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1.0 INTRODUCTION

From their introduction in 1982, the highly integrated
16-bit 80186 and its 8-bit external bus version, the
80188, have been ideal processor choices for high-per-
formance, low-cost embedded control applications. The
integrated peripheral functions and enhanced 8086
CPU of the 80186 and 80188 allow for an easy upgrade
of older generation control applications to achieve
higher performance while lowering the overall system
cost through reduced board space, and a simplified pro-
duction flow.

More and more controller applications need even high-
er performance in numerics, yet still require the low-
cost and small form factor of the 80186 and 80188. The
8087 Numerics Data Coprocessor satisfies this need as
an optional add-on component.

The 8087 Numeric Data Coprocessor is interfaced to
the 80186 and 80188 through the 82188 IBC (Integrat-
ed Bus Controller). The IBC provides a highly integrat-
ed interface solution which replaces the 8288 used in
8086-8087 systems. The IBC incorporates all the nec-
essary bus control for the 8087 while also providing the
necessary logic to support the interface between the
80186/8 and the 8087.

This application note discusses the design considera-
tions associated with using the 8087 Numeric Data Co-
processor with the 80186 and 80188. Sections two,
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three, and four contain an overview of the integrated
circuits involved in the numerics configuration. Section
five discusses the interfacing aspects between the
80186/8 and the 8087, including the role of the 82188
Integrated Bus Controller and the operation of the inte-
grated peripherals on the 80186/8 with the 8087. Sec-
tion six compares the advantages of using an 8087 Nu-
meric Data Coprocessor over software routines written
for the host processor as well as the advantage of using
an 80186/8 numerics system over an 8086/8088 nu-
merics system.

Except where noted, all future references to the 80186
will apply equally to the 80188.

2.0 OVERVIEW OF THE 80186

The 80186 and 80188 are highly integrated microproc-
essors which effectively combine up to 20 of the most
common system components onto a single chip. The
80186 and 80188 processors are designed to provide
both higher performance and a more highly integated
solution to the total system.

Higher integration results from integrating system pe-
ripherals onto the microprocessor. The peripherals con-
sist of a clock generator, an interrupt controller, a
DMA controller, a counter/timer unit, a programma-
ble wait state generator, programmable chip selects,
and a bus controller. (See Figure 1.)
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Figure 1. 80186/8 Block Diagram
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Higher performance results from enhancements to both
general and specific areas of the 8086 CPU, including
faster effective address calculation, improvement in the
execution speed of many instructions, and the inclusion
of new instructions which are designed to produce opti-
mum 80186 code.

The 80186 and 80188 are completely object code com-
patible with the 8086 and 8088. They have the same
basic register set, memory organization, and addressing
modes. The differences between the 80186 and 80188
are the same as the differences between the 8086 and
8088: the 80186 has a 16-bit architecture and 16-bit bus
interface; the 80188 has a 16-bit internal architecture
and an 8-bit data bus interface. The instruction execu-
tion times of the two processors differ accordingly: for
each non-immediate 16-bit data read/write instruction,
4 additional clock cycles are required by the 80188.

3.0 NUMERICS OVERVIEW

3.1 The Benefits of Numeric
Coprocessing

The 8086/8 and 80186/8 are general purpose micro-
processors, designed for a very wide range of applica-
tions. Typically, these applications need fast, efficient
data movement and general purpose control instruc-
tions. Arithmetic on data values tends to be simple in
these applications. The 8086/8 and 80186/8 fulfill these
needs in a low cost, effective manner.

However, some applications require extremely fast and
complex math functions which are not provided by a
general purpose processor. Such functions as square
root, sine, cosine, and logarithms are not directly avail-
able in a general purpose processor. Software routines
required to implement these functions tend to be slow
and not very accurate. Integer data types and their
arithmetic operations (i.e., add, subtract, multiply and
divide) which are directly available on general purpose
processors, still may not meet the needs for accuracy,
speed and ease of use.

Providing fast, accurate, complex math can be quite
complicated, requiring large areas of silicon on inte-
grated circuits. A general data processor does not pro-
vide these features due to the extra cost burden that less
complex general applications must take on. For such
features, a special numeric data processor is required —
one which is easy to use and has a high level of support
in hardware and software.

3.2 Introduction to the 8087
The 8087 is a numeric data coprocessor which is capa-

ble of performing complex mathematical functions
while the host processor (i.e. the main CPU) performs

2
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more general tasks. It supports the necessary data types
and operations and allows use of all the current hard-
ware and software support for the 8086/8 and 80186/8
microprocessors. The fact that the 8087 is a coproces-
sor means it is capable of operating in parallel with the
host CPU, which greatly improves the processing pow-
er of the system.

The 8087 can increase the performance of floating-
point calculations by 50 to 100 times, providing the
performance and precision required for small business
and graphics applications as well as scientific data pro-
cessing.

The 8087 numeric coprocessor adds 68 floating-point
instructions and eight 80-bit floating-point registers to
the basic 8086 programming architecture. All the nu-
meric instructions and data types of the 8087 are used
by the programmer in the same manner as the general
data types and instructions of the host.

