing the absolute value of the respective operand to be used in the
operation.

ADSP-3221 Fixed-Point Operation

INSTRUCTION OPCODE COMMENT
L I, I, L I, I, L I, I
IADD 0 0 I 0 0 0 0 1 1 Integer Add(A+B)
ISUBA 0 0 1 0 0 0 1 1 1 Integer Subtract (B—A)
ISUBB 0 0 1 0 0 1 0 1 1 Integer Subtract (A—B)
IADDWC 0 0 1 0 1 0 0 1 1 Integer Add with Carry (A+B)
ISUBWBA 0 0 1 0 1 0 1 1 1 Integer Subtract with Borrow (B-A)
ISUBWBB 0 0 I 0 1 1 0 1 1 Integer Subtract with Borrow (A-B)!
INEGA 0 0 1 0 0 0 1 0 1 Perform Twos Complement Negation of the A Operand
INEGB 0 0 1 0 0 1 0 1 0 Perform TwosComplement, Negation of the B Operand
IADDAS 0 0 1 1 0 0 0 1 1 AbsoluteValueof (A+B)
ISUBAAS 0 0 1 1 0 0 1 1 1 Absolute Valueof (B—A)
ISUBBAS 0 0 1 1 0 t 0 1 1 Absolute Valueof (A-B)

ADSP-3221 Logical Operations
INSTRUCTION OPCODE COMMENT

L I, I, L L, L L L L
COMPL A 0 0 0 1 0 1 OnesComplement the A Operand
COMPL B 0 0 0 1 0 OnesComplement the B Operand
PASS A 0 0 O O O 1 Passesthe A Operand (selected with RDA1, RDAO)

unmodified to the output.

PASS B 6 0 0 0 0 0 0 1 0 PassestheB Operand (selected with RDBI, RDBO0)
unmodified to the output.

A ANDB 06 0 0 0 1 0 0 1 0 Bitwise AND

AORB 0 0 0 1 0 0 0 1 0 BitwiseOR

AXORB 0 0 0 1 1 0 0 1 0 BitwiseExclusive OR

NOP 0 0 0 0 0 0 0 0 0 NoOperation. Preserves status flags but does not

preserve the contents of the output register.

CLR 1 0 0 0 0 0 0 0 O Clear. Setsthe UNDFLO, OVERFLO, INVALOP,
and INEXO flags to zero The Qutput Register result is
not meaningful.

NOTE

IThe Carry bit in fixed point arithmetic is latched internally, for one-cycle only, to act as a Carry-In pin for the operations. Add with Carry
or Subract with Borrow. These instructions are used in performing 64-bit addition or subtraction. See note on Special Instructions in the
commercial data sheet.

Table 2. ADSP-3221 Instruction Set
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ADSP-3221 Single-Precision Floating-Point Operations

INSTRUCTION OPCODE COMMENT
E I, I, L I, L. I, I, I

SADD 1 1 1 0 0 0 0 1 1 Floating Point SP Add (A+B)

SSUBB 1 1 1 0 0 0 1 1 1 Floating SP Subtract (A-B)

SSUBA 1 1 1 0 0 1 0 1 1 Floating SP Subtract (B—A)

SCOMP 1 1 1 0 0 1 1 1 1 SPCompare. Operation is (A—B); Output
Result is (A—B); Flags OVRFLO and UNDFLO
generated conditional on Greater Than or Less Than
conditions, respectively. If equal, output is zero
and UNDFLO and OVRFLO are both LOW.

SADDAS 6 1 1 0 0 0 0 1 1 SPAbsolute Value of (A+B)

SSUBBAS 6 1 1 0 0 0 1 1 1 SPAbsolute Value of (B—A)

SSUBAAS 0 1 1 0 0 1 0 1 1 SPAbsolute Value of (B—A)

FIX A 0 1 1 0 0 1t 1 0 1 Convert32-bit Single-Precision Floating-Point A
operand—32-bit Integer

FIX B 0 1 1 0 0 1 1 1 0 Convert32-bit Single-Precision Floating-Point B
operand—32-bit Integer

FLOAT A 0 1 1 1 0 0 1 0 1 Cenvert32-bit FIXED A operand—32-bit
Single-Precision Floating-Point

FLOAT B 0 1 1 1 0 0 1 1 0 Convert32-bit FIXED B operand—32-bit
Single-Precision Floating-Point

DOUBLE A 0 1 1 1 0 1 1 0 1 Convert32-bit Single-Precision A operand—64-bit
Double-Precision Floating®

DOUBLE B 0 1 1 1 0 1 1 1 0 Convert32-bit Single-Precision B operand—64-bit
Double-Precision Floating®

SPASS A 0 1 1 1 1 0 0 0 1 PassSPAoperand. A NAN is passed unmodified but
causes the INVALOP exception

SPASS B 0 1 1 1 1 0 0 1 Pass SP B operand. A NAN is passed unmodified but
causes the INVALOP exception

SWRAP A 0 1 1 1 0 0 0 0 1 ConvertsSP denormalized A operand—>Wrapped format?

