32-BIT AND 64-BIT IDT721264

IEEE FLOATING-POINT IDT721265
MULTIPLIER AND ALU

integrated Device Technology. Inc

FEATURES: DESCRIPTION:
The IDT721264 floating-point multiplier and the IDT721265
version, for full 32-bit and 64-bit multiply and arithmetic

floating-point ALU provide hig@eed 32-bit and 64-bit floating-
operations ri®ated using IDT’s advanced

point processing capability.
The IDT721264/65 ar b
Very high-speed operation CEMOS technology and are able of a total flow-through muilti-
- inali : ply latency {time requir, the input of the operand until the
22&223%?:;%%3£:3:%/%&82)ALU operation resuit can be used by, vice) of 180ns for single precision

) s . and 270ns for doul multiplications. This ultra-high-
— 16.7 megaflops (60ns) pipelined 32-bit (single precision) y combining both state-of-the-art
multiplications

ced circuit design techniques.
— 8.0 megafiops (120ns) pipelined 64-bit (double precision) For signal plications, where higher throughput
multiplications speeds are It

¢ Conforms 1o the requirements of IEEE Standard 754, 1985

tions including the function specifica-
'or single precision multiplications, new
and a product unloaded every 60ns, while

Full floating-point function arithmetic fogic unit including:

— Add ultiplies can be accomplished at a 120ns
_ Subtract 265 ALU executes all operations at a 60ns

put. All operations, including the function speci-
— Absolute Value pipelined so there is no penalty for interleaving various
— Compare on-chip pipeline is automatically advanced, using

— Conversion to and from two’s complement integer 1S, so exp! icit pipeine flu_shmg is not required.'
o xible two-chip set operates in full conformance with the
— Performs 2-A to support Newton-Raphson division irahents of IEEE standard 754, 1985 version. It performs op-
s on single {32-bit) and double (64-bit) precision operands,
as Well as conversion to 32-bit two's complement integers
1DT721265 only). The IDT721264/65 accommodates all rounding
odes, infinity and reserved operand representations and the
treatment of exceptions such as overflow, underflow, invalid and
inexact operations. Exact conformance to the standards ensures

fe final application. A “FAST" mode eliminates the time penalty for
denormalized numbers by substituting zero for a denormalized

o Low-power (500mW typical per device) operation

Single 5 volt supply —no need for two supplies
Advanced CEMOS ™ technology

Flexible system design

— Three 32-bit ports allow two data inputs and 0
output every clock cycle

complete software portability between prototype developmentand

— One, two or three port architectures sup| number. o ] )
_ Single phase, edge-triggered clock inte y " The flexible input/output architecture of these devices allows
registered TTL-compatible inputs an S em to be used in systems wnth one, two or three 32-bit buses, or
one 64-bit bus. Fully registered inputs and outputs, separately con-
* Fult commercial and military ranges a le trolled, are loaded on each rising edge of the clock.
. i . A 64-bit function control determines the arithmetic function to be
Standard 144-pin grid array pack performed while a 4-bit status output flags arithmetic exceptions
— Pin and functionally compati itek 1264/1265 and conditions. Both the function inputs and status outputs propa-
gate along with the data to ease system design timing.
Military grade product is manufactured in compliance with the
latest revision of MIL-STD-883C, Class B.

Q

|

CEMOS is a trademark of Integrated Device Technology, Inc.
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FUNCTIONAL BLOCK DIAGRAM
IDT721264 FLOATING-POINT MULTIPLIER
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FUNCTIONAL BLOCK DIAGRAM
IDT721265 FLOATING-POINT ALU
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PIN CONFIGURATION

15 GND! Yo | iz | Yiel Ya | Yar | Ye Yy | Yaa| Yo | Yi | Yiz | Yes | Yao | GND

14z Vee ] GND| Yo | Y2 | Yio o Yo | Yoo | Yas | Yo | Yor | Yia | Yia | NC [ X

120zl zg| Ze NC | X | Xis
Mz | 24 Z, X4 Xz X4
10| Zp | 2Zn Z X3 Xig | Xo1
9| Z Zs ) Xs | X0 | X
8| Zaa| 2o Zy G144-1 Xpz | Xez | %7
7| Zos| Zun| Zes Xg Xzs | Xoa
6| Zio| Ziz| Zezs X6 | X0 | %o
5| 2| Zs| Zso Xog | Xz | Xy
4l Zyu| Zis| NC Xis | X3 | Xi2

3| zw| Vec| NG| NG| s | Uy | NC | GND] Ry | Ls Lo | NC | Xgi] Xig | Xos

2| Zy| NC| S, | S | TIU| Ug [Ck| Fs | Fo | NO| L, | NC | GND| NC | Xg

1| ano| s, | GND| OE | u, | NC | NC | Fs | Fs | Fo | NC | Ly | Ly [TSL|[GND

PIiN 1 DESIGNATOR

PIN GRID ARRAY
TOP VIEW

7-33




IDT721264/IDT721265 32-BIT AND 64-BIT

\EEE FLOATING-POINT MULTIPLIER AND ALU MILITARY AND COMMERCIAL TEMPERATURE RANGES
ABSOLUTE MAXIMUM RATINGS" RECOMMENDED DC OPERATING CONDITIONS
SYMBOL| RATING COMMERCIAL| MILITARY | UNIT SYMBOL PARAMETER MIN.| TYP.| MAX.| UNIT
Terminal Voltage v Military Supply Voltage 45 | 50| 85 | Vv
Vigaw | with Respect to | -05t0 +7.0 |-05t0 +70] V com | Military Supply Votag
GND Vee Commercial Supply Voltage | 4751 50| 525 \
Operating GND | Supply Voltage 0 0 0 '
Ta Oto +70 -55t0 +125| °C
Temperature Vi Input High Voltage 20 - - \
Teus | pmperatire 5610 +125 |-6510 +135| °C NO\'lllLE Input Low Voltage - -Jos| v
Storage _ = ° 1. 145\.1 nder shoots are allowed for 10ns once per cycle.
Tsta | Temperature 55t0 +125 |-6510 +155) °C under s per cy!
lout DC Output Current 50 50 mA
NOTE:

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT-
INGS may cause permanent damage to the device. This isastressrat-
ing only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is notimplied. Exposure to absolute maximum rating con-
ditions for extended periods may affect reliability.

DC ELECTRICAL CHARACTERISTICS
(Commercial Vec = 5V + 5%, Ta = 0°Cto 70°C, Military Voo = 5V £10%, Ta = -55°C to +125°C)

SYMBOL PARAMETER TEST CONDITIONS MR LTARE | uNiT
Iyl Input Leakage Current Voe = Max, Viy = 010 Ve - 10 - 20 HA
ol Output Leakage Current Hi 2, Vec = Max, Vour = 0toVce - 10 - 20 LA
lect) Operating Power Supply Current Outputs Open, ¢ = Max. - 100 - 120 mA
leca Quiescent Power Supply Current VN = Voo - 0.2V, Viy 0.2V, Vec = Max. - 5 - 5 mA
lgcf 1.2 | Increase in Power Supply Current/MHz| Vcc = Max., f > 10MHz - 4 - 6 mA/MHz
Vou Output High Voltage Ve = Min., oy = -2.0mA 24 - 24 - Vv
Vo Output Low Voitage Vec = Min,, lo. = 8mA - 0.4 - 0.4 \

NOTES:

1. lec is measured at 10MHz and Viy = TTL voltages. For frequencies greater than 10MHz, the following equation is used for the commercial range:
lec = 100 + 4(f-10)mA, where f = operating frequency in MHz. For the military range, | cc= 120 + 6(f-10) where f = operating frequency in MHz.
2. For frequencies greater than 10MHz.

v,
AC TEST CONDITIONS ce
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 3ns 810Q
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figure 1 OUT%]J,E

40*pF

*Includes scope and jig.

Figure 1. Output Load
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OPERATING CONDITIONS
(Commercial Ve = 5V * 5%, Ta = 0°C 10 70°C, Military Vec = 5V £10%, Ta = -55°Cto +125°C)
tey = 30ns tcy = 40ns tey = 50ns tcy = 60ns
SYMBOL PARAMETER MIN. MAX.| MIN.  MAX.| MIN.  MAX.| MIN. Max.| UNIT

tey Clock Cycle Time 30 - 40 - 50 - 60 - ns

tom Clock HIGH Time 12 - 15 - 20 - | o5 - ns

toL Clock LOW Time 12 - | 15 - | 20 -1 25 - ns

ts Input Set-up Time 11 - 13 - 15 - 15 - ns

ty input Hold Time 2 - 3 - 3 '- 3 - ns

AC ELECTRICAL CHARACTERISTICS
(Commercial Vecc = 5V = 5%, Ta = 0°C to 70°C, Military Vec = 5V +10%, Ta = -55°C o

