ABACUS 3167
FLOATING-POINT
COPROCESSOR

July 1990

1. Features

SINGLE-CHIP FLOATING-POINT COPROCESSOR
Used with the Intel 80386

Fits a standard EMC 121-pin socket, which is a superset of
the Intel 80387 coprocessor socket

Pin-for-pin compatible with WTL 1167 floating-point co-
processor daughter board

Fully code-compatible with the WTL 1167 and ABA-
CUS 4167 coprocessors

HIGH PERFORMANCE

5.60 single-precision MWhetstones and 1.36 single-preci-
sion MFLOPS in hand-coded LINPACK at 25 MHz
HIGH-LEVEL LANGUAGES

Supported by C, FORTRAN, and Pascal compilers under
UNIX, MS-DOS protected mode, and Virtual 86 mode

IEEE FORMAT

Conforms to the IEEE standard format for floating-point
arithmetic in both single and double precision (ANSI/IEEE
Standard 754-1985)

FULL FUNCTION

Add, subtract, multiply, divide, and square root
Integer-to-floating-point conversions

Absolute value

Compare

Transcendental functions supported by run-time libraries

LOW-POWER CMOS
Dissipates 2.0 watts max at 25 MHz
121-pin PGA package

2. Description

The WEITEK ABACUS 3167 is a high-performance sin-
gle-chip floating-point coprocessor for Intel’s 80386
32-bit microprocessor. It delivers two to three times the
performance of Intel’s 32-bit 80387 numeric coprocessor.
(Benchmark results are given in figure 1.)

The interface signals between the ABACUS 3167 and
the 80386 are provided by a 121-pin socket, called the ex-
tended math coprocessor (EMC) socket, which is a super-
set of the 80387 socket. The EMC socket allows either the
ABACUS 3167 or the 80387 to be installed in the system.

Both coprocessors can be used at the same time if the sys-
tem board contains both an EMC socket and an 80387
socket, or if an EMC daughter board (containing a sepa-
rate 80387 socket) is used.

The ABACUS 3167 is pin-for-pin compatible with the
WTL 1167 floating-point coprocessor daughter board.

C, FORTRAN, and Pascal compilers fully support the
ABACUS 3167, allowing programs to be written in high-
level languages. The ABACUS 3167 is upwardly code-
compatible with the WTL 1167 coprocessor daughter
board. Also, all code written for the ABACUS 3167 copro-
cessor (for 80386-based PCs) will run on the ABACUS
4167 (for 80486-based systems).

The ABACUS 3167 coprocessor is a memory-mapped pe-
ripheral. From the system designer’s standpoint, integrat-
ing the ABACUS 3167 into the system is as simple as add-
ing memory at an upper address. To the 80386 and its ap-
plication software, the ABACUS 3167 appears to be a seg-
ment of memory. Instructions are executed by performing
memory moves to and from the coprocessor.

This data sheet is complemented by the ABACUS Software
Designer’s Guide, which provides information on BIOS
support, compiler support, and assembly language pro-
gramming considerations.

Benchmark Performance
LINPACK*
single precision 1.36 MFLOPS
double precision 0.60 MFLOPS

WHETSTONE
single precision
double precision

5.60 MWhetstones
3.70 MWhetstones

*Hand-coded

Figure 1. Benchmark results at 25 MHz



3. Block Diagram
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Figure 2. ABACUS 3167 simplified block diagram
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4. Signal Description

4.1. BUSES
ADDRESS BUSES

The A[31..2] and BE[2..0]— address buses should be con-
nected directly to the 80386 address bus and byte enables,
respectively.

DATA BUS

The D[31..0] data bus should be connected to the 80386
data bus.

4.2. CONTROL SIGNALS
AF32-

The AF32- 32-bit bus cycle output signal is used only in
implementations based on Chips and Technologies’ chip
set. In such implementations, AF32— should be connected
to VCC through a 10 kQ resistor and to AF32— on the
82C301 and 82C302 devices. It should otherwise be left
unconnected.

COPROCESSOR PRESENT

The PRES- coprocessor present signal indicates the pres-
ence of a WEITEK coprocessor. This signal should be con-
nected to VCC through a resistor of at least 10 kQ to en-

sure a high level when the WEITEK coprocessor is not pre-
sent.

The hardware designer can use the PRES— output to make
sure that the system generates a READY—signal when the
ABACUS 3167 is addressed, but is absent (as determined
by PRES- being high), in order to avoid system hangs.
This allows software to detect the presence of an ABA-
CUS 3167 in an 80386 system by attempting to load data
into the coprocessor register file and read it back.

COPROCESSOR READY

The RDY- coprocessor ready output signal must be ORed
into the logic generating READY- for the 80386, using
only combinatorial logic (see figure 3). In implementations
using Chips and Technologies’ chip set, RDY— should be
connected to READY—.

INTERRUPT

The INTR interrupt output signal of the ABACUS 3167
must be connected to the system interrupt controller. In
AT-compatible systems, for example, the ABACUS 3167
INTR should be ORed to the 80287/80387 interrupt logic
and the output should be connected to IRQ13 as shown in
figure 4.

WEITEK
3167 80386
READY— from
other logic RDY- READY- READY-
OR
Logic
Figure 3. READY- and RDY- connection
80287/ WEITEK
80386 80387 3167
TERROR— ERROR- INTR
vCC Error IRQ13 | Interrupt
D(itgg;(‘lzon i>— Controller

Figure 4. Interrupt output connection in an AT-compatible system



4. Signal Description, continued

MATH COPROCESSOR SELECT

The MCS~ math coprocessor select output signal is as-
serted when the current address is meant for the
WEITEK 3167 coprocessor. It changes when the 80386
address bus changes. MCS— may be left unconnected or
may be used in conjunction with W/R— to disable other
80386 data bus drivers on ABACUS 3167 read cycles.
When pipelined addressing is used, special attention must
be paid, as MCS— may be deasserted prior to the end of a
ABACUS 3167 read cycle, as shown in figure 49.

THREE-CYCLE BUS

The TCB~—three-cycle bus input signal should be grounded
in systems using the Chips and Technologies AT/386 chip
set. Otherwise, TCB— should be left unconnected.

4.3. 80386 INTERFACE SIGNALS

The 80386 interface signals are: address status (ADS-),

memory I/O control (MNO-), transfer acknowledge
(READY-), reset (RESET), and writefread line (W/R-).

ADS—, M/IO- READY-, RESET, and WR- should be
connected to the 80386 ADS—, M/IO—, READY—, RESET,
and W/R- signals, respectively. RESET must be asserted
synchronously with the 80386 clock to guarantee proper
operation (see figure 50). In implementations using the
Chips and Technologies chip set, READY—should be con-
nected to READY— on the 82C301 and 82C302 devices,
and to VCC through a 10 kQ pull-up resistor.

4.4. OTHER SIGNALS
CLOCK

The CLK2 clock signal is the clock input to the WEITEK
ABACUS 3167. All ABACUS 3167 timing is relative to
CLK2. This signal must be the same as CLK2 of the 80386,
but the ABACUS 3167 signal should have a dedicated
trace.

GROUND
All GND ground pins for the ABACUS 3167 must be con-
nected to the same ground plane.

NO CONNECTION

AllNC no connection pins must be left unconnected.

vCC

All VCC S-volt (+5.0 V) power supply pins for the ABA-
CUS 3167 must be connected to system VCC.

4.5. UNUSED SIGNALS

BUSY-, CKM, CMD0, ERROR-, PEREQ, READYO-,
STEN, 387 CLK2, and pins L4 and M10 are not used by the
ABACUS 3167; they are used by the 80387 only. See the
80387 data sheet for details. Such signals can be left uncon-
nected if the ABACUS 3167 is the only coprocessor in use.

5. Operation

The WEITEK ABACUS 3167 coprocessor is a memory-
mapped peripheral that communicates with the 80386
over the same address bus that connects the main memory
to the CPU. Instructions are defined by the 14 least-signifi-
cant address bits (A[15..2]) as well as three of the four byte
enables (BE[2..0]-).

The seven most-significant bits of the 80386 address bus
(A[31..25]), together with the memory I/O control signal
(M/N1O-), select the ABACUS 3167 coprocessor. Only the
upper seven address bits are decoded to determine when a
coprocessor operation is being requested.

The coprocessor responds to memory addresses
C0000000 through C1FFFFFF (hexadecimal). Although
by convention only addresses C0000000 to COOOFFFF

(hexadecimal) are used, it is important to be sure that other
components in the system do not conflict with the address
space decoded by the coprocessor. Writing to this address
space causes the ABACUS 3167 to execute instructions
and reading this space causes the coprocessor to drive the
data bus.

5.1. MEMORY MAPPING

A given address in the range CO000000 to COOOFFFF se-
lects the coprocessor, indicates the instruction the ABA-
CUS 3167 is to perform, and specifies the location of
Source1 and Source2/Destination. Figure 5 shows how
the ABACUS 3167 views a 32-bit address word.
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5. Operation, continued

COPROCESSOR SELECT

The most-significant 16 bits of the physical address iden-
tify a coprocessor instruction. If the upper bits donot fall in
the C0000000—C1FFO000 range, the address does not
specify a WEITEK command and is then ignored by the
ABACUS 3167. To ensure compatibility with future
devices, you must set the coprocessor select field to
C0000000 when specifying a ABACUS 3167 instruction.

OPCODE FIELD

The next six bits specify the coprocessor instruction to be
executed. Figure 6 provides the binary and hexadecimal
offset, the hexadecimal number obtained by placing the six
opcode bits into the opcode field of the address, for the

OPERAND FIELDS

The five bits of the Sourcel and Source2/Destination
fields identify the registers that provide sources and desti-
nations for the instruction. If Source1 is set to zero, the
Source1 data is moved over the system data bus. To take
advantage of the 80386 block-move instruction {refer to
Block Moves on page 7), the Sourcel field is split into
three-bit and two-bit fields. The two-bit field occupies the
two least-significant bits of the address.

INSTRUCTION ENCODING

Figures 6 and 7 show the coprocessor instruction mnemon-
ics and the encoding for instruction opcode and operands
(Sourcel1 and Source2/destination).

ABACUS 3167 instructions.