SWRAP B 0 1 1 1 0 06 0 1 0 ConvertsSP denormalized B operand—Wrapped format?

SUNWRAP A 0 1 1 0 1 0 0 0 1 ConvertsWrapped A operand—SP denormalized format®

SUNWRAP B 0 11 0 1 0 0 1 0 ConvertsWrapped B operand—SP denormalized format?

SSIGN? 0 1 1 1 1 1 1 0 1 Transferssign of the B operand to the A operand.
Result is Sign B, Expt A, Fraction A.

SXSUB? 6 1 1 1 1 1 0 1 Exponent Subtract. Subtracts the B exponent from the
A exponent. Result is Sign A, (Expt A — Expt B), Fraction
A. NANs and Infinities are operated on directly without
flagging the INVALOP exception. If the Expt of the
Result underflows to —127 or less, then the Output
Result returned is Zero. If the Expt of the Result overflows
to +128, then the Output Result returned is Infinity.

SITRN? 0 1 1 06 1 0 1 0 1 Integer Shift and Truncation. The A mantissa with

hidden bit restored (24 bits) is treated as a right-justified
unsigned integer and shifted down logically by the
unbiased B exponent.* The 32-bit right-justified result
appears in the MSW and is a left-zero-filled unsigned-
magnitude integer. The shift value given by the unbiased
B exponent is interpreted as an unsigned number; negative
unbiased exponents cause very large down shifts.

Table 2. ADSP-3221 Instruction Set (Continued)

REV. A



ADSP-3221

ADSP-3221 Single-Precision Floating-Point Operations (Continued)

INSTRUCTION

SDIV
SSQR
NOTES

Iy
0
1

L
1
1

L
1
1

I
1
1

I
0
0

OPCODE
L

1

1

I
1
1

-

I,
1
1

L,
1
0

COMMENT

SP Fltg Pt. (A+B)
SP Flig Pr. VB

1Conversion from Single to Double format are always exact, so INEXO will always be LOW for these conversions.
2For information on handling denormals, wrapped, and unwrapped numbers, see Application Note on “Handling IEEE Exceptions”.

3See note on Special Instructions in the commercial data sheet.

“An unbiased exponent is the exponent after the proper exponent bias has been subtracted.

ADSP-3221 Double-Precision Floating-Point Operations
INSTRUCTION

DADD
DSUBB
DSUBA
DCOMP

DADDAS
DSUBBAS
DSUBAAS
DFIX A

DFIX B

DFLOAT A'

DFLOAT B!

SINGLE A

SINGLE B

DPASSA

DPASS B

DWRAP A

DWRAP B

DUNWRAP A

DUNWRAP B

bt b et e

o O O o

o et et

[ Py Wy

o O o o

o o O© QO

[T R = -]

[T = I =]

OPCODE
I, L
0 0
0 0
0 1
0 1
0 0
0 o
0 1
11

1
0 0
0 0
11
11
1 0
1 0
0 0
0 0
1 0
1 0

—_ 0 = O

L — T

L

bk et e et

O = =

I,
1
1
1
1

p—t i

COMMENT

DP Add (A+B)
DP Subtract (A—B)
DP Subtract (B—A)

DP Compare. Operation is (A—B); Output Result is
{A-B); Flags OVRFLO and UNDFLO generated
conditional on Greater Than or Less Than conditions,
respectively. If equal, output $s zero and UNFLO and
OVRFLO are both LOW.

DP Absolute Value of (A+B)
DP Absolute Value of (A—B)
DP Absolute Value of (B—A)

Convert 64-bit Double-Precision A operand—32-bit
Integer

Convert 64-bit Double-Precision B operand—32-bit
Integer

Convert 32-bit FIXED A operand—64-bit
Double-Precision Floating-Point

Convert 32-bit FIXED B operand—64-bit
Double-Precision Floating-Point

Convert 64-bit Double-Precision A operand—32-bit
Single-Precision

Convert 64-bit Double-Precision B operand—>32-bit
Single-Precision

Pass DP A operand. A NAN is passed unmodified but
causes the INVALOP exception.

Pass DP B operand. A NAN is passed unmodified but
causes the INVALOP exception.

Converts DP denormalized A operand—Wrapped
format?

Converts DP denormalized B operand—Wrapped
format?

Converts Wrapped A operand—DP denormalized
format?

Converts Wrapped B operand—DP denormalized
format®

Table 2. ADSP-3221 Instruction Set (Continued)
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ADSP-3221 Double-Precision Floating-Point Operations (Continued)

INSTRUCTION OPCODE COMMENT
L L Lk L L L L I I
DSIGN 0 1 0 1 1 1 1 0 1 Transferssign of the B operand to the A operand. Result

is Sign B, Expt A, Fraction A.

DXSUB 0 1 0 1 1 1 0 0 1 Exponentsubtract. Subtracts the B exponent from the
A exponent. Result is Sign A, (Expt A — Expt B), Fraction
A. NANs and Infinities are operated on directly without
flagging the INVALOP exception. If the Expt of the
Result underflows to —1023 or less, then the Output
Result returned is Zero. If the Expt of the Result overflows
to +1024, then the Output Result returned is Infinity.

