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Understanding the binary and hexadecimal representations of machine
instructions is fundamental for computer architecture, low-level programming,
and embedded systems development. Specifically, the branch if not equal (BNE)
instruction plays a crucial role in control flow within assembly language
programs. When examining the BNE instruction, especially with operands like
register AO, T1l, and a label like Next p, it is essential to comprehend how
this instruction is encoded at the binary level and how that encoding
translates into a hexadecimal format. This article delves deep into the
binary representation of the BNE instruction, explains how it is expressed in
hexadecimal, and explores its significance in assembly programming, providing
a comprehensive guide to decoding and understanding this crucial instruction.

Understanding the BNE Instruction in Assembly
Language

What is the BNE Instruction?

The BNE (Branch if Not Equal) instruction is a conditional branch instruction
used in assembly language programming. It directs the program flow to a
specified label or address if the result of the previous comparison indicates
that the two operands are not equal. In many architectures, BNE is used after
a comparison operation (such as CMP) to determine whether to branch.

Key points about BNE:

- It is a conditional branch instruction.

- Executes a jump to a target address if the Zero Flag (ZF) is cleared
(meaning the last comparison was not equal).

- Used for control flow, loops, and decision-making in Llow-level programming.

Example Syntax:
" Tassembly
bne AOQ, T1, Next p

This means: "If A®@ # T1, branch to label Next p."



Binary Representation of the BNE Instruction

Instruction Encoding Basics

Every machine instruction in a processor's instruction set architecture (ISA)
is represented as a sequence of bits. These bits encode the operation code
(opcode), source and destination registers, memory addresses, and other
necessary information.

Components of the BNE instruction:

1. Opcode: Specifies the operation (here, BNE).

2. Register operands: The registers involved (A0 and T1).

3. Target address or label: The destination if the branch is taken (Next p).

The binary encoding of BNE depends on the specific architecture (e.g., MIPS,
ARM, x86). For this article, we'll use a generic RISC-like architecture to
illustrate the encoding process.

Step-by-Step Breakdown of Binary Encoding

Let's assume a simplified ISA where:

- The opcode for BNE is represented by a specific binary pattern.

- Registers are encoded in 5 bits each.

- The target address (Next p) is encoded as an immediate offset or label in a
certain number of bits.

Sample encoding scheme:

- Opcode (6 bits)

- rs (source register 1) (5 bits)

- rt (source register 2) (5 bits)

- 0ffset or target address (16 bits)

Registers involved:

- AO: register 16

- T1l: register 13

- Next p: label at an address that will be converted into an offset.

Step 1: Encode the opcode for BNE
- Suppose the opcode for BNE is binary "000101° (based on MIPS convention).

Step 2: Encode the registers
- A0 (register 16): binary "10000°



- T1 (register 13): binary 01101

Step 3: Encode the label offset

- The label "Next p° corresponds to a specific address.

- For illustration, suppose the current instruction is at address 0x0040, and
"Next p° is at address 0x0050.

- The offset: Ox0050 - 0x0040 - 4 (due to delay slot in some architectures) =
0x000C.

- In decimal: 12
- In binary (16 bits): 0000 0000 0000 1100°

Final binary instruction:
| Opcode | rs (AO) | rt (T1l) | Offset (Next p) |

<o emenenes | --eemee |- emees |- mmemno e |
| 000101 | 10000 | 01101 | 0000 0000 0000 1100 |

Concatenate:
000101 10000 01101 COAO OOOO 0LCOO 11060°

Converting the Binary to Hexadecimal

Why Hexadecimal?

Hexadecimal (base 16) provides a more human-readable way to represent binary
data. Each hex digit corresponds to four binary bits, making it easier to
read and interpret machine code.

Conversion process:
1. Group the binary bits into 4-bit chunks.
2. Convert each 4-bit group into its hexadecimal equivalent.

Applying to our binary instruction:

Binary:
"0001 0110 0600 1101 0000 0060 0060 1160°

Group into 4 bits:
"0001 0110 0000 1101 GGG CCEO COOO 1100

Hexadecimal:
- 0001 =
- '0110° =
- 70000° =
- "1101° =

O oo =



- 0000° =
- 0000° =
- 0000° =
- "1100° =

N ooo

So, the entire instruction in hex:
0x16 0x0D 0x00 0x0C

Or combined:

0x160D060C

This hexadecimal value represents the binary encoding of the BNE instruction
with operands "A@°, Tl , and target "Next p .