31 16 15 10 9 76 210
; Source1 Source2/
Coprocessor Select Field Opcode MSBs Destination \
16 6 3 5  Sourcet
LSBs
Figure 5. ABACUS 3167 view of 80386 address word
Opcode Binary Value Hexadecimal Opcode Binary Value Hexadecimal
Mnemonic A[15..10] Offset Mnemonic A[15..10] Offset
ADD.S* 000000 0000 ADD.D 100000 8000
LOAD.S 000001 0400 LOAD.D 100001 8400
MUL.S 000010 0800 MUL.D 100010 8800
STOR.S 000011 0Co0 STOR.D 100011 8C00
SUBR.S 000100 1000 SUBR.D 100100 9000
DIV.S 000101 1400 DIV.D 100101 9400
MULN.S 000110 1800 MULN.D 100110 9800
FLOAT.S 000111 1C00 FLOAT.D 100111 9C00
CMPT.S 001000 2000 CMPT.D 101000 A000
TSTT.S 001001 2400 TSTT.D 101001 A400
NEG.S 001010 2800 NEG.D 101010 A800
ABS.S 001011 2C00 ABS.D 101011 ACO00
CMP.S 001100 3000 CMP.D 101100 B0O0O
TST.S 001101 3400 TST.D 101101 B400
AMUL.S 001110 3800 AMUL.D 101110 B800
FIX.S 001111 3C00 FIX.D 101111 BCOO
CVTS.D 010000 4000 LDCTX 110000 Ccooc
CVTD.S 010001 4400 STCTX 110001 C400
MAC.S 010010 4800 MACD.S 110010 C800
SQRT.S 010011 4C00 SQRT.D 110011 CCo0
MACD.D 010100 5000 LOADD.D 110100 D000
SUB.S 010101 5400 STORD.D 110100 D000
e ——— | . - SUB.D 110101 D400
*.S in the opcode field stands for single precision
while .D stands forI double precision. |

Figure 6. Opcode encoding




5. Operation, continued

Sourcet Decimal Hexadecimal Source2/Dest. Decimal Hexadecimal
Register Value Offset Register Value Offset
FO 0 00 TO 0 00
F1 1 01 T 1 04
F2 2 02 T2 2 08
F3 3 03 T3 3 oC
F4 4 80 T4 4 10
F5 5 81 T5 5 14
F6 6 82 T6 6 18
F7 7 83 T7 7 1C
F8 8 100 T8 8 20
F9 9 101 T9 9 24
F10 10 102 T10 10 28
F11 11 103 T11 11 2C
F12 12 180 T12 12 30
F13 13 181 T13 13 34
F14 14 182 T14 14 38
F15 15 183 T15 15 3C
F16 16 200 T16 16 40
F17 17 201 T17 17 44
F18 18 202 T18 18 48
F19 19 203 T19 19 4C
F20 20 280 T20 20 50
F21 21 281 T21 21 54
F22 22 282 T22 22 58
F23 23 283 T23 23 5C
F24 24 300 T24 24 60
F25 25 301 T25 25 64
F26 26 302 T26 26 68
F27 27 303 T27 27 6C
F28 28 380 T28 28 70
F29 29 381 T29 29 74
F30 30 382 T30 30 78
F31 31 383 T31 31 7C

Figure 7. Operand encoding

GENERATING ABACUS 3167 INSTRUCTIONS
WITH 80386 MEMORY MOVES

Suppose that two single-precision numbers, stored in the
ABACUS 3167 registers F1 and T2, need to be added and
the result stored in T2. Since the coprocessor is mapped in
the memory range CO000000—CO00EFFF, the instruction
is specified by the following coprocessor select, opcode,
and operand address fields:

COPROCESSOR SELECT = C000 0000 hex

OPCODE = ADD.S = 0000 hex
Sourcel =F1 = 01 hex
Source2/Destination = T2 = 08 hex

The 80386 address specifying the floating-point instruc-
tion is then given by:

A[31..0] = C0000009 hex

An 80386 move instruction that generates a physical ad-
dress of CO000009 causes the ABACUS 3167 to execute
the floating-point addition.

A LOW-LEVEL REPRESENTATION OF THE
ABACUS 3167 INSTRUCTION SET

It is clear from the previous example that the single-preci-
sion WFADD instruction appears in the 80386’s memory
space as an array of 1,024 consecutive addresses, one for
each combination of 32x32 operands. Thus, there is a
naturallow-level representation of ABACUS 3167 instruc-
tions as arrays of memory addresses. The array-starting lo-
cation is determined by the specific opcode shown in fig-
ure 6. The elements of the array can be represented by the
operand offset values provided in figure 7.
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5. Operation, continued

Returning to this example, the single-precision addition
instruction has the low-level mnemonic ADD.S in figure 6.
If we declare ADD.S as a memory array starting at location
0C0000000, and we declare the operand offsets F1 and T2
as 01hand 08h, respectively, the coding of the ADD.Sws2,
ws1 instruction becomes:

MOV ADD.S[T5 + F1], AL

It is important to notice that when Source1 is set to zero
(FO0), it actually specifies an operand that does not reside in
the register file and instead is provided by the data bus.
When Source2/Destination is set to zero (T0), it looks like
any other register in the register file.

OVERLAPPED DOUBLE-WORD REFERENCES

There is a pitfall to avoid while using the low-level mne-
monics to code ABACUS 3167 instructions: you will ob-
tain incorrect results if you indiscriminately choose to ac-
cess ABACUS 3167 memory with a double-word transfer
when a byte-sized transfer would have sufficed. This pitfall
applies to instructions involving only ABACUS 3167 regis-
ters, and not any data on the 80386 bus, as in the previous
example.

For example, suppose you want to provide a low-level en-
coding for AMUL.S ws8,ws14. In this instruction, the
80386 data bus is ignored by the ABACUS 3167. So any
memory access to the address AMUL.S[T8 + F14] causes
the multiplication to be performed. The instruction with
the shortest encoding is:

MOV AMUL.S[T8 + F14], AL

To understand the pitfall, look what happensif you instead
code an unnecessary double-word memory access:

MOV AMUL.S[T8 + F14], EAX

By adding the offsets of AMUL.S, T8, and F14 to the ABA-
CUS 3167 base address 0C0000000h, you have encoded a
double-word write to memory location 0C00039A2h.
The memory address is not a multiple of four, so the
double-word being written is not aligned on a
double-word boundary. When double-words are not
aligned, the 80386 splits the memory write into two opera-
tions, as shown in figure 8. First it writes the bottom half of
EAX to the top half of 0C00039A0; then it writes the top
half of EAX to the bottom half of 0C00039A4. The ABA-
CUS 3167 misinterprets this as two consecutive floating-
point instructions, instead of the single AMUL.S that was
intended.

BLOCK MOVES

The 80386 has an instruction, REP MOVSD, that moves a
block of double-words from one memory location to an-
other. Three 80386 registers must be initialized before
REP MOVSD is executed: ECX holds the number of
double-words to be moved, ES| points to the source of the
move, and EDI points to the destination. (The instruction

can also be executed with 8086-style addressing, using the
registers CX, Sl, and DI.)

The operand fields of an ABACUS 3167 address are ar-
ranged so that the address can be given as either the source
or the destination at a REP MOVSD instruction. Due to
the positioning of the destination operand slot two bits
from the bottom of the address, T-offsets increase by four
for successive ABACUS 3167 registers. The registers ap-
pear as successive double-word addresses in the 80386
memory space, allowing the REP MOVSD instruction to
work correctly.

PHYSICAL VERSUS LOGICAL ADDRESSES

The 80386 has three distinct address spaces: logical, linear,
and physical. A logical address consists of a selector and an
offset. The segmentation unit translates the logical address
space into a 32-bit linear address space. If the paging unit is
not enabled, then the 32-bit linear address corresponds to
the physical address. Otherwise, the paging unit translates
the linear address space into the physical address space.
The physical address is what appears on the address pins
and is responsible for specifying ABACUS 3167 instruc-
tions. See figure 9. (For more details refer to the Intel
80386 data sheet and the 80386 Programmer’s Reference
Manual). The logical-to-physical address translation is
fully transparent to the applications programmer. Applica-
tions programmers need only know which logical ad-
dresses will be mapped into ABACUS 3167 physical ad-
dresses.

| EAX |

Low High

to AC ' ylo A4
CO0039A0 A2 A4 A6

Figure 8. Erroneous overlapped double-word transfer to
the ABACUS 3167 space



5. Operation, continued

r-r—-————-"-""-—"""-"-""-"=""""""{""""""""”"—"— ™ — — —
| |
| l
l Offset |
I Calculation I
|
: Linear | Physical
| Segmentation Address Plajging | Address ABACUS
. 't
: Selector Unit * & : * 3167
| |
! |
I I
b d
Figure 9. Address translation
EXECUTION TIMES
Use the table in figure 10 to estimate ABACUS 3167 per- Instruction 32.Bit 64-Bit
formaqce. The double-pre.cision rpemory—to-register esti- Type Reg.-to-Reg. | Reg.-to-Reg.
mates include a load ws1 instruction.
Figures 10 through 12 assume that new instructions are LOAD, Compare, ABS 3 cycles 3 cycles
sent to the ABACUS 3167 within six cycles of the ac- ADD. SUB. NEG 6 cycles 6 cycles
knowledgment of a transfer by the coprocessor. Conversion ’
Figure 11 gives the execution times for procedures in WEI- MUL 6 cycles 10 cycles
TEK’s transcendental function library. The exact times AMUL 9 cycles 13 cycles
may vary according to the values of the operands handed MULN 12 evl 16 ovel
to the functions; the times given in the table are average cycles cycles
times. Transcendental routines are provided to compiler DIV 38 cycles 66 cycles
V?,ndors with ABACUS 3167 support. Figures 12 and 13 SQRT 60 cycles 118 cycles
give ASCII-float conversions. MAG 12 cycles 16 cycles
MACD.S N/A 12 cycles
STORE* 3 cycles N/A

*Source operations require a variable number of cycles since
they cannot be performed if another operation is in progress.