DITRN 0 1 0 0 1 0 1 0 1 Integer Shift and Truncation. The A mantissa with
hidden bit restored (53 bits) is treated as a right-justified
unsigned integer and shifted down logically by the
unbiased B exponent.® The 32-bit right-justified result
appears in the MSW and is a left-zero-filled unsigned-
magnitude integer. The shift value given by the unbiased
B exponent is interpreted as an unsigned number; negative
unbiased exponents cause very large down shifts.

DDIV 0 1 6 1 1 0 1 1 1 DPFligPt(A+B)
DSQR 1 101 1 0 1 1 0 DPFiigP. VB

A
NOTES

!Conversion from FIXED to Double format are always exact. The 32-bit FIXED source operand must be fed from one of the registers A0.
A2, BO or B2 only.

2For information on handling denormals, wrapped and unwrapped numbers, see Application Note on “Handling IEEE Exceptions.”

3An unbiased exponent is the exponent after the proper exponent bias has been subtracted.

Table 2. ADSP-3221 Instruction Set

Notations Used in the Tables Below:
RN = Round to the Nearest Number

RP = Round toward Plus Infinity

RM = Round toward Minus Infinity

RZ = Round toward Zero

NORM = Normalized Number

DNRM = Denormalized Number. A Denormalized number is treated as zero internally.

WNRM = Wrapped Number. A wrapped number is a number with a normalized fraction and
an exponent that has been decremented through zero to take on a twos-complement
negative value.

UNRM = Unnormalized Number. An Unnormal is an Underflowed and Wrapped Number.
An UNRM can result from a multiplication of 1 or 2 Wrapped Numbers.

NORM.MAX = Maximum Normalized Number Representable in the Destination Format

NORM.MIN = Minimum Normalized Number Representable in the Destination Format

OVF = Overflowed Number

UNDF = Underflowed Number

INV = Invalid Operand

INF = Infinity

OK = No Exception Status Generated

REV. A
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In the tables below, the first mnemonic in each box describes the flag that is set, the second is the result
on the DOUT pins.

B operand
ZERO DNRM NORM INF NAN
A operand
result status resuft status result status result status result status
ZERO | zen? DNAM NORM INF NAN | INVALOP
DNAM | DNRM NORM INENORMMAX' | OVRFLO | INF NAN INVALOP
DNRM NORM
ZERO DNRM
NORM | nORM INF NORM MAX' | OVRFLO INFNORMMAX | OVRFLO | INF NAN INVALOP
NORM NORM
DNRM DNRM
ZERO
INF INF INF INF |NF33 NAN | INVALOP
NAN INVALOP
NAN NAN INVALOP | NAN INVALOP § NAN INVALOP | NAN INVALOP NAN INVALOP
1 Either INF ar NORM MAX. depending on rounding mode. See “Round Controls ”
2. (+ ZERO)+ (+ ZERO) = (+ZERO)}-(ZERO) = ¢ ZERO
{+ ZERO}+( ¥ ZERO) = (+ZERO)-(+ZERO)= + ZERO (RN. RZ, RP rounding modes)
(+ ZERO}+{ ¥ ZERO) = (+ZERO)*ZEROC)= - ZERO (RM rouncing mode)
3. (£ INF)s( INF) = (INF)={ FINF) =+ INF N
(+ INF)+(3 INF) = (2INF}—(£INF} = +NAN (RN, RZ. RP rounding modes)
(+ INF)+(3 INF) = (£INF}—(+INF} = —-NAN (RM rounding mode)
4 1t DNRM result is inexact. UNDFLO wili be set.
Table 3. ADSP-3221 Floating-Point Additional Subtraction {IEEE Mode)
B operand
ZERO DNRM NORM INF NAN
A operand
result status result status result status result status resuit status
ZERO ZERO2 ZERO UNDFLO NORM INF NAN INVALOP
DNRM ZERO | UNDFLO NORM INF.NORM.MAX1 OVRFLO INF NAN INVALOP
ZERO NORM
ZERO UNDFLO
1 1
NORM NORM INF.NORM.MAX | OVRFLO INF NORM.MAX OVRFLO INF NAN INVALOP
NORM NORM
ZERO UNDFLO ZERO 4 UNDFLO
ZERO
INF INF INF INF INFs3 NAN INVALOP
NAN INVALOP
NAN NAN INVALOP | NAN INVALOP NAN INVALOP | NAN INVALOP NAN INVALOP
1. Either INF or NORM.MAX. depending on rounding mode. See “Round Controls.”
2. (+ ZERO)+ (+ ZERO) = (+ZERO}(3ZERO) =>* ZERO
(+ ZERO)+( 7 ZERQ) = (+ZERO)~(+ZERO)= + ZERO (RN, RZ. RP rounding modes)
(+ ZERO)+( 7 ZERO) = (ZERO}-(+ZERO)= - ZERO (RM rounding mode)
3. (2 INF)+(x INF) = (£INF)~{ 3INF) = = INF
{+ INF)+(z INF) = (zINF)—(+INF) = +NAN (BN, RZ. RP rounding modes)
{+ INF)+(F INF) = {(£INF)}—~(+INF) = -NAN (RM rounding mode)
4. Exact result.
5. In FAST mode, WRAP inputs are illegal.
Table 4. ADSP-3221 Floating-Point Addition/Subtraction (FAST Mode)
REV. A
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- LG

