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Chapter 3 – Part 1

A top-level view of computer 
function and interconnection

计算机功能和互连的顶层视图
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1- Computer Components

电脑组件

 Modern computer designs are based on concepts 

developed by John von Neumann at the Institute for 

Advanced Studies, Princeton

 Mentioned to as the von Neumann architecture, it is 

based on three key concepts:

 Data and instructions are stored in a single read-write 

memory

 The contents of this memory are addressable by location, 

without regard to the type of data contained there

 Execution happens in a sequential process (unless 

explicitly modified) from one instruction to the next
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1- Computer components 

电脑组件
 There is a small set of basic logic components that can be 

combined in different ways to store binary data and perform 

arithmetic and logical operations on that data. 

 The process of connecting the various components in the desired 

configuration as a form of programming. 

 The resulting is  “program” in the 

form of hardware and is termed   a 

hardwired program. 一个硬连线的
程序

 A general-purpose configuration of arithmetic and logic functions. This 

set of hardware will perform various functions on data depending on 

control signals applied to the hardware. In the original case of 

customized hardware, the system accepts data and produces results

Programming in hardware



+ The entire program is actually a sequence of steps. At each 

step, some arithmetic or logical operation is performed on 

some data. For each step, a new set of control signals is 

needed.

 Programming is now much easier. 

Instead of rewiring the hardware for 

each new program, all we need to do 

is provide a new sequence of codes. 

 Each code is, in effect, an instruction, 

and part of the hardware interprets 

each instruction and generates control 

signals. 

 This new method of programming, a 

sequence of codes or instructions is 

called software.

Programming in software
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I/O 

Components

Software

• A sequence of codes or instructions

• Part of the hardware interprets each instruction and 
generates control signals

• Provide a new sequence of codes for each new 
program instead of rewiring the hardware

Major components:

• CPU

• Instruction interpreter

• Module of general-purpose arithmetic and logic 
functions

• I/O Components

• Input module

• Contains basic components for accepting data 
and instructions and converting them into an 
internal form of signals usable by the system

• Output module

• Means of reporting results

Software



+ 



+
Computer Components:

Top Level View

 The CPU exchanges data with 

memory. For this purpose, it typically 

makes use of two internal (to the CPU) 

registers: a memory address register 

(MAR), which specifies the address in 

memory for the next read or write, and 

a memory buffer register (MBR), 

which contains the data to be written 

into memory or receives the data read 

from memory. 

 Similarly, an I/O address register 

(I/OAR) specifies a particular I/O 

device. An I/O buffer register (I/OBR) 

is used for the exchange of data 

between an I/O module and the CPU.
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 A memory module consists of a set of locations, defined by 

sequentially numbered addresses. 

 Each location contains a binary number that can be 

interpreted as either an instruction or data. 

 An I/O module transfers data from external devices to CPU 

and memory, and vice versa. It contains internal buffers for 

temporarily holding these data until they can be sent on.
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MEMORYMemory 
address 
register (MAR)

• Specifies the 
address in memory 
for the next read or 
write

Memory buffer 
register (MBR)

• Contains the data 
to be written into 
memory or 
receives the data 
read from memory

I/O address 
register (I/OAR)

• Specifies a 
particular I/O 
device

I/O buffer 
register (I/OBR)

• Used for the 
exchange of data 
between an I/O 
module and the 
CPU

MAR

MBR
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2- Computer Function 计算机功能

 The basic function performed by a computer is 

execution of a program  (executing instructions specified 

in the program).

 Instruction processing consists of two steps: 

The processor reads (fetches) instructions from 

memory. 

Executes each instruction.

 The instruction execution may involve several operations 

and depends on the nature of the instruction.



+
Instruction Cycle

Two steps:

 Fetch

 Execute

stop
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A- Fetch Cycle

 At the beginning of each instruction cycle the processor 

fetches an instruction from memory

 The program counter (PC) holds the address of the 

instruction to be fetched next

 The processor increments the PC after each instruction 

fetch so that it will fetch the next instruction in sequence

 The fetched instruction is loaded into the instruction 

register (IR)

 The processor interprets the instruction and performs the 

required action
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B- Execute Cycle (Action Categories)

•The processor 
may perform 
some arithmetic 
or logic operation 
on data

•An instruction 
may specify that 
the sequence of 
execution be 
changed

•Data transferred 
to or from a 
peripheral device 
by transferring 
between the 
processor and an 
I/O module

• Data transferred 
from processor to 
memory or from 
memory to 
processor

Processor-
memory

Processor-
I/O

Data 
processing

Control
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C- Hypothetical Machine

 The processor contains a single data register, called an 

accumulator (AC). 