tey = 301 tey = tey = 60ns
SYMBOL PARAMETER MINT O MAX. | MIN MAX. | MIN. Max,| UNIT
too Output Delay Time - 28 - 35 - 35 ns
tvo Output Data Valid 5 - 5 - 5 - ns
toz Output Disable Time - 35 - 35 ns
too Output Enable Time - 35 - 35 ns
Total Latency Time
IDT721265 ALU All Functions - 450 - 540 ns
ta IDT721264 MPY 32-Bit Functions - 300 - 360 ns
IDT721264 MPY 64-Bit Functions - 450 - 540 ns
Pipelined Time per Stage
1DT721265 ALU All Functions - 100 - 120 ns
t 1DT721264 MPY 32-Bit Functions - 100 - 120 ns
opP IDT721264 MPY 64-Bit Functions - 200 [ - 240 ns
Pipelined Total Latency
IDT721265 ALU All Functions 3 - 480 - 600 - 720 ns
1DT721264 MPY 32-Bit Functions 210 - 280 - 350 - 420 ns
tiap IDT721264 MPY 64-Bit Functions 300 - 400 - 500 - 600 ns
Array Time A, B register to Z register,
(IDT721265) pipeiine registers transparent 100 - 120 - 150 - 180 ns
Array Time Time to Make One Pass Thro
(IDT721264) Multiplier Array for 64-Bit or 3 60§ - 80 | - 100 | - 120 ns
Time for a 64-Bit Resu
t the Pipeline Register
Ped Register of the Z-Reg - 90 - 120 | — 150 | — 180 ns
Transparent)
tesz - 60 - 80 - 00| - 120 ns
-Bit Data to Make
One P, Array and the
trLowea Registers and - 120 | - 160 - 20| - 240 ns
DL to the Input of
d for 32-Bit Data to Make
€ Pass Through the Array and the
trowsz ansparent Pipeline Registers and - 120 _ 160 — 200 - 240 ns
ransparent DM, DL to the Input of
the Z-Reg
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SIGNAL DESCRIPTIONS:

INPUTS:

Xo-31 (Input Operand)

X operand inputs, 32-bit.
Yo-31 (Input Operand)

Y operand inputs, 32-bit.

CONTROL:

Lo-s (Load Control)

The input configuration of the IDT721264 and IDT721265 canbe
configured through the use of the 5-bit load control to specify the
destination of the data from the X and Y inputs to the AM, AL, BM,
BL registers or the arithmetic array.

Fo-s (Function Control)

The function configuration of the IDT721264 and 1DT721265
can be configured through the use of the 6-bit function control to
specify the operation to be performed. See Tables 3 and 4 for the
specific function controls for the muttiplier and ALU.

Up-2 (Unload Control)

The unload control {Uo-2) chooses the source of the output.
CSL (input Enable)

When CSL is low, input ports X and Y are enabled. Input data
buses may be shared with the ALU and multiplier with CsL.
CSU (Synchronous Output Enable)

When CSU is low, output port Z is enabled. Therefore,
microcode can control the three-stating of the Z output. Since CSL
is pipelined, it takes effect 2 clock cycles after it is asserted.

OE (Asynchronous Output Enable) .

when OE is high, output port Z is enabled. When OE is high, the
Z output is enabled if CSU is low.

CLK (Ciock)

The clock input.

OUTPUTS:
Zo-31 (Result)
The Z result output, 32-bit, three-state.

So-3 (Status)
The 4-bit status output indicates any exceptions which resulted
from multiplier or ALU operations.

POWER SUPPLY:
Vee (Power Supply)
Two power supply pins, 5V.

GND (Ground)
Eight ground pins, OV.

GENERAL OPERATING MODES

Both the Multiplier and the ALU are architected identically with
two input ports and one output port that surround the pipelined
arithmetic array. The function control (6-bits) controls the selection
of the arithmetic operations with the input and output ports con-
trolied by a total of 8 bits of the load and unload control registers.

INPUT PORTS

The IDT721264 multiplier and the IDT721265 ALU have identi-
cal input and control structures that handle data on two 32-bit
buses (X and Y). The on-chip registers (AL, AM, BL, BM) can be
written from either of the buses or data can be passed from the in-
puts directly into the arithmetic unit.

Both devices can be used in a range of bus configurations for
operations in both 32-bit and 64-bit by configuring the input data in
combination with the high bandwidth output. Transfers of data in-
put and output can be made at twice the pipeline rate. The input
buses are fully registered and can be configured for one or two
32-bit inputs or one 64-bit output. These registers are loaded on
each LOW-to-HIGH transition of the clock provided CSL is held
LOW.

LOAD CONTROL

The Load Control (Lo-4) is used to transfer data from the input
ports 1o the internal registers or the arithmetic array. Lo controls the
initiation of an operation. When this input is LOW only a data trans-
fer occurs while, when it is held HIGH, data is transferred and an
operation is begun. The sequence of events is as follows: two reg-
isters (AREG and BREG) are loaded from the specified AL, AM, BL,
BM register and the X and Y ports and the FREG is loaded from port
F while, on the next cycle, the specified operation in the FREG be-
gins with the data already loaded into the AREG and BREG. The X
and Y ports can be used as single operand operations and mustbe
loaded into the AREG. The configuration of these ports can be ac-
complished by using the Mode bits M5 and M1s for 16-, 32- and
64-bit data. The most significant halves of the AREG and BREG
must be loaded with any 32-bit operands.

UNLOAD CONTROL

The Unload Control (Uo-2) chooses whether the DM or DL regis-
ter is sent to the Z register. The DM register stores the result of 32-bit
floating-point operations. With 64-bit operations, the most signifi-
cant 32 bits are stored in the DM register; the least significant halfis
stored in the DL register. A 32-bitresult is sent from the Zregisterto
the Z output port on each clock cycle.
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TABLE 1. LOAD CONTROL TRUTH TABLE

Ly Ly L, Ly Lo LOAD OPERATION

0 0 0 0 0 (0) (NOP)

0 0 0 0 (1) AM, AL — AREG; BM, BL — BREG; F1 — FREG

0 0 0 1 0 (@ Load Mode

0 0 0 1 1 {3) — Reserved

Q 0 1 0 0 (4) Y1 — AL; X1 — BL

0 0 1 0 1 (5) Y1 — AL; X1 — BL:; AM, Y1 — AREG; BM, X1 — BREG; F1 — FREG
0 0 1 1 0 (6) Y1 — AM; X1 — BM

0 0 1 1 1 (7} Y1 — AM; X1 — BM; Y1, AL — AREG; X1, BL — BREG; F1 — FREG
0 1 0 o 0 (8) X1 — BM; Y1 — BL

0 1 ¢} 0 1 9) X1 — BM; Y1 — BL; AM, AL — AREG; X1, Y1 — BREG; F1 —+ FREG
0 1 0 1 0 (10) X1 — AM; Y1 — AL

0 1 o} 1 1 (11) X1 — AM; Y1 — AL: X1, Y1 — AREG; BM, BL —+ BREG; F1 —+ FREG
0 1 1 0 0 (12) X1— AL Y1 — BL

0 1 1 0 1 {13) X1 — AL; Y1 — BL; AM, X1 — AREG; BM, Y1 — BREG; F1 — FREG
0 1 1 1 0 (14) X1 — AM; Y1 — BM

0 1 1 1 1 (15) X1 — AM: Y1 — BM; X1, AL — AREG; Y1, BL — BREG; F1 —+ FREG
1 0 0 0 0 (16) Y1 — BM

1 0 0 0 1 (17) Y1 — BM; AM, AL — AREG; Y1, BL —+ BREG; F1 — FREG

1 0 0 1 0 (18) Y1 — BL

1 0 0 1 1 (19) Y1 — BL; AM, AL — AREG; 8M, Y1 — BREG; F1 — FREG

1 0 1 0 0 (20) Y1 — AL

1 0 1 0 1 (21) Y1 — AL; AM, Y1 — AREG; BM, BL — BREG; F1 — FREG

1 0 1 1 0 (22) Y1 — AM

1 0 1 1 1 (23) Y1 —+ AM; Y1, AL — AREG; BM, BL —+ BREG; F1 — FREG

1 1 0 0 0 (24) X1 — BM

1 1 0 0 1 (25) X1 — BM; AM, AL —+ AREG; X1, BL — BREG; F1 — FREG

1 1 0 1 0 (26) X1 — BL

1 1 0 1 1 (27) X1 — BL; AM, AL — AREG; BM, X1 — BREG; F1 — FREG

1 1 1 0 0 (28) X1 — AL

1 1 1 0 1 (29) X1 — AL; AM, X1 — AREG; BM, BL —+ BREG; F1 —+ FREG

1 1 1 1 0 (30) X1 — AM

1 1 1 1 1 (31) X1 — AM; X1, AL — AREG; BM, BL —+ BREG; F1 — FREG

LOAD SEQUENCES
64-BIT OPERATIONS USING THE X AND Y PORTS

32-BIT OPERATIONS WITH TWO 32-BIT PORTS AS A SINGLE 64-BIT PORT
OPERATION La| Ls| Lo | Lt | Lo | INST# OPERATION La| Laf Lo | Lt | Lo | INST#
LOAD MODE" clo]o|1]o0 ) LOAD MODE olo| o}l1]o0 ()
Y1, AL — AREG: X1, BL — X1 — AM; Y1 — AL o 1 o 1] o (0
$1R E—?; :;,1;_;1 T.Ec;;,q ooyt @ AM, AL — AREG; x_1, Y1 —
— pegareio R I N I I I
1. Irfe tll;: éne%(.je does not change between operations, itdoes notneed tobe .
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TABLE 2. UNLOAD CONTROL TRUTH TABLE

csu U, U, Uo EDGE #1 EDGE #2
0 0 0 0 DMy, o— ZREG STREG1 — S*, ZREG — Z*
0 0 1 0 DM3;_16. DL31-16 — ZREG STREG1 — S*, ZREG — Z2*
0 1 0 0 DLgy_o— ZREG STREG1 — S*, ZREG — Z*
0 1 1 0 DMs-0. DL1s_o — ZREG STREG1 — S*, ZREG —+ Z*
1 X X X S+ and Z+ Tri-Stated