The numeric data formats and arithmetic operations
provided by the 8087 support the proposed IEEE Mi-
croprocessor Floating Point Standard. All of the pro-
posed IEEE floating point standard algorithms, excep-
tion detection, exception handling, infinity arithmetic
and rounding controls are implemented. The IEEE
standard makes it easier to use floating point and helps
to avoid common problems that are inherent to floating
point.

3.3 Escape Instructions

The coprocessing capabilities of the 8087 are achieved
by monitoring the local bus of the host processor. Cer-
tain instructions within the 8086 assembly language
known as ESCAPE instructions are defined to be co-
processor instructions and, as such, are treated differ-
ently.

The coprocessor monitors program execution of the
host processor to detect the occurrence of an ESCAPE
instruction. The fetching of instructions is monitored
via the data bus and bus cycle status S2—S0, while the
execution of instructions is monitored via the queue
status lines QSO and QSI1.

All ESCAPE instructions start with the high-order 5-
bits of the instruction opcode being 11011. They have
two basic forms, the memory reference form and the
non-memory reference form. The non-memory form,
shown in Figure 2A, initiates some activity in the co-
processor using the nine available bits of the ESCAPE
instruction to indicate which function to perform.

Memory reference forms of the ESCAPE instruction,
shown in Figure 2B, allow the host to point out a mem-
ory operand to the coprocessor using any host memory
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Figure 2A. Non-Memory Reference ESCAPE Instructions

addressing mode. Six bits are available in the memory
reference form to identify what to do with the memory
operand.

Memory reference forms of ESCAPE instructions are
identified by bits 7 and 6 of the byte following the ES-
CAPE opcode. These two bits are the MOD field of the
8086/8 or 80186/8 effective address calculation byte.
Together with the R/M field (bits 2 through 0), they
determine the addressing mode and how many subse-
quent bytes remain in the instruction.

3.4 Host Response to Escape
Instructions

The host performs one of two possible actions when
encountering an ESCAPE instruction: do nothing (op-
eration is internal to 8087) or calculate an effective ad-
dress and read a word value beginning at that address
(required for all LOADS and STORES). The host ig-
nores the value of the word read and hence the cycle is
referred to as a “Dummy Read Cycle.” ESCAPE in-
structions do not change any registers in the host other
than advancing the IP. If there is no coprocessor or the
coprocessor ignores the ESCAPE instruction, the ES-
CAPE instruction is effectively a NOP to the host. Oth-
er than calculating a memory address and reading a
word of memory, the host makes no other assumptions
regarding coprocessor activity.

The memory reference ESCAPE instructions have two
purposes: to identify a memory operand and, for certain
instructions, to transfer a word from memory to the
COProcessor.

3.5 Coprocessor Response to Escape
Instructions

The 8087 performs basically three types of functions
when encountering an ESCAPE instruction: LOAD
(read from memory), STORE (write to memory), and
EXECUTE (perform one of the internal 8087 math
functions).

When the host executes a memory reference ESCAPE
instruction intended to cause a read operation by the
8087, the host always reads the low-order word of any
8087 memory operand. The 8087 will save the address
and data read. To read any subsequent words of the
operand, the 8087 must become a local bus master.

When the 8087 has the local bus, it increments the 20-
bit physical address it saved to address the remaining
words of the operand.

When the ESCAPE instruction is intended to cause a
write operation by the 8087, the 8087 will save the ad-
dress but ignore the data read. Eventually, it will get
control of the local bus and perform successive writes
incrementing the 20-bit address after each word until
the entire numeric variable has been written.

ESCAPE instructions intended to cause the execution
of a coprocessor calculation do not require any bus ac-
tivity. Numeric calculations work off of an internal reg-
ister stack which has been initialized using a LOAD
operation. The calculation takes place using one or two
of the stack positions specified by the ESCAPE instruc-
tion. The result of the operation is also placed in one of
the stack positions specified by the ESCAPE instruc-
tion. The result may then be returned to memory using
a STORE instruction, thus allowing the host processor
to access it.

MOD R/M 16-bit direct displacement
Lilolololol I 1 Jolol {1 Lelolo) L1 01T LTIl 11]
15 114 113 142 111 1o 19 lg 17 le Is la I3 l2 14 lo D15D14D13D12D11D10 Dg Dg D7 De Ds D4 D3 D2 D1 Do
MOD R/M 16-bit displacement
Llalololol L0 Lol DL 0L LU bl Ll
15 114 143 142 111 110 19 lg 17 le Is la I3 l2 14 lo D15D14D13D12D11D1o Dg Dg D7 De Ds D4 D3 D2 Dy Do
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Llalolalal L4 Jolal LI L[ ] |
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15 114 113 12 11 1o 1o lg 17 16 15 1a 13 12 14 o

Figure 2B. Memory Reference ESCAPE Instruction Forms
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4.0 OVERVIEW OF THE 82188
INTEGRATED BUS CONTROLLER

4.1

The 82188 Integrated Bus Controller (IBC) is a highly
integrated version of the 8288 Bus Controller. The IBC
provides command and control timing signals for bus
control and all of the necessary logic to interface the
80186 to the 8087.