R 37
Sign | HB | 22 1] fo Unbiased Source Name Sign [ i30(i29|i28}i27|i26|i25[i24fi23[i22... 7 |i6{ i5|i4 [i3 [i2|il | i0 | Rounding Status Flags

(e Expnt ‘e Modes
0 1 x.Tx x|z +NAN 0 rhhr e e e e i o [ T INVALOP
0 1 0... 00 [2%* 128 +INF 0 A0 T I 6 T I O O 6 T R I 1 T T R 6 T A O I P INVALOP
0 1 0... 00 |2** |31 Ur ft |U|UujUu U |Uu U |U(U. vju|v|ujutfu|u|ujal OVRFLO
0 1 Pooo b1 | 2*x 130 0 [ T 6 T I I 6 T I OO 1jofofofofofofo|an
0 1 Pooo 1|1 2= |23 o [0 |o {o o |o o fo 1 ]|1.. Lpr|r (|t fr 1] fan
0 1 0... 00 {2++ {23 o [0 Jo {o o o {olo |1 jo.. ofjofloj0fo|o|o{o]al
0 1 P 1 {222 6 [0 10 {o jo |o |o jo |1 |oO.. ojofo|ofofolo|o|RNRP INEXO
0 1 booo v |22 0 |0 [0 fo to {0 (o ]o |o{1.. Py {111 {1t |1]|RZRM INEXO
0 1 0... 0]0|2** |0 one 0 [0 0 [0 o |o Jo o jo |o.. ofo|o|ofojolo |1 |an
0 1 | A T O O VAL IR | one - 1LSB 6 (o0 (0 |0 [o o {o fo [0 |o.. olo|loflo]|ojo o |1 |RN,RP UNDFLO,INEXO
0 1 | A T I U VAL N | one -~ 1LSB 0 |0 |0 jo folo {o o (o |o0.. oJofo|ofo{o{o0]|0|RZRM UNDFLO,INEXO
0 1 0... 01 [2* | ~1 112 +1LSB o {o |o|o{o |o {o jo [0 |o.. 0l0jofo]|ojo]0|1]RNRP UNDFLO,INEXO
0 1 O... 01 |2**| -1 1.2 + 1LSB o fo|oto (o }o o to |o{o.. o{oflo|ofo{o([0]|0]|RZRM UNDFLO,INEXO
0 1 0... 0|0 [2#+] -1 112 0 o |o 010 |0 fo]o |0 fo.. ojofojofojofo|1]|RP UNDFLO,INEXO
0 1 0... 0|0 |2 | -1 172 0o |o o [o|o o oo o |o.. ojojo|o|ofo]o |0 |RMRNRZ | UNDFLO,INEXO
0 1 0... 00 (2% | -126 + NORM MIN 0 |0 |0 |o {0 |ofo oo fo.. olo|lofofofofo |1 |RP UNDFLO,INEXO
0 1 0... 00 2%} -126 +NORM.MIN o [0 ]o |o o oo olo|o.. ofoflo|o|o|o}o |0]RMRNRZ | UNDFLO,INEXO
0 [0 [0... 01 [2**]| 126 +DENORMMIN [ [0 |0 [0 |0 ]o o o |0 jo |oO. . o|ojojfolojo|o ]|l |[RP UNDFLO,INEXO
0 |0 |0... 01 |2+ | -126 +DENORMMIN | |0 [0 Jo (o o |o |0 |0 fo |o0.. oflofolo|o|o]|o |0 |RMRNRZ | UNDFLO,INEXO
0 |0 |o...0]0 0 +ZERO 0o [0 o |o{o o |o |0 fo |o.. o|ofofojo|o oo |al
1 0 [o0... 01 |2} -126 ~DENORM.MIN | | 1 {1 R 16 T 6 T 10 I T 16 Plrjur|r 1|1 {1|RM UNDFLO,INEXO
1 0 [o0... 0|1 ]2| —126 -~DENORMMIN | |0 [0 |6 (o {o |0 |o jo fo lo.. o{ofofojojojo |0 |RPRNRZ UNDFLO,INEXO
1 1 0... 0o [2e*} —126 - NORM.MIN 1 )10 T 1 T I 16 T T IR 16 T O Tiv |11t gt |1 |RM UNDFLO,INEXO
1 1 0... 0o la] —12¢ — NORM MIN o |olo o jo|o |o |o]o]o.. o|lo|o|lo|ofo]o |0 |RPRNRZ UNDFLO,INEXO
1 1 0... 0fo0 |2~ | -1 -12 1 S TR T 1 10 T 6 U I 16 T 6 O P11 |ttt |1 RM UNDFLO,INEXO
1 1 0... 00 |2+ | -1 -12 o |olo|o o |o o |o]o]o.. ofo|lofo|o|o]|0 |0 |RPRNRZ UNDFLO,INEXO
1 1 0... 01 2% | -1 -1:2 - 1LSB 1 I T U U T 16 T 16 O DA Pyt fryr 1|1 [1]1]|RMRN UNDFLO,INEXO
1 1 0... 01 [2%| -1 —-1/2 - 1LSB o |o]ojo o |o}o|o]o]o.. ofo|olojolo]o |0 |RPRZ UNDFLO,INEXO
1 1 1o 1|1 |2+ | -1 -one + 1L.SB 1 LI 1 T I U 6 T N 16 N 1D U O T 1|1t {r|{t]1 {1 |RMRN UNDFLO,INEXO
1 1 oo 11 2*| =1 —one +1LSB ¢ 0 lo o jo o fo |0 |o jo.. otolofo|o|o]o{o|RPRZ UNDFLO,INEXO
1 1 0... 00|20 - one 1 S T O 10 T S O 6 T I O 6 O 16 | U 0 T O O 0 O R O I O
1 1 Lo 1|1 [2*|22 1 Pfr vy vt {r]1]o.. 0(0]0|0j0 |00 {0 |RMRN INEXO
1 1 oo M1 |22 1 v 1r jr {1 fo.. 61000 (0[O0 |01 |RPRZ INEXO
1 1 0... 0f0 2|23 1 I T 1 T O T 16 U 6 O Y IO 0010|000 |0 ][00 al
1 1 Lo 1] 1| 2% |23 1 Pfrfrfr et |1 ]otjo.. of0f0 (0O (0|0 {1 [al
1 1 1... 1|1 |2*|30 1 o |o]ojo |o|o |00 ]o.. 010700 f0j0 01 [al
1 1 0... 010 |2*]|31 1 010 |0 o |o |0 o |o f|o.. 0100|000 |0 |0 [0]al
1 1 0... 0] 1 |2={31 U |v|uttviuju |t |u|u|u. u|luju|Uuju|u|t]|U}all
1 1 0... 002|128 —INF 1 1 T T T O A T 1B T U VR Pl (1141 jall INVALOP
1 1 X ... X| X| 2] 128 - NAN 1 Poprfropr bl gt |0 U I O 0 W A O O O INVALOP