Figure 10. Instruction latency
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5. Operation, continued

Function Prodision | Precision | Acouracy | Accuracy | Monotonicity | Notes
SQRT 117 cycles 285 cycles N/A 5.00 ULPs DT 1,2,3,4,17
SIN 146 cycles 292 cycles 1.60 ULPs 5.00 ULPs DT 1,5,17,18
cOSs 140 cycles 285 cycles 2.20 ULPs 5.00 ULPs TDT 1,5,17
ATAN 157 cycles 298 cycles 3.00 ULPs 5.00 ULPs TDT 1,6,17
EXP 179 cycles 401 cycles 2.20 ULPs 5.00 ULPs DT 1,7,17
LOG 171 cycles 365 cycles 2.70 ULPs 5.00 ULPs TOT 1,8,17
TAN 188 cylces 340 cylces N/A 5.00 ULPs N/A 1,3,9,10, 11,17
COTAN 150 cycles 372 cycles N/A 5.00 ULPs N/A 1,3,9,10, 11,17
ASIN 175 cyces 267 cyces N/A 5.00 ULPs N/A 1,3,11,12,17
ACOS 175 cyces 467 cyces N/A 5.00 ULPs N/A 1,3,11,12,17
SINH 185 cycles 400 cycles N/A 5.00 ULPs N/A 1,3,11,13,14,17
COSH 185 cycles 400 cycles N/A 5.00 ULPs N/A 1,3,11,13, 14,17
TANH 194 cycles 350 cycles N/A 5.00 ULPs N/A 1,3, 11,15,17
REM N/A N/A N/A 5.00 ULPs N/A 1,3,6,11,17
MOD N/A N/A N/A 5.00 ULPs N/A 1,3,6,11,17
ASCII to BINARY N/A N/A 0.01 ULPs 0.01 ULPs To 0.01 ULPs 1, 11,16, 17
BINARY to ASCII N/A N/A 0.01 ULPs 0.01 ULPs To 0.01 ULPs 1,11,16,17

As determined by Alex Liu’s “Elefunt” program 8.  Average for 100,000 uniformly distributed numbers from ¢~10

2. Square root can be implemented much faster using the
SQRT instruction. The routine is used when running code
written for the WTL 1167. The number shown is an average
for 100,000 uniformly distributed numbers from 0 through
50,000.

3. Absolute accuracy tests do not exist for these functions.
TDT is an abbreviation for “to the degree tested.”

5. Average for 50,000 uniformly distributed numbers from 0
through 7t/4, 25,000 uniformly distributed numbers from 11/4
to 7t/2, and 25,000 uniformly distributed numbersinthe range
of 1t/2 through T.

6. Average for 100,000 uniformly distributed numbers from
—1 through 1.

7. Average for 100,000 uniformly distributed numbers from

—10 through 10. | | [

through e10.

Average from 0 to 4.1x10°

Average from 0 to 6.7x107
Monotonicity has yet to be determined.
Average from O to 1

Average from 0 to 89

Average from 0 to 710

Average from 0 to oo

See figures 12 and 13

As determined by Cody and Waite’s transcendental routines.
ULP is an abbreviation for “units in the last place.”

Figure 11. Average execution times for transcendental functions




5. Operation, continued

String Conversion Time in Cycles Comment
32-Bit 64-Bit
0 310 310
1 384 416
1.23456 704 704 6 Digits
123456. 672 672 6 Digits
123456789012345. 1120 1152 15 Digits
1234567890.12345 1088 1184 15 Digits
12345678901234567890. 1376 1696 20 Digits (opt. exp.)
1234567890.1234567890 1344 1696 20 Digits (opt. exp.)
1234567890.123456789¢10 1568 1888 20 Digits (opt. exp.)
12345678901234567890.e10 1568 1856 20 Digits (opt. exp.)
1.2345678901234567890e38 1600 1856 20 Digits (opt. exp.)
12.345678901234567890e—-38 1664 2048 20 Digits (opt. exp.)
1.23456e15 832 864 6 Digits
1.23456e—-15 896 896 6 Digits
*Counts are plus or minus 30 cycles.
Figure 12. ASCII-to-float conversion times (cycles)
Format Number 32-Bit 64-Bit Format Number 32-Bit 64-Bit
fa.2 .12345 672 704 g9.2 1e-37 1048 1512
1 672 736 .01 1048 1088
1234.567 736 768 5 736 776
£17.10 .00000000001 576 576 90 744 776
1.23456789 864 992 1e38 1056 1528
12345.6 864 1056 g17.10 1e-37 1208 1760
27.20 1e-20 768 800 16-10 1208 1352
1e-10 960 1088 01 1208 1344
1 960 1344 5 904 1088
12345.6 928 1440 1000 912 1040
1e9 936 1056
1e38 1232 1600
2 1 0
&9 936 9 g27.20 16-307 — 1936
1e10 936 1040
1e38 944 1408 1e-37 1264 1944
.01 1264 1776
el17.10 1 1104 1216 5 960 1376
1e10 1104 1240 1000 968 1400
1e38 1112 1488 1e19 084 1488
e27.10 1 1152 1560 1e38 1312 1768
1e10 1160 1592 1e308 — 1968
1e38 1168 1648
*Counts are plus or minus 30 cycles.

Figure 13. Float-to-ASCII conversion times (cycles)

10
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6. Software Tools Overview

Once the WEITEK ABACUS 3167 has been designed into
the mother board and the ROM BIOS has been modified,
the new system can take advantage of the wide selection of
software tools and applications supporting the WEITEK
COProcessors.

The ABACUS 3167 coprocessor is supported by the UNIX
operating system (System V release 3.0). Operating system
support includes coprocessor addressing, presence detec-
tion at power-up, context-switch handling, and emula-
tion. See ABACUS 3167 & ABACUS 4167 Questions and
Answers for a comprehensive list of compiler and operat-
ing environment vendors who support the ABACUS 3167.

The WEITEK coprocessor can be supported under protec-
ted-mode MS-DOS (using DOS extenders like Phar Lap or
Eclipse) and Virtual 86 mode (using expanded memory
manager drivers), as well.

C, FORTRAN, and Pascal Compilers for the 80386
and ABACUS 3167 under UNIX V.3 and MS-DOS
protected mode are also available.

The ABACUS 3167 is fully transparent to the programmer
using these compilers, as the floating-point operations are

11

specified with familiar high-level language commands.
The compilers include a run-time library for transcenden-
tal operations.

Operating system developments, compiler designers, and
programmers who intend to write ABACUS 3167 assem-
bly code should refer to the ABACUS Software Designer’s
Guide. Systems programmers who need to modify existing
operating systems to support the ABACUS 3167 should
refer to section 9 in this data book.

6.1. TRANSCENDENTAL ROUTINES LIBRARY

WEITEK provides a library of transcendental routines to
compiler developers. Routines are available through a sim-
ple license agreement.

6.2. TESTING THE DESIGN

A set of diagnostic routines that test the coprocessor design
for both UNIX and DOS environments, is available from
WEITEK. No programming knowledge is required to run
the diagnostics software. Contact your WEITEK sales rep-
resentative for a copy of the diagnostics. (Refer to fig-
ure 57 on page 40 for the product’s part number.)



7. Programming the ABACUS 3167

This section provides an overview to programming the
WEITEK ABACUS 3167 coprocessor in 80386 assembly
language. A complete programming description is given in
the ABACUS Software Designer’s Guide.

7.1. REGISTERS

The ABACUS 3167 provides a register set of 32 single-pre-
cision registers, named ws0 through ws31. Pairs of ABA-
CUS 3167 registers can be used for double-precision op-
erations, allowing up to 16 double-precision registers,
numbered wd0, wd2, wd4... wd30. The most-significant
word (MSW) is stored in the even register and the least-sig-
nificant word (LSW) is stored in the next contiguous odd
register (that is, MSW in wsN, LSW in wsN+1). Se fig-
ure 14. In addition, any 80386 double-word register can
be used to move data, or as the source operand to an arith-
metic instruction. The use of register ws0 is restricted. (Re-
fer to section 5.1, Operand Fields on page 5 for more de-
tails on register ws0.)

7.2. PROCESS CONTEXT REGISTER

The ABACUS 3167 also provides a 32-bit process context
register (PCR), which can be written to control rounding
modes and exception handling. The context register can
also be read to save control settings and read various status
flags. The format of this register is defined in figure 15.

MODE SELECTION FIELD

The uppermost byte of the process context register in-
cludes the mode selection field and the mode field.

The mode selection field (MDSEL) is used during system
initialization to set the mode register in the floating-point
coprocessor. If MDSEL is set to 1100 when loading the
context register, only the exception mask (EM), condition
code (CC), and accumulated exception (AE) tields are up-
dated. If MDSEL is set to 0000 the EM, CC, and AE fields,
as well as the rounding mode field (MD) are updated. (See
figure 16.)

MODE FIELD

The mode field (MD) is used to specify rounding options.
Two bits specify one of four rounding modes as defined by

the IEEE standard (RN, RZ, RP, RM). A third bit deter-
mines the rounding mode used in floating-point-to-integer
conversion instructions. It selects either the current round-
ing mode or the round-to-zero mode. The least-significant
bit of the mode field must always be set to 1.

The mode field is shown in figure 16.

ACCUMULATED EXCEPTION FIELD

The accumulated exception field (AE) contains the five ex-
ception flags required by the IEEE standard and three addi-
tional ABACUS 3167-specific exceptions. The AE field is
cleared by writing zeros into the corresponding bits of byte
zero of the PCR. The accumulated exception flags are
formed by the logic OR of the AE field and the current in-
struction’s exception status. The flags accumulate all ex-
ceptions that have occurred since the user last cleared the
AE field. Exceptions are accumulated regardless of the
value of the corresponding exception mask field.

The AE field is shown in figure 17.

CONDITION CODE FIELD

The condition code field (CC) is updated only when test or
compare instructions are executed. The CC field is up-
dated to reflect the status of the compare operation. At the
end of the compare operation the coprocessor status out-
put is encoded and stored in PCR[15..8] The encoding is
shown in figure 18.

wd0 ws0 (data bus) ws1
wd?2 ws2 ws3
wd4 ws4 wsh
wd30 ws30 ws31

Figure 14. ABACUS 3167 register file

31 28 27 24 23

16

15 8 7 0

MDSEL MD EM

cC AE

4 4 8

Figure 15. Process context register
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7. Programming the ABACUS 3167, continued

EXCEPTION MASK FIELD

The next lower PCR byte is the exception mask field (EM).
Seven bits are used to enable exception traps. At the con-
clusion of an instruction, the accumulated exception field
is updated and, if an exception occurred and the corre-
sponding bit in the EM field is set low, the ABACUS 3167
generates an 80386 interrupt by driving the interrupt re-
quest output high. The exception mask field is shown in
figure 19.