Introduction

4.2 Bus Control Signals

The bus command and control signals consist of RD,
WR, DEN, DT/R, and ALE. The timings and levels
are driven following the latching of valid signals on the
status lines SO—S2. When SO0-S2 change state from pas-
sive to active, the IBC begins cycling through a state
machine which drives the corresponding control and
command lines for the bus cycle. As with the 8288, an
address enable input (AEN) is present to allow tri-stat-

5.0 DESIGNING THE SYSTEM

intgl.

ing when other bus masters supply their own bus con-
trol signals.

4.3 Bus Arbitration

The IBC also has the ability to convert bus arbitration
protocols of RQ/GT to HOLD-HLDA. This allows the
82586 Local Area Network (LAN) Coprocessor, the
82730 Text Coprocessor, and other coprocessors using
the HOLD-HLDA protocol to be interfaced to the
8086/8 as well as allowing the 80186/8 to be interfaced
to the 8087. In addition to converting arbitration proto-
cols, the IBC makes it possible to arbitrate between two
bus masters using HOLD-HLDA with a third using
RQ/GT.

4.4 Interface Logic

In addition to all the bus control and arbitration fea-
tures, the IBC provides logic to connect the queue
status to the 8087, a chip-select for the 8087, and the
necessary READY synchronization required between
the 8087 and the 80186/8.

5.1 Circuit Schematics of the 80186/8-82888-8087 System

TO OPTIONAL
THIRD BUS MASTER
80186 | ADDRESS DATA BUS :
SYS  SYS
I HOLD WLOAK'—| [~ coumano/conTeoL
16 MHz = HLDA »{ HLDA
L HOLD |« HOLD
MCS0 » CSIN
ARDY QS0 » asol
=t
— oSt » st
SRDY |«
RESETOUT
CcLOCKOUT
INTO :_? ALE —— »|sTB
TEST s »152
50 = 74LS
—I < 5 AL ADDRESS
»| 30
»] CLK
| RESET
— —] sro
pusy 30
INT > 82188
CLK |«
RESET |+ DT/RF— »{DIR
RDY |« DEN | »|OE
oso e Qs00 74LS
ost |« asto :> 245 DATA
RQ/GTo |« »|RG/GTO
RQ/GT1 |« »RQ/GT1
<_ 4 4
8087-1 ADDRESS DATA BUS
ARDY SRDY 231590-2

Figure 3. 80186/8-82188-8087 Circuit Diagram
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5.2 Queue Status

The 8087 tracks the instruction execution of the 80186
by keeping an internal instruction queue which is iden-
tical to the processor’s instruction queue. Each time the
processor performs an instruction fetch, the 8087 latch-
es the instruction into its own queue in parallel with the
processor. Each time the processor removes the first
byte of an instruction from the queue, the 8087 removes
the byte at the top of the 8087 queue and checks to see
if the byte is an ESCAPE prefix. If it is, the 8087 de-
codes the following bytes in parallel with the processor
to determine which numeric instruction the bytes repre-
sent. If the first byte of the instruction is not an ES-
CAPE prefix, the 8087 discards it along with the subse-
quent bytes of the non-numeric instruction as the 80186
removes them from the queue for execution.

The 8087 operates its internal instruction queue by
monitoring the two queue status lines from the CPU.
This status information is made available by the CPU
by placing it into queue status mode. This requires
strapping the RD pin on the 80186 to ground. When
RD is tied to ground, ALE and WR become QSO
(Queue Status #0) and QS1 (Queue Status # 1) respec-
tively.

'5TCLCL - TCHQSV (186 max)
.5(125 ns) — 35

YA

15 ns

TcrcL - TCLQOV (82188 max) > TQVCL
(125 ns) — 50 > 10 ns

TCLQOV (82188 min) = TCLQX (8087 min)
5 > 5ns

Tqrver (82188 min)
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Table 1. Queue Status Decoding

QS1 QS0 Queue Operation
0 0 No queue operation
0 1 First byte from queue
1 0 Subsequent byte from queue
1 1 Reserved

Each time the 80186 begins decoding a new instruction,
the queue status lines indicate “first byte of instruction
taken from the queue”. This signals the 8087 to check
for an ESCAPE prefix. As the remaining bytes of the
instruction are removed, the queue status indicates
“subsequent byte removed from queue”. The 8087 uses
this status to either continue decoding subsequent
bytes, if the first byte was an ESCAPE prefix, or to
discard the subsequent bytes if the first byte was not an
ESCAPE prefix.

The QSO(ALE) and QS1(WR) pins of the 80186 are fed
directly to the 82188 where they are latched and de-
layed by one-half-clock. The delayed queue status from
the 82188 is then presented directly to the 8087.

