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PREFACE

In this report my  intention is to shine a light on the basic principles of the 8086/88. This microprocessor is the primal ancestor of today’s PCs. And therefor a understanding of this microprocessor is essential for learning the basics of today’s PCs. Especially if one is going to learn assembly language for this family, is the 8086/88 an excellent place to start. 

This report is limited, and can only touch the surface of the ocean of computers. But I hope this report can be used as a supplement and help, building a picture of this fascinating world of computers.

I have written this text compact, with not to many words between aspects. I've done this because of personal taste, and my profile of the eventual readers. I my self have a touch of word blindness, and therefore don't like to many sentences between the essential ones. Even though also these sentences can carry information, and be a supplement to the essential sentences. But since this report has a limited scope, and my wish is to seek some depth of meaning, it had to be this way. But for this reason people with little experience in this field, might have trouble with understanding it the first times they read it. But then again they were not my intended target.

This report builds on notes I myself made when reading for exam in microprocessor circuts on a computer technical branch on vocational school here in Norway. In this class we used a very good book called "THE 8086/88 FAMILY Design, Programming and Interfacing". A book I can recommend to all who wants to go in depth on the 8086/88.So good luck, and happy reading.

THE BASIC COMPUTER

A simplified picture of the basic computer can be defined with three components, which are :

-The CPU, whichs purpose is to control the basic operations of the computer (often referred to as the brain). The CPU is where most of the calculations take place, most of the control signals are generated, and where most of the moving data is going through (when we think of the basic computer)

-The Memory Unit, consists of a number of sequential storage locations, each with its own unique address. The memory unit can consists of different types of memory. Most of the memory unit in an ordinary computer system consists of RAM (Random Access Memory). RAM can only hold on its data as long as the power is on, and is therefor used to store temporary data. The Memory Unit in such a system would also consist of  ROM (Read Only Memory). And as the name suggests, this memory is not writeable,  and is therefore not used to store temporary data, but permanent data. Often the OS (Operating System), or parts of it,  is located here.

-The I/O unit, or Input/Output unit takes care of all communication with the outside world. could it be a keyboard or a screen, for communication with the user, or some other kind of information exchange. The I/O unit is organised in a similar way as the memory unit.

In addition there has to be a square -wave oscillator and a clock generator circuit for internal timing of varies sorts.

John Von Neuman of the Moore School of Electrical Engineering at the University of Pennsylvania suggested in an article written in 1945,  a new way of constructing computers. Up to this "all" computers had been programmed by strapping and switches, but Von Neuman got an idea of a principal called the "Stored Program Concept". Almost all computers nowadays use this principal. Von Neuman suggested that not only the data, but also the computer program should be stored in memory. The computer was then designed to fetch instructions from memory instead of being rewired for each new program. Resulting in a much more dynamic environment.

THE BUSES

A bus is a collection of electronic signal lines all dedicated to a specific task. Usually we separate them into three different buses;  the data bus, the address bus and the control bus.

The data bus is usually used to classify  the processor.  I.e. an 8-bit processor has an 8-bit data bus and so on. The width of the data bus determines how much data the processors can read/write in one I/O or MEMORY  cycle.  The 8088 has an 8-bits external data bus, but a 16-bits internal data bus. It is still an 8-bits processor (by definition). The internal data bus means internally in the CPU. The external data bus means externally of the CPU. 

The address bus is used to identify the memory location or I/O device (also called I/O port) which the CPU (Central Processing Unit or processor) wishes to communicate. The 8088/86's has a 20-bits address bus, which means it has an address range of 2^20 bytes = 1 MB.

The 8088/86 can both address memory addresses and I/O port addresses. For this some of the control signals are put to use.  IO/M is a control signal, that indicates when the CPU want to communicate with IO (IO/M is high), or with memory (IO/M is low). The IO/M signal is interpreted with two other control signals; RD (ReaD) and WR (WRite) both active low. When RD is active and IO/M is high, it is an I/O READ cycle that has been prompted. If the WR is active and IO/M is low, it is a MEMORY WRITE cycle that has been prompted. I/O addressing though, do only have an address space of 64 kb. In other words, only  the 16 lowest address lines (A0-A15) are used, when addressing I/O ports. 