Practical Example: Full Hexadecimal Encoding of
BNE

Let's now provide a precise example considering an actual architecture like
MIPS, which is well-documented:

- Opcode for BNE: 000101 (binary)

- rs (AQ): register 16 - ~10000°

- rt (Tl): register 13 - "01101°

- Immediate (offset): Suppose offset is ~Ox000C" ( 0000 0000 0000 1100 )

Construct the 32-bit instruction:

| Bits | Content |

| -=-e oo S RGE LR C L EEREPLICEPES
| 31-26 | "000101° (BNE opcode) |

| 25-21 | "16000° (AOQ) |

| 20-16 | ‘01101 (T1) |

| 15-0 | 0000 0000 0000 1100° (offset) |

Binary representation:
"000101 10000 01101 0000 0006 0000 1100°

Hexadecimal:

- 7000101° = 0Ox05

- 710000° = 0x10

- '01101° = 0xOD

- "0000 0000 0000 1100° = Ox000C

Combined as a 32-bit word:



"0x05 160 0D oC’

Which is:
0x05100D06C

This is the machine code for the BNE instruction with specified operands in a
typical MIPS architecture.

Significance of Binary and Hexadecimal
Representations in Assembly Programming

Why Understanding Binary and Hex is Critical

- Debugging: Low-level debugging often requires examining raw instruction
codes.

- Reverse Engineering: Deciphering binary code into meaningful instructions.
- Embedded Systems: Memory-constrained environments rely on precise
instruction encoding.

- Compiler Development: Generating correct machine code.

Practical Applications of BNE Encoding

- Creating firmware or operating system kernels.

- Developing embedded applications that require precise control flow.
- Analyzing malware or security vulnerabilities at the binary level.
- Learning computer architecture and instruction set design.

Summary and Key Takeaways

Key points:

- The binary representation of the BNE instruction encodes the opcode, source
registers, and target address or offset.

- Conversion to hexadecimal simplifies reading and sharing machine
instructions.

- The exact binary and hex encoding depend on the CPU architecture; MIPS is
used here as an illustrative example.

- Understanding how instructions are encoded is essential for low-level
programming, debugging, and system design.



Final thoughts:

Mastering the binary and hexadecimal representations of instructions like BNE
enhances your ability to work with low-level code, optimize performance, and
understand how high-level language constructs translate into machine
operations. Whether you are a student, developer, or security analyst,
knowing how to decode and interpret machine instructions is an invaluable
skill.

Disclaimer: The specific binary and hexadecimal encodings provided are based
on a simplified model and may vary across different architectures. Always
refer to the official architecture documentation for precise encoding
schemes.

Frequently Asked Questions

What is the binary representation of the 'bne'’
instruction in hexadecimal format?

The binary representation of the 'bne' instruction can be translated into
hexadecimal by first converting the instruction's machine code into binary
and then to hexadecimal. Typically, it depends on the specific architecture
and instruction encoding, but generally, 'bne' corresponds to a specific
opcode in binary, which can be expressed in hex for readability.

How is the 'bne' instruction encoded in binary for
MIPS architecture?

In MIPS architecture, the 'bne' instruction is encoded as a 32-bit binary
code with specific fields: opcode, source registers, and immediate value. The
opcode for 'bne' is '000101' in binary, followed by the binary
representations of the register numbers and the offset.

What is the hexadecimal representation of the 'bne'
instruction with registers AO, Tl and label Next p?

The hexadecimal representation depends on the specific binary encoding of the
instruction, which includes the opcode and register numbers. For example, if
A® is register 4, T1 is register 9, and Next p is the label offset, the
complete hex code can be calculated from the binary encoding accordingly.

How do I convert the binary instruction of 'bne A0,
T1l, Next_p' into hexadecimal?

