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 This paper proposes the design, implementation, and evaluation of an 8-bit 

CPU architecture in computer organization and architecture (COA) course 

for Undergraduate Computer Engineering using only Logisim simulator.  

The main advantage of using one simulator is the elimination of inefficiency 
so that students can concentrate more on the course’s content without 

spending their time just to learn how to use each different type of simulators. 

To achieve that, a simple CPU architecture is pre-designed and be 

implemented in Logisim simulator. According to previous researches,  

Mic-1 CPU architecture is chosen because it is the simplest one and can be 
easily built using many simple logic gates already existed in the Logisim.  

To evaluate the desired outcome, students are separated into two different 

groups. Each group used different type of learning media and material  

and then their examination scores and satisfaction are compared to each 

other. Every student belongs to the group that only used Logisim simulator 
obtained higher score and more than 50% are satisfied with the new learning 

process and material. Thus, it envisaged that this method will made  

the delivering learning process in COA course be more efficient than what 

has happened so far. 
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1. INTRODUCTION  

One course that becomes a basic knowledge in the field  of computation education is Computer 

Organization and Architecture (COA) course. This course is the basis of the study programme in Computer 

Science (CS) and Computer Engineering (CE) [1]. Association for Computing Machinery (ACM)  

in an association that defines the Learn ing Outcome (LO) for the course. On CE, much more core hours is 

needed in COA course to achieve the LO [2]. Learn ing media which is selected must have certain capabilities 

that ensure the LO can be achieved [3-5]. The media in COA course are mostly in the type of simulator 

software [6]. All this time, because of each simulator uniqueness, many types of simulators need to be used 

in the delivering learning  process of COA’s course, particu larly in Computer Engineering Programme [7, 8]. 

The first study that has been done is to determine the most suitable simulator software that has many features 

needed to deliver most of the topics covered in this COA course [9]. There existed many software that can be 

used to describe how CPU works. The prev ious research showed that Logisim is a simple simu lator that is 

easy to use because it is based on Graphical User Interface (GUI) to create a digital logic circuit  [10-12]. 

https://creativecommons.org/licenses/by-sa/4.0/
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Usually, there are many chapters in many COA’s handbook [13]. There is also exists many simple 

architecture of of an  8-bit CPU architectures such as Mic-1, Mic-2, [14-17], SAP-1, SAP-2, etc [18-20]. 

They are based on the architecture of Von Neumann machine [21]. The election for the best and simplest 

architecture to be implemented in the simulators for learn ing process have also been conducted in 

the previous research which results in  the choice of Mic -1 CPU arch itecture [22]. This research is  

a continuation from two previous researches. It focused on how to evaluate the Computer Organization and 

Architecture’s (COA) Learning Outcome (LO) achievement by the students implementing the Mic -1 CPU 

Architecture using Logisim simulator. 

 

 

2. LITERATURE REVIEW 

Computer organization and architecture involves many concepts where the books used for  

the learning process are related to the number of theories and little to practice [23]. Currently, most 

undergraduate students, who take the Computer Engineering undergraduate programme, have already made 

a contact with computers as a user [24]. More over, there is a very large gap to be filled to teach 

the organization and architecture of computers adequately [25]. This gap is caused by the increasing number 

of abstraction layers between real hardware and end-user-oriented applications. The old approach, to 

introduce studies on computer organizat ion and architecture, is proposed by Patterson and Hennessy [26]. 

It rev iewed the hardware section to understand computer organizat ion and architecture, and used assembly 

language and scheduling [14], while the Learning Outcome for Computer Engineering programme demands 

how the undergraduate student can design the CPU so that the computer can run in  accordance with its 

concept of architecture and organization. 

The needs of learn ing outcomes for computer engineering undergraduate students a re about four 

levels of the CPU area: processor abstraction, CPU organization, microcode, and its implementation [27]. 

Some free softwares are recommended as another alternative to improve the quality of the teaching.  

Several studies have been conducted to select software that is compatible with COA’s Learning Outcomes, 

but different chapters need a different software for simulat ion. Thus, the learning process during the current 

semester will run out just to recognize many different simulators. Some usually used simulators are:  

ENIAC (Electrical Numerical Integrator and Computer) [28], VVM (Visible Virtual Machine) [29],  

MARS [30], Logisim [10], SPIM [31], CPU-OS simulator [32], DRAM SIM 2 [33], gem5-gpu [34] etc. 

Therefore, a simulator with a specific design is needed in accordance with the Learn ing Outcome so that 

students are more focused on the content of the learning material. 

 

 

3. RESEARCH METHOD 

This section will exp lain  the methods of this conducted research. Firstly, Mic -1 CPU Architecture 

 is pre-designed and implemented in Logisim simulator to reach the Learning Outcome. Secondly, instruction 

and assesment design processes based on Bloom Taxonomy is examined. Div ision of learn ing participants  

in classes into two clusters which used different learning materials is discussed too. 

 

3.1.  Mic-1 CPU architecture 

Based on Von Neumann architectures, the inside of the computer consists of three main parts which 

is Central Processing Unit (CPU), Main Memory, and Input/Output (I/O) [35, 36]. CPU can be said as  

the brain for the computer. All o f calculation to  process data and also all of the data flow that happens inside  

of computer is controlled by this CPU. In the inside of this CPU, there e xists Arithmetic Logic Unit (ALU), 

Control Unit (CU), general purpose registers, specific purpose registers, and datapath that connects all  

of those things. In this research, the CPU to be implemented in simulator using Logisim is designed in 

the following order: 1. ALU, 2. general and specific purpose register, 3. Datapath design, and 4 CU.  

