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Chapter 4 

Programming the Basic Computer 
 

4.1 Introduction 

 A total computer system includes both hardware and software. Hardware consists of the physical 

components and all associated equipments. Software refers to the programs that are written for the 

computer. 

 Writing a program for a computer consists of specifying, directly or indirectly, a sequence of machine 

instructions (which is in binary pattern). 

 Machine instructions are in binary pattern which may be quite difficult to understand and write. So, it is 

more preferable to write programs in more familiar symbols of the alphanumeric character set. 

 Thus, there is a need for translating user-oriented symbolic programs into binary programs recognized by 

the hardware. 

 A program written by user may either be dependent or independent of the physical computer that runs his 

program. 

 For e.g., a program written in C language is independent (you don’t have to take care of hardware) because 

there is another program called compiler, which translates the C program, is machine dependent (it must 

translate the C program to the binary code recognized by the hardware of the particular computer used). 

 Here, we have 25 instructions of basic computer, discussed in the previous chapter, along with its hardware 

configuration. There is three-letter symbol for instruction to make people know what it means. We explore 

ideas on how the programs are written. 

 There are 7 memory-reference instructions which consist of mode (bit 15), op-code (bit 14-12) and address 

(bit 11-0). 

 The other 18 instructions are register-reference and input-output. They have 16-bit op-code. 

 The letter M refers to the memory word (operand) found at the effective address. 

 

4.2 Machine Language 
Programs written for a computer may be in one of the following categories: 

i) Binary code. This is a sequence of instructions and operands in binary that list the exact representation 

of instructions as they appear in computer memory. 

ii) Octal or hexadecimal code. This is an equivalent translation of the binary code to octal or hexadecimal 

representation. 

iii) Symbolic code. The user employs symbols (letters, numerals, or special characters) for the operation 

part, the address part, and other parts of the instruction code. Each symbolic instruction can be translated 

into one binary coded instruction. This translation is done by a special program called an assembler. 

Because an assembler translates the symbols, this type of symbolic program is referred to as an 

assembly language program. 

iv) High level programming languages. These are special languages developed to reflect the procedures 

used in the solution of a problem rather than be concerned with the computer hardware behavior. An 

example of a high level programming language is C. It employs problem oriented symbols and formats. 

The program is written in a sequence of statements in a form that people prefer to think in when solving 

a problem. However, each statement must be translated into a sequence of binary instructions before the 

program can be executed in a computer. The program that translates a high level language program to 

binary is called a compiler. 
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Category (i) is of machine language. Binary and octal or hexadecimal codes are equivalent so that category (ii) 

can be called machine language as well. Because of the one-to-one relationship between a symbolic instruction 

and its binary equivalent, an assembly language is considered to be a machine level language. 

 

C Program to Add Two Numbers 

main() 

  { 

int a,b,c; 

a = 83; 

b = -23; 

c = a + b; 

  } 
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Some Examples 

Assembly Language Program to Add Two Numbers 

 
 

Program with Symbolic Operation Codes 

 

 

Hexadecimal Program to Add Two Numbers 

 

Binary Program to Add Two Numbers 

 
 

4.3 Assembly Language 

 The basic unit of an assembly language program is a line of code. The specific language is defined by a set 

of rules that specify the symbols that can be used and how they may be combined to form a line of code. 

Rules of the Language 

Each line of an assembly language program is arranged in three columns called fields which specify the 

following information: 

i) The label field may be empty or it may specify a symbolic address. 

ii) The instruction field specifies a machine instruction or a pseudo instruction. ' 

iii) The comment field may be empty or it may include a comment. 

 A symbolic address, which is terminated by a comma, consists of one, two, or three, but not more than three 

alphanumeric characters. The first character must be a letter; the next two may be letters or numerals. A 

symbolic address in the instruction field specifies the memory location of an operand. 

 The instruction field in an assembly language program may specify one of the following items:  

i) A memory reference instruction (MRI)  

E.g. ADD OPR 

ADD PTR I 

ii) A register reference or input-output instruction (non MRI) 

E.g. CLA 

iii) A pseudo instruction with or without an operand 

E.g. ORG 0 

END 

 A MRI occupies two or three symbols separated by spaces. The first must be a three letter symbol defining 

an MRI operation code, the second is symbolic address and the third symbol, which may or may not be 
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present, is the letter I. If I is missing, it denotes direct address instruction. If I is present, it denotes indirect 

address instruction. 

 A non MRI is defined as an instruction that does not have an address part. It consists of only operation code. 

 A pseudo instruction is not a machine instruction but rather an instruction to the assembler giving 

information about some phase of the translation. 

