Unit 2:

Bus Cycles and System Architecture

Initialization
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Initialization

* After a signal on the RESET pin, certain registers of 80386 are
set to predefined values.

* These values are adequate to enable execution of a bootstrap
program.
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Processor State atter RESET

Contents of EAX depends on results power-up self test

Self-test may be requested externally by assertion of BUSY# at the end of
RESET (EAX=0 if the 80386 passed the test, else 80386 unit is faulty)

If self-test is not requested , EAX is undefined

DX holds a component identifier and revision number
(DH=3, indicates 80386, DL=unique identifier of the revision level)

EDX REGISTER

31 23 15 7



Processor State after RESET

* Control Register O (CRO) contains

CONTROL REGISTER ZERO
31 23 15 7 43 10
elT R
ol weme P e
PAGING DISABLED

INDICATES PRESENCE OF 80387
NO TASK SWITCH —
DO NOT MONITOR COPROCESSOR
COPROCESSOR NOT PRESENT
PROTECTION NOT ENABLED (REAL ADDRESS MODE)

0000 %O
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State of flags and other registers

The remaining registers and flags are set as follows:

EFLAGS = 00000002H
IP = 0000FFFOH
CS selector = 000H
DS selector = (0000H
ES selector = (0000H
SS selector = (0000H
FS selector = (0000H
GS selector = 0000H
IDTR:

base =0

limit = 03FFH

All registers not mentioned above are undefined.
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Functional Pin Diagram
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Pin Description Table

Symbol Ty pe Name and Function

CLKZ2 | CLK2 provides the fundamental timing for the Intel386 DX.

D4 —Dg P DATA BUS inputs data during memory, |/0 and interrupt acknowledge
reaad cycles and ocutputs data during memory and 170 write cycles.

A — Ao ] ADDRESS BUS outputs physical memory or port 1/0 addresses.

BEO# —BE3 # ] BYTE ENABLES indicate which data bytes of the data bus take part in
a bus cycle.

WiIR # O WRITE/READ is a bus cycle definition pin that distinguishes write
cyclas from read cycles.

DJsC# ] DATASCONTROL is a bus cycle definition pin that distinguishes data
cyclas, either memory or 170, from control cyclas which are: interrupt
acknowledge, halt, and instruction fetching.

MO # L&) MEMORY 1/0 is a bus cycle definition pin that distinguishes meaemory
cycles from input/output cycles.

LOCK # ] BUS LOCK is a bus cycle definition pin that indicates that other
system bus mastaers are denied access to the system bus while it is
active.

ADS# L&) ADDRESS STATUS indicates that a wvalid bus cycle definition and
address (W/R#, D/)C#, MJAIO#, BEO#, BE1#, BEZ2#, BE3 # and
Agq4—~s) are being driven at the Intel386 DX pins.

MNA # 1 NEXT ADDRESS is used to request address pipelining.

READY # I BUS READY terminates the bus cyclea.

BS16# I BUS SIZE 16 inputl allows direct connection of 32-bit and 16-bit data
buses,

HOLD I BUS HOLD REQUEST input allows another bus master to request

control of the local bus.




Pin Description Table (Cont...)

Symbol Type MName and Function

HLDA O BUS HOLD ACKNOWLEDGE output indicates that the Intel386 DX
has sumrendered conftrol of its local bus 1o another bus master.

BUSY # | BUSY signals a busy condition from a processor extension.

ERROR# | ERROR signals an error condition from a processor extension.

PEREQ | PROCESSOR EXTENSION REQUEST indicates thal the processor
axtansion has data 1o be transfermad by the Intei3B6 DX.

INTR | INTERRUPT REQUEST is a maskable input that signals the Intel386
DX to suspend execution of the curent program and execule an
interrupt acknowledge function.

NMI | NOMN-MASKABLE INTERRUPT REQUEST is a non-maskable input
that signals the Intel386 DX to suspend execulion of the current
program and executla an interrupt acknowledge function.

RESET | RESET suspends any operation in progress and places the Intel386
DX in a known reset state. See Interrupt Signals for additional
information.

N/C —_— NO COMNNECT should always remain unconnected. Connection of a
N/C pin may cause the processor o malfunction or be incompatible
with fulure steppings of the Intel386 DX.

Ve | SYSTEM POWER provides tha + 5V nominal D.C. supply input.

Vg I SYSTEM GROUND provides 0V connection from which all inputs and

outputs are measuread.