Most of the exceptions have the same name as a cor-
responding 80387 exception and work the same way. The

ABACUS 3167 has an undefined opcode excep-
tion, flagged whenever the instruction broadcast by
the 80386 is not recognized as a WEITEK instruction. The
invalid operation exception is flagged when an invalid op-
eration occurs, The data chain exception is never flagged
by the ABACUS 3167. It has been documented for consis-
tency with the WTL 1167. (For a detailed description of
ABACUS 3167 exception handling, refer to section
8.3.)

31 30 29 28 27 26 25 24 7 6 5 4 3 2 1 0
0 0 0 0 RND IRND | 1 DE |[UOE| PE | UE | OE | ZE | EE IE
1 1 1 1 2 1 1 1 1 1 1 1 1 1 1
DE: Data chain exception
BND: 00 = Round toward nearest value (RN) UOE: Undefined opcode exception
01 = Round toward zero (RZ) PE: Precision exception
1 0 = Round toward positive infinity (RP) UE: Underflow exception
11 = Round toward minus infinity (RM) %E Sverf(ljowdexceptlon
. :  Zero divide exception
IRND ? = :nteger roudggng b'ased C{” RNE EE: Enabled exception (contains the value of INTR)
= Integer rounaing always toward zero IE: Invalid operation exception

Figure 16. Mode field

Figure 17. Accumulated exception field

4 c2 Co Meaning

1 0 0 Equal

0 0 1 Less than

0 0 0 Greater than

1 1 1 Unordered
15 14 13 12 1 10 9 8
X 4 0 X X Cc2 X Co

1 1 1 1 1 1 1 1

*X is not defined. Zero indicates that bit 13 must be set to 0.

23 22 21 20 19 18 17 16
DM (UOM| PM | UM | OM | ZM 1 IM
1 1 1 1 1 1 1 1

DM: Data chain exception mask
UOM: Undefined opcode exception mask
PM: Precision exception mask
UM: Underflow exception mask
OM: Overflow exception mask
ZM: Zero divide exception mask
IM: Invalid operation exception mask

Figure 18. Condition code field
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Figure 19. Exception mask field



7. Programming the ABACUS 3167, continued

7.3. MACRO INSTRUCTION SET

The remainder of this section uses WEITEK’s macro as-
sembly mnemonics to describe ABACUS operations. These
macros are part of a macro definition package that runs on
the Phar Lap assembler,

WEITEK ABACUS 3167 instructions can be divided into:
1. data movement instructions

2. format conversion instructions

3. arithmetic instructions

4. compare and test instructions

5. sign manipulation instructions

Most ABACUS 3167 instructions operate on either two
ABACUS 3167 registers or on one ABACUS 3167 register
and the contents of the 80386 data bus. WEITEK
coprocessor macro definitions have the format;

OPCODE Source?2/Destination, Source1

Source1 and Source2/Destination specify the operand ad-
dresses. The operation result is always stored in the same
location as Source2. While Source2/Destination always
specifies one of the 32 ABACUS 3167 internal registers,
Source1 can specify either an internal register (for register-
to-register operations), an immediate constant, or the con-
tents of a 80386 register (for memory-to-register opera-
tions).

DATA MOVEMENT INSTRUCTIONS

Data movement instructions move data between
the 80386 and a ABACUS 3167 register, or between two
ABACUS 3167 registers. See figure 20.

FORMAT CONVERSION INSTRUCTIONS

The ABACUS 3167 provides instructions for converting
between the supported data types (single precision, double
precision, and 32-bit integer). See figure 21.

; load 31 numbers from ARRAY to registers ws1 through ws31
; load ECX numbers from ESI to registers starting with ws10

WFLD ws1, ws2 ; load ws1 from ws2

WFLD ws21, EAX ; load ws21 from EAX

WFLD ws4, Pl ; load ws4 with constant Pl (declared elsewhere)
WFLD wd4, wdi2 ; load ws4 from ws12, then load ws5 from ws13
WFLDCTX EAX ; load Context Register from EAX

WFPOP ws1 ; pop a number from 386 stack to ws1
WFLDSD  ws1, ARRAY, 31

WFLDSD  ws10, ESI, ECX

WFST EDX, ws21 ; store ws21 to EDX

WFSTCTX EAX ; store Context register to EAX

WFPUSH  wsi ; push ws1 onto the 386 stack

WFSTSD ws0, ARRAY, 32 ; store all 32 registers to ARRAY

WFSTSD ws10, EDI, ECX ; store ECX registers from ws10 to EDI
WFSTRL EAX ; store revision level to EAX

Figure 20. Examples of data movement instructions

WFLOAT ws1, ws10
WFLOAT wd4, ws13
WFLOAT ws3, EAX
WFLOAT wd6, EBX
WFLOAT wd10, 123456
WFIX ws1, ws4
WFIX ws3, wd10
WFIX ws5, EBX
WFCVT ws1, wd14
WFCVT ws8, EBX
WFCVT wd10, ws9
WFCVT wd26, EAX

; convert integer ws10 to single-precision ws1

; convert integer ws13 to double-precision wd4

; convert integer EAX to single-precision ws3

; convert integer EBX to double-precision wdé

; load wd10 with the constant 123456.0

; convert single-precision ws4 to integer ws1

; convert double-precision wd10 to integer ws3

; convert single-precision EBX to integer ws5

; convert double-precision wd14 to single-precision ws1
; convert double-precision (EBX, ws1) to single-precision ws8
; convert single-precision ws9 to double-precision wd10
; convert single-precision EAX to double-precision wd26

Figure 21. Examples of format conversion instructions
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7. Programming the ABACUS 3167, continued

ARITHMETIC INSTRUCTIONS

The ABACUS 3167 provides the four basic arithmetic
functions as well as square root. See figure 22.

In the subtraction instruction, the Source2/Destination
operand is subtracted from the Source1 operand. The re-
verse subtraction instruction reverses the operands from
the standard subtract instruction.

The double-precision multiply/accumulate operation with
single-precision inputs multiplies the single-precision op-
erands specified by Source1 and Source2 and adds the re-
sult to the contents of register wd2. The double-precision
multiply/accumulate operation with double-precision in-
puts multiplies the double-precision operands specified by

Sourcel and Source2 and adds the result to the contents

The division instruction divides the Sourcel operand by  of register wd2.

the Source2/Destination.

The single-precision multiply/accumulate operation multi-
plies the operands specified by Source1 and Source2 and
adds the result to the contents of register ws2.

WFADD ws6, ws13 ; add ws13 into wsb

WFADD wd14, wd20 ; add wd20 into wd14
WFADD ws3, EAX ; add EAX into ws3

WFADD wd2, EBX ; add (EBX, ws1) into wd2
WFADD ws1,9.0 ; add the constant 9.0 into ws1
WFSUBR  ws5, ws30 ; set wsb to ws30 — wsb
WFSUBR wdi12,wdi14 ; set wd12 to wd14 —wd12
WFSUBR  ws3, EDX ; set ws3 to EDX —ws3
WFSUB ws5, ws30; ; set wsb to wsb —ws30
WFSUB ws8, EDX ; set ws8 to ws8 — EDX
WFMUL ws1, ws2 ; multiply ws2 into ws1
WFMULN  wd4, wd6 ; set wd4 to (— wd4 x wd6)
WFAMUL  ws5, EAX ; set wsb to the absolute value of ws5 x EAX
WFMUL ws23, 2.0 ; multiply the constant 2.0 into ws23
WFMAC ws10, wsi1 ; add ws10 x ws11 into ws2
WFMAC ws9, EAX ; add ws9 x EAX into ws?2
WFMACD  ws13, ws29 ; add ws13 x ws29 into wd2
WFMACD ws1, EBP ; add ws1 x EBP into wd2
WFMACD wdi12, wd28 ; add wd12 x wd28 into wd2
WFDIVR ws3, wsb ; set ws3 to wsb + ws3
WFDIVR wd16, wd18 ; set wd16 to wd18 +~ wd16
WFDIVR ws2, EAX ; set ws2 to EAX + ws2
WFDIVR ws7, Pl ; set ws2 to Pl = ws7
WFSQRT  ws3, wsb ; set ws3 to SQRT(ws5)
WFSQRT  wdi10, wd12 ; set wd10 to SQRT(wd12)

Figure 22. Examples of arithmetic instructions
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7. Programming the ABACUS 3167, continued

COMPARE AND TEST INSTRUCTIONS

Compare and test instructions either compare two float-
ing-point values or compare a single floating-point value
to zero (see figure 23). The compare instructions compare
Source1 to Source2.

Besides comparing the operand to zero, as does the test op-
eration (wftst), test with trap (wftstt) generates an invalid
operation exception if the operand is not a valid number
(not-a-number or NaN). Test instructions always operate

on Sourcel. Compare and test instructions affect condi-
tion code bits 14, 10, and 8 of the process context register
as shown in figure 18 on page 13.

SIGN MANIPULATION INSTRUCTIONS

The ABACUS 3167 has two functions that manipulate the
sign of a floating-point number: negate and absolute value.
See figure 24.

; invalid exception if one (or both) of the operands is not a

WFCMPR  ws3, ws4 ; perform reversed comparison

WFCMPRT wd8, wd10 ; perform reversed comparison and generate
; valid number

WFTST wd4 ; perform the test of wd4

WFTSTT ws1 ; perform the test of ws1 and generate

; invalid exception if the operand is not a valid number

Figure 23. Examples of compare and test instructions

WFNEG ws1, wsi ; negate ws1
WFENEG ws1, ws2 ; setws1 to —ws2
WFNEG wd4, wd6 ; set wd4 to —wd6
WFENEG ws3, EAX ; set ws3 to ~EAX
WFABS ws3, wsd

WFABS wd10, wd10

; set ws3 to the absolute value of ws4
; coerce wd10 to its absolute value

Figure 24. Examples of sign manipulation instructions
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7. Programming the ABACUS 3167, continued

7.4. PROGRAMMING EXAMPLE

The example given in figure 26 shows the code for a 4x4

matrix transformation written using the macros provided a1y ap a1z dia

by WEITEK.

y [x y 2 w] A axn d;z dx : [xi v % w0,
The matrix coefficients aq1, ..., @44 are assumed to be al- 431 dxn 433 4y
ready stored in the ABACUS 3167 registers ws16..ws31. A4 day di3 dag

The variables x, y, z, and w are in memory locations X, Y,
Z, and W. The variables x”, y’, 2/, and w/ are stored back in
memory location X, Y, Z, and W.