TABLE 3. FUNCTION CONTROLS FOR FLOATING-POINT MULTIPLIER

F, F F OPERATION MNEMONIC DESCRIPTION
0 0 0 (©) F32 x F32 MUL32 Single Muttiply

0 0 1 1) F64 x F64 MULB4 Double Multiply

0 1 0 @ W32 x F32 MULAW32 Single Multiply, A Wrapped

0 1 1 (3 W64 x F64 MULAW6G4 Double Muitiply, A Wrapped

1 0 0 (4) F32 x W32 MULBW32 Single Multiply, 8 Wrapped

1 0 1 (5) F64 x W64 MULBW64 Double Multiply. B Wrapped

1 1 0 (6) W32 x W32 MULABW32 Single Multiply, A & B Wrapped
1 1 1 {7) W64 x W64 MULABW6E4 Double Multiply, A & B Wrapped
F K F, OPERATION MNEMONIC DESCRIPTION

0 0 ] (0 AxB MUL Muttiply

0 0 1 (1) || xB MULABSA B Times Magnitude of A

0 1 0 @ Ax|g| MULABSB A Times Magnitude of B

0 1 1 (3) 1a] x |8} MULABSAB Magnitude of A Times B

1 0 0 (4) -(AxB) MULNEG Multiply and Negate

1 0 1 (5 (-jAh xB MULNEGA B Times Negative Value of A

1 1 s} 6) Ax (-B)) MULNEGB A Times Negative Value of B

1 1 1 4] -(|a] x 18|y MULNEGAB Negative Value of A Times B
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MULTIPLIER OPERATION: IDT721264

The IDT721264 has exception detection handling circuitry, a
56 x 28-bit multiplier array, an exponent adder circuit, a normaliz-
ing shifter and a rounding circuit for IEEE format adjustment.

The exception detection circuit is at the beginning of the multi-
plier. Exceptions can be Not-a-Number (NaN) or a denormalized
input and timings are handled like normal numbers.

A clocked 54 x 28-bit multiplier array multiplies the mantissa
portion of the floating-point number. A single precision multiply
takes one pass through the array; a double precision multiply takes
two passes. Each pass through the array takes two clock cycles.

Partial results are stored in the accumulator (an adder and a
transparent latch). The cycle time determines the number of clock
cycles required to complete a muttiplication. A long cycle time re-
quires fewer clock cycles to complete the operation. A clock time
of 30ns calls for four cycles to perform a double precision multiply.
In the first two clock cycles, the operands are muitiplied in the ar-
ray. On the second cycle, the accumulator register must be latched
to retain the results. On the fourth cycle the accumulator register
must be transparent so that the results are passed to the pipeline
register. An accumulator timer can be set to latch or pass results
one to four clock cycles after the beginning of the operation. The
timer is reset at the beginning of each operation.

MULTIPLIER FUNCTION CONTROL

The multiplier controls are given in Table 3. The muitiplier func-
tions can be considered briefly in the following manner:

Fs Fy Fy Fa Fy Fo
CS MB MA wB BA SD
CS: 1-> Complement sign of result
MB: 1-> Magnitude of B
MA: 1-> Magnitude of A
WB: 1-> Operand B is wrapped
WA: 1-> Operand A is wrapped
SD: 0-> Single precision operation

SD: 1-> Double precision operation

The Mode Control bits are loaded from the Fo_3 function control
bits. The Fs_4 function controt bits determine which of the four 4-bit
mode control subsets is loaded.

Fs Fs EDGE 0 EDGE 1
0 ¢ F-— F1 F— M3
0 1 F — F1 F— M7y
1 ¢ F— F1 F— My
1 1 F— F1 F— Mis_12

MULTIPLIER MODE CONTROL
IEEE OR FAST MODE

Mode bit Mp controls the way denormalized numbers are han-
died. If Mo is 0, the IEEE format is used. The multiplier generates
denormalized operand exceptions and produces UNRM values on
underflow exceptions. The denormalized operands are sent to the
ALU to be wrapped; the wrapped numbers (WNRMs) can then be
multiplied. The IEEE Compatibility section discusses this in detail.

If Mo is 1, the Fast mode is used in order to achieve the maxi-
mum performance, by eliminating the direct handling of
denormalized numbers. The multiplier flushes denormatized

operands (DNRMs) to zero and rounds underflow or unnormalized
results (UNRMSs) to zero. Mode bit Mz must be setto zero in the Fast
mode.

M, DESCRIPTION
0 IEEE Mode
1 Fast Mode

ROUNDING MODE

Mode bits My, Mz and M3 select the Rounding mode. Renor-
malization and 1EEE rounding functions are performed between
the pipeline register and the DM and DL registers.

M, M, DESCRIPTION

0 0 Round to nearest value or if a tie, round
to even significand

0 1 Round to zero

1 0 Round towards positive infinity

1 1 Round towards negative infinity

PIPELINE CONFIGURATION

Mode bit M4 controls whether the DM and DL registers are trans-
parent. Mode bit Ms controls whether the pipeline register is
transparent.

M, DESCRIPTION

0 Transparent DM, DL

1 Latched DM, DL
Mg DESCRIPTION

0 Transparent pipeline register
1 Latched pipeline register

ACCUMULATOR ADVANCE CONTROL

Mode bits My-s control the timing of the partial productaccumu-
lator. The accumulator is alternately latched and made transparent
every N + 1cycles, where N is the value of M7-e. The accumulator
timer is reset at the beginning of each operation. The accumulator
timer is used to achieve maximum throughput.

M, Mg DESCRIPTION
0 0 N = 1, Clock/1
[¢] 1 N = 2, Clock/2
1 0 N = 3, Clock/3
1 1 N = 4, Clock/4

PIPELINE ADVANCE CONTROL

Mode bits M14-s control the pipeline advance control of the pipe-
line registers. If My1_g are all zeros, the pipeline registers will only
be latched at the beginning of an operation. If My1_g are non-zero
values, N, the pipetine registers will be clocked at the beginning of
every operation and every N cycles after the beginning of every op-
eration. The internal pipeline advance timer is reset at the begin-
ning of every operation.

For example, if N = 4 and operations are started on cycles 0, 6
and 10, pipeline advances will occur on cycles 0, 4, 6, 10, 14, 18
and so on. The pipeline advance control is used to achieve maxi-
mum throughput.

7
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Myy Myo My My DESCRIPTION
0 0 0 0 N = 0, pipeline registers are latched
0 0 0 N = 1, pipeline registers are clocked
1 1 cycle after first operation
N = 2, pipeline registers are clocked
0 Y 1 0 2 cycles after first operation
0 0 3 1 N = 3, pipeline registers are clocked

3 cycles after first operation

N = 15, pipeline registers are clocked
15 cycles after first operation

BUS BANDWIDTH CONTROL

Mode bits M13_12are notused. Mode bits M1s-14 control the input
bus bandwidth of the X and Y input ports. When Mis_14 @re setto
zero, the X1 and Y1 registers are foaded every clock cycle fromthe
X and Y ports.

ALU MODE CONTROL
|EEE OR FAST MODE

Mode bit Mg controls the way denormalized numbers are han-
dled. i Mg is 0, the |EEE format is used. The ALU generates
denormalized operand exceptions and produces UNRM values on
underflow exceptions. The [EEE Compatibility section discusses
this in detail.

If Mo is 1, the Fast mode is used in order to achieve the maxi-
mum performance by eliminating the direct handling of denormal-
ized numbers. The ALU flushes denormalized operands (UNRMs)
to zero and rounds underflow or unnormalized results (UNRMS) to
zero. Mode bit Mz must be set to zero in the Fast mode.

My DESCRIPTION
0 IEEE Mode
1 Fast Mode

ROUNDING MODE

Mode bits My, Mz and M3 select the Rounding mode. Renor-

malization and IEEE rounding functions are performed between

Mis My DESCRIPTION DATA PATH the pipeline register and the DM and DL registers.

0 0 N = 1, 32-but bus X-> X1, ¥-> Y1 Ms M, M, DESCRIPTION

0 1 N = 2. Reserved o 0 0 Round to nearest value or if a tie, round

1 0 N = 3, Unused to even significand

1 1 N = 4, Unused 0 1 0 Round to zero

1 0 0 Round towards positive infinity
ALU OPERATION: IDT721265 1 1 0 Round towards negative infinity
The IDT721265 ALU has five basic components: exception de- X X 1 Round to zero, all cases

tection circuitry, a shifter to normalize the smaller of the two input
operands, a 57-bit adder, a shifter o renormalize the result and
|EEE rounding circuitry. The IDT721265 is easily considered as an
ALU with multiple internal pipeline registers. The internal pipeline
registers and the DM and DL registers can be made transparent by
mode bits M7-a.

The pipeline registers are clocked at the beginning of each op-
eration and every N cycles thereatfter, when N is given a value by
mode bits Mi1-s.

ALU FUNCTION CONTROL

The IDT721265s function controls are shown in Tabie 4. The
IDT superset functions are highlighted in Table 5.

