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Introduction

1. Translate The Following C Code Into Sic Assembly A. Int I; Int J[1000]; For( 1 =0; 1 < 10;1 ) is a
fundamental exercise in understanding how high-level programming constructs are mapped into low-
level assembly language. Translating C code into SIC (Simplified Instructional Computer) assembly
language provides insight into the underlying operations performed by the computer at the hardware
level. This process involves understanding variable declarations, control flow mechanisms like loops,
memory management, and the instruction set of the SIC machine. In this article, we will explore a
detailed step-by-step translation of the provided C code snippet into SIC assembly, explain the

reasoning behind each step, and discuss key concepts in assembly programming.

Understanding the C Code

Code Breakdown

Let's analyze the provided C code snippet:

e
int [;

int J[1000];



for (I =0; | <10; I++) {
/I Loop body (not specified)
}

- Variables Declaration:
- 'I" is a scalar integer variable.

- 'J" is an array of 1000 integers.

- Loop Structure:
- Initialization: I = 0;
- Condition: °I < 10;

- Increment: “l1++;

Since the loop body is not specified, the focus is on translating the initialization, condition check, and

increment operations, as well as the control flow that manages the loop.

Key Concepts in Translating to SIC Assembly

Before translating, let's understand some key aspects:

- Memory Allocation:
- Variables are stored in memory locations.

- In SIC, memory locations are labeled with symbols.

- Instructions:
- SIC has simple instructions like "LDA", "STA’, "ADD", 'SUB", 'J’, etc.

- Control flow is managed through jump instructions ("J°, "JEQ’, "JLT", etc.).

- Registers:

- Primarily "A’ (accumulator) for operations.



- Addresses are used to load/store data.

Step-by-Step Translation Process

1. Declaring Memory for Variables

First, assign memory locations for the variables:

“rassembly
| RESW 1 // Reserve 1 word for |
J RESW 1000 // Reserve 1000 words for array J

- '/RESW' reserves a number of words (4 bytes each) for the variables.

2. Initialization of |

Set '| = 0" at the start:

“rassembly
START LDA =0 // Load 0 into accumulator
STA | // Store 0 into variable |

- 'LDA’ loads a constant value into the accumulator.

- 'STA' stores the accumulator value into a memory location.



3. Loop Label and Condition Check

Create a label for the start of the loop:

“rassembly

LOOP // Loop label

/I Load | and compare with 10
LDA |

SUB TEN

JLT END_LOOP // If I - 10 < 0, jump to end
/I Loop body (not specified)

/I Increment |

LDA |

ADD ONE

STA |

/l Jump back to start of loop

J LOOP

END_LOOP

- Comparison:
- Load I’ into the accumulator.
- Subtract 10.

- If the result is less than zero ("JLT"), continue; else, exit loop.

- Loop Control:
- The "J" instruction jumps unconditionally.

- JLT is a conditional jump if the accumulator is negative.



4. Defining Constants

Define constants for 1 and 10:
“rassembly

ONE WORD 1
TEN WORD 10

These are stored in memory and referenced during the loop.

Complete SIC Assembly Code

Putting everything together, the complete translation looks like this:

“rassembly

Program to implement for loop in SIC assembly
START // Program entry point

| RESW 1 // Reserve space for |
J RESW 1000 // Reserve space for array J

ONE WORD 1
TEN WORD 10

LDA =0 // Initialize 1 = 0
STA I

LOOP LDA I // Load |



SUB TEN // Subtract 10

JLT END_LOOP // If | <10, continue loop
/I Loop body would go here (if any)

/I Increment |
LDA |

ADD ONE
STA |

J LOOP // Jump back to start of loop

END_LOOP
/I End of program
STOP

Explanation of the Assembly Code

Memory Reservation

- '/RESW' reserves memory for variables.

- 'WORD" defines constant values.

Initialization

- Loads zero into the accumulator.

- Stores it into the variable °I".



Loop Control

- Loads I, subtracts 10.
- Uses "JLT" to decide whether to continue or end the loop.

- Increments °I' each iteration.

Termination

- 'STOP" indicates the program end.

Additional Considerations

Handling the Array J

While the example does not specify operations on "J°, here are some points:
- To access "J[i]’, calculate the memory address: "J''s base address + "i 4°.

- Use 'LDA" and 'STA’ with effective addresses for array access.

Loop Efficiency and Optimization

- The translation demonstrates a straightforward implementation.

- Optimization may include using registers or different jump conditions.

Conclusion

Translating C code into SIC assembly involves understanding variable storage, control flow, and

instruction set limitations. The process outlined provides a clear methodology for transforming high-



level loop constructs into low-level machine instructions. This exercise not only enhances
understanding of assembly language programming but also deepens comprehension of how high-level
languages are executed at the hardware level. Mastery of such translations is essential for students

and practitioners interested in systems programming, compiler design, and computer architecture.

