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HYPO (Stack Version) General Description 

HYPO is a simple HYPOthetical computer.  Actual machines are much more complex, but this 

simplified machine is nevertheless helpful in understanding the basic operation of real 

computers. 

HYPO is a stored-program computer; that is, it stores its program, as well as any data used by the 

program, in a random-access memory (RAM) that can be both read and written. 

Refer to the “machine architecture” diagram below when reading the following paragraphs. 

The memory consists of 1000 “words”, each of which holds a single 5-digit decimal number 

(00000 to 99999) plus a “sign” indicator.  That is, a word in memory can contain any integer 

value between –99999 and +99999 inclusive.  A particular word is accessed by specifying its 

address, which is a 3-digit integer between 000 and 999 inclusive.  Reading the memory causes 

the contents of the selected word to be placed on the data lines.  Writing the memory takes the 

information on the data lines and stores it in the selected word. 

A computer program consists of a set of instructions, each of which occupies one word of the 

memory, starting at address 0.  (An instruction therefore looks just like a 5-digit number.)  The 

program is run by executing its instructions one at a time.  The next instruction to be executed is 

specified by the contents of the program counter, which contains the 3-digit memory address of 

the instruction.  An instruction consists of two fields: the leftmost 2 digits are the operation code 

(OP) and the remaining 3 digits are the address, which specifies the memory location (if any) 

associated with the instruction. 

Hypo-S has a (simplified and rather inefficient) stack-based architecture, as contrasted with 

Hypo-R, which had a simple register-based architecture.  (Most real machines today use a 

combination of registers and one or more stacks.)  The stack is just a dedicated area of the 

machine’s memory.  In the Hypo-S machine, the stack starts at location 999 and grows 

downward (occupying lower addresses).  In a pure stack machine, data is added to (pushed onto) 

the top of the stack, and arithmetic operations are performed on the top one or two items on the 

stack; the result of the operation replaces the original stack item(s) involved.  Results may be 

stored in memory by removing them from (popping them off) the stack.  The location where the 

next item would be pushed onto the stack is maintained in a special register called the stack 

pointer (SP). 

Some operations set indicators, based on the operation result, in a special register called the 

condition code (CC) register.  The indicators are as follows: 

Indicator Value Meaning 

Z 1 Set if result is zero, cleared otherwise 

N 2 Set if result is negative, cleared otherwise  

C 4 Carry.  Set if result is too big to fit in 5 digits, cleared otherwise 

The value displayed for the CC register is the sum of all “set” values.  For example, if the result 

of an operation was negative and a carry occurred, the displayed value of the register would be 6 

(2 + 4). 
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The sequence of events which occur during an instruction execution is as follows: 

1. The instruction is fetched by reading the memory at the address given by the Program 

Counter, and putting the resulting word into the Instruction Register. 

2. The instruction is decoded by examining the OP field (top 2 digits) in the Instruction 

Register, to determine what the machine is supposed to do next.  If the instruction is 

HLT, the machine stops.  (See “HYPO Instruction Set” below for details of specific 

instructions.) 

3. The instruction is executed; that is, the machine performs whatever function is specified 

by the OP field; this may involve: 

• performing an operation involving the top item(s) on the stack.  Some operations set 

the CC register according to the result, as described above. 

• transferring data to or from the stack; the source/destination memory location is 

specified in the operand field of the instruction. 

• changing the location of the next instruction to be executed. 

4. The location of the next instruction is determined by modifying the contents of the 

Program Counter.  Normally, the Program Counter is just incremented by 1, so that 

instructions are executed in the order in which they appear in memory.  However, the 

JUMP instructions allow execution to continue at the location specified in the operand 

field instead. 

5. The process repeats from step 1. 
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HYPO Stack Machine Architecture 

 

HYPO Stack Machine Instruction Set 

Op Code Mnemonic Description 

00 — Undefined; executing this or any other undefined opcode causes a 

fatal error. 

Program Control Instructions 

01 HLT Halt.  Program execution stops.  The operand field is ignored. 

02 JN Jump if the CC register indicates negative (N set). 

03 JZ Jump if the CC register indicates zero (Z set). 

04 JC Jump if the carry indicator (C) in the CC register is set. 

05 JMP Jump.  Execution continues at the address specified by the operand. 

06 JP Jump if the CC register indicates positive or zero (N not set). 

07 JNZ Jump if the CC register indicates not zero (Z not set). 

08 JNC Jump if the carry indicator (C) in the CC register is not set. 

Stack Manipulation Instructions 

10 PUSH Push the contents of the memory at the address specified by the 

operand onto the stack.  The memory location is unchanged. 

11 POP Remove the item at the top of the stack and store it at the address 

specified by the operand.  If the operand is 0, the data is not stored. 

12 EXCH Exchange the contents of the top two items on the stack.  The 

operand field is ignored. 

Memory 

000-999 
DATA 

Program Counter 

OP Address 

Instruction Register 

Arithmetic 

Unit 

CC SP 

Keyboard Display 

fetch 

execute 

ADDRESS FP 

Condition code 

Register 

Stack Pointer 

Frame Pointer 
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Op Code Mnemonic Description 

13 DUP Push the contents of the top item of the stack onto the stack.  The 

operand field is ignored. 