L

>
**‘U”" denotes an undefined result.

Table 5.

852
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Conversion of 32-Bit Single-Precision Floating-Point to 32-Bit Twos-Complement Integer
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—4% —45- 45
Sign | HB|f51 f22121{f20({f19 .. .f1} O Unbiased | Source Name Sign| i30 . . .il [0 Rounding Status Flags
Expnt 3 Modes
L C el C L
0 T Ix.. 20X X Ix[x. 7 x| x {2 | 1024 +NAN o (1.7 11 all INVALOP
0 1 |0. 010 |o 0. 0|0 [2*] 1024 +INF 0 1... 1]t all INVALOP
0 1 lo. o fojojo... 0]o0 j2*~} 31 Urju...Ulu all OVRFLO
0 1 (1. 10y {1 f1... 11 [2*] 30 u {u...U|U RP,RN OVRFLO,INEXO
0 1 1. ) [y g 11 2% 30 0 1... 1|1 RZ,RM INEXO
0 1 {1... 111 fo]o... 030 [2*]{30 v lu...UlU RP,RN OVRFLO,INEXO
0 1l jofo... 0o |2*] 30 0 1... 1|1 RZ.RM INEXO
0 VER £ I U (T B U TS U I B bl B0 v lu...uj]u RP OVRFLO,INEXO
] 1 ... v o by .. 1 2] 30 0 ... 111 RM,RN,RZ | INEXO
(] 1 ... v Jojojo... ofn f2**} 30 U |u...U|U RP OVRFLO,INEXO
0 1 fi... 1 fofojo... o1 j2**] 30 0 1... 101 RM,RN,RZ | INEXO
(] 1 Ji... 1 Jojojo... 00 {2*| 30 0 P... 1 {1 all
0 ‘1|0...0 0o |o... 0]0 |2**] 0 one 0 10... 0|1 all
0 T 11... v {1 [ 1., 11 x| -1 one — ILSB 0 {0...011 RN,RP UNDFLO,INEXO
0 T P U I T L O TS O I B A B one — 1LSB o Jo...01}o0 RZ,RM UNDFLO,INEXO
0 tlo...olofjojo... o1 |2*| -1 1/2 +1LSB o Jo... 011 RN,RP UNDFLO,INEXO
0 1fo... oo fjodo... o1 j2**| -1 1/2 +1LSB o lo... 010 RZ,RM UNDFLO,INEXO
0 1le...o0f0olofo... 0]0 2%} -1 112 0 |0... 011 RP UNDFLO,INEXO
0 1 lo... o fofojo... o0 |2 -1 122 o |o... 010 RM,RN,RZ | UNDFLO,INEXO
0 1{o... 0]o|ojo... 00 [2*| —1022 +NORM.MIN 0 |0...0}1 RP UNDFLO,INEXO
0 11o... 0folojo... ofo |2*] -1022 +NORM.MIN 0o {0...01]0 RM,RN,RZ | UNDFLO,INEXO
0 olo... ojofoo... of1 [2**] —1022 +DENORM.MIN 0o (o...0]1 RP UNDFLO,INEXO
0 olo... oo o jo... 0f1 j2**]| —1022 + DENORM.MIN 0 0...01}0 RM,RN,RZ | UNDFLO,INEXO
0 olo...0jolojfo... 00 0 +ZERO o (o...0]0 all
1 olo... 010 ojo... 0|1 [2=]| —1022 — DENORM.MIN 1 Lo 1 fd RM UNDFLO,INEXO
1 olo... 0lolojo... o1 |2*~| —1022 — DENORM.MIN 0 |o0...010 RP,RN,RZ UNDFLO,INEXO
1 1]o... 0olo]olo... 0)o 2% —1022 -~ NORM.MIN 1 1... 1|1 RM UNDFLO,INEXO
1 1]o... 0]o]o[0... 0|0 |2%*} —1022 — NORM.MIN ¢ |0...010 RP,RN,RZ UNDFLO,INEXO
1 1fo... 0]oa]ofo... 00 2%} —1 —172 1 b... 1 }1 RM UNDFLO,INEXO
1 1 ]o... ofo|o]o... 00 2**] -1 -112 0 |o...0]0 RP,RN,RZ UNDFLO,INEXO
1 1lo... 0JoJofo... 0]1 |2*| -1 —122-1LSB 1 1... 111 RM,RN UNDFLO,INEXO
| 1lo... oJojofo... o1 |2* -1 -12 -1LSB o jo...0]0 RP,RZ UNDFLO,INEXO
1 R S DU DU U B I O Al —one + 1ILSB 1 1... 111 RM,RN UNDFLO,INEXO
)| DL T U B T O B PP B B B P B | —one +1LSB o |o... 010 RP,RZ UNDFLO,INEXO
1 (1VYo...0lofolo... 00 2|0 —one I W B all
1 1 41... 1 Jojo|o... 0jo0 |2*] 30 1 0... 011 all
| 1 ... 1 ]Jojoeto... o1 ]2**| 30 1 0...01}0 RM INEXO
1 1 {1... 1t Jojojo... Oof1 [2*] 30 1 0... 011 RP,RN,RZ INEXO
1 IO S U TR D IR P O B b (U 1 0... 010 RM INEXO
1 Pl o [y, 1R | 2**E 30 1 0... 011 RP,RN,RZ INEXO
1 1 ]1... 1 ]1jojo... o]0 |2*{ 30 1 0...0]o0 RM,RN INEXO
1 1 ... 1y lofo... o]0 j2**| 30 1 0... 0 (1 RP,RZ INEXO
1 VO T T RO IS 1D T T I B A ) 1 0...010 RM,RN INEXO
1 P vt .o 1 2 30 1 0... 0141 RP,RZ INEXO
1 1t lo... 00 fo [0... 0]0 |2*] 31 i 0... 010 all
1 1lo... ojoldojo... o1 [2*] 31 1 0... 010 RP,RN,RZ INEXO
1 1jo... 0]oJojo... 0] |2**| 31 U |U...U}U RM OVRFLO,INEXO
1 1/0... 0 {01 [{0... 010 {2} 31 1 0... 010 RP,RZ INEXO
1 11o... o lofrfo... oo |2*| 31 U (U...U|U RM,RN OVRFLO,INEXO
1 14{0... 0 o1 |1... 1] 1 |2*] 31 1 0...01}0 RP,RZ INEXO
1 11o... 0 o1 j1... 1] 1 |2*] 31 U |(u...UjU RM,RN OVRFLO,INEXO
1 1]o... 0 {1tjolo... oo |2*] 3 U (U...U}U all OVRFLO
1 140... 0 p1 Jolo... of1 |22| n U |u...ulU all OVRFLO,INEXO
1 1{0... 0o 0|0... ol o 2| 32 U |u...Uu}u al OVRFLO
1 1{0... 60 Jof0]0... 0] 0 |2*| 1024 —INF 1 1... 1|1 all INVALOP
1 1]X... X|X|X]|X X| X {2**] 1024 —NAN 1 1... 141 all INVALOP

A
1’\
T
NS
%N

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

Table 6. Conversion of 64-Bit Double-Precision Floating-Point to 32-Bit Twos-Complement Integer

