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Abstract 
This paper describes the design decisions made when 
updating the datapath with the changes requested by 
HOBSys, Inc.   

The new machine will operate on 16-bit values as it is 
meant as a small embedded controller.  It will still use two 
different memories consistent with Harvard Architecture 
design. 

 

 

 

 

1. Introduction 
HOBSys, Inc. requested the following maching language 
changes from the LC2K7 model: lw (load word), sw (store 
word), and jalr have all been removed.  noop has been 
changed to nop; push, pop, pushi have been added.  Add, 
nand, beq, and halt remain the same.   

In addition to the new machine language, HOBSys, Inc. has 
also requested the use of a Stack instead of a Register.  The 
new datapath consists of one Instruction Memory (I-Mem), 
one Data Memory (D-Mem), 1-4x2 Multiplexor, 1 Stack, 3 
ALUs, and 1-2x1 Multiplexor.  This varies from the LC2K7 
hardware in the respect that there are 2 fewer multiplexors 
(see figure 1). 

 

Figure 1.  Completed HOBSys, Inc. Datapath. 
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2. New Hardware 
2.1 Instruction Memory 
Instruction Memory, or I-Mem, is word addressable and 
Read Only Memory.  It is 128 Kilobytes in size, holds 
65,536 words thus has a 16 bit address minimum, takes in a 
16 bit address and outputs16 bits.  It contains all the 
machine language instructions for the program (see figure 
2). 

 
Figure 2. Instruction Memory. 

2.2 Data Memory 
Data Memory, or D-Mem, is also word addressable, 16 
Kilobytes in size and either takes in an address or a 16 bit 
value and puts out 16 bits.  It also has a write control that is 
1 which determines if it should write or 0 if it should not.  
Because it is 16 Kilobytes it can hold 1,892 words and thus 
needs a minimum of an 11 bit address (see figure 4). 

 
Figure 3.  Data Memory. 

2.3 Stack 
Replacing a Register, the Stack takes in one value and can 
potentially put out the top two values from the Stack 
depending on the control value.  The control can range from 
000 to 100.  000 signals that the Stack should do nothing. 
001 signals that the Stack should pop the top value.  010 
signals that the Stack should push the value StackIn onto 
the top of the Stack.  011 signals that the Stack should pop 
the top two values from the Stack.  Finally, 100 signals that 
the Stack should pop the top two values and then push the 
value StackIn onto the top of the Stack.  See Figure 4. 

 
Figure 4.  Stack. 

2.4 Instruction Format 
HOBSys, Inc. has provided a new instruction format that 
has a 3-bit opcode (bits 15 – 13) and 13-bit immediate 
value (bits 12 – 0, denoted by a Z).  This is the only 
instruction format for the entire architecture.  Thus Z will 
vary and, depending on the instruction, it may contain an 
address or an offset.  See Figure 5. 

Bits 15 – 13 Bits 12 – 0 
Opcode Immediate Value (Z) 

Figure 5.  New instruction format. 

3. ADD and NAND 
3.1  ADD 
The add instruction has a 3-bit opcode of 000 and this 
instruction should pop the top two values off of the Stack 
and push their sum back onto the Stack.  This requires only 
the Stack and an ALU to perform the addition.  Later 
implementation requires the multiplexor control, StackSrc, 
value to be 00 in order to get the value from the Stack 
rather than from memory (see figure 6).  

 

 

Figure 6.  ADD Instruction. 

 

The Stack control (StackCtrl) is 100, or 4 in decimal, which 
indicates that the Stack should pop the two values (TopOut 



and 2ndOut) and then push the value StackIn onto the top 
of the Stack. 

3.2 NAND 
The nand instruction has a 3-bit opcode of 001.  This 
instruction pops the two values off of the Stack and pushes 
the bit-wise NAND of the two values back onto the Stack.  
No hardware changes needed to be implemented for this 
instruction to function as the ALU will perform the bit-wise 
NAND.  The Stack control signal also remains the same.  
Later implementation requires the multiplexor control, 
StackSrc, value to be 00 in order to get the value from the 
Stack instead of retrieving it from memory.  See Figure 6. 