The waveforms of the queue status signals are shown in
Figure 4. The critical timings are the setup time into
the 82188 from the 80186 and the setup and hold time
into the 8087 from the 82188. The calculations for an 8
MHz system are as follows:

;setup to 82188

;setup to 8087

;hold to 8087

CLK
Tenasv B~ TeHasy =

NTO 82188

80186 QUEUE STATUS
. X

| X

I Tawvee
TeLoov

TeLaov

82188 QUEUE STATUS
INTO 8087

! Tavel Terax
2315903

Figure 4. Queue Status Timing
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5.3 Bus Control Signals _ NOTE:
The hold time calculation is the same for both the
When the 80186 is in Queue Status mode, another com- 80186 and 8087.
ponent must generate the ALE, RD, and WR signals.
The 82188 provides these signals by monitoring the These timings provide adequate setup and hold times

CPU bus cycle status (S0-S2). Also provided are DEN for a 7418373 address latch.
and DT/R which may be used for extra drive capability
on the control bus. With the exception of ALE, all con-
trol signals on the 82188 are almost identical to their T1

corresponding 80186 control signals. This section dis-

cusses the differences between the 80186 and the 82188 CLK—\—/_\_

control signals for the purpose of upgrading an 80186

design to an 80186—8087 design. For original 80186— ALE
8087 designs, there is no need to compare control signal
timings of the 82188 with the 80186.

ADDRESS X vALD | = DATA
l—SETUP—}-HOLD -~
5.3.1 ALE 2315904
The ALE (Address Latch Enable) signal goes active Figure 5. Address Latch Timings

one clock phase earlier on the 80186 than on the 82188.
Timing of the ALE signal on the 82188 is closer to that
of the 8086 and 8288 bus controller because the bus
cycle status is used to generate the ALE pulse. ALE on
the 80186 goes active before the bus cycle status lines
are valid.

The inactive edge of ALE occurs in the same clock
phase for both the 80186 and the 82188. The setup and
hold times of the 80186 address relative to the 82188
ALE signal are shown in Figure 5 and are calculated
for an 8 MHz system as follows:

Setup Time
For 80186 = Tavcy (186 min) + Tcyry (82188 min)
=10 + 0 = 10 ns.

For 8087 = 0.5 (TCLCL) - TCLAV (8087 max) + TCHLL (82188 min)
=05(25 ~-55+0=175

Hold Time
=05 (TCLCL) - TCHLL (82188 max) + TCLAZ (186 min)
= 0.5(125) — 30 + 10 = 42.5 ns.
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| T | T2
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| 3 | T4 |
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80186 RD
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82188
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-~ TeLmH E

—|
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Teverx 4—]

Tewre = Towme = Tevery = 10t0 70 ns
TolrH = TowvH = 10 to 55 ns
Tovetx = 5to 55 ns

231590-5

Figure 6. Read and Write Timings

5.3.2 Read and Write

The read and write signals of the 82188 have identical
timings to those of the 80186 with one exception: the
82188 WR inactive edge may not go inactive quite as
early as the 80186. This spec is, in fact, a tighter spec
than the 80186 WR timing and should make designs
easier. The timings for RD and WR are shown in Fig-
ure 6 for both the 80186 and the 82188.

5.3.3 DEN

The DEN signal on the 82188 is identical to the DEN
signal on the 80186 but with a tighter timing specifica-
tion. This makes designs easier with the 82188 and
makes upgrades from 80186 bus control to 82188 bus
control more straightforward. The timings for DEN on
both the 80186 and 82188 are shown in Figure 7.

5.3.4 DT/R

The operation of the DT/R signal varies somewhat be-
tween the 80186 and the 82188. The 80186 DT/R sig-
nal will remain in an active high state for all write cy-
cles and will default to a high state when the system bus
is idle (i.e., no bus activity). The 80186 DT/R goes low
only for read cycles and does so only for the duration of
the bus cycle. At the end of the read cycle, assuming
the following cycle is a non-read, the DT/R signal will
default back to a high state. Back-to-back read cycles
will result in the DT/R signal remaining low until the
end of the last read cycle.

The DT/R signal on the 82188 operates differently by
making transitions only at the start of a bus cycle. The
82188 DT/R signal has no default state and therefore
will remain in whichever state the previous bus cycle
required. The 82188 DT/R signal will only change
states when the current bus cycle requires a state differ-
ent from the previous bus cycle.

T | T2

CLK

| T3 | T4 |

Tcvetvy = 10 to 70 - clock edge to DEN active/inactive
Tcvpex = 10 to 70 - falling edge of T4 to DEN inactive
TcHpny = 10 to 55 - rising edge of clock to DEN active
TcHpnx = 10 to 55 - clock edge to DEN inactive

Teverv s Teverv Tevoex Teverv
80186 DEN J *WR | RD/INTA RD/INTA | WR
TCHDNY - TeHpny | TeHon | [ TCHDNX
82188 DEN X WR RD/INTA RD/INTA;‘ ;ZWR
231590-6

Figure 7. Data Control Timings
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READ/WRITE 1 (READ)
TcLpTv = O to 55 ns. 231590-7

Figure 8. Data Transmit & Receive Timings

5.4 Chip Selects

5.4.1 INTRODUCTION

Chip-select circuitry is typically accomplished by using
a discrete decoder to decode two or more of the upper
address lines. When a valid address appears on the ad-
dress bus, the decoder generates a valid chip-select.
With this method, any bus master capable of placing an
address on the system bus is able to generate a chip-se-
lect. An example of this is shown in Figure 9 where an
8086/8087 system uses a common decoder on the ad-
dress bus. Note the decoder is able to operate regardless
of which processor is in control of the bus.