REV. A
853



ADSP-3221

—4 5 —5 55

Sign | HB|fS1 . . .f30| 29 |f28[f27 . . .f1 | fO Unbiased | Source Name Sign| HB|f22 . . .f1 | {0 Unbiased | Result Name Rounding Status Flags

te e Expnt {c Expnt Modes
0 1 [X. J’)( X |X [X. v X | X [2*~ | 1024 +NAN 0 | B .rl 1| 2** | 128 +NAN all INVALQP
0 1 [0... 0|0 jo |0... 00 {2** |1024 +INF 0 1 [0... 00 }2**]128 +INF all
0 1IN PR T N B APRSRN B I G A 11X ] +NORM.MAX 0 1 [0... 00 |2*|128 +INF RP,RN OVRFLO,INEXO
0 I A O 1D I D B AP B I O VAL {1 0] + NORM.MAX 0 Io[1... 1|1 |2**]127 +NORM.MAX |RZ,RM OVRFLO,INEXO
0 1 (1., 1|1 Jt Jo... 0|0 [2** |127 1 1 1. 0|0 |2+ | 127 +INF RP,RN OVRFLO,INEXO
0 1 1. 1 {1 1 Jo. 00 |2* | 127 0 1 |t || 2+ |27 +NORM.MAX |RZ,RM INEXO
0 1 {1 1 (Lt Jo Jo. 0|1 p2* 1127 0 1 |1 L1 2% | 127 +INF RP OVRFLO,INEXO
0 1 1. 1 {1 o Jo. 0|1 [2* {127 0 1 |l || 2% ] 127 +NORM.MAX [RM,RN,RZ INEXO
0 1 |1. (v ]ojo... 00 [2* {127 0 1 {t. Lyi 2% ]127 +NORM.MAX |all
0 1|1, 110 Jo [0... O |1 [2* (127 0 1 1. P 2% ]127 +NORM.MAX |RP INEXO
0 11, 1{o Jo Jo... 0|1 |2* 127 0 1|1 Lo [2**]127 RM,RN,RZ INEXO
0 1 0. 0|0 Jo j0o... 00 [2** | -126 0 I |0. 00 {2*| —126 +NORM.MIN |all
0 | A S U 16 S T ) IR B IS B Vbl I P 0 0 [1... vt 12| ~126 +NORM.MIN |RP,RN INEXO
0 | IO U N T A O I O L R b 0 0 [1... 1|1 |2*| -126 + DNRM.MAX |RZ,RM UNDFLO,INEXO
[ L. 1 Jo Jo [o... 00 [2%]| -127 0 O [1... 1|1 |2*| 126 + DNRM.MAX |all
0 1 Jo... 0 }J0 jOo [0... O }OQ [2*| -149 (1] 0 [0... 01 12| -126 + DNRM.MIN |all
0 P 1o... ¢ o jo |0... 070 [2*|~1022 +NORM.MIN 0 0 [0... 011 2| -126 + DNRM.MIN |RP UNDFLO, INEXO
0 1 [0... ¢ 0 JO [0... 00 [2*| —1022 +NORM MIN 0 0 [0... 0J0 2| 126 +ZERO RM,RN,RZ UNDFLO, INEXO
0 O {1... 11 |1 1. .. 1 {1 j2*} —1022 +DNRM MAX 0 0 f0... 01 2% | ~-126 +DNRM.MIN | RP UNDFLO, INEXO
0 O [1... L |t |1 f1... 1|1 p2* | —1022 + DNRM.MAX 0 0 f0... 0@ |2**| —126 +ZERO RM,RN,RZ UNDFLO, INEXO
0 0 {0... 00 |0 [O... O0]1 |2* ]| —1022 + DNRM.MIN 0 0 f0... O]t |2*| -i26 + DNRM.MIN |RP UNDFLO, INEXO
0 0 jo... 0|6 [0 |O... OF1 {2* | -1022 +DNRM.MIN 0 0 [0... 0O 2%} 126 +ZERO RM,RN,RZ UNDFLO, INEXO