Definition of Pseudo instructions 

 
 A line of code may or may not have a comment, but if it has, it must be preceded by a slash for the 

assembler to recognize the beginning of a comment field. Comments are inserted for explanation purposes 

only and are neglected during the binary translation process. 

 Example: 

Assembly Language Program to Subtract Two 

Numbers 

 

 

Listing of Translated Program 

 

 
 

4.4 The Assembler 

An assembler is a program that accepts a symbolic language program and produces its binary machine language 

equivalent. The input symbolic program is called the source program and the resulting binary program is called 

the object program. The assembler is a program that operates on character strings and produces an equivalent 

binary interpretation. 

Representation of Symbolic Program in Memory 

 The user types the symbolic program on a terminal. A loader program is used to input the characters of the 

symbolic program into memory. 

 In the basic computer, each character is represented by an 8-bit code. The high-order bit is always 0 and the 

other seven bits are as specified by ASCII. 
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Table: ASCII code (in Hexadecimal code) for characters 

 
 

 The code for CR is produced when the return key is depressed. This causes the “carriage” to return to its 

position to start typing a new line. The assembler recognizes a CR code as the end of a line of code. 

 A line of code is stored in consecutive memory locations with two characters in each location since a 

memory word has a capacity of 16 bits. 

 A label symbol is terminated with a comma. Operation and address symbols are terminated with a space and 

the end of the line is recognized by the CR code. 

 For example, the following line of code: 

 

PL3, LDA SUB I 

 

 
Fig: Computer Representation of the Line of Code: PL3, LDA SUB I 

 Each symbol is terminated by the code for space (20) except for the last symbol, which is terminated by the 

code of carriage return (OD). 

 If the line of code has a comment, the assembler recognizes it by the code for a slash (2F). The assembler 

neglects all characters in the comment field and keeps checking for a CR code. When this code is 

encountered, it replaces the space code after the last symbol in the line of code. 
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 This input is scanned by the assembler twice to produce the equivalent binary program. The binary program 

constitutes the output generated by the assembler. 

First Pass 

 A two pass assembler scans the entire symbolic program twice. During the first pass, it generates a table that 

correlates all user defined address symbols with their binary equivalent value. 

 The binary translation is done during the second pass. 

 To keep track of the location of instructions, the assembler uses a memory word called a location counter 

(abbreviated LC).  The content of LC stores the value of the memory location assigned to the instruction or 

operand presently being processed. 

 The ORG pseudo-instruction initializes the location counter to the value of the first location. Since 

instructions are stored in sequential locations, the content of LC is incremented by 1 after processing each 

line of code. To avoid ambiguity in case ORG is missing, the assembler sets the location counter to 0 

initially. 

 
Fig: Flowchart for first pass of assembler. 
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Table: Address Symbol Table for Above Subtraction Program 

 There are three symbols MIN, SUB, DIF each followed by comma (,). 

 

Second Pass 

 Machine instructions are translated during the second pass by means of table lookup procedures. 

 A table lookup procedure is a search of table entries to determine whether a specific item matches one of the 

items stored in the table. The assembler uses four tables. 

i) Pseudo-instruction table. 

The entries of the pseudo-instruction table are the four symbols ORG, END, DEC, and HEX. Each 

entry refers the assembler to a subroutine that processes the pseudo-instruction when encountered in 

the program. 

ii) MRI table. 

The MRI table contains the seven symbols of the memory reference instructions and their 3 bit 

operation code equivalent. 

iii) Non MRI table. 

The non MRI table contains the symbols for the 18 register reference and input output instructions 

and their 16 bit binary code equivalent. 

iv) Address symbol table. 

The address symbol table is generated during the first pass of the assembly process. The assembler 

searches these tables to find the symbol that it is currently processing in order to determine its binary 

value. 
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4.5 Program Loops 
An example of a C program that forms the sum of 100 integer numbers: 

 

int  i, sum=0, a[100]; 

for (i=1; i<=100; i++) 

{ 

 sum = sum + a[i]; 

} 

 

The same program in Symbolic code: 
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 Suppose that the assembler reserves locations (150)16 to (1B3)16 for the 100 operands which are listed in 

lines 19 to 118. This is done by the ORG pseudo-instruction in line 18, which specifies the origin of the 

operands. 

 The first and last operands are listed with a specific decimal number, although these values are not known 

during compilation. 

 Try to understand the program with reference to your book. Or, let’s discuss in class.  

 

4.6 Programming Arithmetic and Logic Operations 

 Some computers have machine instructions to add, subtract, multiply, and divide. Others, such as the basic 

computer, have only one arithmetic instruction, such as ADD. Operations not included in the set of machine 

instructions must be implemented by a program. 