The Mode Control bits are loaded from the Fao function control
bits. The Fs_4 function controi bits determine which of the four 4-bit
mode contro! subsets is loaded.

Fs Fs EDGE 0 EDGE 1

o] 0 F— Ft F1 =M
0 1 F—F1 F1 — M4

1 0 F—F1 F1 — Mg
1 1 F—F1 F1 — Mis_12

PIPELINE CONFIGURATION

Mode bits My_4 determine which of the pipeline registers and
DM and DL registers are made transparent. If the mode bit is low,
the corresponding register is made transparent. If the mode bit is
high, the register is latched by the rising edge of the clock. If the
pipeline registers are made transparent, the latency time is re-
duced at the expense of slower overall throughput. The highest
system throughput resuits from enabling all the pipeline registers.

Mode bit M4 controls whether the DM and DL registers are trans-
parent. Mode bits M7.s control which of the pipeline registers are
transparent.

M;
PIPE1

Mg
PIPE2

Ms
PIPE3

M,
STREG, DM, DL

PIPELINE ADVANCE CONTROL

Mode bits M11_g control the pipeline advance control of the pipe-
line registers. If M1y-g are all zeros, the pipeline registers will only
be latched at the beginning of an operation. If M11-g are non-zero
values, N, the pipeline registers will be clocked at the beginning of
every operation and every N cycles after the beginning of every op-
eration. The internal pipeline advance timer is reset at the begin-
ning of every operation.
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For example, if N = 4 and operations are started on cycles 0, 6 BUS BANDWIDTH CONTROL
and 10, pipeline advances will occur on cycles 0, 4, 6, 10, 14, 18

and so on. The pipeline advance control is used to achieve maxi- Mode bits M1s-12are notused. Mode bits M1s-14 control the input
mum throughput. bus bandwidth of the X and Y input ports. When Mis_14 are set to
zero, the X1 and Y1 registers are loaded every clock cycle fromthe
Mgy My My Mg DESCRIPTION X and Y ports.
0 0 0 0 N = 0, pipeline registers are latched Mys My DESCRIPTION DATA PATH
N = 1, pipeline registers are clocked _ ¥ .
0 0 [ 1 1 cycle after first operation 0 0 N = 1, 32-but bus X=+ X1;Y — Y1
0 o N = 2, pipeline registers are clocked 0 ! N = 2 Reserved
0 1 2 cycles after first operation 1 0 N = 3, Unused
o 0 1 1 N = 3, pipeline registers are clocked 1 1 N = 4, Unused

3 cycles after first operation

N = 15, pipeline registers are clocked
15 cycles after first operation
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TABLE 4. FUNCTION CONTROLS FOR ALU—IDT721265

Fs Fa Fy Fa Fy Fo OPERATION DESCRIPTION
0 0 0 0 0 0 () F32 - F32 Single Subtract

0 0 0 0 0 1 (1) F64 - F64 Double Subtract

0 0 0 0 1 0 ) |F32 - F32| Single ABS Subtract

0 0 0 0 1 1 3) |Fe4 - Fo4| Double ABS Subtract

0 0 ] 1 ] 0 4 {F32] - |F32| Single Subtract ABS ()

0 0 0 1 0 1 ) |F64| - |F64| Double Subtract ABS'"!

0 0 0 1 1 0 (6) RESERVED

0 0 0 1 1 1 7 RESERVED

0 ] 1 0 0 0 (8) -F32 + 0 Single Negate

0 0 1 0 0 1 (9) -F64 + 0 Double Subtract

0 ] 1 ] 1 0 (10) 2-F32 Single 2-A (1)

0 0 1 0 1 1 (11) 2 - F64 Double 2-A("

0 (4} 1 1 ¢} 0 {12) -F32 - F32 Single 2’'s Complement of Addition )
0 0 1 1 0 1 (13) -F64 - F64 Double 2's Complement of Addition (1)
0 0 1 1 1 0 (14) RESERVED

0 0 1 1 1 1 (15) RESERVED

0 1 0 0 0 0 (16) F32 + F32 Single Addition

0 1 ] 0 0 1 (17) F64 + F64 Double Addition

0 1 0 0 1 0 (18) [F32 + F32| Single ABS Addition

0 1 0 0 1 1 (19) |Fe4 + Fo4| Double ABS Addition

0 1 0 1 0 0 (20) |F32} + |F32| Single Add ABS

0 1 0 1 0 1 1) |Fe4| + |Fo4| Double Add ABS

0 1 ] 1 1 0 (22) RESERVED

0 1 0 1 1 1 (23) RESERVED

0 1 1 0 0 0 (24) F32 + 0 Single Pass

0 1 1 0 c 1 (25) F64 + 0 Double Pass

] 1 1 0 1 0 (26) F32 + |F32| Single Mixed Addition ")
0 1 1 0 1 1 27 Fe4 + |Fe4| Double Mixed Addition

0 1 1 1 0 s} (28) [F32| + 0 Single Pass ABS

0 1 1 1 0 1 (29) |Fe4| + 0 Double Pass ABS

0 1 1 1 1 ] (30) RESERVED

0 1 1 1 1 1 (31) RESERVED

1 0 0 0 0 0 (32) COMP F32 - F32 Single Compare

1 0 0 0 4] 1 (33) COMP F64 - F64 Double Compare

1 0 0 0 1 0 (34) F32 - |F32} Single Mixed Subtract (')
1 0 0 0 1 1 (35) F64 - |F6d Double Mixed Subtract”
1 0 0 1 0 0 (36) COMP |F32| - |F32| Single Compare ABS

1 0 0 1 0 1 (37 COMP |F64| - |F64| Double Compare ABS

1 0 0 1 1 0 (38) RESERVED

1 0 0 1 1 1 (39) RESERVED

1 0 1 0 0 0 (40) COMP F32-0 Single Compare with Zero
1 0 1 0 4] bl (41) COMP F64 - 0 Double Compare with Zero
1 0 1 0 1 0 (42) -|F32} + 0 Single Negate of ABS ()

1 0 1 0 1 0 (43) -|Fe4] + 0 Doubte Negate of ABS("
1 0 1 1 0 0 (44) -|F32| - jFaz| Single 2's Complement of Add ABS "
1 0 1 1 0 1 (45) -|Fe4| - |F64| Double 2's Complement of Add ABS "
1 0 1 1 1 0 (46) RESERVED

1 0 1 1 1 1 (47) RESERVED

1 1 0 0 0 0 (48) u32 — D32 EX Single Unwrap Exact

1 1 0 0 0 1 (49) U4 — D64 EX Double Unwrap Exact

1 1 0 0 1 0 (50) D32 — W32 Single Wrap

1 1 0 0 1 ] (61) D64 — W64 Double Wrap

1 1 0 1 0 0 {52) U32 —+ D32 INX Single Unwrap {nexact

1 1 0 1 0 1 (53) U4 — D64 INX Doubie Unwrap Inexact

1 1 0 1 1 0 (54) RESERVED

1 1 0 1 1 1 (55) RESERVED

1 1 1 0 0 0 (56) F32 — 132 single Fix

1 1 1 0 0 1 (57) F64 — 164 Double Fix

1 1 1 0 1 0 (58) 132 — F32 Single Fioat

1 1 1 0 1 0 (59) 164 — F64 Double Float

1 1 1 1 0 0 (60) F32 — F64 Single Convert to Double
1 1 1 1 0 1 (61) F64 — F32 Double Convert to Single
1 1 1 1 1 0 (62) RESERVED

1 1 1 1 1 1 (63) RESERVED

NOTE:

1. IDT proprietary functions. Reserved functions in Weitek-Compatible mode.
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TABLE 5. IDT721265 ALU SUPERSET FUNCTION CONTROLS

Fs Fy F F2 Fy Fo OPERATION DESCRIPTION
0 0 0 1 0 0 4) |F32| - |F32| Single Subtract Absolute Value
0 0 0 1 0 1 () |F64| - |Fe4| Double Subtract Absolute Value
0 0 1 0 1 0 (10) 2-F32 Single 2 - A
0 0 1 0 1 1 (11) 2 - F64 Doubie 2 - A
0 0 1 1 0 0 (12) -F32 - F32 Single 2's Complement of Addition
0 0 1 1 0 1 (13) -F64 - F64 Double 2's Complement of Addition
0 1 0 0 (26) F32 + |F32| Single Mixed Addition
0 1 0 1 27) F64 + |F64| Double Mixed Addition
0 ] 0 1 0 (34) F32 - |F32| Single Mixed Subtract
0 0 3} 1 1 (35) F64 - |Fe4| Double Mixed Subtract
1 0 [¢] 0 (42) —|F32| +0 Single Negate of Absolute Value
1 ] 0 1 (43) -|F64] + 0 Double Negate of Absolute Value
1 0 1 ] 0 (44) -|F32] - |F32| Single 2's Complement of Add Absolute Value
1 ] 1 0 1 (45) -|Fe4] - |F64| Double 2's Complement of Add Absolute Value

RESULTS STATUS

The 4-bit Result Status (S3-o) indicates any exceptions or condi-
tions of the results of a floating-point operation. Comparison condi-
tions are shown on Si.o when comparison operations are per-
formed. Exception status is shown on Sz when exceptions occur

on an operation. Table 6 details the results status indicators.