I/0 Addressing

The 80386 allows input/output to be performed in either of two

ways:
a. By means of a separate I/0 address space (using specific I/0
instructions)

b. By means of memory-mapped I/0 (using generalpurpose
operand manipulation instructions )
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Separate I/0 address space

(An Isolated I/0)

v 1/0 devices treated separately from memory.

* Hardware and software architecture of
8088/8086 support separate memory I/0
address space.

v' Can be accessed as either byte-wide or word-wide.

v" Can be treated as either independent byte-wide
I/0 ports or word-wide I/O ports.

v Page O:

* Certain I/O instructions can only perform
operations to ports in this part of the address
range.

* Other I/0 instructions can input/output data
for ports anywhere in the address space.

Page 0

{

FFFF

00FF
00FE

0004
0003
0002
0001
0000

Port 65 535

I/O address space

Port 255

Port 254

Port 4

Port 3

Port 2

Port 1

Port O
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Port 1 (16 bit port)

Port 0 (16 bit port)

10



Page 0

{

FFFF

00FF
00FE

0004
0003
0002
0001
0000

Separate I/0 address space

Port 65 535

I/O address space

Port 255

Port 254

Port 4

Port 3

Port 2

Port 1

Port 0

(An Isolated I/0)

Port 1 (16 bit port)

Port 0 (16 bit port)

Advantages: -

v" 1 MByte memory address space is available for use
with memory.

v Special instructions have been provided in the
instruction set of 8088/8086 to perform isolated
I/0 input and output operations.

v These instructions have been tailored to maximize
I/0 performance.

Disadvantages: -

v All input and output data transfers must take place
between AL or AX register and the I/0 port
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Memory-mapped I/0

I/0 devices is placed in memory
address space of the
microcomputer.

The memory address space is
assigned to I/0 devices.

MPU looks at the I/O port as
though it is a storage location in
memory.

Make use of instructions that
affect data in memory rather than
special input/output instructions.

1/0 addresses <

FFFFF

( EOFFF

E0003
E0002
E0001
\ E0000

00001
00000

Memory address space

I/0 ports

—tr
-

Pt
e,
—
-,

43
s
e
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Port 4095

I/0 ports

Port 3

Port 2

Port 1

Port 0

}
}

Port 1
(16 bit port)

Port 0
(16 bit port)
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1/0 addresses <

Memory-mapped I/0

FFFFF

[ EOFFF

E0003
E0002
E0001
\ E0000

00001
00000

Memory address space

S R
Jt

1/0 ports

o

P

S
ey

Port 4095

I/0 ports

Port 3

Port 2

Port 1

Port 0

}
}

Port 1
(16 bit port)

Port 0
(16 bit port)

Advantages:
v" Many more instructions and addressing

modes are available to perform I/0
operations.

v" 1/0 transfers can now take place
between I/0 port and internal registers
other than just AL/AX.

Disadvantages:

v Memory instructions tend to execute
slower than those specifically designed
for isolated I/0.

v’ Part of the memory address space is lost
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I/0 Instructions

There are two classes of I/0 instruction:
1. Those that transfer a single item (byte, word, or doubleword)
located in a register.

2. Those that transfer strings of items (strings of bytes, words, or
doublewords) located in memory.

These are known as "string I/0 instructions” or "block I/0
instructions"”.

10/06/24
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Register I/0 Instructions

The I/0 instructions IN and OUT
are provided to move data
between I/0 ports and the EAX
(32-bitI/0), the AX (I16-bit I/0), or
AL (8-bitI/0) general registers.

IN and OUT instructions
addresses I/0 ports either
directly, with the address of one of
up to 256 port

Mnemonic Meaning Format Operation

Input direct IN Acc, Prt | (Acc) € (Port)

IN Acc = AL or AX
Input indirect INAcc, DX | (Acc) € ((DX))
(variable)
Output direct OUT Prt, Acc | (Port) € (Acc)

ouT
Output indirect OUT DX, Acc | ((DX)) € (Acc)

(variable)

10/06/24
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Block I/0 Instructions

The block (or string) I/0 instructions INS and OUTS move blocks of
data between I/0 ports and memory space.

Block I/0 instructions use the DX register to specify the address of a
port in the I/O address space.

Block I/0 instructions use either SI or DI to designate the source or
destination memory address.

For each transfer, SI or DI are automatically either incremented or
decremented as specified by the direction bit in the flags register.

10/06/24
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Read and Write Cycles

Data transfers occur as a result of bus cycles,
classified as read or write cycles.