0 0 |0... 00 (0 ]O... 0}0 0 +ZERO 0 ofo... 0]0 0 +ZERO ail
1 040... 0|06 f0o|0o...0}0 0 - ZERO 1 00... 0]0 0 —ZERO all
1 0 l0... 0 |0 jo |0o... 0f1 f2* [ ~1022 — DNRM.MIN 1 0 f0... 01 |2**] —126 - DNRM.MIN | RM UNDFLO, INEXO
1 0 {0... 0 |0 {0 |0... O] 1 {2* | —1022 - DNRM.MIN 1 0 [0... 00 | 2*| —-126 - ZERO RP,RN,RZ UNDFLO, INEXO
1 O {1... U [y 1 j1... 1 §p 1 2% | -1022 — DNRM.MAX 1 0 |0... 01 [2*] -126 - DNRM.MIN |RM UNDFLO, INEXO
1 o |t... Lty v lrooo b1 | 2% | —1022 ~ DNRM.MAX 1 0 f0... 0J0O0 |2*| 126 -ZERO RP,RN,RZ UNDFLO, INEXO
1 1 Jo... 0|0 [0 JO0... 0O [2% [ -1022 —NORM.MIN 1 0 |0... 01 [2**} -126 - DNRM.MIN |RM UNDFLO, INEXO
1 1 10o... 040 0 j0... 00 [2*] -1022 —NORM MIN 1 0 f0... 0]JO|2**}| —126 - ZERO RP,RN,RZ UNDFLO, INEXQ
1 1 Jo... 010 j0 [0... 0O |2* ]| -149 1 0 f(0... 0}1 |2**| —126 — DNRM.MIN | ail
1 Popr... 1 R0 40 [0... 00 |2%| —127 1 0 [1... 1 p1]2*| -1 — DNRM.MAX [all
1 A 1 R W 1D I 5 T I AU B B B Il Bl P 1 O |1... Lt [2*] —126 -~ NORM.MIN |RM,RN INEXO
1 1 fr... 1 E 1 1. Y P2} -127 1 o |1. 1|1 ]2*] —-126 - DNRM.MAX | RP,RZ UNDFLO,INEXO
1 L jo... 010 JOo [0... OO0 2% | -126 1 1 |o. 00 ]2**| —126 —NORM.MIN | all
1 Pofr... 1 {0 o fo... o1 [2* 127 1 ol 1|1 ]2*1127 - NORM.MAX |RM INEXO
i Pofr... v o Jofo... o1 [2*)127 | |, L]0 | 2*]127 RP,RN,RZ INEXO
1 Pjlo.. L Jojo... 00 [2*]|127 1 [ DO |1 ] 2**]127 - NORM.MAX | all
1 Tjl... L1 {0 jo... Of1 [2**]127 1 1|1, 1|1 ] 2% {127 - INF RM OVRFLO,INEXO
1 Pyr... 1 frjofo... o1 |2*|127 1 ot P 2*q127 - NORM.MAX | RP,RN,RZ INEXO
1 T {1... L1 Jr jo... 0f0 [2**]127 1 i, L1 ] 2*=q127 ~INF RM,RN OVRFLO,INEXO
1 1. L1 jrjo... o0 21y 1 o[l L1 [ 2% 127 - NORM.MAX | RP,RZ INEXO
1 r. LT (.. 2023 -~ NORM MAX 1 P 0., 00 |2*%]128 —INF RM,RN OVRFLO,INEXO
1 1|t Ll gt 11 {2*=|1023 - NCRM.MAX 1 1. 1| 22| 127 -~ NORM.MAX | RP,RZ OVRFLO INEXO
1 1 Jo... 00 Jo{o... 00 |2* ] 1024 - INF 1 1 [0... 00 |2*]128 - INF all
1 I [X.. . XX [X [X... X|X][2*] 1024 - NAN 1 1|1, 11 |2**]128 - NAN all INVALOP