14 PUSHC Push the constant value (0-999) specified by the operand onto the 

stack. 

14 PUSHA Push the address specified by the operand onto the stack.  (Note: 

this operation is identical with PUSHC.) 

15 PUSHI Push indirect: the value at the top of the stack is removed and used 

as the address for a PUSH operation.  The operand field is ignored. 

16 POPI Pop indirect: the value at the top of the stack is removed and used 

as the address for a POP operation.  The operand field is ignored. 

Function Implementation Instructions 

56 FUNC Begin function execution.  The stack is adjusted to make room for 

the number of local variable words indicated by the operand. 

55 CALL Call the function at the address given by the operand. Refer to the 

“Functions” document for details. 

51 RET Return from the function called by the most recent CALL 

instruction.  Any local variables are removed from the stack.  The 

top of stack value is unchanged by this instruction. 

57 ADJ Adjust the stack following the return from a function. The operand 

specifies the number of words of parameters to be removed from 

the stack, and must match the number of parameter words which 

were pushed onto the stack prior to the function call.  The top of 

stack value is unchanged by this instruction. 

50 PUSHP This instruction is allowed only within functions.  Push the function 

parameter specified by the operand onto the stack.  The parameter 

value is unchanged. 

52 POPP This instruction is allowed only within functions.  Remove the item 

at the top of the stack and store it in the function parameter 

specified by the operand. Note that this does not affect any values 

visible to the calling program. If the operand is 0, the data is not 

stored. 

53 PUSHL This instruction is allowed only within functions.  Push the local 

variable specified by the operand onto the stack.  The variable value 

is unchanged. 

54 POPL This instruction is allowed only within functions.  Remove the item 

at the top of the stack and store it in the local variable specified by 

the operand. If the operand is 0, the data is not stored. 

Arithmetic Instructions 

20 ADD Add the numbers in the top two items on the stack and replace them 

with the sum.  The CC register is set according to the result.  If the 

result will not fit in 5 digits, digits above the fifth are discarded.  

The “carry” indicator in the CC register is cleared if the result fits in 

5 digits, and set otherwise.  The operand field is ignored. 

21 CHS Change the sign of the value on top of the stack.  The CC register is 

set according to the result.  The operand field is ignored. 
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Op Code Mnemonic Description 

22 MPY Multiply the top two values on the stack and replace them with the 

product.  The lower 5 digits of the result are put onto the stack first 

(always having a positive sign), followed by the upper 5 digits 

(which will be the top item).  The CC register is set according to the 

result.  The operand field is ignored. 

23 DIV Divide the 10-digit number contained the two values immediately 

below the top on the stack (upper 5 digits on top) by the top number 

on the stack.  The three values are replaced by the quotient and the 

remainder (which will be the top item).  The CC register is set 

according to the value of the remainder. The “carry” indicator in the 

CC register is cleared if the quotient fits in 5 digits, and set 

otherwise.  The operand field is ignored. 

25 CMP Subtract the top value on the stack from the value immediately 

below it and set the condition code (CC) register negative/zero 

indicators based on the result.  The compared values are removed 

from the stack and the result is discarded.  The operand field is 

ignored. 

26 CMPC Subtract the operand value from the value at the top of the stack and 

set the condition code (CC) register negative/zero indicators based 

on the result.  The compared value is removed from the stack and 

the result is discarded. 

Input/Output Instructions 

30 DSP Display (on the standard output file) the number stored at the top of 

the stack, then remove it from the stack.  If an operand field is 

present and is not zero, all 5 digits of the number, including leading 

zeros, are displayed. 

31 DSPS Display the character string which starts at the address specified by 

the top item on the stack, then remove the item from the stack.  This 

instruction interprets each word of memory as two ASCII 

characters; the end of the string is indicated by a character code of 0 

(NUL).  The operand field is ignored. 

32 RDK Read an integer value (between -99999 and 99999) from the 

keyboard and push it onto the stack.  Keyboard input must be 

followed by the ENTER key.  The CC register is set according to 

the value read; the “carry” indicator is set if the value entered was 

out of range.  The operand field is ignored. 

33 RDKS Read a character string from the keyboard and store it beginning at 

the address specified by the top item on the stack, then remove the 

item from the stack.  The operand field specifies the maximum 

number of characters to accept; any additional characters typed are 

ignored.  Characters are stored two per word; a 0 (NUL) character is 

automatically added to the end of the string. Keyboard input must 

be followed by the ENTER key; the ENTER keycode is not stored.  

The Z indicator is set in the CC register if no characters are entered; 

the C indicator is set if any input characters were discarded. 
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Op Code Mnemonic Description 

Debugging Instructions 

40 DUMP Displays registers and produces a memory dump on the standard 

output file.  Uninitialized memory locations display as “UNDEF”.  

Execution continues after the dump has completed. 

