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Example: Computer Server Architecture

Server has multiple CPUs and

system memory slots
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Another Example: iPhone X Architecture
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Note:
There is an ongoing discussion,
if Moore’s law still holds
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Nowadays, the increase of performance is achieved 
through the number of CPUs (or CPU cores),
rather than a further increase of CPU speed
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Conclusion:

1) There is a strong need for
multiprocessor/multicore systems;

2) Solutions to various scheduling and 
concurrency related problems needed
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CU ALU

Our custom CPU

Instruction Format:

Operation Operation Code

Logical “OR” 0

Logical “AND” 1

Operation Code Argument 1 Argument 2

Sample Instruction:

0 1 0

Registers:

Fetched Instruction

Instruction Code

Argument 1

Argument 2

Result of computation

Instruction Set,
assumed to be supported by our CPU:
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…
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Instruction 1:   010

Instruction 2

Instruction 3

Instruction 4

Instruction 5

…
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Our CPU

Each instruction is executed in several steps: 

010

Step 1:
InstructionFetch
(IF)

Step 2:
Instruction Decode (ID)
(simplified)

0 01

Step 3:
Execution (EX)

Step 4:
Register
Write Back
(WB)

1

Step 5:
Storing the result
into System Memory
(becomes available for the following instructions)

…

Idea of pipelining:

The same CPU executes several instructions simultaneously, 
but with each instruction being at a different execution stage
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System Memory

Instruction 1:   010

Instruction 2

Instruction 3

Instruction 4

Instruction 5

…

Registers

CU ALU

Our CPU

Each instruction is executed in several steps: 

010

Step 1:
InstructionFetch
(IF)

Step 2:
Instruction Decode (ID)
(simplified)

0 01

Step 3:
Execution (EX)

Step 4:
Register
Write Back
(WB)

1

Step 5:
Storing the result
into System Memory
(becomes available for the following instructions)

…

Instr.
No.

1

2

3

4

5

Clock
cycle 1 2 3 4 5 6 7

Idea of pipelining:

The same CPU executes several instructions simultaneously, 
but with each instruction being at a different execution stage
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Instructions in 
System Memory

Instruction 1:   010

Instruction 2

Instruction 3

Instruction 4

Instruction 5

…

Registers

CU ALU

Our CPU

Each instruction is executed in several steps: 

010

Step 1:
InstructionFetch
(IF)

Step 2:
Instruction Decode (ID)
(simplified)

0 01

Step 3:
Execution (EX)

Step 4:
Register
Write Back
(WB)

1

Step 5:
Storing the result
into System Memory
(becomes available for the following instructions)

…

Instr.
No.

1

2

3

4

5

Clock
cycle 1 2 3 4 5 6 7

IF

IF: Instruction Fetch

Idea of pipelining:

The same CPU executes several instructions simultaneously, 
but with each instruction being at a different execution stage
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Instructions in 
System Memory

Instruction 1:   010

Instruction 2

Instruction 3

Instruction 4

Instruction 5

…

Registers

CU ALU

Our CPU

Each instruction is executed in several steps: 

010

Step 1:
InstructionFetch
(IF)

Step 2:
Instruction Decode (ID)
(simplified)

0 01

Step 3:
Execution (EX)

Step 4:
Register
Write Back
(WB)

1

Step 5:
Storing the result
into System Memory
(becomes available for the following instructions)

…

Instr.
No.

1

2

3

4

5

Clock
cycle 1 2 3 4 5 6 7

IF

IF: Instruction Fetch
ID: Instruction Decode

ID

IF

Idea of pipelining:

The same CPU executes several instructions simultaneously, 
but with each instruction being at a different execution stage
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Instructions in 
System Memory

Instruction 1:   010

Instruction 2

Instruction 3

Instruction 4

Instruction 5

…

Registers

CU ALU

Our CPU

Each instruction is executed in several steps: 

010

Step 1:
InstructionFetch
(IF)

Step 2:
Instruction Decode (ID)
(simplified)

0 01

Step 3:
Execution (EX)

Step 4:
Register
Write Back
(WB)

1

Step 5:
Storing the result
into System Memory
(becomes available for the following instructions)

…

Instr.
No.

1

2

3

4

5

Clock
cycle 1 2 3 4 5 6 7

IF

IF: Instruction Fetch
ID: Instruction Decode

ID

IF

Idea of pipelining:

The same CPU executes several instructions simultaneously, 
but with each instruction being at a different execution stage
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Instructions in 
System Memory

Instruction 1:   010

Instruction 2

Instruction 3

Instruction 4

Instruction 5

…

Registers

CU ALU

Our CPU

Each instruction is executed in several steps: 

010

Step 1:
InstructionFetch
(IF)

Step 2:
Instruction Decode (ID)
(simplified)

0 01

Step 3:
Execution (EX)

Step 4:
Register
Write Back
(WB)

1

Step 5:
Storing the result
into System Memory
(becomes available for the following instructions)

…

Instr.
No.

