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Lecture 5: Hardware & Machine Organization

Vikram Iyer

Adapted from material by Blake Hannaford and Justin Hsia
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Lab report template
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Last time
• Allocating memory
• Number representation
• Overview of Binary and Hex
• Byte ordering
• Endianness
• Encoding integers 

• Logical operators
• Boolean logic
• Bitwise operators
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Plan for today
• Hardware architecture- what’s inside a processor?
• Registers
• Data bus and signaling
• How a processor works
• Example of code execution

• Getting started with Arduino
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Register
Register- an array of D flip-flops which can store a collection of bits
An n bit register has n inputs, n outputs, and one clock line

Flip flop: Memory element that stores 1 bit

CLK
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Register
Register- an array of D flip-flops which can store a collection of bits
An n bit register has n inputs, n outputs, and one clock line

Flip flop: Memory element that stores 1 bit

0 1 0 1
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Buses
Bus- A parallel, bi-directional datapath
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Buses
Bus- A parallel, bi-directional datapath
Multiple devices can send and receive data on one bus

• Address: N bits which specify which location.
• Data: Contents to/from memory or I/O device
• Control: ‘Traffic signals’
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Detailed view
Address Comparator
•   A combinatorial logic circuit at each device
•   2 n-bit binary inputs:
1. ADDR bus (changing)
2. Device address (fixed)
•   Control input
•   Output = 1 if  input1 == input2

Address 
comparator

1616

0xA1B2input

0 or 1
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Detailed view
• Control bus is gated by ADDR comparator
• Device register is strobed by CTL pulse only if addresses match.
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How do devices share a bus?
Solution: Tri-state logic
• States: Logic 1, Logic 0, switch OFF
• CPU and all devices can “talk” on data bus.
• Only ONE device my have the tri-state switch 

closed at any time!
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Bus timing: Write cycle
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What happens inside our processor?
• ALU: Arithmetic & Logic Unit
• PC: Program Counter. Holds Address 

of next instruction.
• IR: Instruction Register. Holds current 

instruction.
• ADDR: Address Register. Holds 

address of next bus access.
• GP#: General Purpose Registers. Hold 

intermediate results.
• A1, A2: ALU Arguments. Hold inputs 

to an ALU operation.
• r: 'Result', holds result of ALU 

operation.
• FLAGS: a set of bits which tell things 

like zero/non-zero, negative, etc
about the last Result.
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Example: Adding two numbers
C statement: c = a + b ;

1. Load addr of a into ADDR
2. Wait for data from memory
3. Clock data into A1
4. Load addr of b into ADDR
5. Wait for data from memory
6. Clock data into A2
7. Send ADD command to ALU
8. Load addr of c
9. Transfer RES to data bus
10. Wait for data write to memory.
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Machine Instructions
The processor is controlled by machine instructions. A machine 
instruction is binary data typically broken up into fields:
• The Operation Code (Op-Code)
• One, two, or three Operands.
• Each instruction is typically between one and eight bytes
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Example: Add two numbers
Note: All assembler below is pseudo-code!
C code: c = a + b ;

Assembler output

mem addr instruction comment

0xA000 MOV a, A1 move mem location a to ALU Arg 1

0xA002 MOV b, A2 move mem location b to ALU Arg 2

0xA004 ADD a one-byte instruction

0xA005 MOV r, c move ALU result to mem location c
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Atmel I/O Instructions
Example: AtMega2560 Chip (Arduino Mega)
• “Memory Mapped” I/O
• Devices and Memory share the same address space
• Device registers are just like memory locations / variables.
• Arduino libraries predeclare correct memory address for each register 

you need.
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Setting up Arduino
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