
I. Introduction

For this assignment, you will test and debug an implementation of a single-cycle 16-bit datapath that is

similar to MIPS. This processor operates on 16-bit instructions and 16-bit data. All three types of 

instructions (arithmetic/logic, memory, and control) are supported. An instruction can be of R-type, I-type, 

or J-type format. An R-type encoded instruction has the following fields: 

Number of bits 3 3 3 3 4 

Bit indices 15-13 12-10 9-7 6-4 3-0 

Field name opcode rs rt rd function 

where the LSB has a bit index of 0 and the MSB has a bit index of 15. That is, the opcode is specified in 

the most significant 3 bits (bit indices 13-15), the rs field is specified in the next 3 bits (bit indices 10-12), 

the rt field is specified in the next 3 bits (bit indices 7-9), the rd field is specified in the next 3 bits (bit 

indices 6-4), and finally, a 4-bit function field (bits 0-3) which specifies the specific ALU-type operation 

to be performed. Since registers are addressed by 3 bits, this also means that our MIPs-like processor has 8 

16-bit registers, which we will name respectively as r0 to r7. r0 has register address 000, r1 has address 

001, and so on. The specific supported R-type instructions are ADD, SUB, AND, OR, NOR, NAND, and 

SLT. 

 An I-type instruction has the following fields: 

Number of bits 3 3 3 7 

Bit indices 15-13 12-10 9-7 6-0 

Field name opcode rs rt immediate 

The I-type instruction only has two register address fields and a 7-bit immediate field, specified in the 

7 least significant bits. The specific supported instructions that have this format are LW, SW, BEQ, and 

ADDI. 

Finally, a single unconditional jump (J) instruction with a J-type format is supported and has the 

following fields: 

Number of bits 3 13 

Bit indices 15-13 12-0 

Field name opcode immediate 

The system has separate instruction and data memories. Both are double-byte addressable. That is, 

each 16-bit data sequence can be addressed by a 16-bit memory address. This also has an 

important implication on the design: the value 1 is added to the PC to fetch the next consecutive 

instruction rather than 4. Also, there is no need to multiply instruction address offset by 4 (or shift left by 

2). That was done in the 32-bit MIPs processor because the memory is BYTE-addressable and each 

instruction occupies 4 bytes. In our case, the memory is double-byte-addressable (16 bits) and each 

instruction is also 16 bits long. 



The following table provides additional information about the supported instructions: 

Table 1 

II. Debugging the Datapath

A preliminary datapath design has already been created for this architecture, however, you need to

debug it and verify if it is working correctly. This also means that the grade for this MP will be

based only on your report.

To begin, consider the following sequence of instructions and the corresponding “compiled” (bit

sequence) code. The 16-bit encoding is based on the architecture described in section I.

Instructions Opcode Func Format Description 

AND 000 0000 R-type Perform a bit-wise AND on the contents of register rs and 

rt and store the result to register rd 

OR 000 0001 R-type Perform a bit-wise OR on the contents of register rs and 

rt and store the result to register rd 

ADD 000 0010 R-type Add the contents of register rs and rt and store the result 

to register rd 

SUB 000 0110 R-type Subtract the contents of register rt from the contents of rs 

and store the result to register rd 

NOR 000 1100 R-type Perform a bit-wise NOR on the contents of register rs and 

rt and store the result to register rd 

NAND 000 1101 R-type Perform a bit-wise NAND on the contents of register rs 

and rt and store the result to register rd 

SLT 000 0111 R-type Set the LSB of the register specified by rd if the contents 

of rs is less than that of rt 

LW 001 X I-type Load the 16-bit word stored at the memory address 

obtained by adding the content of register rs (base 

address) to the sign-extended offset.  

SW 010 X I-type Store the 16-bit content of register rt to the memory 

address obtained by adding the content of register rs (base 

address) to the sign-extended offset. 

BEQ 011 X I-type If the contents of rs and rt are equal, set PC to the sum of 

the current PC value (+1) and the sign-extended offset 

specified in the 7-bit immediate field 

J 100 X J-type Set PC to the upper 3 bits of current PC value (+1) 

concatenated with the immediate value specified in the 

13-bit immediate field of a J-type instruction 

ADDI 101 X I-type Add the content of register rs and the sign-extended value 

specified in the 7-bit immediate field. Store the result to 

register rt 



Assembly  Encoded 16-bit instruction 

addi $r1, $r1, 6 A48616  

addi $r2, $r2, 5 A90516 

add $r0, $r1, $r2 050216 

add $r3, $r0, $r1 00B216 

sw $r0, 0($r7) 5C0016 

sw $r0, 0($r7) 5C8116 

sw $r0, 0($r7) 5D0216 

sw $r0, 0($r7) 5D8316 

Then, store the encoded instructions in the read-only Instruction Memory by right-clicking on it and 

choosing “Edit Contents”. In the Logisim Hex Editor, type in the instructions in hexadecimal 

representation. For example, the 8 instructions above are entered in the Instruction Memory addresses 

0 to 7, as shown in Fig. 1: 

Figure 1 

Execute these instructions by toggling the clock. At each rising edge of the clock, a single instruction 

should be executed. To help debug, I have added probes (some are circled in Fig. 2) that show the 

values at various busses in the circuit, as well as a regout input pin to the Register File. You can specify 

any of the 8 register addresses in the regout input, and the content at that register will be shown in the 

“valueat_regout” probe. You can add more probes (you can find the component under “Wiring”) to 

help you debug (or remove them if you don’t like the clutter). They are added purely for debugging. 



Figure 2 

After executing the first 4 instructions, the content of r0 should be 11, r1 should be 6, r2 should be 5, 

and r3 should be 16 (assuming that r1 and r2 are initially 0). I am able to verify these by setting regout 

to these register addresses and observing the output at valueat_regout, as shown in Figs. 3a-d: 

Figure 3a 
Figure 3b 

Figure 3c Figure 3d 



The next 4 sw instructions store the values at r0 to r3 to memory locations 0 to 3 respectively. After 

executing these instructions, click on the memory address in the Data Memory component (shown in 

red box in Fig. 4). Once selected, you should be able to type the memory address you wish to view the 

contents of. Alternatively, you can right-click on the “Data Memory” and click “Edit Contents”. As 

shown in Fig. 5, the contents at the memory addresses have been updated to the expected values (note 

that these are in hexadecimal).   

Figure 4 

Figure 5 

Your task is to verify 3 more instructions from Table 1 (other than the ones I verified above, the 

addi, add and sw), and show that they work by discussing the operation in a report. Of the 3, at 

MOST one can be an R-type instruction. Verify that the instruction operates correctly by first coming 

up with an instruction(s), encoding the instruction(s) into 16 bits, storing it in the Instruction Memory, 

and verifying that the results are as expected. Your report should include screenshots of the various 

components in the datapath showing that the instruction is successfully (or unsuccessfully) executed, 

similar to how I showed that the addi, add, and sw instructions work as expected.  

Note that if you do find that an instruction is not being executed correctly (e.g. a bug in the design), 

you are not required to correct the error, only to report it and provide a discussion on why it doesn’t 

work. You are however, free to make any corrective modifications to the datapath and fix the 

problem(s). If you do so, also document it in your report. 