 Both instructions and data are 16 bits long. Thus, it is 

convenient to organize memory using 16-bit words.

 The instruction format provides 

4 bits for the opcode, so that 

there can be as many as 24 = 16 

different opcodes, and up to 212 

= 4096 (4K) words of memory 

can be directly addressed.



+Example of Program Execution

1. The PC contains 300, the address of the 

first instruction. This instruction (the

value 1940 in hexadecimal) is loaded into 

the instruction register IR, and

the PC is incremented. Note that this 

process involves the use of a memory

address register and a memory buffer 

register. 

2. The first 4 bits (first hexadecimal digit) 

in the IR indicate that the AC is to be

loaded. The remaining 12 bits (three 

hexadecimal digits) specify the address

(940) from which data are to be loaded.

3. The next instruction (5941) is fetched 

from location 301, and the PC is

incremented.

4. The old contents of the AC and the contents of location 941 are added, and the result is 

stored in the AC.

5. The next instruction (2941) is fetched from location 302, and the PC is incremented.

6. The contents of the AC are stored in location 941.



+ Instruction Cycle State Diagram

 Instruction address calculation (iac): Determine the address of the 

next instruction to be executed. Usually, this involves adding a fixed 

number to the address of the previous instruction.

 Instruction fetch (if): Read instruction from its memory location into the 

processor.

 Instruction operation decoding (iod): Analyze instruction to determine 

type of operation to be performed and operand(s) to be used. 

 Operand address calculation (oac): If the operation involves reference to 

an operand in memory or available via I/O, then determine the address of 

the operand.

 Operand fetch (of): Fetch the operand from memory or read it in from I/O.

 Data operation (do): Perform the operation indicated in the instruction.

 Operand store (os): Write the result into memory or out to I/O.
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States in the upper part of Figure involve an exchange between the processor

and either memory or an I/O module. States in the lower part of the diagram

involve only internal processor operations. The oac state appears twice, because 

an instruction may involve a read, a write, or both.

on some machines, a single instruction can specify an operation to be performed

on a vector (one-dimensional array) of numbers or a string (one-dimensional 

array) of characters.
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3- Interrupts 中断
 Mechanism by which other modules (e.g. I/O, memory ) may 

interrupt normal sequence of processing.

 Interrupts are provided mostly as a way to improve processing 

efficiency.

Table 3.1 lists the most common classes of interrupts
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Program Flow Control
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Interrupt Cycle

 Interrupt is added to instruction cycle

 Processor checks for interrupt

 Indicated by an interrupt signal

 If no interrupt, fetch next instruction

 If interrupt pending:

Suspend execution of current program 

Save context

Set PC to start address of interrupt handler routine

Process interrupt

Restore context and continue interrupted program
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 From the point of view of the user program, an interrupt is just that: an 

interruption of the normal sequence of execution. When the interrupt 

processing is completed, execution resumes. 

 Thus, the user program does not have to contain any special code to 

accommodate interrupts; the processor and the operating system are 

responsible for suspending the user program and then resuming it at the 

same point.
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Instruction Cycle with Interrupts

 To accommodate interrupts, an interrupt cycle is added to the 

instruction cycle.

 In the interrupt cycle, the processor checks to see if any interrupts have 

occurred, indicated by the presence of an interrupt signal. If no interrupts 

are pending, the processor proceeds to the fetch cycle and fetches the 

next instruction of the current program. If an interrupt is pending, the 

processor does the following:

 It suspends execution of the current program being executed and saves its 

context.

 It sets the program counter to the starting address of an interrupt handler 

routine.
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Program Timing with Short I/O Wait

 shows the case in which interrupts are not 

used. The processor must wait while an I/O 

operation is performed.