ADDRESS
DECODER

8087

ADDRESS — RAM

80186

231590-8

Figure 9. Typical 8086/8087 System

With high integration processors like the 80186 and
80188, the chip-select decoder is integrated onto the
processor chip. The integrated chip-selects on the
80186 enable direct processor connection to the chip-
enable pins on many memory devices, thus eliminating
an external decoder. But because the integrated chip-se-
lects decode the 80186’s internal bus, an external bus
master, such as the 8087, is unable to activate them.
The 82188 IBC solves this problem by supplying a
chip-select mechanism which may be activated by both
the host processor and a second processor.

5.4.2 CSI AND CSO OF THE 82188

The CSI (chip select in) and CSO (chip select out) pins
of the 82188 provide a way for a second bus master to
select memory while also making use of the 80186 inte-
grated chip-selects. The CSI pin of the 82188 connects
directly to one of the 80186’s chip-selects while CSO
connects to the memory device designated for the chip-
selects range. An example of this is shown in Figure 10.

MCS  CSI
80186

82188

RQ/GT

8087

€SO

RAM BANK

231590-9

Figure 10. Typical 80186/82188/8087 System
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When the 80186 has control of the bus, the circuit acts
just as a buffer and the memory device gets selected as
if the circuit had not been there. Whenever CSI goes
active, CSO goes active. When a second bus master,
such as the 8087, takes control of the bus, CSO goes
active and remains active until the 8087 passes control
back to the processor. At this time CSO is deactivated.

A functional block diagram of the @—@ circuit is
shown in Figure 11. A grant pulse on the RQ/GTO line
gives control to the 8087 and also causes the
8087CONTROL signal to go active, which in turn
causes CSO to go active. The 8087CONTROL signal
goes inactive when either a release is received on
RQ/GTO, indicating that the 8087 is relinquishing con-
trol to the main processor, or a grant is received on the
RQ/GT]1 line, indicating that the 8087 is relinquishing
control to a third processor. Both actions signify that
the 8087 is relinquishing the bus. If CSO goes inactive
because a third processor took control of the bus, then
CSO will go active again for the 8087 when a release
pulse is transmitted on the RQ/GT1 line to the 8087.
This release pulse occurs as a result of SYSHLDA go-
ing inactive from the third processor.

AP-258

5.4.3 SYSTEM DESIGN EXAMPLE

To provide the 8087 access to data in low memory
through an integrated chip-select, the LCS pin should
be disconnected from the bank that it is currently se-
lecting and fed directly into the 82188 CSI. The CSI
output should be connected to the banks which the
LCS formerly selected. The LCS will still select the
same banks because CSO goes active whenever CSI
goes active. But now the 8087, when taking control of
the bus, may also select these banks.

Care must be taken in locating the 8087 data area be-
cause it must reside in the area in which the chip-select
is defined. If the 8087 generates an address outside of
the LCS range, the CSO will still go active, but the
address will erroneously select a part of the lower bank.
Note also that this chip-select limits the size of the 8087
data area to the maximum size memory which can be
selected with one chip-select. However, this does not
place a limit on instruction code size or non-8087 data
size. All 80186 and 8087 instructions are fetched by the
processor and therefore do not require that the 8087 be

82188 IBC
csi =5
8087 CONTROL
HOLD RQ,/GTO
ARBITRATION
LOGIC o
HLDA RQ/GT1
SYSHOLD ~ SYSHLDA
23159010

Figure 11. 82188 Chip Select Circuitry
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able to address them. Likewise, non-8087 data is never
accessed by the 8087 and therefore does not require an
8087 chip-select.

5.5 Wait State & Ready Logic

The 8087 must accurately track every instruction fetch
the 80186 performs so that each op-code may be read
from the system bus by the 8087 in parallel with the
processor. This means that for instruction code areas,
the 80186 cannot use internally generated wait states.
All ready logic for these areas must be generated exter-
nally and sent into the 82188. The 82188 then presents
a synchronous ready out (SRO) signal to both the
80186 and the 8087.

5.5.1 INTERNAL WAIT STATES WITH
INSTRUCTION FETCHES

If internal wait states are used by the processor with the
8087 at zero wait states, then the 8087 will latch op-
codes using a four clock bus cycle while the processor is
using between five and seven clocks on each bus cycle.
If the wait states are truly necessary to latch valid data
from memory, then a four clock bus cycle will force the
8087 to latch invalid data. The invalid data may then be
possibly interpreted to be an ESCAPE prefix when, in
reality, it is not. The reverse may also hold true in that
the 8087 may not recognize an ESCAPE prefix when it
is fetched. These conditions could cause a system to
hang (i.e., cease to operate), or operate with erroneous
results.