TABLE 6. STATUS TRUTH TABLE

SQ+ s2+ s1+ so+

COMPARISON
CONDITION

EXCEPTION STATUS

0

0

0

0

)

Equal

Result = +0 or -0, exact

0

0

0

1

0]

Less than

Result = +infinity or
—infinity, exact

e

Greater
than

Resutt finite and < > 0,
exact

o

-

3

Result finite and < > 0,
inexact

@

—Not used

©)

Overflow & inexact

6)

Underflow

@

Underflow & inexact

&)

Operand A is denormalized

|2 lojOo|CclO

clo|afalal=

o|lo|=|=]O|O

alojx|lolalo

©

Operand B is denormalized

-

-

[=]

(10)

Operands A & B are
denormalized

(1M

—Not used

(12)

Operand A is NAN

(13)

Operand B is NAN

(14)

Operands A & B are NAN

Aalajalala

2lalal=jol o

alalolol <

alo|la|lo| -

(15)

Unordered

Invalid Operation

During certain operations, more than one exception may occur.
The higher priority exception will be indicated on the result status

output.
PRIORITY EXCEPTION
Highest Operands A & B are NAN
Operand A is NAN
Operand B is NAN
Invalid Operation
Operands A & B are Denormalized
Operand A is Denormalized
Operand B is Denormalized
Underfiow & Inexact
Underflow
Overflow & Inexact
Lowest Result is Finite < > 0, Inexact
TIMING

The IDT721264 and IDT721265 are designed to be able to oper-
ate as pipelined processors, to maximize systems throughput or to
be able to operate as flow-through processors to minimize the la-
tency period from input to output resuit. The foliowing figures ex-
plain the various timing constraints for pipelined and flow-through
modes in both single and double precision operations.
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MULTIPLIER TIMINGS
64-BIT MAXIMUM PIPELINED THROUGHPUT

For maximum throughput for 64-bit multiplications, the accum-
ulator timer shouid be set to clock/2 (Mr-e = 1), the pipeline
advance control should be set to four (M11-s = 4), the pipelinereg-
isters should be latched (Ms = 1) and the DM and DL registers

should be transparent (M4 = 0). The timing is shown in Figure 3.

The first cycle after the inputs and function code are loaded, the
64-bit multiplication begins. Two cycles later, the accumulator
stores the partial product of the first pass through the array. Two
cycles later, the unrounded results are latched into the pipeline
register. Three cycles later (tpsa ), the result is available on the out-
put port.

CLOCK 1 2 3 4 5 6 7 8 8 10 11 12 13
CSL, LOAD LAB LAB NOP NOP LAB LAB NoP NOP LAB LAB NOP NOP
FUNCTION MuLe4 MUL64 MULE4
XY AOPO Bopof \A:1 Bopr AOP2 BOP2
CSU, UNLOAD \ur?o uLso
STATUS STATUSO
Zz MS0 I

e o= 120m5———]

n e = 300nS

Figure 3. IDT721264 64-bit Pipelined Operation Timing

32-BIT MAXIMUM PIPELINED THROUGHPUT

For maximum throughput for 32-bit multiplications, the accum-
ulator timer should be set to clock/t (M7 = 0), the pipeline
advance control should be set to two (Mi1-s = 2), the pipeline reg-
isters and the DM and DL register shouid be latched (Ms = Mg =1).
The result of the multiplication will be stored on the most significant
half of the DM register. The timing is shown is Figure 4.

The first cycle after the inputs and function code are loaded, the
32-bit multiplication begins. Two cycles later, the unrounded re-
sults are latched into the pipeline register. Two cycles later, the re-
sults are at the input of the DM register. One cycle later (tes2), the
result is available at the input of the ZREG and can be outputonthe
following cycle.

ey

O

Ms3 msa MS$§

(UMSO UMS1 ums2

STATO

clock | 1 2 3 4 5 6
CSL, LOAD @ @
pneron oy
XY LE Ms1 MS2
CSU, UNLOAD
STATUS
z

"_ top = 60"5"'

T

tiap = 210ns ————————*1 1oy = 30ns

Figure 4. IDT721264 32-bit Pipelined Operation Timing
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64-BIT MINIMUM LATENCY FLOW-THROUGH

For minimum latency for 64-bit multiplications, the accumulator
timer should be set to clock/2 (My.s = 1}, the pipeline advance
control should be set to zero (M11-s = 0) and the pipeline registers
and DM and DL registers should be transparent (Ms = M4 = 0).
The timing is shown is Figure 5.

CLOCK

CsL, LOAD

1 2 3 4 5 6

The first cycle after the inputs and function code are loaded, the
64-bit multiplication begins. Two cycles later, the accumulator
stores the partial product of the first pass through the array. Four
cycles later (trLowsa ), the result is available at the input of the ZREG
and can be output on the following cycle.

FUNCTION MUL64

MUL84

X

XY

CSU, UNLOAD

STATUS

ULS:)/
f STATUSO

-

ta= 270ns 1

Figure 5. IDT721264 64-bit Flow-through Operation Timing

32-BIT MINIMUM LATENCY FLOW-THROUGH

For minimum latency for 32-bit multiplications, the accumulator
timer should be set to clock/2 (M7.s = 1), the pipeline advance
control should be set 1o zero (M11-g = 0) and the pipeline registers
and DM and DL registers should be transparent (Ms = Ma = 0).

The result of the multiplication will be stored on the most significant
half of the DM register. The timing is shown is Figure 6.

The first cycle after the inputs and function code are loaded, the
32-bit multiplication begins. Four cycles later (trLowaz), the resultis
available at the input of the ZREG and can be output on the follow-
ing cycle.

cLock | 1 2 3

CSL, LOAD

FUNCTION : MUL32 :
XY MSE/ >;l<
VAN
CSU, UNLOAD UMSO uLs1
A N/
STATUS :’ STATO : STAT1
4 { Mso ) MS1

o, = 1805 ——————————]

toy = 30ns

Figure 6. IDT721264 32-bit Flow-through Operation Timing
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ALU TIMINGS should be settotwo (M11-s = 2) andall pipeline registers should be
enabled (M7 = Mg = Ms = M4 = 1). The timing is shown in
32-BIT AND 64-BIT MAXIMUM PIPELINED Figure 7.
THROUGHPUT
The ALU has the same throughput for 32-bit and 64-bit opera-
tions. For maximum throughput, the pipeline advance control
4 5 6 7 8 9 10 1 12 13 14 15

CLOCK 1 2 3

CSL, LOAD { LaBo X LABO LAB1 LAB1 LAB2 LAB2 X LAB3 LAB3 LAB4 LABA LABS LABS LAB6 LABG LAB7 LAB?

FUNCTION Fo F1 F2 F3 Fa FS Fé F7
X, Y { wso LS Ms1 L8t Ms2 Ls2 MS3 LS3 MS4 Ls4 MSS5 LS5 Mss [E:13 Ms7 Ls?
UNL%SA% \UM_T utso X umst X uLst X ums2 X uLs2
STATUS STATUSO STATUS1
4 MS0 Lso Ms1 Lst
5 I‘ top = 60ns ’1 e tey = 30ns
[ tap = 360ns |

Figure 7. IDT721265 32-bit and 64-bit Pipelined Timing
32-BIT AND 64-BIT MINIMUM LATENCY
FLOW-THROUGH

For minimum latency for ALU operations, the pipeline advance
control should be set to zero (My1-s = 0) and all pipeline registers

should be disabled (M7 = Ms = Ms = Mq = 0). The timing is
shown in Figure 8.

CLOCK

CSL, LOAD

FUNCTION

XY

CSU, UNLOAD

STATUS

1 2 3 4 5 7 8 9 0] [+ 2] [
LMODE LAB LAB NOP NOP NOP NoOP NoOP LAB LAB NOP NOP NOP
MODE Fo
Mso Lso
o >—
STATUSO
Mso Lso
HOAD | t, = 270ns —! 4, = 30ns
TIME

Figure 8. IDT721265 32-bit and 64-bit Flow-through Timing
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CLK, CLOCK INPUT

A, B, F, L UINPUTS

OE INPUT

S, C OUTPUT

NOTE:
1. CSUis LOW.

DATA OUT

= tvo

DATA OUT

Figure 9. Input/Output Timing ("

IEEE COMPATIBILITY

The IDT721264 and IDT721265 conform to the IEEE Standard
754, 1895 Version, which specifies floating-point processor data
formats, rounding modes and exception handling. Many data for-
mats are specified in the IEEE Standard 754: single precision, dou-
bie precision, normalized numbers, denormalized numbers,
wrapped numbers, zero and infinity. See Table 7. The Gradual Un-
derflow section discusses how denormalized numbers (DNRMs)
are handied.

DATA FORMATS

SINGLE PRECISION

The chip set performs 32-bit and 64-bit IEEE standard floating-
point operations. The 32-bit data format has a single sign bit, a
23-bit magnitude fraction field and an 8-bit exponent field in the fol-
lowing format:

31 30
| Sign bit I 8-bit Exponent I

23 22 0

23-bit Fraction

Exponents for normalized single precision numbers range from
110 254. Exponents of zero and 255 are reserved for special oper-
ands. The exponent bias is + 127, which means that the exponent
value is e-127. The fraction value is 1.f, where 1 is the hidden bit
and f is the fraction. The single precision number can be repre-
sented as (1)S x 2817 x 1.f.