41 TRC Turns instruction-by-instruction tracing on (if the operand field is 

non-zero) or off (if the operand field is zero). 

42 CHK Compare the value at the top of the stack with the value of the 

operand field.   The value at the top of the stack is unchanged.  If 

the stack value is negative, or is greater than or equal to the 

operand, a “range error” exception is generated. 

 

The HYPO Assembler 

In theory, it would be possible to program the HYPO machine by providing it with a list of 5-

digit numbers (the instructions, in numeric form) to be entered into the memory.  For example, 

this sequence of instructions would display the number 1: 

14001 

30000 

01000 

This would be a pretty inconvenient way to program, and it was used in practice only in the very 

earliest days of computers.  A more practical method is to use an assembler, which can translate 

easily remembered instruction abbreviations (called mnemonics) into numeric OP codes, and also 

keep track of variables and values.  The example shown above, written in assembler, would look 

like this: 

PUSHC 1 

DSP 

HLT 

Programs written in this assembly language consist of instructions, one per line, each having up 

to four fields, separated by spaces or tabs: 

• the label field is optional, but if present must start in the leftmost position of the line (i.e. 

no spaces precede it).  A label is used to identify a particular instruction or variable.  Note 

that labels defined inside a function can be referenced only within that function, and 

labels defined outside of functions cannot be referenced inside functions.  (One exception 

to this rule: the label of a FUNC instruction may be referenced from anywhere.) 

• the operation code field is required and is always preceded by at least one space or tab. 

• the operand field may be required, optional, or prohibited, depending on the operation.  If 

present, it may contain any of (again depending on the operation): 

o a non-negative numeric constant (in the range 0-999) 

o a single character enclosed in single quotes 

o some other constant value, which is indicated by an “=” sign followed by any of: 
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� a (positive or negative) numeric constant of up to 5 digits 

� a single character enclosed in single quotes (‘\n’ is newline, ‘t’ is tab) 

� a string of characters enclosed in double-quotes 

o a relative address, i.e. relative to the address of the current instruction, indicated 

by “*”; for example, “*+2” is the instruction 2 words past the current instruction 

o  (a reference to) the label of another instruction or a variable 

• an optional comment field, which is separated from the preceding field (if any) by a space 

or tab, and begins with two slashes (“//”). 

The assembler recognizes the pseudo-operations listed in the table below. 

Assembler Pseudo-operations 

Mnemonic Description 

DS Define a symbol identifying a variable. The instruction must have a 

label.  The operand specifies the number of words of memory to be 

reserved to store the variable value.  If the operand is omitted, one word 

of memory is allocated. 

PARM Define a symbol identifying a parameter to a function. The instruction 

must have a label.  The operand specifies the number of words to be 

reserved on the stack to store the parameter value.  If the operand is 

omitted, one word is allocated. 

LOCAL Define a symbol identifying a local variable of a function. The 

instruction must have a label.  The operand specifies the number of 

words to be reserved on the stack to store the variable value.  If the 

operand is omitted, one word is allocated. 

ENDF Marks the end of a function. 

END Marks the end of the program.  The END statement should be the last 

line of the source file. 

 

Creating and Running a Program 

Programs can be created using an editor such as NOTEPAD and saved as text (.txt) files.  The 

saved program is then assembled using the HYPO assembler, which produces the machine code 

for the program (a sequence of addresses and signed 5-digit numbers, one per line, also saved as 

a .txt file). 

The program is run, or executed, using the HYPO interpreter.  The interpreter takes the name of 

the machine code file as its input parameter.  It first runs the loader, which reads the machine 

code file and enters the numbers from the file into the specified memory locations.  

When loading is complete, the interpreter sets the Program Counter to 0 and the SP register to 

999.  It then fetches and executes the first instruction; execution continues until a HLT 

instruction is encountered, or the user presses Ctrl-C, or an unrecoverable error occurs. 
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An Example Program 

The following program calculates the y value for a given x value for the linear relation y=mx+b.  

Note the comments!  They are an essential part of the program if you want to understand it later 

or explain it to someone else. 

 
// Program to calculate linear relation values 

 PUSHA ="m=? "  // prompt for m 

    DSPS 

 RDK   // read the m value from keyboard 

 POP M 

 PUSHA ="b=? "  // do same for b 

    DSPS 

 RDK 

 POP B 

LOOP PUSHA ="x=? "  // repeat: ask for x value 

 DSPS 

 RDK   // x is top of stack 

 PUSH M 

 MPY   // calculate m * x 

 POP 0  // assume product fits in 5 digits 

 PUSH B  // add b to product 

 ADD 

 PUSHA ="y="  // display result 

 DSPS 

 DSP 

 PUSHA ="\n"  // print a newline 

 DSPS 

 PUSHA ="More(y/n)? " // ask to go again 

 DSPS 

 PUSHA RESP 

 RDKS 1  // get response 

 PUSH RESP 

 CMPC 'n'  // compare with 'n' 

 JNZ LOOP  // if not 'n', ask for next x value 

 HLT   // otherwise halt 

// Storage for variables 

M DS 

B DS 

RESP DS 

 END 