If the memory is fast enough to allow latching of valid
data within a four clock bus cycle, then the 80186 inter-
nal wait states will not cause the system to hang. Both
processors will receive valid data during their respec-
tive bus cycles. The 8087 will finish its bus cycle earlier
than the processor, but this is of no consequence to
system operation. The 8087 will synchronize with the
processor using the status lines SO—S2 at the start of the
next instruction fetch.

5.5.2 INTERNAL WAIT STATES WITH DATA &
1/0 CYCLES

With the exception of “Dummy Read Cycles” and in-
struction fetches, all memory and I/0 bus cycles exe-
cuted by the host processor are ignored by the 8087.
Coprocessor synchronization is not required for un-
tracked bus cycles and, therefore, internally generated
wait states do not affect system operation. All of the
I/0 space and any part of memory used strictly for
data may use the internal wait state generator on the
80186.

10
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Memory used for 8087 data is somewhat different.
Here, as in the case of code segment areas, the system
must rely on an external ready signal or else the memo-
ry must be fast enough to support zero wait state opera-
tion. Without an external ready signal, the 8087 will
always perform a four clock bus cycle which, when
used with slow memories, results in the latching of in-
valid data.

Internal wait states will not affect system operation for
data cycles performed by the 8087. In this case the 8087
has control of the bus and the two processors operate
independently.

One type of data cycle has not yet been considered.
Each time a numerics variable is accessed, the host
processor runs a “Dummy Read Cycle” in order to
calculate the operand address for the 8087. The 8087
latches the address and then takes control of the bus to
fetch any subsequent bytes which are necessary. If the
8087 variables are located at even addresses, then an
internally generated wait state will not present any
problems to the system. If any numeric variables are
located at odd addresses, then the interface between the
host and coprocessor becomes asynchronous causing
erroneous results.

The erroneous results are due to the 80186 running two
back-to-back bus cycles with wait states while the 8087
runs two back-to-back bus cycles without wait states.
The start of the second bus cycle is completely uncoor-
dinated between the two processors and the 8087 is un-
able to latch the correct address for subsequent trans-
fers. For this reason, 8087 variables in a 80186 system
must always lie on even boundaries when using the in-
ternal wait state generator to access them.

Numeric variables in an 80188 system must never be in
a section of memory which uses the internal wait state
generator. The 80188 will always perform consecutive
bus cycles which would be equivalent to the 80186 per-
forming an odd addressed “Dummy Read Cycle.”

5.5.3 AUTOMATIC WAIT STATES AT RESET

The 80186 automatically inserts three wait states to the
predefined upper memory chip select range upon power
up and reset. This enables designers to use slow memo-
ries for system boot ROM if so desired. If slow ROM’s
are chosen, then no further programming is necessary.
If fast ROM’s are chosen, then the wait state logic may
simply be reprogrammed to the appropriate number of
wait states.

The automatic wait states have the possibility of pre-
senting the same problem as described in section 5.5.1 if
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the boot ROM needs one or more wait states. Under
these conditions the 8087 would be forced to latch in-
valid opcodes and possibly mistake one for an ESCAPE
instruction.

If the boot ROM requires wait states, then some sort of
external ready logic is necessary. This allows both proc-
essors to run with the same number of wait states and
insures that they always receive valid data.

If the boot ROM does not require wait states, then
there is no need to design external ready logic for the
upper chip select region. But if 8087 code is present in
the upper memory chip select region, the situation de-
scribed in section 3.4 regarding “Dummy Read Cycles”
must be considered.

The 82188 solves this problem by inserting three wait
states on the SRO line to the 8087 for the first 256 bus
cycles. By doing this the 82188 inserts the same number
of wait states to both processors keeping them synchro-
nized. The initialization code for the 80186 must pro-
gram the upper memory chip select to look at external
ready and to insert zero wait states within these first
256 bus cycles. At the end of the 256 bus cycles, the
82188 stops inserting wait states and both processors
run at zero wait states.

5.5.4 EXTERNAL READY SYNCHRONIZATION

The 80186 and 8087 sample READY on different clock
edges. This implies that some sort of external synchro-
nization is required to insure that both processors sam-
ple the same ready state. Without the synchronization,
it would be possible for the external signal to change
state between samples. The 80186 may sample ready
high while the 8087 samples ready low. This would lead
to the two processors running different length bus cy-
cles and possibly cause the system to hang.

The 82188 provides ready synchronization through the
ARDY and SRDY inputs. Once a valid transition is
recorded, the 82188 presents the results on the SRO
output and holds the output in that state until both
processors have had a chance to sample the signal.