DOUBLE PRECISION

The 64-bit data format has a single sign bit, a 52-bit magnitude
fraction field and an 11-bit exponent field in the following format:

63 62 52 51 0

’ Sign bit I 11-bit Exponent 52-bit Fraction

Exponents for normalized double precision numbers range
from 1to 2046. Exponents of zero and 2047 are reserved for special
operands. The exponent bias is + 1023, which means that the

exponent value is e-1023. The fraction value is 1.f, where 1 is the
hidden bit and f is the fraction. The double precision number can
be represented as (1)S x 201023 x 1 f.

NORMALIZED NUMBERS (NORM)

Most operations are performed on normalized numbers. In nor-
malized single precision numbers where the exponent ranges from
1(00000001) to 254 (11111110), the fraction is normalized and the
hidden bit equals 1. This translates to a decimal number range
from 10*+38to 10738 for both positive and negative numbers and a
precision of 7 decimal places.

In normalized double precision numbers where the exponent
ranges from 1 to 2046, the fraction is normalized and the hidden bit
equals 1. This translates to a decimal number range from 10+3%7 to
10-3% for both positive and negative numbers and a precision of 15
decimal places.

INFINITY

Infinity is defined as an exponent of 1 and a fraction of 0. IEEE
Standard 754 defines both positive and negative infinity.

ZERO

Zero is defined as an exponent of 0, the hidden bit of 0 and a
fraction of 0. IEEE Standard 754 defines both + 0 and -0.

DENORMALIZED NUMBERS (DNRM)

A denormalized number is defined with an exponent of 0, the
hidden bit of 0 and a non-zero fraction. Only the ALU can directly
handle denormalized numbers. To multiply two denormalized
numbers, the operands must first be wrapped by the ALU, then
sent to the multiplier for the multiplication of two wrapped (and nor-
malized) numbers.

WRAPPED NUMBERS (WNRM)

A wrapped number is created by normalizing a denormalized
number's fraction and subtracting the number of shifts from the ex-
ponent. The fraction is shifted left until the hidden bit is 1. The expo-
nent equals one minus the number of shifts and is in two’s comple-
ment format. Only the ALU can wrap denormalized numbers and
the multiplier can operate on one or two wrapped numbers.
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UN-NORMALIZED NUMBERS (UNRM)

Anun-normalized number results froman addition or multiptica-
tion which is smaller than the minimum representable normalized
number. An un-normalized number has a wrapped exponent, a
hidden bit of 1 and a normalized fraction. The smallest un-normal-
ized number (UNRM.MIN) is the result of multiplying the two
smallest denormalized numbers (DNRM.MIN).

NOT-a-NUMBER (NaN)

Not-a-Number is a special data format to flag data overflow or
underflow, uninitialized operands and invalid operations
(i.e., 0 x oo). Not-a-Number has an exponent of all 1s and a non-
zero fraction.

TABLE 7. IEEE SINGLE PRECISION FORMATS SUPPORTED BY THE IDT721264 AND IDT721265

OPERAND EXPONENT FRACTION HIDDEN BIT VALUE
NAN 255 ANY N/A NONE
INFINITY 255 ALLO's 1 -1)% o0
NORM.MAX 254 ALL 1's 1 15 x 27 x (2)
NORM 110 254 ANY 1 (-8 x 22712 x (1.)
NORM.MIN 1 ALLO's 1 (-1 x 2718 x (1)
DNRM.MAX 0 ALL 1's 0 (-1)8 x 218
DNRM 0 ANY 0 (-1)S x 27126 x (0.)
DNRM.MIN 0 000...01 0 (-1)8 x 271262-23
WNRM.MAX 0 ALL 1's 1 (-1)8 x 2-126
WNRM 0to (-22) ANY 1 (-1)S x 28 x (1)
WNRM.MIN -22 ALLO's 1 (=1)8 x 214
UNRM.MAX 0 ALL 1's 1 (-1)S x 21
UNRM. MIN -7 ALLO's 1 (-1)S x 27298
ZERO 0 ALL O's 1 180

ROUNDING MODES

The chip set supports the four IEEE Standard 754 rounding
modes: round to nearest, round toward zero, round toward plus
infinity and round toward minus infinity. Biased rounding or unbi-
ased rounding may occur. Biased rounding introduces a small off-
set in the direction of the bias. IEEE Standard 754 specifies positive
bias, negative bias and bias toward zero. Unbiased rounding
rounds toward the nearest representable number. If a number is
halfway between two representable numbers, the number is
rounded towards the nearest even number which averages the
rounding up and down.

ROUND TO NEAREST (RN)
The result is rounded to the nearest representable number. If a

number is halfway between two representable numbers, the num-
ber is rounded towards the nearest even number.

ROUND TOWARDS ZERO (RZ)

The result is rounded to the nearest representable number not
greater in magnitude than the number.
ROUND TOWARD PLUS INFINITY (RP)

The result is rounded to the nearest representable number not
less than the number.
ROUND TOWARD MINUS INFINITY (RM)

The result is rounded to the nearest representable number not
greater than the number.

if the result of an operation is less than the minimum
representable number, the underflow condition exists and is han-

dled differently in the multiplier and ALU. In the Fast mode the
underflow result is set to zero for both the multiplier and ALU. inthe
|EEE mode, the multiplier will not round the underflow resuilt but
will wrap it. The inexact status bit, So, is one if any of the truncated
bits contains a one. The ALU can unwrap the result, using the “UN-
WRAP EXACT" or “UNWRAP INEXACT” depending onthe valugof
So. The ALU status register will show whether the result is exact or
inexact.

EXCEPTION HANDLING

The chip set performs exception handting accordingto the IEEE
Standard 754. The status bits are pipelined synchronously with the
operands and partial results. The status bits are stored in the
STREG1 when the result is clocked into the output register until the
rising edge of the next clock cycle.

The result of an ALU Compare operation is shown on the status
output. A Compare resuit supersedes an exception status.

INEXACT (INX)

When the result of an ALU or multiplier operation losses accu-
racy, an Inexact status is shown. The ALU computes more that 23
fraction bits in a single precision and 53 bits in double precision. If
any of the lesser significant bits equals 1, thenan INX is signaled. In
floating-point to fixed-point conversions, any loss of accuracy will
signat INX. For normalized number operations, INX will not be sig-
naled.

UNDERFLOW (UNF)
Underflow is asserted if a rounded result is less than the mini-

mum normalized number. !f the result is exactly zero, UNF will not
be asserted.
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OVERFLOW (OVF)

Overflow is asserted if a rounded result is greater than the manxi-

mum normalized number. The result is either infinity or the largest
representable number and is a factor of the Round mode.

RESULT ROUNDING MODE
+NORM.MAX (positive) RM or RZ
~NORM.MAX (negative) RP or RZ
+ 00 (positive) RN or RP
-00 (negative) RN or RM

Overflow is also asserted if the result of a floating-to-fixed opera-

tion overflows the 32-bit format.
INVALID OPERATION (INV)

The following are Invalid Operations (INV):
One of the operands is a NaN

0 x oo

+oo - +00
-0 + +oo
+oo + -00

-0 - -00

OPERATIONS

The following tables represent different results obtained from
different operand formats and rounding modes. Tables for both
|EEE and Fast modes are shown. All results are in the “Result-Ex-
ception Status” format.

Table 8. Floating-Point Add/Subtract (“Fast” Mode)
Table 9. Floating-Point Multiply (“Fast” Mode)

Table 10. Floating-Point Add/Subtract (IEEE Mode)
Table 11. Floating-Point Multiply (IEEE Mode)

Table 12. Floating-Point Compare Status

Table 13. Convert Single Precision to Double Precision
Table 14. Convert Double Precision to Single Precision
Table 15. Double Precision Float

Table 16. Single Precision Float

Table 17. Double Precision Fixed

Table 18. Single Precision Fixed

Table 19. Double Wrap Denormaiized Value

Tabie 20. Single Wrap Denormalized Value

Table 21. Double Unwrap Exact Value

Table 22. Single Unwrap Exact Value

TABLE 8. FLOATING-POINT ADD/SUBTRACT (“FAST” MODE)

A/B ZERO DNRM NRM INF NAN

ZERO OK-zERO™ ok-zero® OK-NRM OK-INF INV-NAN

DNRM OK-ZERO®) OK-ZERO®) OK-NRM OK-INF INV-NAN
OK-ZERO
UNF-ZERO

NRM OK-NRM OK-NRM OK-NAM OK-INF INV-NAN
OK-INF(4)

~ ~ OK-INF(!
INF OK-INF OK-INF OK-INF INV-NAN® INV-NAN
NAN INV-NAN INV-NAN INV-NAN INV-NAN INV-NAN

NOTES:

1.