Figure 25. Matrix multiplication

MOV
WFLD
MOV
WFLD
MOV
WFLD
MOV
WFLD
WFLD
WFMUL
WFEMAC
WFMAC
WFMAC
WEFST
MOV
WFLD
WFMUL
WFMAC
WFMAC
WFMAC
WFST
MOV
WFLD
WFMUL
WFMAC
WFMAC
WFMAC
WFST
MOV
WFLD
WFEMUL
WFMAC
WFMAC
WFMAC
WFST
MOV

EAX, X
wsd, EAX
EAX, Y
wsb5, EAX
EAX, Z
ws6B, EAX
EAX, W
ws7, EAX
ws2, ws16
ws2, ws4
ws17, wsb
ws18, wsb
ws19, ws7
EAX, ws2
X, EAX
ws2, ws20
ws2, wsd
ws21, wsb
ws22, wsb
ws23, ws7
EAX, ws2
Y, EAX
ws2, ws24
ws2, ws4
ws25, wsb
ws26, wsb
ws27, ws7
EAX, ws2
Z, EAX
ws2, ws28
ws2, wsd
ws29, wsb
ws30, ws6
ws31, ws7
EAX, ws2
W, EAX

; load x into 386 EAX register
; load x into ws4

; load y into 386 EAX register
; load yinto ws5

; load z into 386 EAX register
; load zinto ws6

; load winto 386 EAX register
; load winto ws7

; move all into ws2

;ws2 =all x x

;ws2 = (all x x) + (a21 x y)

;ws2 = (allx x) + (@21 x y) + (a31 x 2)
;ws2 = (all x x) + (@21 x y) + (a31 x z) + (241 x w)

; store xi

; store xiinto memory location X

; move at2 into R2
iws2=al2xx
;W82 = (al2x x) + (@22 x y)

;WS2 = (al2 x x) + (@22 x y) + (a32 x z)
;WS2 = (@12 x x) + (a22 x y) + (@32 x z) + (@42 X w)

; store yi

; store yiinto memory location Y

; move al3 into ws2
;ws2=al3xx
;ws2 = (al3x x) + (a23 x y)

;ws2 = (al3x x) + (a23 x y) + (a33 x z)
;ws2 = (@13 x x) + (a23 x y) + (a33 x z) + (a43 X w)

; store zi

; store zi into memory location Z

; move at4 into ws2
;ws2=ald x x
;WS2 = (@14 x x) + (a24 x y)

;ws2 = (ald x x) + (a24 x y) + (a34 x z)
;WS2 = (814 x x) + (a24 x y) + (aB4 x z) + (ad4 x w)

; store wi

; store wi into memory location W

Figure 26. 4x4 matrix transformation in assembly language
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7. Programming the ABACUS 3167, continued

7.5. MACRO INSTRUCTION SUMMARY

Figures 27 and 28 summarize the ABACUS 3167 instruc-
tion set macros. All ABACUS 3167 register names begin
with “w.” We follow the “w” with either “s” for single,
“d” for double, or “x” meaningeither “s” or “d.” The reg-

ister name ends with the letter “t” or “f.” “T” stands for
“to” and “f” stands for “from.” For most instructions, wxt
is the destination register and wxf is the source register.

Data Movement

WFLD wst, wsf ; load: wst = wsf

WFLD wst, data ; load: wst = 386 data

WFLD wdt, wdf ; load: wdt = wdf

WFLDCTX ereg ; load: CTX = 386 E-register

WFPOP wst ; pop wst from the 386 stack

WFPOP wdt ; pop two double-words from the 386 stack to wdt
WFLDSD  wst, addr, count ; block move: wst array = 386 memory

WFST ereg, wst ; store: 386 E-register = wst

WFST ereg, wst, opcode ; store: 386 ereg = ereg <opcode> wst
WFSTCTX ereg ; store: 386 E-register = CTX

WFSTCTX ereg, opcode ; store: 386 ereg = ereg <opcode> CTX
WFPUSH  wst ; push wst onto the 386 stack

WFPUSH  wdt ; push wdt (two double-words) onto the 386 stack
WFSTSD  wst, addr, count ; block move: 386 memory = wst array

WFSTRL EAX ; store revision level to EAX

Format Conversion

WFLOAT wxt, wsf ; convert integer wsf to floating wxt

WFLOAT wxt, data ; convert integer 386 data to floating wxt

WFIX wst, wxf ; convert floating wxf to integer wst

WFIX wst, data ; convert floating (386 data) to integer wst
WFCVT wst, wdf ; convert wdf to wst

WFCVT wst, data ; convert double-precision (386 data and ws1) to wst
WFCVT wdt, wsf ; convert wsf to wdt

WFCVT wdt, data ; convert single-precision 386 data to wdt

Figure 27. The ABACUS 3167 instruction set macros
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7. Programming the ABACUS 3167, continued

Four-Function Arithmetic

WFADD
WFADD

WFSUBR
WFSUBR
WFSuB*
WFSuUB*

WEMUL
WFMUL
WFMULN
WFMULN
WFAMUL
WFAMUL

WFMAC
WFMAC
WFMACD*
WFMACD*
WFMACD*

WFDIVR
WFDIVR
WFSQRT*
WFSQRT*

wxt, wxf
wxt, data

wxt, wxf
wxt, data
wxt, wxf
wxt, data

wxt, wxf
wxt, data
wxt, wxf
wxt, data
wxt, wxf
wxt, data

wst, wsf
wst, data
wst, wsf
wst, data
wdt, wdf

wxt, wxf
wxt, data
wxt, wxf
wxt, data

Compare and Test

WFCMPR
WFCMPR
WFCMPRT
WFCMPRT

WFTST
WFTST
WFTST
WFTSTT
WFTSTT
WFTSTT

wxt, wxf;
wxt, data
wxt, wxf

wxt, data

wxf

data

ata, ws1
wxf

data
data, ws1

Sign Manipulation

WFNEG
WFNEG
WFABS
WFABS

wxt, wxf
wxt, data
wxt, wxf
wxt, data

Paging Directives

WFSPAGE
WFDPAGE

; add: wxt = wxt + wxf
; add: wxt = wxt + (386 data)

; reversed subtract: wxt = wxf — wxt

; reversed subtract: wxt = (386 data) — wxt
; subtract: wxt = wxt — wxf

; subtract: wxt = wxt — (386 data)

; multiply: wxt = wxt x wxf

; multiply: wxt = wxt x (386 data)

; negative multiply: wxt = —wxt x wxf

; negative multiply: wxt = —wxt x (386 data)
; absolute multiply: wxt = |wxt x wxf]|

; absolute multiply: wxt = |wxt x (386 data)|

; multiply and accumulate: ws2 = ws2 + wst x wsf

; multiply and accumulate: ws2 = ws2 + wst x (386 data)
; multiply and accumulate: wd2 = wd2 + wst x wsf

; multiply and accumulate: wd2 = wd2 + wst x (386 data)
; multiply and accumulate: wd2 = wd2 x wdf

; reversed divide: wxt = wxf x wxt

; reversed divide: wxt = (386 data)/wxt
; square root: wxt = sqrt(wxf)

; square root: wxt = sqrt(data)

; reversed compare: set CTX flags for (wxf — wxt)
; reversed compare: set CTX for (386 data) — wxt
; reversed compare with trap: set CTX flags for (wxf — wxt)
; reversed compare with trap: set CTX for (386 data) — wxt

; test: set CTX flags for (wxf — Q)

; test: set CTX flags for (386 data) — 0

; test: set CTX flags for double-precision (386 data, ws1) — 0
; test with trap: set CTX flags for (wxf — 0)

; test with trap: set CTX flags for (386 data) — 0

; test with trap: set CTX flags for (386 data, ws1) - 0

; negate: wxt = —wxf

; negate: wxt = —(386 data)

; absolute value: wxt = |wxf]|

; absolute value: wxt = |386 data|

; force next wfld/wfst to single-precision page
; force next wfld/wfst to double-precision page

*These instructions are not available on the WTL 1167

Figure 28. The ABACUS 3167 instruction set macros, continued
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8. IEEE Considerations

8.1. DATA TYPES

The WEITEK ABACUS 3167 floating-point coprocessor
provides compatibility with the formats specified in IEEE
Standard 754, Version 10.0. Several number types are re-

quired to implement the standard. The types supported by
the ABACUS 3167 are described below.

NORMALIZED NUMBERS

Most calculations are performed on normalized numbers
(NRMs). Single-precision normalized numbers have an ex-
ponent that ranges from binary 00000001 to
binary 11111110 (1 t0 254) and a normalized fraction field
(the leftmost or hidden bitis a 1). In decimal notation, this
allows you to represent a range of both positive and nega-
tive numbers from roughly 10** to 10~ with accuracy

NOT A NUMBER

Not-a-number (NaN) is a special data format usually used
as a flag for data-flow control, for uninitialized variables,
or to signify an invalid operation such as zero times infin-
ity. The format for a NaN is an exponent of all ones and a
non-zero fraction.