5.6 BUS ARBITRATION

In order for the 8087 to read and write numeric data to
and from memory, it must have a means of taking con-
trol of the local bus. With the 8086/88 this is accom-
plished through a request-grant exchange protocol. The
80186, however, makes use of HOLD/HOLD AC-
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KNOWLEDGE protocol to exchange control of the
bus with another processor. The 82188 supplies the
necessary conversion to interface RQ/GT to HOLD/
HLDA signals. The RQ/GT signal of the 8087 con-
nects directly to the 82188’s RQ/GTO input while the
82188’s HOLD and HLDA pins connect to the 80186’s
HOLD and HLDA pins.

When the 8087 requires control of the bus, the 8087
sends a request on the RQ/GTO line to the 82188. The
82188 responds by sending a HOLD request to the
80186. When HLDA is received back from the 80186,
the 82188 sends a grant back to the 8087 on the same
RQ/GTO line.

The 82188 also has provisions for adding a third bus-
master to the system which uses HOLD/HLDA pro-
tocol. This is accomplished by using the 82188
SYSHOLD, SYSHLDA, and RQ/GT1 signals.
The third processor requests the bus by pulling the
SYSHOLD line high. The 82188 will route (and trans-
late if necessary) the requests to the current bus master.
If the 8087 has control, the 82188 will request control
via the RQ/GT1 line which should be connected to the
8087’s RQ/GT! line.

The 8087 will relinquish control by getting off the bus
and sending a grant pulse on the RQ/GT]1 line. The
82188 responds by sending a SYSHLDA to the third
processor. The third processor lowers SYSHOLD when
it has finished on the bus. The 82188 routes this in the
form of a release pulse on the RQ/GT]1 line to the
8087. The 8087 then continues bus activity where it left
off. The maximum latency from SYSHOLD to
SYSHLDA is equal to the 80186 latency + 8087 laten-
cy + 82188 latency.

5.7 SPEED REQUIREMENTS

One of the most important timing specs associated with
the 80186-8087 interface is the speed at which the sys-
tem should run. The 8087 was designed to operate with
a 33% duty cycle clock whereas the 80186 and 80188
were designed to operate with a 50% duty cycle clock.
In order to run both parts off the same clock, the 8087
must run at a slower speed than is typically implied by
its dash number in the 8086/88 family.

11
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To determine the speed at which an 8087 may run
(with a 50% duty cycle clock), the minimum low and
high times of the 8087 must be examined. The maxi-
mum of these two minimum specs becomes the half-pe-
riod of the 50% duty cycle system clock. For example,
the 8087-1 provides worst case spec compatibility with
the 80186 at system clock-speeds of up to 8 MHz. The
clock waveforms are shown in Figure 12 using 10 MHz
timings.

The minimum clock low time spec (Tcypcy) of the 10
MHz 8087 is 53 ns. The clock low time of an 8§ MHz
80186 is specified to be:

Y2(TcLe) — 7.5

Solving for Tcrcr, of the 80186 using Tcpcg of the
8087 yields the following:

Y2(ToLe) — 7.5 = TeLeH

(Terel) = 2(TcLeH + 7.5)

ToLoL =121 ns

The calculation shows minimum cycle time of the
80186 to be 121 ns. This time translates into a maxi-
mum frequency of 8.26 MHz.

6.0 BENCHMARKS

6.1 Introduction

The following benchmarks compare the overall system
performance of an 8086, 80188, and an 80186 in nu-
meric applications. Results are shown for all three
processors in systems with the 8087 coprocessor and
in systems using an 8087 software emulator. Three
FORTRAN benchmark programs are used to dem-
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onstrate the large increase in floating-point math per-
formance provided by the 8087 and also the increase in
performance due to the enhanced 80186 and 80188 host
processors.

The 8086 results were measured on an Intellec Series
III Microcomputer Development System with an iISBC
86/12 board and an iSBC 337 multimodule. Typically,
one wait state for memory read cycles and two wait
states for memory write cycles are experienced in this
environment.

The 80186 and 80188 results were measured on a proto-
type board which allowed zero wait state operation at
8 MHz. The benchmarks measured using the 8087
showed little sensitivity to wait states. Instructions exe-
cuted on the 8087 tend to be long in comparison to the
amount of bus activity required and, therefore, are not
affected much by wait states.

The benchmarks measured using the software emulator
are much more bus intensive and average from 10 to 15
percent performance degradation for one wait state.

All execution times shown here represent 8 MHz oper-
ation. The 8086 results were measured at 5 MHz and
extrapolated to achieve 8 MHz execution times.