 Operations that are implemented in a computer with one machine instruction are said to be implemented by 

hardware. Operations implemented by a set of instructions that constitute a program are said to be 

implemented by software. 

 Hardware implementation is more costly because of the additional circuits needed to implement the 

operation. Software implementation results in long programs both in number of instructions and in 

execution time. 

 This section demonstrates the software implementation of a few arithmetic and logic operations. Programs 

can be developed for any arithmetic operation and not only for fixed point binary data but for decimal and 
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floating-point data as well. The hardware implementation of arithmetic operations is carried out in coming 

chapter. 

Multiplication Program 

 

 
Fig: Flowchart for multiplication program. 
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Program to Multiply Two Positive Numbers 

 

Double-precision Addition 

 Memory unit can store 16-bit data only. So, addition of 16-bit is easy. The 32-bit data, called double 

precision data, of which addition can be performed through programming. 

 Let’s take an example: 

 

2AB4E479 + ACD1792E = (?) 

 

AL E479 

AH 2AB4 

BL 792E 

BH ACD1 

CL Result from Addition 

of lower 16-bit 

CH Result from Addition 

of lower 16-bit 
 

Program to Add Two Double Precision Numbers 
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Logic Operations 

 The basic computer has three machine instructions that perform logic operations: AND, CMA, and CLA. 

 The LDA instruction may be considered as a logic operation that transfers a logic operand into the AC. 

 All 16 logic operations can be implemented by software means because any logic function can be 

implemented using the AND and complement operations. For example, the OR operation is not available as 

a machine instruction in the basic computer. 

 

Program to perform A’ ANDing with B’ 

 

 
 

Q. Program to perform A ORing with B 

 (Hint: From DeMorgan’s theorem, we recognize the relation x + y = (x’y’)’.) 

 All 16 logic operations can be implemented by software means because any logic function can be 

implemented using the AND and complement operations. 

 

Shift Operations 

 The circular shift operations are machine instructions in the basic computer. 

 The other shifts of interest are the logical shifts and arithmetic shifts. These two shifts can be programmed 

with a small number of instructions. 

 The logical shift requires that zeros be added to the extreme positions. This is easily accomplished by 

clearing E and circulating the AC and E. Thus, for a logical shift right operation we need the two 

instructions. 

CLE 

CIR 

Q. Do for logical shift left. 

 For the arithmetic right shift requires that we set E to the same value as the sign bit and circulate right, thus: 

CLE  /Clear E to 0 

SPA  /Skip if AC is positive; E remains 0 

CME  /AC is negative; set E to 1 

CIR  /Circulate E and AC 

Q. Do for arithmetic left shift. 

 

4.7 Subroutines 

 A set of common instructions that can be used in a program many times is called a subroutine. 

 Each time that a subroutine is used in the main part of the program, a branch is executed to the beginning of 

the subroutine. After the subroutine has been executed, a branch is made back to the main program. 

 A subroutine consists of a self contained sequence of instructions that carries out a given task. A branch can 

be made to the subroutine from any part of the main program. 



Chapter 4 – Programming the Basic Computer 
 

By Deep Raj Bhujel Page 13 

 

 This poses the problem of how the subroutine knows which location to return to, since many different 

locations in the main program may make branches to the same subroutine. It is therefore necessary to store 

the return address somewhere in the computer for the subroutine to know where to return. 

 In the basic computer, the link between the main program and a subroutine is the BSA instruction (branch 

and save return address). 

 The last instruction in the subroutine returns the computer to the main program. This is accomplished by the 

indirect branch instruction with an address symbol identical to the symbol used for the subroutine name. 

This is done by the BUN instruction (branch unconditionally). 

 The procedure for branching to a subroutine and returning to the main program is referred to as a subroutine 

linkage. The BSA instruction performs an operation commonly called subroutine call. The last instruction of 

the subroutine performs an operation commonly called subroutine return. 

An example 

 

 
 

4.8 Input Output Programming  

 A binary-coded character enters the computer when an INP (input) instruction is executed.  

 A binary-coded character is transferred to the output device when an OUT (output) instruction is executed. 

The output device detects the binary code and types the corresponding character. 

 The SKI instruction checks the input flag to see if a character is available for transfer. The next instruction is 

skipped if the input flag bit is 1. The INP instruction transfers the binary coded character into AC(0-7). 

 The character is then printed by means of the OUT instruction. 

 If the SKI instruction finds the flag bit at 0, the next instruction in sequence is executed. This instruction is a 

branch to return and check the flag bit again. 

 If the output flag is 0, the computer remains in a two instruction loop checking the flag bit. When the flag 

changes to 1, the character is transferred from the accumulator to the printer. 
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Programs to Input and Output One Character 

 

 