1

2

3

4

5

Clock
cycle 1 2 3 4 5 6 7

IF

IF: Instruction Fetch
ID: Instruction Decode
EX: Execution

ID

IF

IF

ID

EX

Idea of pipelining:

The same CPU executes several instructions simultaneously, 
but with each instruction being at a different execution stage
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Instructions in 
System Memory

Instruction 1:   010

Instruction 2

Instruction 3

Instruction 4

Instruction 5

…

Registers

CU ALU

Our CPU

Each instruction is executed in several steps: 

010

Step 1:
InstructionFetch
(IF)

Step 2:
Instruction Decode (ID)
(simplified)

0 01

Step 3:
Execution (EX)

Step 4:
Register
Write Back
(WB)

1

Step 5:
Storing the result
into System Memory
(becomes available for the following instructions)

…

Instr.
No.

1

2

3

4

5

Clock
cycle 1 2 3 4 5 6 7

IF

IF

IF

IF

IF

ID

ID

ID

ID

ID

EX

EX

EX

EX

EX

MEM

MEM

MEM

MEM

WB

WB

WB

IF: Instruction Fetch
ID: Instruction Decode
EX: Execution
MEM: Memory access (optional stage)
WB: register Write Back

Idea of pipelining:

The same CPU executes several instructions simultaneously, 
but with each instruction being at a different execution stage

What is the difference of “pipelining” from
the “performance via parallelism” idea? 
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Fundamental Ideas of Computer Architecture

1. Hierarchy of memories

2. Design simplification via abstraction

3. Moore’s law for CPU performance

4. Performance via parallelism

5. Performance via pipelining

6. Performance via speculation 
(prediction of program flow)



Illustration with a code sample
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6. Performance via speculation 
(prediction of program flow)



Assumptions:

- 4 processors are available;
- No dependencies between functions

Illustration with a code sample
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4. Performance via parallelism
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6. Performance via speculation 
(prediction of program flow)



switch (some_int_func(…)) {

        case 1:     func1(…); 
        case 2:     func2(…); 
        case 3:     func3(…); 
        case 4:     func4(…)
        default:   func_default(…); 
}
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1. Hierarchy of memories

2. Design simplification via abstraction

3. Moore’s law for CPU performance

4. Performance via parallelism

5. Performance via pipelining

6. Performance via speculation 
(prediction of program flow)

Assumptions:

- 4 processors are available;
- No dependencies between functions

Illustration with a code sample



switch (some_int_func(…)) {

        case 1:     func1(…); 
        case 2:     func2(…); 
        case 3:     func3(…); 
        case 4:     func4(…)
        default:   func_default(…); 
}
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Fundamental Ideas of Computer Architecture

1. Hierarchy of memories

2. Design simplification via abstraction

3. Moore’s law for CPU performance

4. Performance via parallelism

5. Performance via pipelining

6. Performance via speculation 
(prediction of program flow)

Assumptions:

- 4 processors are available;
- No dependencies between functions

Illustration with a code sample

Processor 1



switch (some_int_func(…)) {

        case 1:     func1(…); 
        case 2:     func2(…); 
        case 3:     func3(…); 
        case 4:     func4(…)
        default:   func_default(…); 
}
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Fundamental Ideas of Computer Architecture

1. Hierarchy of memories

2. Design simplification via abstraction

3. Moore’s law for CPU performance

4. Performance via parallelism

5. Performance via pipelining

6. Performance via speculation 
(prediction of program flow)

Assumptions:

- 4 processors are available;
- No dependencies between functions

Illustration with a code sample

Processor 1

Processor 2



switch (some_int_func(…)) {

        case 1:     func1(…); 
        case 2:     func2(…); 
        case 3:     func3(…); 
        case 4:     func4(…)
        default:   func_default(…); 
}
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Fundamental Ideas of Computer Architecture

1. Hierarchy of memories

2. Design simplification via abstraction

3. Moore’s law for CPU performance

4. Performance via parallelism

5. Performance via pipelining

6. Performance via speculation 
(prediction of program flow)

Assumptions:

- 4 processors are available;
- No dependencies between functions

Illustration with a code sample

Processor 1

Processor 2

Processor 3



switch (some_int_func(…)) {

        case 1:     func1(…); 
        case 2:     func2(…); 
        case 3:     func3(…); 
        case 4:     func4(…)
        default:   func_default(…); 
}
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Fundamental Ideas of Computer Architecture

1. Hierarchy of memories

2. Design simplification via abstraction

3. Moore’s law for CPU performance

4. Performance via parallelism

5. Performance via pipelining

6. Performance via speculation 
(prediction of program flow)

Assumptions:

- 4 processors are available;
- No dependencies between functions

Illustration with a code sample

Processor 1

Processor 2

Processor 3

Processor 4



switch (some_int_func(…)) {

        case 1:     func1(…); 
        case 2:     func2(…); 
        case 3:     func3(…); 
        case 4:     func4(…)
        default:   func_default(…); 
}

Processor 4

Processor 2

Processor 3

Processor 1

Fundamental Ideas of Computer Architecture

1. Hierarchy of memories

2. Design simplification via abstraction

3. Moore’s law for CPU performance

4. Performance via parallelism

5. Performance via pipelining

6. Performance via speculation 
(prediction of program flow)

Assumptions:

- 4 processors are available;
- No dependencies between functions

Illustration with a code sample

For this example, we aim at predicting (“speculating”)
3 cases with the highest probability to occur 96
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Fundamental Ideas of Computer Architecture

1. Hierarchy of memories

2. Design simplification via abstraction

3. Moore’s law for CPU performance

4. Performance via parallelism

5. Performance via pipelining

6. Performance via speculation

7. Dependability via redundancy



Some redundant (or “spare”) components are introduced (e.g. CPU or memory unit),
to increase the reliability of a computer platform (e.g. in a spacecraft );
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3. Moore’s law for CPU performance

4. Performance via parallelism

5. Performance via pipelining

6. Performance via speculation

7. Dependability via redundancy

8. Make the common case fast



The computer platform should be optimized for the most common use case expected
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2. Design simplification via abstraction

3. Moore’s law for CPU performance

4. Performance via parallelism

5. Performance via pipelining

6. Performance via speculation

7. Dependability via redundancy

8. Make the common case fast

9. Finite State Machines (FSM)



Finite State Machine – a (finite) set of states 
and transitions between them; a convenient 
way to model systems behaviour
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4. Performance via parallelism
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9. Finite State Machines (FSM)



Sample FSM for a vending machine:

Awaiting 
for a client
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9. Finite State Machines (FSM)



Sample FSM for a vending machine:

Awaiting for 
a client

Requesting
product payment

Client choses 
product 
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9. Finite State Machines (FSM)



Sample FSM for a vending machine:

Awaiting for 
a client

Requesting
product payment

Client choses 
product 

No payment, 
timeout
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9. Finite State Machines (FSM)



Sample FSM for a vending machine:

Awaiting for 
a client

Requesting
product payment

Product
delivering

Client choses 
product 

Client paid

No payment, 
timeout
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9. Finite State Machines (FSM)



Sample FSM for a vending machine:

Awaiting for 
a client

Requesting
product payment

Product
delivering

Client choses 
product 

Client paid

No payment, 
timeout

Delivery 
successful
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2. Design simplification via abstraction

3. Moore’s law for CPU performance

4. Performance via parallelism

5. Performance via pipelining

6. Performance via speculation

7. Dependability via redundancy

8. Make the common case fast

9. Finite State Machines (FSM)



Sample FSM for a vending machine:

Awaiting for 
a client

Money 
return

Requesting
product payment

Product
delivering

Client choses 
product 

Client paid

No payment, 
timeout

Delivery 
successful

Delivery failed
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4. Performance via parallelism

5. Performance via pipelining
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8. Make the common case fast

9. Finite State Machines (FSM)



Sample FSM for a vending machine:

Awaiting for 
a client

Money 
return

Requesting
product payment

Product
delivering

Client choses 
product 

Client paid

No payment, 
timeout

Delivery 
successful

Delivery failed

Client received money back
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1. Hierarchy of memories
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3. Moore’s law for CPU performance

4. Performance via parallelism

5. Performance via pipelining

6. Performance via speculation

7. Dependability via redundancy

8. Make the common case fast

9. Finite State Machines (FSM)



Sample FSM for a vending machine:

Awaiting for 
a client

Money 
return

Requesting
product payment

Product
delivering

Client choses 
product 

Client paid

No payment, 
timeout

Delivery 
successful

Delivery failed

Client received money back

This FSM describes a process from a vending machine perspective, 
but we could also describe it from a client perspective
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9. Finite State Machines (FSM)



Sample FSM for a vending machine:

Awaiting for 
a client

Money 
return

Requesting
product payment

Product
delivering

Client choses 
product 

Client paid

No payment, 
timeout

Delivery 
successful

Delivery failed

Client received money back

FSM is used to model the behavior
of computer systems, e.g. processor cache 111

Fundamental Ideas of Computer Architecture
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9. Finite State Machines (FSM)



1. Hierarchy of memories

2. Design simplification via abstraction use

3. Moore’s law for CPU performance

4. Performance via parallelism

5. Performance via pipelining

6. Performance via speculation (prediction)

7. Dependability (reliability) via redundancy (spare parts)

8. Make the common case fast

9. Finite State Machines 
112

Fundamental CA Ideas: Summary
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