4§ —5§ $5

NOTE: Heavy line indicates rounding boundary in source.

Table 7. Conversion of 64-Bit Double-Precision Floating-Point to
32-Bit Single-Precision Floating Point (IEEE Mode)
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B operand
ZERO DNRM WRAP NORM INF NAN
A operand
result status result  status result status result status result  status result  status
ZERO NAN INVALOP ZERC ZERO ZERO ZERO NAN | INVALOP
DNRM | INF' | OVRFLO& | NAN | UNDFLO& | NAN UNDFLO | NAN UNDFLO | ZERO NAN | INVALOP
INVALOP INVALOP INVALOP INVALOP
WRAP INF1 OVRFLO& | NAN UNDFLOS& } NORM NORM ZERO NAN | INVALOP
INVALOP INVALOP WRAP UNDFLO
UNRM UNDFLO
) 1
NORM INF1 OVRFLO& ] NAN UNDFLO& INF,NORM.MAX1 OVRFLO } INFNORM.MAX | OVRFLO ZERO NAN | INVALOP
INVALOP INVALOP ] NORM NORM .
WRAP UNDFLO
UNRM UNDFLO
INF INF INF INF INF NAN INVALOP | NAN | INVALOP
NAN NAN INVALOP NAN INVALOP | NAN INVALOP | NAN INVALOP § NAN INVALOP § NAN | INVALOP

1. Either INF or NORM.MAX, depending on rounding mode.
In FAST mode, WRAP inputs are illegal.

Table 8. ADSP-3221 Floating-Point Division (A~ B) (IEEE Mode)

e

B operand
ZERO DNRM NORM INF NAN
A operand
result  status result status result status result status result status
ZERO NAN | INVALOP | NAN INVALOP | ZERO ZERO NAN | INVALOP
DNRM NAN | INVALOP | NAN INVALOP | ZERO ZERO NAN | iNVALOP
NORM ~NF' | OVRFLO& | INF OVRFLO& INF.NORM,MAX1 OVRFLO ZERO NAN | INVALOP
INVALOP INVALOP | NORM
ZERO UNDFLO
INF INF INF INF NAN [INVALOP! NAN | INVALOP
NAN NAN | INVALOP | NAN INVALOP. | NAN INVALOP | NAN |INVALOP! NAN | INVALOP
1 Either INF or NORM.MAX, depending on rounding mode
Table 9. ADSP-3221 Floating-Point Division (A~ B) (FAST Mode)
B operand
B<ZERO +ZERO +DNRM +WRAP +NORM +INF +NAN
Mcde
result status result status | result status result status ] result status } result status | result  sfatus
IEEE | NAN | INVALOP§ +ZERO +NAN UNDFLO& § NORM NORM +INF tNAN INVALOP
INVALOP
FAST] -NAN | INVALOP§ +ZERO +ZERO NORM NORM +INF +NAN INVALOP

Table 10. ADSP-3221 Floating-Point Square Root (,B)

REV. A
855