 Figures 3.7b and 3.10b assume that the time 

required for the I/O operation is relatively 

short: less than the time to complete the 

execution of instructions between write 

operations in the user program. In this case, 

the segment of code labeled code segment 2 

is interrupted. A portion of the code (2a) 

executes (while the I/O operation is 

performed) and then the interrupt occurs 

(upon the completion of the I/O operation). 

After the interrupt is serviced, execution 

resumes with the remainder of code segment 

2 (2b).

Fig. 3.10b
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Figures 3.7
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Program Timing with Long I/O Wait

 The more typical case, especially for a slow device 

such as a printer, is that the I/O operation will take 

much more time than executing a sequence of user 

instructions.

 Figure 3.7c indicates this state of affairs. In this case, 

the user program reaches the second WRITE call 

before the I/O operation spawned by the first call is 

complete. The result is that the user program is hung 

up at that point. When the preceding I/O operation 

is completed, this new WRITE call may be 

processed, and a new I/O operation may be started.

 Figure 3.11 shows the timing for this situation with

and without the use of interrupts. We can see that 

there is still a gain in efficiency because part of the 

time during which the I/O operation is under way 

overlaps with the execution of user instructions.

Figure 3.11
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Instruction Cycle (with Interrupts) 

- State Diagram



+
Multiple Interrupts

Two approaches can be taken to dealing with multiple interrupts.

 Disable interrupts (look fig. 3-13 a)

 Processor will ignore further interrupts whilst processing one 

interrupt

 Interrupts remain pending and are checked after first interrupt 

has been processed

 Interrupts handled in sequence as they occur

 Define priorities (look fig. 3-13 b)

 Low priority interrupts can be interrupted by higher priority 

interrupts

 When higher priority interrupt has been processed, processor 

returns to previous interrupt
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Multiple Interrupts - Sequential

 The drawback to the preceding approach is that it does not take into 
account relative priority or time-critical needs.

 For example, when input arrives from the communications line, it may 
need to be absorbed rapidly to make room for more input. If the first 
batch of input has not been processed before the second batch arrives, 
data may be lost.

(Figure 3.13a)
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Multiple Interrupts – Nested

 As an example of this second approach, consider a system with three 

I/O devices: a printer, a disk, and a communications line, with 

increasing priorities of 2, 4, and 5, respectively.  Figure 3.14 illustrates a 

possible sequence.

(Figure 3.13b)
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Time Sequence of Multiple 

Interrupts

Figure 3.14 Example Time Sequence of Multiple Interrupts
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 A user program begins at t = 0. At t = 10, a printer interrupt occurs; 

user information is placed on the system stack and execution 
continues at the printer interrupt service routine (ISR). 

 While this routine is still executing, at t = 15, a communications 
interrupt occurs. Because the communications line has higher 
priority than the printer, the interrupt is served. 

 The printer ISR is interrupted, its state is pushed onto the stack, and 
execution continues at the communications ISR. 

 While this routine is executing, a disk interrupt occurs (t = 20). 
Because this interrupt is of lower priority, it is simply held, and the 
communications ISR runs to completion. 

 When the communications ISR is complete (t = 25), the previous 
processor state is restored, which is the execution of the printer ISR.

 However, before even a single instruction in that routine can be 
executed, the processor serves the higher-priority disk interrupt 
and control transfers to the disk ISR. Only when that routine is 
complete (t = 35) is the printer ISR resumed. When that routine 
completes (t = 40), control finally returns to the user program.
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Chapter 2
Performance  

Issues

Review Questions
1. Describe the three key concepts of the von Neumann architecture.

2. State the difference between an I/O address register and an I/O buffer 

register.

3. What are the drawbacks of disabling interrupts? Give an appropriate 

example.

Problems

The hypothetical machine of Figure 3.4 also has two I/O instructions:

0011 = Load AC from I/O

0111 = Store AC to I/O

In these cases, the 12-bit address identifies a particular I/O device. Show the 

program execution (using the format of Figure 3.5) for the following program:

1. Load AC from device 5.

2. Add contents of memory location 940.

3. Store AC to device 6.

Assume that the next value retrieved from device 5 is 3 and that location 

940 contains a value of 2.