The four valid bus cycle states in addition to tri-state is then : 

MEMORY READ  
:  CPU wants to read data or instructions from memory

MEMORY WRITE 
: CPU wants to write data to memory 

I/O READ


: CPU wants to read data from an I/O port

I/O WRITE

: CPU wants to write data to an I/O port

Every control signal is named with the CPU as the viewing point, an I/O READ is meant for the CPU to read data from the I/O port, not the other way around.

The address bus is only output lines, the control lines have some input and some output lines, and the data bus is bi-directional, which means it can end data both ways
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THE 8086/88 ARCHITECTURE
The internal construction of the 8086/88 can be sorted down to two main blocks. It is the Bus Interface Unit (or BIU) and the Execution Unit (or EU). The BIU is handling all communication with the surrounding circuits, and the EU is executing the instructions fetched by the BIU.

The difference between an 8086 and an 8088 is the BIU. The 8088 has an 8-bits data bus connected to the system where the 8086 has 16-bits connected. The 8088 has a 4 bytes instruction queue where the 8086 has a 6 bytes queue, which means that the 8088 only can prefetch 4 bytes where the 8086 can prefetch 6 bytes.  The EU is identical for them both. 

Although the 8086/88 still functions as a stored program computer, organisation of the CPU into a separated BIU and EU allows the fetch and execute cycles to overlap. To see this consider what happens when the 8086/88 starts:

1:
The BIU outputs the contents of the instruction pointer register (IP) onto the address bus. The IP register is a pointer to the next instruction to be executed. The BIU also set the appropriate control signals. This is a MEMORY READ cycle. This causes the selected byte (8088) or word (8086) to be read into the BIU.

2:
The IP register is incremented by 1 for a byte (8088) or 2 for a word (8086), to prepare it for the next instruction or data fetch.

3:
 Once inside the BIU, the instruction is passed to the queue. This is a First-In, First-Out (FIFO) storage register. 

4:
Assuming that the queue is initially empty, the EU immediately draws this instruction from the queue and begin its execution.

5: 
While the EU is executing this instruction, the BIU proceeds fetching new instructions. Depending on the execution time of the first instruction, the BIU may have filled the queue with several instructions, before the EU is ready to draw the next instruction from the queue.

The BIU is designed to fetch a new instruction whenever the queue has room for one (8088) or two (8086) additional bytes.

    
Note: when the 8086 accesses a word on an odd address it needs 2 memory read cycles just like the 8088.

When The CPU is divided into two different blocks like this, it is not possible to avoid that one of them wouldn’t have to wait for the other one. The three conditions that causes the EU or BIU to enter a wait mode is as follows:

1:
When the instruction requires access to a memory location not in the queue. EU will then wait for the BIU to fetch the data.

2:
When the instruction is a jump instruction. Which means that the IP register is changed. And the new IP is not in the queue. The EU must then wait while the BIU fetches the new instruction.

3:
When the execution time of an instruction is very long. The queue will then be filled up and the BIU must wait for the EU to start on a new instruction, before the BIU can fetch a new instruction.

HOW THE PROCESSOR RECOGNISE AN INSTRUCTION

A computer program is a set of instructions that together will achieve the desired result. Each instruction consists of an op-code that tells the processor what instruction the processor is going to perform. In Addition an instruction can contain a data part (operand). Not all instructions have an operand.

The basic processing cycle begins with a memory fetch (read cycle). To get the op-code for the next instruction the contents of IP (Instruction Pointer) is set onto the address bus. The address decoder in the memory unit decodes the address and the specified memory  bank sets the appropriate byte (8088) or Word (8086) on the data bus. A word is here referred to as 16- bit data. The CPU then receives the data, in this case the op-code for the next instruction. The op-code goes through the Bus Unit Interface, to the instruction decoder where the op-code is decoded. The instruction decoder is located in the execution unit inside the processors. The instruction may then require additional data from memory. And is then executed.