First, determine the binary encoding of the instruction including opcode,



source registers, and offset. Then, group the bits into four-bit segments and
convert each segment into its hexadecimal equivalent. The resulting string is
the hexadecimal representation.

What role does the label 'Next p' play in the binary
and hexadecimal encoding of the 'bne' instruction?

‘Next p' represents the branch target offset, which is encoded as a 16-bit
immediate value in the binary instruction. This offset determines how far the
program jumps if the branch condition is true, and it influences the
hexadecimal encoding accordingly.

Are there specific tools or assemblers to convert
'bne' instructions into hexadecimal representations?

Yes, assemblers like MARS or SPIM for MIPS architecture automatically convert
assembly instructions like 'bne' into their binary and hexadecimal machine
code equivalents.

What is the significance of understanding the
hexadecimal encoding of branch instructions like
"bne'?

Understanding the hexadecimal encoding helps in low-level debugging, reverse
engineering, and designing custom hardware or simulators by allowing precise
interpretation of machine instructions.

How does the 'bne' instruction encoding differ
across different architectures in hexadecimal
format?

Different architectures have unique instruction encodings and opcode formats.
For example, MIPS uses a fixed 32-bit format with specific fields, while
other architectures may have different lengths or encoding schemes, resulting
in different hexadecimal representations for similar branch instructions.

Additional Resources

What Is The Binary Representation, Expressed In Hexadecimal, For The Bne
Instruction?bne, A0, T1, Next p

Introduction

In the realm of computer architecture and low-level programming,



understanding how instructions are represented in binary and hexadecimal
formats is fundamental. This knowledge is crucial for tasks ranging from
debugging and assembly programming to designing and analyzing hardware
architectures. Among the myriad of instructions found in assembly language,
the Bne (Branch Not Equal) instruction plays an important role in control
flow, enabling programs to alter their execution path based on specific
conditions.

This article delves into the binary and hexadecimal representation of the Bne
instruction, specifically examining an example with parameters: “bne, A0, T1,
Next p . We will explore how this instruction is encoded, what each component
signifies, and how to interpret its binary and hexadecimal forms. Through
comprehensive analysis, this review aims to clarify the encoding process,
providing readers with a detailed understanding of instruction representation
at the machine level.

Background: Assembly Instructions and Their Encodings

Before diving into the specifics of the Bne instruction, it’'s essential to
understand the general principles of instruction encoding. At the lowest
level, instructions are represented in binary-sequences of 0s and 1ls—that the
processor can interpret and execute. These binary sequences are often
expressed in hexadecimal for readability and convenience, since each
hexadecimal digit corresponds to exactly four binary bits.

In most instruction set architectures (ISAs), each instruction comprises
various fields, such as:

- Opcode: Defines the operation (e.g., branch, load, store).

- Operands: Registers or memory addresses involved.

- Immediate values: Constant values used in computations or addresses.
- Condition codes: Conditions under which the instruction executes (for
conditional branches).

For branch instructions like Bne, the encoding typically includes an opcode,
source registers, and a target address or label offset.

Dissecting the Bne Instruction
The Meaning of bne, A0, T1, Next p
The instruction in question 1is:

" Tassembly
bne, AO, T1, Next p



This indicates a Branch Not Equal instruction that compares the contents of
registers A0 and T1l, and if they are not equal, the program branches to the
label Next p.

- AO: Source register 1.

- Tl: Source register 2.

- Next p: The label or address to branch to if the condition is true.

This instruction is typical in architectures like MIPS, ARM, or RISC-V, where

branch instructions compare register values and decide whether to branch
based on the comparison result.

Understanding the Binary Encoding

1. The Structure of a Typical Bne Instruction

In many RISC architectures, the Bne instruction follows a specific binary
format. For illustration, consider the MIPS instruction set, where BNE has
the following format:

| Field | Bits | Description |

| opcode | 6 bits | Operation code for BNE |

| rs | 5 bits | Source register 1 (AQ) |

| rt | 5 bits | Source register 2 (T1) |

|

immediate/offset| 16 bits | Relative address (offset to Next p) |

This format allows the instruction to specify two registers and a 16-bit
offset to the target address.

2. Assigning Register Numbers
Assuming standard MIPS register conventions:

- AO is register 4.
- T1 is register 9.