DENORMALIZED NUMBERS

Denormalized numbers (DNRMs) have a zero exponent
and a denormalized (hidden bit equal to zero) non-zero
fraction field. They represent numbers smaller
than 2% or 2% (single precision and double precision,
respectively).

to seven decimal places. Double-precision numbers have
an exponent ranging from one to 2,046 and a normalized 31 30 23 22 0
fraction field. [s] e | f |
1 8 23
INFINITY
Infinity (INF) has an exponent of all ones and a fraction € f Value Name
field equal to zero. Both positive and negative infinity are 255 Not 0 None NaN
allowed. 255 0 (~1)* x infinity Infinity
JERG 1.254 | Any (~15x 232 x (1.fy | NRM
0] 0 (-1)¥x0 Zero
ZERO has an exponent of zero, a hidden bit equal to zero,
and a value of zero in the fraction field. Both +0 and -0 are ‘ . —
supported. Figure 29. Single-precision IEEE data types
63 62 52 51 0
Ls ] e f |
1 11 52
e f Value Name

2,047 Not 0 None NaN

2,047 0 (—1)° x infinity Infinity

1.2,046 | Any (~1)5x 2351928 x (1.6) | NRM

0 0 (-1 x0 Zero

Figure 30. Double-precision IEEE data types
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8. IEEE Considerations, continued

8.2. ROUNDING OPTIONS

The WEITEK ABACUS 3167 supports all four rounding
modes of the IEEE standard: round to nearest, round to-
ward zero, round toward plus infinity, and round toward
minus infinity. Rounding may be biased or unbiased. Bi-
ased rounding introduces a small offset in the direction of
the bias. Positive bias, negative bias, and a bias toward zero
are specified in the IEEE format. Unbiased rounding
rounds the result to the nearest representable number. In
the case of a number exactly halfway between two
representable numbers, the number is rounded toward the
closest even number, resulting in half of the numbers
rounding up and half rounding down, on average.

ROUND TO NEAREST

Round-toward-nearest (RN) rounds the result to the near-
estrepresentable value. If two numbers are equally near the
result, the even number is chosen.

ROUND TOWARD ZERO

Round-toward-zero (RZ) rounds the result to the value
closest to but not greater than the magnitude of the result.

ROUND TOWARD PLUS INFINITY

Round-toward-plus-infinity (RP) rounds the result to the
value closest to but not less than the result.

ROUND TOWARD MINUS INFINITY

Round-to-minus-infinity (RM) rounds the result to the
value closest to but not greater than the result.

8.3. EXCEPTION HANDLING

While the IEEE floating-point formats are supported by
the ABACUS 3167, some features of the IEEE standard are
not provided due to the design focus on high speed.

The occurrence of an enabled exception causes an inter-
rupt. Due to extensive instruction overlapping, the exact
location of an exception is not maintained. In debugging, it
is possible to identify the instruction that caused the excep-
tion by performing a store context operation after every
floating-point instruction and then testing the enabled ex-
ception bit,

The following exceptions are flagged by the ABA-
CUS 3167.

1. Undefined Opcode Exception. Whenever an illegal
opcode is detected, the undefined opcode exception
(UOE) is set. On a read bus operation, for example,
only store opcodes are allowed. If a read bus operation

specifies any other instruction, such as MUL.S, then
the undefined opcode exception bit is set.

2. Precision Exception. The precision exception (PE)
flag of the accumulated exception field is set whenever
there is a loss of accuracy. The coprocessor data paths
compute results to higher precision than the number of
mantissa bits that appear in the result. If any of the
fraction bits less than the least-significant bit was
equal to one prior to rounding, then the PE bit is set
high. The precision exception is also signaled if there is
a partial or complete loss of significance in a float-to-
fixed operation.

3. Owerflow Exception. An overflow exception (OE) is
generated when the result of a floating-point opera-
tion overflows the largest representable number. The
result produced at the output is either infinity or the
largest representable positive or negative number, de-
pending upon the rounding mode as shown in fig-
ure 31.

Overflow is also generated when converting float-to-
fixed operations and the result overflows the 32-bit
format,

4. Underflow Exception. When the result of an opera-
tion after rounding is less than the minimum normal-
ized number in the destination format, an underflow
exception (UE) is asserted and the result is flushed to
zero. A result of exactly zero does not underflow.

5. Zero Divide Exception. The ABACUS 3167 asserts a
zero divide exception (ZE) when performing division
onanormalized dividend and a zero divisor. The result
is a properly signed infinity.

6. Invalid Operation Exception. An invalid exception
(IE) is asserted if a NaN input or an invalid operation
occurs. The invalid ABACUS 3167 operations are
20X(), 0/0, eo/eo, subtraction of like infinities (co—e0), and
addition of opposite infinities eo+(—oo), The result of
any invalid operation is a NaN with a fraction and an
exponent of all ones. The sign bit is zero.

Condition Result

RM or RZ and the result Largest positive

is positive normalized number
RP or RZ and the result Largest negative

is negative normalized number
RN or RP and the result Plus infinity

is positive

RN or RM and the result Minus infinity

is negative

Figure 31. Results returned on overflow



8. IEEE Considerations, continued

8.4. FAST MODE

The ABACUS 3167 always operates in Fast mode: denor-
malized inputs to either the multiplier or ALU as well as de-
normalized outputs are flushed to zero. The minimum nor-
malized number has an exponent of one and a fraction field
of zero. ZER O has an exponent of zero and a fraction field
of all zeros. This allows you to represent numbers between
the smallest normalized number and zero. These numbers
are known as denormalized numbers (DNRM). Since
DNRMs are very close to zero, most applications can sub-
stitute zero for a DNRM without a significant loss of accu-
racy.

8.5. OPERATION STATUS AND RESULT

Figures 32 through 36 show the results of combinations of
input data formats and rounding options. The format used
in these tables is: (status) result. When OK is indicated for
the status, no exception is flagged.

Figure 34 shows the compare status for different input
combinations; the compare status is encoded in the condi-

tion code field of the PCR.

Source1 Source2
ZERO DNRM NRM INF NaN
NaN (IE) NaN (E) NaN (IE) NaN (IE) NaN (IE) NaN
INF (OK) INF (OK) INF (OK) INF (OK) INF (1) (IE) NaN
(IE) NaN (2)
NRM (OK) NRM (OK) NRM (OE) (4) (OK) INF (IE) NaN
(OK) NRM
(UE) ZERO
(OK) ZERO
DNRM (OK) ZERO (3) (OK) ZERO (OK) NRM (OK) INF (IE) NaN
ZERO (OK) ZERO (3) (OK) ZERO (3) (OK) NRM (OK) INF (IE) NaN
1. +INF+INF — +INF
—INF-INF — ~INF
2. +INF-INF NaN (invalid operation)
—INF+INF — NaN (invalid operation)
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 maximum normalized number (MAX.NRM), depending upon the rounding mode:
+MAX.NRM IF  [(RM,RZ) AND  (RESULT IS +)]
-MAX.NRM IF  [(RP,RZ) AND (RESULT IS -)]
+INF IF [(RN,RP) AND  (RESULT IS +)]
—INF IF  [(RN,RM) AND (RESULT IS -)]

Figure 32. Status and result output for add and subtract
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8. IEEE Considerations, continued
Sourcet Source2
ZERO DNRM NRM INF NaN
NaN (IE) NaN (IE) NaN (IE) NaN (IE) NaN (IE) NaN
INF (OK) INF (OK) INF (OK) INF (IE) NaN (IE) NaN
NRM (ZE) INF (ZE) INF (OE) (4) (OK) ZERO (IE) NaN
(OK) NRM
(UE) ZERO
DNRM (IE) NaN (IE) NaN (OK) ZERO (OK) ZERO (IE) NaN
ZERO (IE) NaN (IE) NaN (OK) ZERO (OK) ZERO (IE) NaN
Figure 33. Operation status and result output for divide
Source1 Source2
NaN -INF -NRM -DNRM ZERO +DNRM +NRM +INF

NaN ] U U U U U U U
+INF U G G G G G G E
+NRM U G G G G G 0,1,2 L
+DNRM U G G E E E L L
ZERO ) G G E E E L L
—-DNRM ] G G E E E L L
-NRM U G 0,1,2 L L L L L
—INF U E L L L L L L
U: Unordered
E : Sourcel = Source2
L : Sourcel < Source2
G: Sourcel > Source2
0, 1, 2 may be: Source1 = Source2, Source1 < Source2, or Sourcet > Source2

Figure 34. Status for floating-point compare
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8. IEEE Considerations, continued

Source1 Source2/Destination Status Comments
7FFFFFFF 41DFFFFF OK Largest positive
FFC00000 integer
00000001 3FF00000 OK +1
00000000
00000000 00000000 OK ZERO
00000000
FFFFFFFF BFF00000 OK -1
00000000
80000000 C1E00000 OK Largest negative
00000000 integer
Figure 35. Integer to double-precision conversions (I132—F64)
Source1 Source2/Destination Status Comments
7FFFFFFF 4F000000 OK Largest positive
integer
7FFFFFCO 4F000000 PE Inexact
7FFFFF80 4EFFFFFF OK Exact
00000001 3F800000 OK +1
00000000 00000000 OK ZERO
FFFFFFFF BF800000 OK -1
80000080 CEFFFFFF OK Exact
80000040 CF000000 PE Inexact
80000000 CF000000 OK Largest negative

integer

Figure 36. Integer to single-precision conversions (I32—F32)
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9. Systems Programming for the ABACUS 3167

The system software is responsible for:

1. mapping logical addresses to the physical address
space of the ABACUS 3167

2. detecting the presence of the WEITEK coprocessor
handling exceptions

4. saving the coprocessor registers when switching be-
tween tasks

5. emulating the device when it is not present

These tasks are described in the ABACUS Software De-
signer’s Guide.

In MS-DOS, only address mapping and presence detection
need be performed.

10. ROM BIOS Support

Simply adding the WEITEK ABACUS 3167 coprocessor
socket to the system mother board is not sufficient to offer
complete support for the WEITEK coprocessor.

PC manufacturers must also provide a presence-detection
routine, residing in the system ROM BIOS. The routine de-
tects the presence of the WEITEK coprocessor during the
power-on self-test and modifies the interrupt 11H service
routine so that bit 24 of the value returned in register EAX
is set if the ABACUS 3167 coprocessor is present. Existing
MS-DOS applications use the interrupt mechanism to de-
termine whether the WEITEK coprocessor is present in the
system.

10.1. MODIFYING THE ROM BIOS

ROM BIOS programmers can use several detection rou-
tines. If the hardware designer has connected the PRES—
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signal to an I/O port, presence detection can be accom-
plished by simply reading from such an I/O port. Other-
wise the ROM BIOS programmer can use a software se-
quence that loads a WEITEK coprocessor register with a
specific data pattern and then reads it back. To access the
WEITEK coprocessor, the ROM BIOS programmer must
first go into protected mode and set up page tables to ad-
dress the ABACUS 3167.

A code fragment that implements the detection routine is
presented in figure 37. It assumes that the system is in pro-
tected mode and page tables have been set up to address the
WEITEK coprocessor.



10. ROM BIOS Support, continued

; WEITEK ABACUS Presence Detection.