4. PUSH 
The push instruction has a 3-bit opcode of 010.  It takes the 
value stored at memory location Z and pushes it onto the 
Stack.  To implement this instruction, both the I-Mem and 
D-Mem structures needed to be implemented to get the 
value of Z from.  Then a multiplexor was placed between 
D-Mem and Stack to determine which value should enter 
the Stack depending on the instruction.  The multiplexor 
control for push is 01 so that the value is acquired from 
memory as opposed to from the Stack.  Also, in order to get 
the value from the address contained in Z, sign extension 
must be performed to turn 13 bits into 16 bits between I-
Mem and D-Mem (see figure 7). 

 
Figure 7.  ADD, NAND, and PUSH Instructions. 

5. POP 
The pop instruction has a 3-bit opcode of 011.  It takes the 
value at the top of the Stack and pops it then places that 
value in the memory location specified by Z.  To implement 
this instruction, a branch was placed off of the TopOut 
value from the Stack that loops around to the D-Mem “In” 
parameter.  The StackSrc is 00 to obtain the value from the 
Stack with a StackCtrl value of 001.  This causes the Stack 
to pop the top value only.  It is the only instruction in the 
entire design where the write control is 1 (see figure 8). 

 

Figure 8.  ADD, NAND, PUSH, and POP. 

6. PUSHI 
The pushi instruction has a 3-bit opcode of 100 and should 
push the sign extended version of Z onto the Stack.  To 
implement this instruction, a branch was inserted from the 
Sign Extension to MUX1 input 10, thus the StackSrc value 
is 10.  The StackCtrl is 010, or 2 in decimal, which pushes 
the value StackIn onto the top of the Stack (see figure 9). 

 
Figure 9.  ADD, NAND, PUSH, POP, and PUSHI. 

7. BEQ 
The BEQ, or Branch, instruction has a 3-bit opcode of 101.  
First, it compares the two values at the top of the Stack and 
checks if they are equal.  The comparison of the two values 
is performed by the ALU by subtracting them.  A “Zero 
Detect” output is then routed to perform an AND operation 
with the BEQ control which is then inputted as the PCSrc 
Control.  If the values are equal, they are both then popped 
and the hardware branches to PC+1+Z (where PC stands for 
program counter which keeps track of which instruction the 
program is on).  If the two values are not equal, then the 
hardware does nothing.  To implement this instruction, 2 
ALUs, which only perform addition, and a 2x1 multiplexor, 
needed to be added.  The multiplexor will later help HALT 
to determine if an instruction needs PC+1 or PC+1+Z is 
needed; their PCSrc values are 0 and 1 respectively.  The 
PCSrc for BEQ is 0 if the values are not equal (PC still 
needs to be incremented to keep the program moving) or 1 
if they are equal.  The StackSrc is 000 if they are not equal 
(which does nothing), otherwise it is 011 (which pops the 



top two values from the Stack).  See figure 10 for visual 
details. 

Figure 10.  ADD, NAND, PUSH, POP, PUSHI, and 
BEQ. 

8. NOP 
The NOP instruction has a 3-bit opcode of 110 and does 
nothing.  None of the controls affect this instruction and no 
additional hardware is required. 

 

9. HALT 
The HALT instruction has a 3-bit opcode of 111.  Its 
functions are to increment the PC and halt the machine.  
Due to the additions made in BEQ, no additional hardware 
is needed for this instruction. 

10. Summary of Controls 
Table 1 contains a list of all instructions, opcodes, ALU 
Ops and Control Values for the entire hardware 
implementation. 

11. Conclusion 
This design effectively accomplishes all requests proposed 
by HOBSys, Inc.  It is soundly and logically constructed 
and can still be built upon for future additions. 

12. References 
HOBSys Stack Machine Design Specification. HOBSys 
Inc., October, 2008. 
 
 
 

Instruction Opcode PCSrc MemWrite StackSrc StackCtrl ALU Op 
add 000 0 0 00 100 add 

nand 001 0 0 00 100 nand 

push 010 0 0 01 010 -- 

pop 011 0 1 00 001 -- 

pushi 100 0 0 10 010 -- 

beq 101 0 or 1 0 00 000 or 011 subtraction 

nop 110 0 0 00 000 -- 

halt 111 0 0 00 000 -- 

 

Table 1.  Control Summary. 
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