Frequently Asked Questions

What is the purpose of translating C code into SIC assembly?

Translating C code into SIC assembly helps understand how high-level instructions are implemented at
the machine level, facilitating learning of system architecture, compiler design, and low-level

programming concepts.

How do you initialize variables in SIC assembly from C code like 'Int I}’
and 'Int J[1000];'?

In SIC assembly, you allocate memory for variables using directives like 'BYTE' or 'RESW', and
initialize them with load and store instructions. For arrays, you reserve contiguous memory blocks, and

for scalar variables like 'l', you allocate a single word.
How is a 'for' loop, such as 'for (I = O; | < 10; I++)', implemented in

SIC assembly?

The loop is implemented by initializing 'l' to 0, comparing 'lI' with 10 using a 'COMP"' or 'JEQ'
instruction, executing the loop body if the condition holds, and then incrementing 'l' with an 'ADD'

instruction, jumping back to the comparison until the condition fails.

What are the key steps to translate the iteration 'for (I = O; | < 10;



I++)" into SIC assembly?

Key steps include: 1) Initialize 'l' to 0; 2) Compare 'I' with 10; 3) If 'I' is less than 10, execute loop

body; 4) Increment 'l'; 5) Jump back to comparison; 6) Exit loop when condition fails.

How do you handle array 'J[1000]' in SIC assembly during
translation?

Arrays are represented as contiguous memory blocks. Accessing 'J[i]' involves calculating the memory

address by adding 'i' times the size of each element (usually 3 bytes in SIC) to the base address of 'J'.

What challenges are involved in translating high-level loops into SIC
assembly?

Challenges include managing memory addresses, implementing control flow with jumps, ensuring

correct loop termination, and handling array indexing efficiently within the limited SIC instruction set.

Can SIC assembly directly handle high-level constructs like 'for' loops,
or do they require manual implementation?

SIC assembly cannot directly handle high-level constructs; they must be manually implemented using

jumps, labels, comparisons, and instructions to emulate control flow.

How does understanding translation from C to SIC assembly aid in
learning computer architecture?

It provides insight into how high-level language constructs are broken down into low-level operations,
deepening understanding of memory management, instruction execution, control flow, and the

relationship between software and hardware.



What is the significance of understanding such translations in modern
programming?

Understanding these translations enhances debugging skills, optimizations, compiler development, and
provides a foundational knowledge of how code executes at the hardware level, which is crucial even

in high-level programming today.

Additional Resources

Translating C Code into SIC Assembly: An In-Depth Analytical Review

In the realm of computer architecture and low-level programming, understanding how high-level
languages like C translate into assembly language is essential for grasping the inner workings of
computer systems. This article aims to provide a comprehensive exploration of converting a simple C
code snippet into SIC (Simplified Instructional Computer) assembly language — a process vital for
students, educators, and enthusiasts seeking to bridge the gap between high-level logic and machine-
level execution. By dissecting each component of the source code and mapping it to its assembly
counterpart, we gain insights into instruction sets, memory management, and control flow mechanisms

intrinsic to SIC architecture.

Understanding the C Code: The Starting Point

Code Breakdown

The provided C code snippet is as follows:



e
int [;

int J[1000];

for (I =0; 1 <10; I4++) {
/I Loop body (if any)
}

This code declares an integer variable °I' and an array "J° of 1000 integers. It then employs a “for’
loop that initializes I to zero, continues looping as long as I’ is less than 10, and increments °I" by 1

after each iteration.

The core components of the code are:

- Variable declaration (Cint I')

- Array declaration (Cint J[10007")

- Loop control structure (‘for’ loop)

While the loop body isn't explicitly stated, the focus here is on translating the control structure and

variable management into SIC assembly language, which emphasizes understanding instruction

execution flow, register utilization, and memory addressing.

Introduction to SIC Assembly Language



Overview of SIC Architecture

The SIC machine model is a simplified hypothetical architecture used mainly for educational purposes.
Its instruction set comprises a limited set of operations designed to illustrate fundamental computing

concepts without the complexity of real-world hardware.

Key features include:

- 24-bit addresses (memory locations)

- 24-bit instructions

- A small set of instructions such as 'LDA’ (load accumulator), "STA’ (store accumulator), "LDX" (load
index register), 'STX" (store index register), "ADD", "SUB", "J°, "JLT", JGT", "JEQ", "COMP", "TIX",
etc.

- Registers: Accumulator ("A"), Index register ("X'), Program Counter ('PC’), and Status Flags

Understanding these features is vital for mapping high-level constructs into SIC assembly.