+INF+INF — +INF
~INF-INF ~+ ~INF

. +INF-INF — NAN

-INF+INF — NAN

. +ZERO+ZERO — +ZERO (RN, RZ, RP, RM)

-ZERO-ZERO — -ZERO (RN, RZ, RP, RM)
+ZERO-ZERO — +ZERO (RN, RZ, RP)
+ZERO-ZERO — -ZERO (RM)
-ZERO+ZERO — +ZERO (RN, RZ, RP)
-ZERO+ZERO — -ZERO (RM)

. OVF will produce INF or MAX.NRM, depending upon the rounding mode

+NRM.MAX if [(RM, RZ) AND gRESULTS is +)]
+NRM.MAX if [(RM. RZ) AND (TRESULTS is -)]
+INF i [(RN, RP) AND (TRESULT is +)]

-INF if [(RN, RM) AND (TRESULT is +)]
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TABLE 9. FLOATING-POINT MULTIPLICATION (“FAST” MODE)

A/B ZERO DNRM NRM INF NAN
ZERO OK-ZERO OK-ZERO OK-NRM INF-NAN INV-NAN
DNRM OK-ZERO OK-ZERO OK-NRM OK-INF INV-NAN
UNF-ZERO
NRM OK-ZERO OK-ZERO OK-NRM OK-INF INV-NAN
OK-INF{")
OK-INF
INF INF-NAN OK-INF OK-INF INV-NAN INV-NAN
NAN INV-NAN INV-NAN INV-NAN INV-NAN INV-NAN
NOTES:
1. OVF will produce INF or MAX NRM, depending upon the rounding mode
+NRM.MAX if [(RM, RZ) AND (TRESULTS is +)]
+NRM MAX if [(RM, RZ) AND (TRESULTS is -)]
+INF if [(RN, RP) AND (TRESULT is +)]
ZINF if {(RN, RM) AND (TRESULT is -}]
TABLE 10. FLOATING-POINT ADD/SUBTRACT (IEEE MODE)
A/B ZERO DNRM NRM INF NAN
ZERO ok-zero® UNF-WNRM OK-NRM OK-INF INV-NAN
UNF-WNRM
DNRM UNF-WNRM OK-ZERO®) OK-NRM OK-INF INV-NAN
OK-NRM UNF-WNRM
UNF-WNRM OKZERO
NRM OK-NRM OK-NRM UNF-WNRM OK-INF INV-NAN
OK-INF ) OK-NAM
OK-INF @
_ OK-INF()
INF OK-INF OK-INF OK-INF INV-NAN®@ INV-NAN
NAN INV-NAN INV-NAN INV-NAN INV-NAN INV-NAN
NOTES:
1. +INF+INF — +INF
~INF-INF — -INF
2. +INF-INF — NAN
-INF+INF — NAN
3. +ZERO+ZERO — +ZERO (RN, RZ, RP, RM)
_ZERO-ZERO — -ZERO (RN, RZ, RP, RM)
+ZERO-ZERO — +ZERO (RN, RZ, RP)
+ZERO-ZERO — -ZERO (RM)
-ZERO + ZERO — +ZERO (RN, RZ, RP)
-ZERO+ZERO — -ZERO (RM)
4. OVF will produce INF or MAX.NRM, depending upon the rounding mode
+ NRM.MAX if [(RM, RZ) AND (TRESULTS is +)]
+NRM.MAX if {(RM. RZ) AND (TRESULTS is -}]
+INF if [(RN, RP) AND (TRESULT is +)]
-INF if [(RN, RM) AND (TRESULT is +)]
TABLE 11. FLOATING-POINT MULTIPLICATION (IEEE MODE)
A/B ZERO DNRM NRM INF NAN
ZERO OK-ZERO OK-ZERO OK-ZERO INF-NAN INV-NAN
DNRM OK-ZERC OK-ZERO DIN-ZERO OK-INF INV-NAN
UNF-ZERO
NRM OK-ZERO OK-ZERO OK-NRM OK-INF INV-NAN
OK-INF()
INF INF-NAN OK-INF OK-INF OK-INF INV-NAN
NAN INV-NAN INV-NAN INV-NAN INV-NAN INV-NAN

NOTES:

1. OVF will produce INF or MAX.NRM, depending upon the rounding mode

+ NRM.MAX if [(RM, RZ) AND (TRESULTS is +

+ NRM'MAX if {{RM. RZ) AND (TRESULTS is -)]
+INF if [&RN. RP) AND (TRESULT is +)]
ZINF if [(RN. RM) AND (TRESULT is +)]
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TABLE 12. FLOATING-POINT COMPARE STATUS

INPUT B
0] u u U U NAN u u u u U
U L L L L +INF L L L E u
u L L L L +NRM L L Note 1 G u
] u L L L L +DNRM L Note 1 G G u
N U L L L 3 +ZERO E G G G U
Y NAN -INF -NRM | -DNRM | -ZERO +ZERO | +DNRM | +NRM +INF NAN
A U L L L 3 -ZERO E G G G U
u L L Note 1 G ~DNRM G G G G U
u L Note 1 G G ~NRM G G G G U
U E G G G -INF G G G G u
u u u U U NAN U u u U U
NOTE:
1. Equal,less than or greater than TABLE 14. CONVERT DOUBLE TO SINGLE
L-A<B F64 — F32
G-A>B
U—Unordered F64 OPERAND | F32 RESULT STATUS | COMMENTS
or7777 | 177777
orrrrz | 17T 12 NaN
TABLE 13. CONVERT SINGLE TO DOUBLE 177777 | 177777
F32 — F64 gggggg 000000000000 077600 | 000000 1 +INF
F32 OPERAND | F64 RESULT STATUS | COMMENTS pe— Rpp— TN
+ .
or7777 | A77ITT | OTTTIT  A7TTTT 12 NaN 000000 | 000000 | 077600 | 000000 > OPERAND
77777 | V77777 043757 | 177777 | )
077760 | 000000 170000 | 000000 600 [ 000000 5 +OVF RESULT
077600 | 000000 | gooo00 | ooonoo 1 +INF
odars7 | 1777 | s 177 +MAX.NRM
043757 | 177777 160000 | 000000 177 2 RESULT
077577 | 000000 | 160000 | 00000 2 +MAX.NRM
043757\ 177777 | 077400 | 000000 3 INEXACT
037760 | 000000 177777 | 77T +
037600 | 000000 | o005 | 000000 2 +1
037760 | 000000 [ .0
034020 | 000000 000000 | 000000 00 | 000000 2 +1
000200 | 000000 { o50060 | caoo00 2 +MIN.NRM
034020 | 000000 | o 00 5 +MIN.NRM
033757 | 177777 000000 | 000000 0000 RESULT
000177 | 177777 | Ja5000 | 000000 2 +MAX.DNRM
034017 | 177777 | o ooooo | 000000 3 +MIN.NRM
033240 | 000000 160005 | 000000 RESULT
000000 | 000001 | gacen | oaonoo 2 +MIN.DNRM
033757 | 177777 000177 | 177777 6 + MAX.DNRM
000000 | 000000 140000 | 000000 RESULT
000000 | 000000 | oo | 600000 0 +ZERO
033240 | 000000 [ (oot 6 +MIN.DNRM
177760 | 000000 000000 | 000000 RESULT
177600 | 000000 1 ~INF
000000 | 000000
033230 | 000000 | oo | 000004 7 +MIN.ONRM
143757 | 177777 000000 | 000000 RESULT
177577 | 177777 | 180000 | 000000 2 ~MAX.NRM
033220 | 000000 000000 7 +ZERO
140000 | 000000 000000 | oo0DOD | 000000 RESULT
140000 | 000000 | 000000 | 000000 2 -2
000020 | 000000 000000 | 000000 7 +MIN.NRM
134020 | 000000 000000 | 000000 OPERAND
100200 | 000000 | 000000 | 000000 2 ~MIN.NRM
000017 | 177777 00 | 000000 7 -+ MAX.DNRM
133757 | 177777 177777 | 177777 | 0000 OPERAND
100177 | 177777 | 4120000 | 000000 2 ~MAX.DNRM
000000 | 000000 | 300 | 00000 0 +ZERO
133200 | 000000 000000 | 000000
100000 | 000001 000000 | 000000 2 -MIN.DNRM
177760 | 000000
750000 | 500000 000000 | 000000 | 177600 | 000000 1 -INF
100000 | 000000 o -ZERO
000000 | 000000 NeicA [ iccccd I 5 MAXNAM
YecsedBYeesed OPERAND
100000 | 200000 | 100000 | 000000 | © -ZERO

NOTE:
1. Round Mode = RN
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TABLE 15. DOUBLE FLOAT