This routine assumes the FS selector is pointing to the base of the
; WEITEK ABACUS physical address space. If desired, CO000000h may be
; added to the offsets rather than using the FS selector.

Returns with EAX=1 if the ABACUS is present, else EAX=0.

This routine is set up for protected mode.
; The definition for WTLSEG must be changed for other modes

WTLSEG  segment use 16 public
W_OPS equ FS:0
WTLSEG ends

ASSUME FS:WTLSEG
wtkpres proc near

push ebx
push ecx
push edx
push esi ;

Save contents of memory being tested in case the ABACUS is not present.

cli ;hold interrupts a bit...

mov ecx, W_OPS[0404h] ; save original values, just in case.
mov edx, W_OPS[0408h]

mov esi, W_OPS[2809h]

Try negate as a test since we must presume that the ABACUS is not initialized yet.

’

mov €ax,40000000h ;2.0

mov W_OPS[0404h], eax ;wfld  ws1, eax

mov W_OPS[0408h], eax ;wild  ws2, eax

mov W_OP§[2809h], al ; wineg ws2, ws1

or eax, (1 shl 31) ;

mov ebx, W_OPS[0808h)] ; wist ebx, ws2

cmp eax, ebx ;

mov eax, 1 ; return EAX=1 (ABACUS present)
je wikexit ; ABACUS is present!!! Take off.

If not present, restore the memory that may have changed.

1

mov W_OPS[0404h], ecx

mov W_OPS[0408h], edx

mov W_OPS[2809h], esi

mov eax, 0 ; return EAX=0 (ABACUS not present)
wikexit label near

sti ; let the interrupts go...

pop esi

pop edx

pop ecx

pop ebx

ret

wtkpres endp

Figure 37. Test for the presence of the WEITEK ABACUS 3167 coprocessor
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11. Debugging the System

Once the coprocessor has been designed into the mother
board and the ROM BIOS have been modified, the system
is ready to be debugged.

WEITEK supplies diagnostics and demo software both in
the UNIX and DOS environments.

The diagnostics software tests for coprocessor presence by
calling interrupt 11H, then initializes and exercises the co-
processor.

12. WTL 1167 Compatibility

This section describes the differences between the ABA-
CUS 3167 and the WTL 1167 coprocessor daughter
board.

12.1. HARDWARE COMPATIBILITY

The single-chip ABACUS 3167s is pin-for-pin compatible
with the WTL 1167 and fits into the standard 121-pin ex-
tended math coprocessor (EMC) socket, Hardware devel-
opers can offer the option of using both the ABACUS 3167
and 80387 coprocessors in their system by featuring two
separate sockets on the mother board.

12.2. APPLICATION SOFTWARE COMPATIBILITY

The ABACUS 3167 is upwardly object-code-compatible
with the WTL 1167. The application programs all of the
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software tools available for the WTL 1167 daughter board
will run as is on the ABACUS 3167 — the ABACUS 3167
simply responds in less time,

The ABACUS 3167 features some new instructions —
square root, reverse subtract, and double-precision multi-

ply accumulate — that trigger an invalid opcode exception
(UOE) if used with the WTL 1167.

12.3. SYSTEM SOFTWARE COMPATIBILITY

Initialization, presence detection, addressing, exception
handling, context switching, and coprocessor emulation
for the ABACUS 3167 are identical to same operations for
the WTL 1167. Therefore, the ABACUS 3167 works in all
the operation system environments that support the
WTL 1167.



13. Specifications

Parameter Value Parameter Commercial Unit
Supply voltage -0.5Vto 7.0V Min Max
Input voltage 0.5V 10 Vee + 0.5 Ve Supply voltage 475 | 525 v
Output voltage —0.5V to Ve Tease Operating temperature 0 85 °C
Storage temperature range -65° C 10 150° C Figure 39. Recommended operating conditions
Figure 38. Absolute maximum ratings
| 14. DC Electrical Characteristics
Commercial

i Parameter Test Conditions Min Max Unit
Vi High-level input voltage Vee = MAX 2.00 \

Vi Low-level input voltage Vee = MIN 0.80 Y
Vihe CLK2 input high voltage Vee = MIN/MAX Vee—1.05] Vec—0.50 \
Vie CLK2 input low voltage Vce = MIN 0.80 \Y
Von High-level output voltage Vee = MIN, lgy  =—2.0 MA 2.40 \Y
Voo Low-level output voltage Voc =MIN, o,  =4.0mA 0.40 A
e CLK2 high-level input current Voo = MAX, Viy =V 10 HA
lie CLK2 low-ievel input current Veo = MAX, Viy =0V +10 A
Iy High-level input current Voo = MAX, Viy = V¢e +10 HA
e Low-level input current Veo = MAX, V)y =0V 10 HA
lcc Supply current (33 MHz) Vee = MAX 450 mA
lec Supply current (20 & 25 MHz) Vee = MAX 350 mA
Cnc  CLK2input capacitance (33 MHz) | f=1MHz, Vcc = MAX, Tayg = 25° C 30 oF
Cine CLK2 input capacitance f=1MHz, Voo = MAX, Tamp =25°C 47 pF

(20 & 25 MHz)
Cn Input capacitance f=1MHz, Vec = MAX, Tawg = 25°C 15 pF
Cour  Output capacitance f=1MHz, Voo = MAX, Taug =25° C 15 pF
WARNING! Remove power before insertion or removal.
Figure 40. DC electrical characteristics over recommended temperature range
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15. AC Switching Characteristics
3167-020 3167-025 3167-033

Symbol Test Conditions Min Max| Min  Max| Min  Max Unit Note
2Ty Clock cycle time 50.0 40.0 30.0 ns
Tey CLK2 period 25.0 20.0 15.0 ns
Tcha CLK2 high time 8.0 7.5 6.7 ns At 2V
TcHb CLK2 high time 7.0 6.5 55 ns At 2.5V
ToLa CLK2 low time 8.0 7.5 6.7 ns At 2V
Tewe CLK2 low time 7.0 6.5 55 ns At 0.8V
TR Clock rise time 8.0 7.0 4.0 ns
Te Clock fall time 8.0 7.0 4.0 ns
T4 ADS~, W/R- setup time 17.0 15.0 13.0 ns 1,3,5
T, ADS- hold time 4.0 4.0 4.0 ns 1,3
Ta A[15..2], BE[2..0}- setup time 18.0 15.0 13.0 ns 1,3,5
T, A[15..2], BE[2..0]- hold time 4.0 4.0 4.0 ns 1,3,6
Ts M/10—, A[31..25] setup time 8.0 7.0 7.0 ns 1,3,5
Ts M/IO—, A[31..25] hold time 4.0 4.0 4.0 ns 1,3,6
T, D[31..0] setup time 20.0 20.0 20.0 ns 1,3,4,5
Ts D[31..0] hold time 2.0 2.0 2.0 ns 1,3,4,6
T READY- setup time 12.0 9.0 7.0 ns 1,3
Tho READY- hold time 4.0 4.0 4.0 ns 1,3
T D[31..0] output delay 38.0 30.0 25.0 ns 1,3,12
Ti2 D(31..0] valid output 6.0 5.0 5.0 ns 1,3
Tis D[31..0] float delay 27.0 22.0 20.0 ns 1,3,13
Tia RESET setup time 12.0 10.0 8.0 ns 1,3
Tis RESET hold time 4.0 3.0 3.0 ns 1,3

Functional operating range: VCC = 5V 1 5%; Tcase = 0° Ct0 85° C

1.
2.

IR

All parameters are specified at 1.5V unless otherwise noted.

All output delays are specified at 1.5V with 50 pF loading un-
less otherwise specified.

Relative to CLK2 rising edge.
Write bus cycle only.
Referencedto the end of the cycle when ADS—is deasserted.

Hold time referenced to the end of the cycle when ADS—is as-
serted.

7.
8.
9.
10.
1.
12.
13.

Delay is measured with respect to M/IO—, A[31..25].
One CLK2 period.

Spec applies only when TCB- is tied high.

Spec applies only when TCB- is tied low.

85 pF loading.

120 pF loading.

Tri-state timing is guaranteed, but not tested.

Figure 41. AC switching characteristics
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15. AC Switching Characteristics, continued

3167-020 3167-025 3167-033

Symbol Test Conditions Min Max| Min  Max| Min Max Unit Note
Tie INTR output delay 62.0 50 40.0 ns 1,3
Ty7 INTR valid output 6.0 5.0 5.0 ns 1,3
Tqs MCS- output delay 20.0 17 17.0 ns 1,7
Tig RDY- output delay 24.0 22 15.0 ns 1,3,9, 11
Too RDY- valid output 4.0 4.0 4.0 ns 1,3,9, 11
Ty RDY- tri-state to valid 25.0 20 20.0 ns 3,10, 11,13
Too RDY- tri-state delay 50 | 25.0 5.0 20 5.0 20.0 ns 3,10,11,13
Tog AF32- tri-state to valid 25.0 20 20.0 ns 3, 10,13
Tos AF32- tri-state delay 25.0 20 20.0 ns 3,10,13
Tos AF32- output delay 25.0 20 20.0 ns 3,10
Tos AF32— valid output 3.0 2.0 2.0 ns 3,10

1.

All parameters are specified at 1.5V unless otherwise noted.

Functional operating range: VCC = 5V £ 5%; Tcase = 0°C 10 85°C

7. Delay is measured with respect to M/IO—, A[31..25].

CL =120 pF for D[31..0]
CL = 85 pF for RDY-

CL = 50 pF for all other signals
CL includes parasitic capacitance

2. Alloutput delays are specified at 1.5V with 50 pF loading un- 8. One CLK2 period.
less otherwise specified. 9.  Spec applies only when TCB— is tied high.
3. Relative to CLK2 rising edge. 10. Spec applies only when TCB- is tied low.
4. Write bus cycle only. 11. 85 pF loading.
5. Referencedtothe end of the cycle when ADS—is deasserted. 12. 120 pF loading.
6. Holdtime referenced tothe end of the cycle when ADS—is as- 13. Tri-state timing is guaranteed, but not tested
serted. ' '
Figure 42. AC switching characteristics, continued
Output
pin I 3.4V 1 Tk \.‘.TF_.‘
CL 2.5V
I 2.0V
B 0.8V
re—— Teup— <—TCLD—’|

I — TCHa >

Tey

Figure 43. Test load for delay measurement

Figure 44. CLK2 timing diagram
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16. Timing Diagrams

16.1. NON-PIPELINED BUS TIMING

Figure 45 shows two WEITEK ABACUS 3167 write cycles
with TCB— either tied high or not connected. Write cycles
are performed every time the 80386 broadcasts instruc-
tions to the coprocessor. The RDY— output of the ABA-
CUS 3167 handles the handshaking between the coproces-
sor and the 80386. To acknowledge the current bus cycle,
the ABACUS 3167 asserts RDY— and the 80386 termi-
nates the bus cycle. The first bus write operation does not

have the READY-input delayed, while the second opera-
tion does. In the delayed READY- write operation, even
though the bus does not advance and D[31..0] is held con-
stant, it is latched in the same cycle it would be if READY—
were not delayed. Thus, if the data changes in the time slots
indicated with crosshatching in figure 45, the new data is
not used by the ABACUS 3167.