Two choices of address timing are
dynamically selectable: non-pipelined, or
pipelined.

After a bus idle state, the processor always
uses non-pipelined address timing.

However, the NA# (Next Address) input may
be asserted to select pipelined address
timing for the next bus cycle.

When pipelining is selected and the
Intel386 DX has a bus request pending
internally, the address and definition of the
next cycle is made available even before the
current bus cycle is acknowledged by
READY#.

Terminating a read cycle or write cycle, like
any bus cycle, requires acknowledging the

cycle by asserting the READY# input.

Until acknowledged, the processor inserts
wait states

10/06/24 17



Non-pipelined read & write cycles

IDLE CYCLE 1 CYCLE 2 CYCLE 3 IDLE CYCLE 4
NON=PIPELINED | MNOM—PIPELINED | MON=PIPELINED NON=PIPELINED
{WRITE) {READ) (WRITE) {READ)
Ti T 2 T T2 T1 T2 Ti Ti T2 i
cikz [ LI
BED #—BE3 # ~ x
az-a31, [ XDOKKKK _ valio 1 X VaLD 2 vaLio 3 DOCKKK_ vatio o OXCKK
M/10 #,0/C# =
w/rw [ XDOKXY XX AXXX
ADS # I: /
NA # |:
32=8IT 32=BIT 32=BIT 32=8IT
BUS SIZE BUS SIZE BUS SIZE BUS SIZE
Bs16# [
READY # [
END CYCLE 1 END CYCLE 2 END CYCLE 3 END CTCLE 4
Lock # [ m VALID 1 k VALID 2 VALID 3 m VALID 4
Du-n31|: R -=<£ ouT »-qd--=-L n »-<£ ouT y-t-===- -
|
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Non-pipelined read & write cycles

* Atthe end of the second bus state within the bus cycle,
READY# is sampled

* If asserted the bus cycle terminates

* Else the cycle continues another bus state (a wait state) and
READY# is sampled again at the end of that state.

* This continues indefinitely until the cycle is acknowledged by
READY# asserted.

10/06/24
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Systems Registers

EFLAGS

Memory Management Registers
Control Registers

Debug Registers

Test Registers

10/06/24
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Systems Registers

v EFLAGS

Memory Management Registers
Control Registers
Debug Registers

Test Registers

10/06/24
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EFLAGS

0 0000000000000

VIRTUAL 8086 MODE
RESUME FLAG

NESTED TASK FLAG
I/0 PRIVILEGE LEVEL
INTERRUPT ENABLE

NOTE
0 OR 1 INDICATES INTEL RESERVED. DO NOT DEFINE.

System Flags of EFLAG REGISTER

10/06/24
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Systems Registers

e EFLAGS

v Memory Management Registers
* Control Registers

* Debug Registers

* Test Registers

10/06/24
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Memory-Management Registers

Four registers of the 80386 locate the data structures that control segmented
memory management:

v" GDTR Global Descriptor Table Register
v" LDTR Local Descriptor Table Register

These registers point to the segment descriptor tables GDT and LDT.

IDTR Interrupt Descriptor Table Register
This register points to a table of entry points for interrupt handlers (the IDT).

TR Task Register
This register points to the information needed by the processor to define the
current task.

10/06/24
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Systems Registers

* EFLAGS
* Memory Management Registers

v" Control Registers

* Debug Registers

* Test Registers

10/06/24
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Control Registers

PAGE DIRECTORY BASE REGISTER (PDBR) RESERVED
PAGE FAULT LINEAR ADDRESS
RESERVED
°| EIEEE
G RESERVED T|o|M|B|E

CR3

CR2

CR1

CR0O

10/06/24
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Systems Registers

* EFLAGS
* Memory Management Registers
* Control Registers

v Debug Registers

* Test Registers

10/06/24
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Debug Registers

* Six registers: to control debug
features

* Accessed by variants of the MOV
instruction

* debug registers are privileged
resources

Registers are:
v Debug Address Registers (DRO-
DR3)
v Debug Status Register (DR6)
v Debug Control Register (DR7)

RESERVED

|
T

RESERVED

BREAKPOINT 3 LINEAR ADDRESS

=

!
BREAKPOINT 2 LINEAR ADDRESS

|

T

BREAKPOINT 1 LINEAR ADDRESS

ik

e

BREAKPOINT O LINEAR ADDRESS

NOTE: 0 MEANS INTEL INTEL RESERVED. DO NOT DEFINE.