COMPUTER INSTRUCTIONS AND BUS CYCLES

Computer instructions are as mentioned made up of two parts. The first part is called the operation code or op-code, and specifies the action the CPU is to perform. The second part of the instruction indicates the source and/or destination to be acted on by the op-code. This is called the operand.

I.E.  

DEC  
AX

;this instruction decrements the contents of AX by one

Where DEC is the op-code and AX is both the source and destination for this operation. Dec is part of the 8088/86’s instruction set. The instruction set is defined as all valid op-codes the CPU can execute. The valid operands depend on the internal organisation of the processor and the different ways in which it can access the internal registers and the memory. This ways are referred to as addressing modes. The 8088/86 has nine different addressing modes.

I.E.

MOV
[6460h],AX

This instruction moves a copy of AX (source) to address 6460 hex. The op-codes mnemonic is MOV witch has it Machine Code (MC) translation A3. The operands destination is [6460] and the source is AX. This has translated  to MC is 6064 hex. In all the translation of :

MOV
[6460h],AX

 is in MC:
A3 60 64

This instruction takes 3 bytes of memory. Let us now consider the steps required of the CPU when fetching and executing the instruction:

MOV
[6460],AX


MC:  A3 60 64

1:  The 8086 performs two memory read cycles fetching the op-code (MOV) and the operand (6460). Three bytes must be read. The 8088 need three memory read cycles.

2:  The instruction decoder now determines that the contents of register AX must be written to memory location 6460h.

3:  The instruction is executed by outputting the address 6460h on the address bus, activating the memory write control signal and placing the contents of AX on the data bus. This is called a memory write bus cycle.

Note: In this example we presume that a register called DS is set to 0000. If there was  another contents of this register, it would have been added to the address 6460h to form a new address.

DS is the data segment register.

Because the 8086 can read/write 16 bit at once, only three bus cycles are required. However, the 8088 requires five bus cycles, due to its 8-bit data bus.

This was memory addressing, let us now look at I/O addressing.

IN
ax,80h

MC:  E5 80

Input the 16-bit data word form port 80h to register AX. When the 8086 executes this instruction the following steps take place:

1:  Perform a memory read bus cycle fetching the IN op-code E5 and the operand 80.

2:  The instruction decoder determines that an I/O read cycle is required , outputting the address (0080) on the address bus, and activates the I/O read control bus signal. The I/O port responds by releasing its 16-bit data onto the data bus lines. The CPU copies this data into the 16-bit accumulator.

I have said that IN have the op-code E5, This is not entirely true, because E5 is the op-code for IN AX,[destination]. As we see in step 1, is the operand 80 only the source of the operand. This might seem inconsistent, and it is. But it usually become clear with experience. There are big advantages of getting the final machine code as compact as possible, both for the programmer and the manufacturer

of a CPU.

THE PROGRAMMING MODULE

The 8086/88 has many internal registers. Some of them have already been mentioned , but following is a description of them all:

We have four 16-bit data registers called AX, BX, CX and DX. All of them can be separated into two 8-bit registers. I.E. AX consists of two 8-bit data registers called AH and AL. BX consists of BH and BL, and so forth for CX and DX. The H stands for high or most significant byte, and L stands for Low and means  least significant byte. This means that AL is the lowest part of AX ( bit 0-7) and AH is the highest part of AX (bit 8-15). And so on for BX, CX  and DX.

We then have five 16-bits pointer and index registers called: SP (Stack Pointer), BP (Base Pointer), SI (Source Index), DI (Destination Index) And IP (Instruction Pointer). This registers are used for pointing at memory addresses. 

The Stack Pointer (SP) is pointing to the stack, which is a memory area that has been dedicated for storage of  temporary data. 

The Base Pointer register (BP), Source Index register (SI) and Destination Index register, is used as a pointer to a specific address in the program. These pointers can be changed by the program, whenever necessary.

For the CPU to hold track on where the program currently running is placed in memory, or more precisely to the next instruction to be executed we have the Instruction Pointer (IP). This register always point at the next instruction to be executed. 