These are typical register numbers, but actual numbers may vary depending on
the architecture.

Calculating the Binary Representation
1. Determining the Opcode

In MIPS:



The BNE opcode is 000101 in binary (6 bits).

N

. Encoding the Registers

AO (register 4): "00100° (5 bits).
Tl (register 9): 01001 (5 bits).

3. Computing the Offset

The offset to Next p depends on the program counter (PC) and the label's
address. For demonstration, suppose:

- The current PC is at address "0x00400000 .
- The label Next p is at address ~0x00400010° .

The branch offset in MIPS is calculated as:

offset = (target address - (current PC + 4)) / 4
So:

offset = (0x00400010 - O0x00400004) / 4

= (16 - 4) / 4

=12 / 4

= 3

In binary, 3 is 0000 0000 0000 0011 .

4. Assembling the Complete 32-bit Instruction

Putting it all together:

| Field | Bits | Binary Representation |
opcode | 6 bits | "000101°
rs | 5 bits (AQ) | "00100°

I

I

| rt | 5 bits (T1) | 01001

| immediate | 16 bits (offset

~ — — —

| 0000 0000 0000 0011 |

Concatenate all:
000101 00100 01001 00O OOLEO 00O 0011

Expressed as a continuous 32-bit binary number:



00010100100010010000000000000011

Converting to Hexadecimal
Grouping the binary into four-bit segments:

| Binary bits | Hex digit |

WoOoowowh~E

I I
I I
I I
I I
| 0000 |
I I
I I
I |

Final hexadecimal representation:

0x14890003

Summary of the Encoded Instruction

| Field | Value | Explanation |

| Hexadecimal | 0x14890003 | Complete instruction in hexadecimal form |

| Binary | 00010100100010010000000000000011 | Full 32-bit binary encoding |
| Opcode | 000101 | BNE operation code |

| rs | 00100 (AO) | Source register 1 |

| rt | 01001 (T1l) | Source register 2 |

| immediate | 0x0003 | Offset to Next p (branch target address offset) |

Variations and Additional Considerations
1. Architecture-Specific Differences
While the above example follows a MIPS-like encoding, other architectures

such as ARM or RISC-V might have different instruction formats and field
sizes. For example:



- ARM uses fixed-length 32-bit instructions but encodes branch conditions
differently.

- RISC-V employs a different format with specific bits for immediate values
and register specifiers.

2. Sign Extension and Offset Calculation

The 16-bit immediate can represent both positive and negative offsets,
allowing for backward or forward jumps. If the offset were negative, the
binary would be sign-extended accordingly.

3. Handling Labels and Program Counter

In actual assembly programming, the label Next p may be at an unknown address
during assembly, requiring the assembler to compute the relative offset
dynamically.

Practical Applications and Significance

Understanding the binary and hexadecimal representations of instructions like
Bne has practical implications:

- Debugging: Examining machine code to trace program execution.

- Disassembly: Converting binary back to assembly for analysis.

- Hardware Design: Creating processors that interpret and execute binary
instructions.

- Compiler Optimization: Knowing how high-level constructs translate into
machine code.

Moreover, mastering instruction encoding enhances comprehension of how high-
level logic translates into low-level operations, fostering better
programming and hardware design skills.

Conclusion

Deciphering the binary and hexadecimal representation of the Bne instruction,
exemplified by “bne, AO, T1l, Next p , reveals the intricate encoding process
underlying every executed instruction in a computer system. By analyzing the
opcode, register identifiers, and branch offsets, we see how assembly
instructions are distilled into a 32-bit binary sequence, then expressed in a
concise hexadecimal form.

The specific example provided results in the hexadecimal instruction
0x14890003, which encodes a branch that compares "A@" and "T1  and jumps to
Next p if they are not equal, with an offset of 3 instructions ahead. This
detailed exploration underscores the importance of understanding instruction
encoding-both for low-level programming and for appreciating the complexities



of modern computer architectures.

Grasping these encoding schemes empowers developers, engineers, and students
to better understand how software translates into hardware actions,
ultimately deepening our comprehension of the digital systems that underpin
contemporary technology.

End of article
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