6.2 Interest Rate Calculations

Routines were written in FORTRAN-86 to calculate
the final value of a fund given the annual interest and
the present value. It is assumed that the interest will be
compounded daily, which requires the calculation of
the yearly effective rate. This value, which is the equiv-
alent annual interest if the interest were compounded
daily, is determined by the following formula:

yer = (1 + (ir/np))**np — 1

100ns

10 MHz

8087 SPECS \

33% DUTY CYCLE \
CLOCK

Teren
MIN. LOW TIME

8 MHz
80186 SPECS \

50% DUTY CYCLE \

CLOCK

TereL MINIMUM |

231590-11

Figure 12. Clock Cycle Timing
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where:
yer is the yearly effective rate
ir is the annual interest rate
np is the number of compounding periods per
annum
Once the yer is determined, the final value of the fund
is determined by the formula:
fv = (1 +yer) * pv
where:

pv is the present value
fv is the future value

Results are obtained using single-precision, double-pre-
cision, and temporary real precision operands when:

ir is set to 10% (0.1)
np is set to 365 (for daily compounding)
pv is set to $2,000,000

THE RESULTS:

yer Final Value
Single-Precision 10.514% $2,210,287.50
(32-bit)
Double-Precision 10.516% $2,210,311.57
(64-bit)
Temporary Real 10.516% $2,210,311.57
Precision

The difference between the final single-precision and
double-precision values is $24.07; the difference in the
final value between the double-precision and the tempo-
rary real precision is 0.000062 cents. Since the 8087
performs all internal calculations on 80-bit floating
point numbers (temp real format), temporary real pre-
cision operations perform faster than single- or double-
precision. No data conversions are required when load-
ing or storing temporary real values in the 8087. Thus,
for business applications, the double-precision comput-
ing of the 8087 is essential for accurate results, and the
performance advantage of using the 8087 turns out to
be as much as 100 times the equivalent software emula-
tion program.

AP-258

6.3 Matrix Multiply Benchmark
Routine

A routine was written in FORTRAN-86 to compute
the product of two matrices using a simple row/column
inner-product method. Execution times were obtained
for the multiplication of 32X 32 matrices using double
precision. The results of the benchmark are shown in
Figure 14.

The results show the 8087 coprocessor systems per-
forming from 23 to 31 times faster than the equivalent
software emulation program. Both the 80188/87 and
the 80186/87 systems outperform the 8086/87 system
by 34 to 75 percent. This difference is mainly attributed
to the fact that the matrix program largely consists of
effective address calculations used in array accessing.
The hardware effective address calculator of the 80186
and 80188 allow each array access to improve by as
much as three times the 8086 effective address calcula-
tion.

6.4 Whetstone Benchmark Routine

The Whetstone benchmark program was developed by
Harry Curnow for the Central Computer Agency of the
British government. This benchmark has received high
visibility in the scientific community as a measurement
of main frame computer performance. It is a “synthet-
ic” program. That is, it does not solve a real problem,
but rather contains a mix of FORTRAN statements
which reflect the frequency of such statements as mea-
sured in over 900 actual programs. The program com-
putes a performance metric: “thousands of Whetstone
instructions per second (KIPS).”

Simple variable and array addressing, fixed- and float-
ing- point arithmetic, subroutine calls and parameter
passing, and standard mathematical functions are per-
formed in eleven separate modules or loops of a pre-
scribed number of iterations.

Table 2. Interest Rate Benchmark Results

8087 Software Emulator 8087 Coprocessor
80188 8086 80186 80188 8086 80186
Single Precision 70.3ms | 628ms | 434ms | .70ms | .66 ms | .61 ms
Double Precision 721ms | 629ms | 444ms | .71ms | .66ms | .61 ms
Temp Real Precision | 726 ms | 63.0ms | 448ms | .69ms | .65ms | .59 ms
Average 71.7ms | 629ms | 442ms | .70ms | .66 ms | .60 ms

13
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The original coding of the Whetstone benchmark was
written in Algol-60 and used single-precision values. It
was rewritten in FORTRAN with single-precision val-
ues to exactly reflect the original intent. Another ver-
sion was created using double-precision values. The re-
sults are shown in Table 3.

intgl.

The results show the 8087 systems with the 80186 and
80188 outperforming the equivalent software emulation
by 60 to 83 times. Additionally, the 80186 coupled with
the 8087 outperformed the 8086/87 system by 22 per-
cent.
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Figure 13. Interest Rate Benchmark Results
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Figure 14. Double Precision Matrix Multiplication
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Table 3. Whetstone Benchmark Results

. 8087 Software Emulator 8087 Coprocessor
Units = KIPS
80188 8086 80186 80188 8086 80186
Single 2 23 3.3 165.8 178.0 197.6
Precision
Double 2 2.2 3.2 151.7 152.0 185.2
Precision

6.5 Benchmark Conclusions

These benchmarks show that the 8087 Numeric Data
Coprocessor, coupled with either the 80186 or the
80188, can increase the performance of a numeric ap-
plication by 75 to 100 times the equivalent software
emulation program.

Applications which require array accessing with effec-
tive address calculations will benefit even more by us-
ing the 80188 and 80186 as the host processor as com-
pared to the 8086. The results of the matrix multiplica-
tion show both the 80188 and 80186 outperforming the
8086 by 34 and 75%, respectively, in an 8087 system.
In general, an 80186/8087 system will offer a 10% to a
75% improvement over an equivalent 8086/8087 sys-
tem, depending on the instruction mix.

7.0 CONCLUSION

For controller applications which require high perform-
ance in numerics and low system cost, the 16-bit 80186
or 8-bit 80188 coupled with the 8087 offers an ideal
solution. The integrated features of the 80186 and
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