The Flag register is a 16 bits register. These bits are dedicated to reflect specific conditions that occur while executing instructions (the program) . And thereby play a vital part in the functions of the CPU. Especially when choices have to be made by the program.

The segment registers contain parts of the the effective address. This might seem cryptic but will be explained in more detail next.  

SEGMENTED MEMORY

The pointer registers in the 8086/88 are 16-bits. But the address bus is 20 bits wide. To solve this we have the segment registers. Within the 1 Mb of memory space, the 8086/88 defines four 64-Kb (16 bits) blocks called : code segment, data segment, extra segment and stack segment. Each of these memory blocks are used differently by the processor:

The code segment contains the program instructions

The data segment contains stored data for the program

The extra segment is an extra data segment. Often used for shared data.

The stack segment is used for the stack. Where stored data can be contained (interrupt and 
return from subroutine addresses as well as other data)

The four segment registers (CS, DS, ES, SS) are used to point at location 0 (base address) of each specific segment. This is a little tricky as the segment registers are 16-bits and the memory  is 20 bits. The BIU takes care of this by shifting the segment register four places to the left (multiply by 16).I.E.:

The code segment register (CS) contains 65FF. The base address for the code segment is then 65FF0. The base address must be devisable by 16 (last digit in the real address is always 0).

The different segments can overlap or partly overlap.
Memory locations not within one of the current segment cannot be accessed by the 8086/88 without first redefining one of the segment registers to include that location. Each segment is of course 64 KB wide.

The op-code will be fetched from the code segment, Program data variables will be stored in the data segment or extra segment, and for stack operations, BP or SP is used together with the stack segment.

LOGICAL AND PHYSICAL ADDRESSES

Addresses whitin a segment can range from 0 to FFFF (64 kb). An address within a segment is called an offset or logical address. E.g. the offset is set to 000a and the Code Segment (CS) is set to 5000. Then the physical address or the address the BIU (Bus Interface Unit) uses is 5000a. The physical address is in other words the real address in memory. Where the segments address and offset is used because of the 16-bit boundary of the internal registers of the 8086/88. Why did Intel chose to organise it this way? They meant that multitasking would be much easier with segmented memory instead of linear addressed memory. But form the 80286( the next generation), Intel included protected mode where memory is addressed linear (not segments in the way used here). And time proved that multitasking environments grew mush faster on computer systems (e.g. Mac, Amiga and Atari) with linear addressing. Without trying to imply what caused it. But MS-Dos was born in Real mode (8086/88) and slowed down the development and competitively of MS-Dos based computers, for a long time. The advantage  of segmented memory is that it is relocatable. Which means the program doesn’t care where the segment is placed in memory. But there are ways of doing this with CPUs with linear addressing, like using relocation tables. That the code is relocetable means that it can be run from anywhere in memory. The requirements for writing relocatable code are that no references are made to physical addresses, and no changes of the segment registers are allowed as the main rules.   
  

A DATA TRANSFER INSTRUCTION

Before starting with addressing modes, I would like to mention one of the most used instructions in the 8086/88 instruction set, The MOV instruction. Like the name suggests is it designed to move something somewhere. I have earlier described that a instruction can consist of a source and a destination. So if we wanted to put the number FF (255 or +127) in AL ( the low part of AX), the following instruction would do it for us.

MOV
AL,FFh

; the h means that it is a hexadecimal number.

AL would after this instruction contain the number FF. If AX was initially empty (0000), it would contain 00FF.

I will by the following examples, show how to use addressing modes, with just this instruction. I hope this will help  you to understand both the MOV instruction and the concept of addressing modes.  

ADDRESSING MODES

The operand in a instruction can specify a CPU register, a memory location (address) in one of the segments, or an I/O port. The different ways in which the CPU generates these operand addresses are called addressing modes. Totall there are nine addressing modes when we exclude I/O addressing as a separate addressing mode. They are as listed:

Immediate addressing, Register addressing, Direct addressing, Strings and Indirect Addressing, which includes: 

Register indirect, Indexed, Based, Based and indexed and Based and indexed with displacement.

Let us start with the first one.   