TABLE 17. DOUBLE FIX

132 — F64 F64 — 132
132 OPERAND | F64 RESULT | STATUS | COMMENTS F64 OPERAND | 132 RESULT STATUS | COMMENTS
040737 | 177777 +MAX or7777 | 177777
1
orrrrr | 77T | 93078 2 OFERAND or7re? | ATery | orrrrr | | 12 NAN
040737 | 177777 077760 | 000000
77777 | 177776 | 3776800 | 000000 2 - e | 000000 | 077777 | 177777 5 +INF
040000 | 000000 orr7s? | 177777 +MAX.NRM
000000 | 000002 | popo00 | 000000 2 +2 177777 | A7TTYT | OT77TT | ATTITT 5 OPERAND
037760 | 000000 040737 | 177777
000000 | 000001 | gaio00 | 000000 2 +1 Q40TST | coomen | 077777 | 177777 5 +OVF
000000 | 000000 040737 | 177777 + MAX
000000 | 000000 | 500000 | gooooo | ° ZERO 177700 | oooooo | 077777 | TTIT| 2 RESULT
137760 | 000000 040000 | 000000
177777 | 177777 | 000000 | 000000 2 -1 S | 000000 | 000000 | 000002 2 +2
140000 | 000000 377760 | 000000
V77777 | 177776 | 000000 | 000000 2 -2 o0 | 000000 | 000000 | 000001 2 +1
140737 | 177777 037750 | 000000
100000 | 000002 | 177600 | 000000 | 2 - 000000 | 000000 | 000000 | 000001} 3 *
140737 | 177777 037740 | 000000
100000 | 000001 | 177700 | 000000 2 - o0 | 00000 | 000000 | 000000 3 ZERO
140740 | 000000 - 0000 0000
100000 | 000000 | 2701 DS | 2 OPEAND 000020 | Socog | 000000 | 000000 | 3 +MIN.NRM
000000 | 000000
200000 | 000001 | 000000 | 000000 3 +MIN.NRM
TABLE 16. Sl E T 000000 | 000000
ABLE 16. SINGLE FLOA Oen | 500000 | 00000 | 000000 0 +ZERO
132 — F32 177760 | 000000
132 OPERAND F32 RESULT | STATUS| COMMENTS 000000 | Oooooo | 100000 | 000000 5 -INF
077777 | 177777 | 047400 | 000000 3 +MAX OPERAND 177757 | 177777 -MAX.NRM
177777 | 00000 | 100000 § 000000 5 OPERAND
077777 | 177700 | 047400 | 000000 | 3 - y
07
077777 | 177600 | 047377 | TT7TT | 2 _ 2,00183 888% 100000 | 000000 5 —OVF
000000 000002 | 040000 000000 2 +2 140740 00
000000 0000000000 100000 | 000000 2 “MAX
000000 | 000001 | 037600 | 000000 | 2 +1 RESULT
140000 | 000000
000000 | 000000 | 000000 | 00ODCO [ O ZERO 140000 | 000000 | 177777 | 477776 » -
177777 | 177777 | 137600 | O0OOCO | 2 1 37700 | 000000
177777 | 177776 | 140000 | 000000 2 -2 000000 | 000000 177777 | 77777 2 -1
100000 | 000000 | 147400 | 000000 2 ~-MAX OPERAND 137750 | 000000
OTE: omn00 | 00000 | 177777 | 177TTT 3 -
1. Round Mode = RN
4 137740 | 000000
200000 | 000000 | 000000 | 000000 3 ZERO
100200 | 000000
oo 1 593300 | 000000 | 000000 3 _MIN.NRM
100000 | 000000
o500 | 500001 | 000000 | 000000 3 —MIN.DNRM
100000 | 00Q00O
290000 | 000000 | 000000 | 000000 0 _ZERO
NOTE:

1. Round Mode = RN
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TABLE 18. SINGLE FIX @

TABLE 21. DOUBLE UNWRAP EXACT VALUE @

F32 — 132 U64 — D64

F32 OPERAND | I32 RESULT | STATUS| COMMENTS U64 OPERAND | D64 RESULT | STATUS | COMMENTS
o77777 | 177777 | O7T7RRT | A7TIE | 12 NAN 000017 | 177777 | 000020 | 000000 3 +MIN.NRM
077600 | 000000 | 077777 | 177777 | 5 +INF 177777 | 177777 | 000000 | 000000 RESULT
or7577 | 177777 | 077777 | 977777 | 8 + MAX.NAM gl Il I bl IR 6 +UNF
047400 | 000000 | 077777 | 177777 | B +OVF 077777 | 377777 | 000010 | 000000 . :
047377 | 177777 | 077777 | 177800 | 2 + MAX RESULT 177777 | 177777 | 000000 | 000000
040000 | 000000 | 000000 | ooowz L2 2 So0000 | 900000 | 000000 | oooot | & | eSOl
057600 | 000000 | 000000 | 099001 2 21 076317 | 177777 | 000000 | 000000
037500 | 000000 | 000000 | 000001 | 3 +1 177777 | 177777 | 000000 | 000001 7 -
000200 | 000000 | 000000 | oooOCO | 3 +MIN.NRM NOTE:
000000 | 000001 | 000000 | 000000 3 +MIN.DNRM 1. Round Mode = RN
000000 | 000000 | 000000 | ooooO0 | 2 +ZERO
177600 | 000000 | 100000 | 000000 5 -INF TABLE 22.
177577 | 177777 | 100000 | 000000 5 —MAX.NRM SINGLE UNWRAP EXACT VALUE @
147400 | 000001 | 100000 | 000000 5 -OVF U32 — D32
147200 | 000000 | 100000 | 000000 | 2 TAX RESULT U32 OPERAND | D32 RESULT | STATUS | COMMENTS
140000 | 000000 | 177777 177776 2 -2 100177 | 177777 100200 | 000000 3 -
137600 | 000000 | 177777 | 177777 | 2 -1 100000 | 000000 | 100100 | 000000 8 -
137500 | 000000 | 177777 | 177777 | 3 3 177777 | 177777 | 100100 | 000000 7 -
137400 | 000000 | 000000 | 000000 | 3 —ZERO 172400 | 000000 | 100000 | 000001 6 -
100200 | 000000 | 000000 | 000000 | 3 _MIN.NRM 172577 | 177777 | 100000 | 000002 7 -
100000 | 000001 | 000000 | 000000 3 -MIN.DNRM NOTE:
100000 | 000000 | 000000 | 000000 | © ZERO 1. Round Mode = RN

NOTE:

1. Round Mode = RN

TABLE 19.
DOUBLE WRAP DENORMALIZED VALUE
D64 — W64
D64 OPERAND | W64 RESULT | STATUS | COMMENTS
000000 | 000000 | 076320 | 000000
0 2 +MIN.DNRM
000010 | 000000 | 000000 | 000000 [
000000 | 000000 | 000000 | 000000 -
000017 | 177777 | 000017 | 177777
177777 | v | arrrre | arree 2 +MAX.DNRM
TABLE 20.
SINGLE WRAP DENORMALIZED VALUE
D32 — Wa2 ]
D32 OPERAND | W32 RESULT | STATUS | COMMENTS
100000 | 000001 | 172400 | 000000 2 ~MIN.ONRM
100100 | 000000 | 100000 | 000000 2 _
100177 | 177777 | 100177 | 177778 2 _MAXDNRM
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GRADUAL UNDERFLOW

The minimum normalized number has anexponent ofoneanda
fraction field of zero. Zero has an exponent of zero and a fraction
field of all zeros. This gives users the ability to deal with numbers
between NORM.MIN and ZERO. These numbers are known as
denormals. Their format is given in the number format section. The
|EEE standard has specified gradual underflow as the way to han-
die denormals. Many of the features of the IDT721264 and
IDT721265 are included to deal with denormals in a manner con-
sistent with IEEE Standard 754. Since denormals are very close to
zero, many applications can substitute zero for a denormal without
a significant loss of accuracy. For these applications, a “FAST”
mode is included which substitutes zero for all denormalized in-
puts to the IDT721264 and IDT721265. Zero is also inserted for all
UNRM outputs in “FAST” mode.

For all arithmetic operations, the IDT721265 handles denormal-
ized inputs directly as it would handle and other number.

Unfortunately, a floating-point multiplier must either operate
exclusively on normalized numbers or suffer large cost and
performance penalties in dealing directly with denormals. A nor-
malized format that yields an equivalent to a given denormalized
number is the wrapped format. The number format table shows the
equivalence of wrapped and denormalized numbers. To translate
a denormalized number to a wrapped number, the fraction is nor-
malized (shifted up so that a one is in the hidden bit) and one is
subtracted from the exponent for every position shifted. The
IDT721264 can multiply correctly either two wrapped numbers ora
wrapped and a normalized number. To understand the full proce-
dure, consider the following case.

Assume one of the two input operands to the IDT721264 is a de-
normalized number. Four cycles after the input, the denorm

ORDERING INFORMATION

! XXX — A 99 A A
Device Type Power Speed Package _ Process/
Temperature

Range

exception is flagged. The denormalized operand must then be sent
to the IDT721265 to be wrapped. Once wrapped, the operand can
be sent back to the IDT721264 for multiplication. The result o the
multiplication will either be a normalized number or a UNRM.

If the result is a UNRM, status bit S indicates either UNF (if all
the truncated bits are equal to zero) or UNF-INX (if any of the
truncated bits is equal to one).

No rounding will occur regardless of the rounding mode
specified.

The underflowed number may then be sent to the IDT721265 for
“unwrapping”. To unwrap a number, the fraction field is shifted
right and the exponent incremented by one for each shift position.
Status bit Sg must be used to conditionally execute the “UNWRAP
INEXACT” or “UNWRAP EXACT” instruction. The rounding must
be performed in the ALU. The unwrapping may have three possible
results:

RESULT EXCEPTION
DNRM UNF

COMMENT

When the denormalized result is
exact. Note that this result is possible
only if the UNWRAP EXACT
instruction is possible (i.e., both the
input and the result must be exact).

If either the “UNWRAP INEXACT"
instruction is executed or if the
result of the “UNWRAP INEXACT"
instruction is inexact.

DNRM UNF-INX

ZERO INX The result is zero, but the
unwrapping has resulted in the loss

of precision.

BLANK  Commercial (0°C to +70°C
B Military (~55°C to +125°C)
Compliant to MIL-STD-883, Class B

{ G Pin Grid Array
30 {Commercial only)
40
| 50 Clock Cycle Time (ns)
60
—{ L Low Power
| 721264  32-/64-Bit Floating-Point Muttiplier
| 721265  32-/64-Bit Floating-Point ALU

7-54