= AN
o 0L Wal

w

wea BORK X XXXXKRXKRRKRKRHKKKIA
ey DK X XXOCOXXXX XA
ws T /

B 0 SNSRI Y vV
o T ij /

Figure 45. Non-pipelined bus write cycle, with and without delayed ready, for TCB- tied high (or not connected)
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16. Timing Diagrams, continued

Figure 46 shows a new pipelined bus write cycle with
TCB- tied low. The bus cycle now takes a minimum of
three clock cycles.

e [JUUUUUUUUUUUUUTULTUUL
CLK _T 1 2 3 4 5 6 ‘ 7 8 9 10
=T
T, ke

ADS- m \ /
W/R~ m \X/

T e T =
QE[Z'.'.%]]— OOO( )

» Ts = = Tg =
Mo zs QXK )

o5 LT
oo QOO0 )
=T
To |
READY-
> |eTign T2

Tor = |=

RDY- ‘L ’
T1QB
Tos »

AF32— = s l\‘ < T

Figure 46. Non-pipelined bus write cycle without delayed ready for TCB- tied low
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16. Timing Diagrams, continued

Read cycles are performed every time data must be read
from the ABACUS 3167 into the 80386. Figure 47 showsa
typical ABACUS 3167 read cycle. At least one wait state is
always inserted during a read cycle to allow the ABA-
CUS 3167 time to respond. As shown in figure 47, the
minimum read cycle takes the same number of clock cycles,
independent of the value of TCB—.

Wiait states are fully transparent to the programmer. If
READY-is delayed, the data continues to be driven until
READY—is asserted. When the ABACUS 3167 receives a
bus read operation, it turns on its bus drivers even before
the data is ready. Valid data is only present when RDY—is
asserted.

eve U HUUUHUUHHUUHTHULL

CLK J 1 2 3 4 5

~>T2

o)

WiR- RXXKKKKKXXXXXXXXXXKIKKKKKXKAXR
» T3 To |=
oo XXX ROXXXXXKKXXXXXXXXX XXX AKAXXR
» T5 | » T |
Mo XK )
T oS
. QUXXXX >lj;—

Tion
RDY- TCB- High

» Tio
Tg [
READY-
LT

Tar o r Tion Ta2
ROy TCB- Low |
> Tios

T25 >

» Tog |=

AF32—- \ R Top

Tas »

Figure 47. Non-pipelined bus read cycle without delayed ready for TCB- tied high and TCB- tied low

33



16. Timing Diagrams, continued

16.2. PIPELINED BUS TIMING

The WEITEK ABACUS 3167 is capable of operating with  lined write cycle. The minimum write bus cycle takes the
or without address pipelining on a cycle-by-cycle basis. It~ same number of clock cycles, independent of the value of
uses ADS— and READY- from the 80386 to determine  TCB—.

when a bus cycle begins. Figure 48 shows a typical pipe-

e [T UUUUUHTTUUUUULTUL

A
CLK J 1 2 3 4 5 6 7 8 9 10

W/R~-

s Wﬂn T\
O

T T

wea T X XRXKRRRRROO000R0
» Ts Te

9 D00 X XXXRRROOOOOXXRRRRRND

:
:
-

QX0
|/ )

CB- High /
T22

> T19A
Tor » = Tao
RDY— \ TCB- Low
Ties

Tas =

T
AF32— < L‘ T [
24

Figure 48. Pipelined bus write cycle, with and without delayed ready, for TCB- tied high and TCB- tied low

A

> Tio ke
To =
READY- N \ / i
Tion = Too =
SR oo ma N —

§
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16. Timing Diagrams, continued

Figure 49 shows a typical pipelined read cycle.

e IO U DU UUUL

CLK ‘T 1 2 3 4 5 6 7 8 9 10

» T

o)

N A T, k=
s K XXX
- T T
wor o5 QXK AR
MCS- \
Mo TS
D[31..0] <X><XXX><X< a
ik

READY-

|
L

Tion > = =T

Ta1 » r = Tyoa Toz
RDY— TCB- Low |
> Tios

lIzs >

> Tos

AF32- \ l‘ T
Tos ™

Figure 49. Pipelined bus read cycle without delayed ready for TCB- tied high and TCB- tied low
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16. Timing Diagrams, continued

16.3. RESET AND INTERRUPT TIMING

RESET setup and hold time and interrupt valid delays are

shown in figures 50 and 51, respectively. RESET must be  operation.

CLK2 { 1 2 3 4 5 6

CLK

synchronous with the 80386’ clock to guarantee proper

CXXOCKXXXIKXIKXIAXAAN)

"‘Tm <
» Tis

\

Figure 50. RESET timing

CLK2

CLK

T1 2 3 4 5

XXX s XXX

Figure 51. Interrupt timing
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17. Pin Configuration

1.000 WUF 0.100 uF

13} »s A3 A2 | vec | NC | Nc | BEO-| BE1-| BE2-| NC | vecCc | NC | GND

A4 ND 7 N D31 38 TPRES-| N
80387 12| »e D22 | G D25 | D27 | GND| D29 | D31 | CKM |38 c
Footprint
1T\ A7 | D21 | D20 | D23 | D24 | D26 | vec | D28 | D30 | GND | cLke SREET NC
TIE
10] oND | vee | Dio Ne | TE, ¥ vee
1.000 uF 9| Ae ¥ p1s | D17 REA empo-§ Ne | 4000 UF
8| A9 Y p1s | GND ADS- | vCC T GND
121-Pin PGA
71 nc ] vee | bt1s ABACUS 3167 A31 | MIO- | MCs—
Top View
6| a0 | D14 | D13 VDD | GND [ TCB-
0.001 uF 5] GND g D12 | voC WR- | STEN g ROY-| 0,001 UF
TIE | REA
4] A1 g D11 | D10 | NC e | G | GND

3] A2 g D9 [GND| D6 | D4 | GND | GND| D2 | Do | vcc (Busy-| ER f vce

21 a3 | a1a Y Ds p7 | bos | veec | vec| D3 D1 | GND RF;E% INTR | AF32-

1] GND | A5 | vee NC NC A24 A25 | A26 A27 | VCC | A28 A29 A30

A B C D E F G H J K L M N

1.000 UF 0.100 UF
< 1.350 + 0.200 3 Recommended
- sockets:
Robinson Nugent
P/N PGA-121AH3-S-TG
BOOOOOOOOOO000 Garry
12100000000 00000 P/N 701-121-13K-LCD
NOOOOCOOOOOO0O00 Augat
10000 Q00 P/N PGM121-1A1312-L
91000 00O Precicontact
8l|O0OO 000 1.200+0.012 ZjN UXGd—:=’113—121—T'LA—72
71000 Top View 000 vanced Interconnections
slooo 000 P/N 1-CL-121-01-T-G
51000 OO0
410000 000
t} loJorolololeoJoloXolelolele)
2000000000000 0
Pin#1 1|@OO0O0O00O0OOO00

ABCDEFGHUJKLMN

Figure 52. EMC socket pinout, dimensions, and recommended decoupling
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18. Physical Dimensions

ABACUS 3167 121-Pin Pin Grid Array > A
e D ——] et A
3
, j
E *——-:.:“
clolololololololofolololo) 3
Iolclolclolololototototolo; b=
segeovosergy —= =
566 550 = Vi
PO OO
E, 888 Locator 888 Pin —
Boo N\ 000 Kovar o
loYole! foloYolo! —
ololelclolololololotolole) — I
jofctofofoojolojolojololol I Standoff —
cfolcclojclolololclolelck Kovar \'?I P
J L / / J A L
€ d Pin 1 ?
Side Vi
Bottom View ae view Top View
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Figure 53. ABACUS 3167 physical dimensions
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18. Physical Dimensions, continued
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Figure 54. ABACUS 3167 coprocessor board physical dimensions
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19. Ordering Information

19.1. COPROCESSOR EMC socket and allows the ABACUS 3167 and an 80387

The ABACUS 3167 is offered in speed grades of 20, 25, to be used at the same time. See figure 56.
and 33 MHz. Use the order numbers in figure 55. 19.3. UTILITIES AND DIAGNOSTICS
19.2. COPROCESSOR BOARD WEITEK also supplies diagnostic software for UNIX and

. . combined utility/diagnostic software (including demos
The ABACUS 3167 can be ordered preinstalled in a small and macro instruction definitions) for DOS. See figure 57.

daughter board. This daughter board plugs into the system

Part Description Temperature Range Order Number
20 MHz ABACUS 3167 Coprocessor Tease =01085°C 3167-020-GCU
25 MHz ABACUS 3167 Coprocessor Tease =01085° C 3167-025-GCU
33 MHz ABACUS 3167 Coprocessor Tease =010 85°C 3167-033-GCU

Figure 55. ABACUS 3167 coprocessor ordering information

Part Description Temperature Range Order Number
20 MHz ABACUS 3167 Coprocessor Board Toase =010 85°C 3167-020-BRD
25 MHz ABACUS 3167 Coprocessor Board Tease =01t085°C 3167-025-BRD
33 MHz ABACUS 3167 Coprocessor Board Tease =01085°C 3167-033-BRD

Figure 56. ABACUS 3167 coprocessor board ordering information

Product Order Number
UNIX Diagnostics 4800-1167-02
DOS Utilities 4800-3167-00

Figure 57. WEITEK-supplied support software
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