IMMEDIATE ADDRESSING MODE:

In the example I used describing the MOV instruction I used immediate addressing. Instructions that use this addressing mode get their data part from the instruction. This means that the data is stored in the code segment along with the instruction, instead of in the data segment. The data is supplied right after the op-code. The immediate addressing mode is commonly used to load specific data into registers or memory locations. For example, 

MOV 
[5000],FF00h

?syntax?? 

This instruction loads the address DS:5000 (Data Segment + 5000h) with the value FF00h. Immediate addressing can not be used on segment registers. To solve this, one could use the principals of the following example:

MOV

AX,8010h

MOV

DS,AX

As you might see one have load the segment register in two steps, first loading a data register (AX)  with the appropriate value, and then moving the contents of this register to the segment register (DS). The last instruction used an addressing mode called register addressing, one we will now discuss.

REGISTER ADDRESSING MODE:

This addressing mode, involves only registers. The last instruction in the example above, loading the segment register used register addressing. Note that the operand requires no memory references. Some examples will make this clear:

MOV 
DX,CX

Copies the contents of CX to DX.

INC

BH

Increments the value of BH (bit 8-15 of BX) by one. It thereby also increments the value of BX with 256.

All of the remaining addressing modes requires access to memory for at least one of the instruction operands. First out is direct addressing.

DIRECT ADDRESSING:
With direct addressing the memory address is supplied directly as part of the instruction. 

In example:

MOV

AX,[5000]

This instruction take the contents of memory location DS:5000 (DS + 5000h) and DS:5001 (DS + 5001h) and copies it to AX. Two memory locations are copied as AX is a 16-bits register.

INDIRECT ADDRESSING:
Because repeated fetching of the two byte logical address, the direct addressing mode become inefficient when memory locations must be read from or written to several times within a routine (program). Indirect addressing though, provides the logical address by  storing it in a pointer or index register (BX, BP, SI or DI). In addition  can a 2’s-complement displacement be added to the pointer or index to offset the location pointed at. There are five valid combinations for the 8086/88, as listed:

Register indirect addressing mode

 
Indexed addressing mode

Based addressing mode

Based and indexed addressing mode

Based and indexed with displacement addressing mode

In general, a displacement can be added to a base register, and the result added to an index register, to form the logical address. This is the "deluxe" mode called «Based and indexed with displacement. In between are the «economy» modes. That uses a combination of displacement, base registers and/or index registers. The resulting address is often referred to as the Effective Address (EA). Displacement is limited to one byte or in other words from -128 to +127.

Note that the default memory segment for all indirect addressing modes are stack segment when BP is used and data segment when BX, SI or DI is used.

I.e.:

-

MOV

AL, [SI]

This instruction uses SI as the logical address in the data segment to find the value AL (one byte) is going to be loaded with. This addressing mode is called register indirect addressing.

-

MOV

AX,[1000h+SI]


This instruction adds 1000 to SI  to form the logical address. SI are left unchanged. The logical address is used in the data segment, and its physical address contents is copied to AX (two bytes). The addressing mode used here is indexed addressing.

-

MOV

AX,[BP+4]

Here BP is used,  this operation is therefore getting its data from the stack segment. The physical address here, is an addition of SS, BP and the displacement 4. The contents of this location (two bytes) is copied to AX.

-

MOV

AX,[BX+SI]

The sum of an Base register (BX) and a Index register (SI) is here determining the logical memory location AX is to be filled with. located in the data segment.

-

MOV

AX,[BX+SI+7]

This is the so called "deluxe" model. And BX, SI is added to the displacement (7) to form the logical address in the data segment. AX is the destination.

Indirect addressing is not limited only to be used in the source operand, neither is AX the only destination. But I wrote it this way, hoping it would be easier to understand. Here is an example to   make it clear:

MOV

[SI],DX

This instruction moves the contents of DX to memory location DS:SI (DS + SI). 

You might think that all these addressing modes only would make it harder to program. But with experience you will see what a versatile instrument they can be, when programming applications with some size. I hope this report was of interest to someone out there, helping them to paw there way to greater understanding of this phenomenal phenomenon of invention. 
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