10/06/24
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DR4

DR3

DR2

DR1

DRO



Systems Registers

* EFLAGS
* Memory Management Registers
* Control Registers

* Debug Registers

v’ Test Registers

10/06/24
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Test Registers

Two test registers are provided for the purpose of testing.

TR6 is the test command register, and TR7 is the test data
register.

The test registers are privileged resources; in protected mode, the
MOV instructions that access them can only be executed at
privilege level O

31 23 15 11 7 0
PHYSICAL ADDRESS 0000000 ﬁm
LINEAR ADDRESS IHEIEIEOOOOE

TR7

TR6

10/06/24
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The Test Command Register (TR6)

* (C: Command bit, two commands: ‘O’- write
entries into the TLB and ‘1’ perform TLB
lookups

* Linear Address:

v on a TLB write command, a TLB entry is
allocated to this linear address and the rest of
that TLB entry is set as per the values of TR7
& TR6

v on a TLB lookup command, the TLB is
interrogated as per this value and if one and
only one TLB entry matches, the rest of the
fields of TR6 & TR7 are set from the matching
TLB entry.

V: The Valid bit for this TLB entry. The TLB uses the
valid bit to identify entries that contain valid data.
Entries of the TLB that have not been assigned values
have zero in the valid bit. All valid bits can be cleared
by writing to CR3.

D, D#: The dirty bit for/from the TLB entry

U, U#: The U/S bit for/from the TLB entry
W, W#: The R/W bit for/from the TLB entry

Meaning of D, U, and W Bit Pairs

. Value of bit X
X X# Effect during TLB Lookup after TLB Write
0 0 (undefined) (undefined)
0 1 Match if X=0 Bit X becomes 0
1 0 Match if X=1 Bit X becomes 1
1 1 (undefined) (undefined)

10/06/24 32



The Test Data Register (TR7)

Holds data read from or data to be written to the TLB

Physical Address: This is the data field of the TLB. On a write to the TLB, the TLB

entry allocated to the linear address in TR6 is set to this value. On a TLB lookup, if
HT is set, the data field (physical address) from the TLB is read out to this field. If
HT is not set, this field is undefined.

HT: For a TLB lookup, the HT bit indicates whether the lookup was a hit (HT <- 1)
or a miss (HT <- 0). For a TLB write, HT must be set to 1.

REP: For a TLB write, selects which of four associative blocks of the TLB is to be

written. For a TLB read, if HT is set, REP reports in which of the four associative
blocks the tag was found; if HT is not set, REP is undefined.

10/06/24
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Test Operations

v" To write a TLB entry
* Move a doubleword to TR7 that contains the desired physical address, HT,
and REP values. HT must contain 1. REP must point to the associative block in
which to place the entry
* Move a doubleword to TR6 that contains the appropriate linear address, and
values for V, D, U, and W. Be sure C=0 for "write" command.

v To look up (read) a TLB entry
* Move a doubleword to TR6 that contains the appropriate linear address and
attributes. Be sure C = 1 for "lookup” command
e Store TR 7. If the HT bit in TR 7 indicates a hit, then the other values reveal
the TLB contents. If HT indicates a miss, then the other values in TR 7 are
indeterminate

10/06/24
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Systems Instructions

Verification of pointer parameters: 3,

* ARPL— Adjust RPL

* LAR— Load Access Rights
* LSL— Load Segment Limit
* VERR — Verify for Reading

* VERW — Verify for Writing 4,

Addressing descriptor tables:
* LLDT— Load LDT Register
* SLDT — Store LDT Register
* LGDT — Load GDT Register
* SGDT — Store GDT Register

Multitasking:
e LTR— Load Task Register
* STR— Store Task Register

Coprocessing and Multiprocessing :
* CLTS — Clear Task-Switched Flag

* ESC— Escape instructions

*  WAIT — Wait until Coprocessor not
Busy

LOCK — Assert Bus-Lock Signal

10/06/24 35



Systems Instructions

5. Input and Output : 7. Debugging :

* IN—Input * MOV — Move to and from debug registers

* QOUT — Output INS — Input String

* OUTS — Output String 8. TLB testing :

* MOV — Move to and from test registers

6. Interrupt control : 9. System Control:

* CLI— Clear Interrupt-Enable Flag e SMSW — Set MSW

* STI— Set Interrupt-Enable Flag e LMSW — Load MSW

* LIDT — Load IDT Register e HLT — Halt Processor

e SIDT — Store IDT Register * MOV — Move to and from control

registers

10/06/24 36



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