Step-by-Step Translation of the C Code into SIC Assembly

1. Memory Allocation and Variable Representation

Before delving into control flow translation, we need to allocate memory for variables:

- Variable °I' can be stored at a specific memory location, say "VAR_I'.
- Array “J[1000]" can be represented starting from "ARRAY_J", with each element occupying one

memory location.



In SIC assembly, symbolic labels aid readability. For example:
“rassembly

VAR_|I RESW 1 ; Reserve one word for variable |

ARRAY_J RESW 1000 ; Reserve 1000 words for array J

"RESW' reserves words in memory. The addresses are assigned sequentially, with "VAR_I" at one

address, and "ARRAY _J" following.

2. Initialization of the Loop Variable (I = Q)

In C, I = 0; is straightforward. Its assembly equivalent involves loading immediate value 0 into the

accumulator and storing it into "VAR_I'.
rassembly

LDA 0 ; Load immediate O into A
STA VAR_| ; Store A into variable |

3. Loop Condition Testing (1 < 107)

The loop continues as long as "I is less than 10. To check this condition:

- Load 'I' into the accumulator



- Compare with 10

- If °I >= 107, jump out of the loop
In SIC, comparison involves loading "I, subtracting 10, and checking the sign of the result.

“rassembly

LOOP_START:

LDA VAR | ; Load current value of |

COMP 10 ; Compare with 10

JGE LOOP_END ; If I >= 10, jump to loop end

"COMP" sets the condition code flags based on the subtraction: positive, zero, or negative. "JGE’

(Jump if Greater or Equal) transfers control if ' >= 10".

4. Loop Body and Incrementing I

While the loop body isn't specified, the critical part here is incrementing °I' at each iteration.

- Load °'I' into the accumulator
- Add 1

- Store the new value back into 'I’

“rassembly

LDA VAR_I ; Load |

ADD ONE ; Add 1

STA VAR_| ; Store updated |

J LOOP_START ; Jump back to start of loop



Where "ONE" is a label for value 1:

“rassembly

ONE WORD 1

5. Loop EXxit Point

When the condition °I < 10" fails, control jumps to 'LOOP_END". The code following the loop can be

placed here.
“assembly

LOOP_END:

; Code after loop execution

Complete SIC Assembly Program for the Given C Snippet

Integrating all components, the full assembly code appears as:

“rassembly
START 1000 ; Program start address

VAR_|I RESW 1 ; Reserve space for |



ARRAY_J RESW 1000 ; Reserve space for array J
ONE WORD 1 ; Constant 1

LDAO;1=0
STA VAR_I

LOOP_START:

LDA VAR_I ; Load |

COMP 10 ; Compare | with 10

JGE LOOP_END ; Exit loop if | >= 10

; Loop body can be inserted here

LDA VAR_|

ADD ONE

STAVAR I;1=1+1

J LOOP_START ; Repeat loop

LOOP_END:
; Program continues

END START

This code encapsulates variable initialization, loop control, and the fundamental translation principles

from high-level constructs to low-level SIC instructions.



Analytical Insights and Educational Significance

Bridging High-Level and Low-Level Programming

Translating C to SIC assembly exemplifies the abstraction layers in computing. While C provides a
human-readable syntax with high-level control structures, SIC assembly requires explicit management
of memory addresses, instruction flow, and register operations. This transformation illuminates how

loops, variables, and control statements are fundamentally orchestrated at the hardware level.

Instruction Set Limitations and Practical Constraints

Given SIC's minimal instruction set, implementing features like array indexing or complex control flow
demands meticulous planning, emphasizing the importance of understanding instruction semantics. For
example, handling array "J[1000]" would involve calculating memory addresses dynamically, which SIC

simplifies but still requires careful address arithmetic.

Educational Value for Computer Architecture and Assembly

Programming

This translation process enhances comprehension of:

- Memory addressing modes (direct, indexed)
- Control flow mechanisms (conditional jumps)
- Register utilization and data flow

- The relationship between variables and memory locations



It also fosters problem-solving skills by requiring manual mapping from high-level logic to low-level

instructions.

Conclusion

The meticulous process of translating a C “for® loop into SIC assembly language provides profound
insights into the core principles of computer architecture. It exemplifies how high-level abstractions are
systematically decomposed into fundamental instructions that interact directly with hardware
components. This exercise not only demystifies the inner workings of program execution but also
reinforces foundational concepts such as memory management, control flow, and instruction set
architecture. As computing continues to evolve, grasping such low-level translation remains crucial for
optimizing performance, debugging, and designing efficient algorithms. Ultimately, understanding this
translation bridges the conceptual gap, empowering learners and practitioners to appreciate the

intricate dance between code and hardware.
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