In this research, the designed CPU which is called Mic-1 will be chosen. It is chosen because of its simplicity 

and convenience. So, it is also expected that this des ign will make students able to understand and implement 

it easily.  

To design the ALU, some specification, about what type of calculation that our CPU can do, has to 

be defined. In this research, we will use the simplest things of calculation’s type which is increment, adder, 

AND logic operation, and OR logic operation. Beside of those calculation, we will also need to implement  

a data forwarding in this ALU. It is done because in the Mic-1 architecture, the ALU become the central part  

in the CPU, which means that all data flow will be go ing through this part. In specific, we will use two 8 bits 

of data that will go through one mult iplexer which has three selector bits to choose one from eight 

combination of data forward ing and calculation in the following order: 1st data forwarding, 2nd data 

forwarding, 1st data increment, 2nd data increment, 1st and 2nd data addition, 1st and 2nd data subtraction, 
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1st and 2nd data AND Logic Operat ion, and lastly, 1st and 2nd data OR Logic Operat ion. This design can be 

seen in the Figure 1. 

The second thing to be designed is about general purpose register and specific purpose register.  

In this CPU arch itecture, we will only use two general purpose register which is A reg ister and B reg ister. 

These two register is used to store two 8 b its of data that become the input to the ALU as shown in  Figure 1. 

A register is also functioned as an accumulator, the register that is used to store temporary results from  

the calculation made by ALU. Specific purpose register is also designed to meet the operating requirement 

for the CPU. Program Counter (PC) is a specific purpose register that functions as a reference  

for the sequence of instruction that wants to be done. Memory Buffer Register (MBR) is a specific purpose 

register that functions as a gate and to store the instruction or data that comes from the main memory unit  

going to inside of the CPU. Register Out is a specific purpose register that functions as a gate and to forward  

the final result of calculations to the monitor or to HEX d isplay so it can be seen by the users. The last two 

specific purpose register is the micro -instruction register and micro-program-counter that functions to break 

the user’s instruction from main memory to become micro-instructions that is understandable by computer. 
 
 

 
 

Figure 1. ALU design using logisim 
 
 

The third thing to be designed is about the numbering of control lines and the circuit d iagram that is 

used to connect ALU, general purpose register, specific purpose register, and CU. In this architecture, we 

declare 16 control lines as follows: 5 bits for next  address, 1 bit fo r jump instruction’s condition, 3 bits for 

ALU selector operations, 5 bits for write lines to general purpose and specific registers, and lastly 2 bits for 

multiplexer that forwards B register to ALU. The ALU is placed as the central part of the circuit.  

The fourth and the last thing to be designed is the Control Unit (CU). Th is CU consist of binary 

number written as a hexadecimal number that represents the condition of zero (0) and one (1) in each control 

lines described above [37]. As it name suggests, these zero-one condition indicating the active and non-active 

condition for the register and also for the operations that will be made in the ALU and B reg ister multip lexer. 

By arranging these conditions according to some instructions that is made by the CPU designer, we can make 

the circuit operates to process the data from the main memory to produce some expected res ults from  

the desired user’s instructions. The hexadecimal numbers are stored to Read  Only Memory  (ROM) as shown 

in the Figure 2. Finally, the 8-bit CPU circuit implemented in Logisim such as in the Figure 3. 

 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 9, No. 2, April 2020 :  747 – 754 

750 

Program
Counter

MBR

Register B

Register A

ALU

MUX

Register 
Out

µInstruction µProgram
Counter

ROM
µInstruction

Register

Address Jump
ALU

Select
Write
Lines

B Selector

MUX

External Input

External
Data Bus

Alu Select

Op Code

Jump

5 Bit 1 Bit 3 Bit 5 Bit 2 Bit

Control Lines

 
 

Figure 2. 8-bit CPU Mic-1 architecture 
 
 

 
 

Figure 3. Implemented CPU 8-bit in Logisim 
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3.2.  Instruction and assessment processes in bloom taxonomy 

Based on the theory of a bloom taxonomy, an  algorithm to  improve the quality of the students is 

shown as in Figure 4. There are three areas which  is 1. Learn ing Objective (LO), 2. Instruction, and 3. 

Assessment [38-40]. Th is research is focused on the Instruction and Assessment because LO is already 

referred in the ACM Computing Curricu la Computer Engineering. Th is chapter presents Instruction  

and Assessment process to evaluate the LO achievement by undergraduate CE stu dents in COA course which 

used an 8-bit CPU simulation architecture, Mic-1, using Logisim as its learning support tool. 

 

 

Learning Objective

Assessment

Students

Instruction
Delivery Self Study

Question, Report Lectures

Presentation

Bloom s Taxonomy

Course Goals

Learning Outcome

 
 

Figure 4. Learning objective algorithm 

 

 

Instruction has been made on the design of the Mic-1 simulated electronic circuit on Logisim.  

The simulat ion adapted to the LO is showed in the prev ious studies. Instruction process is conducted face  

to face in the classroom by Delivery and Self Study. Later, the result will be carried out d irectly against  

the student by comparison between two different groups using different learn ing material. There will be  

an assessment report and questionnaire which is used to assess the success rate and satisfaction associated  

to the media teaching/created simulator. 

The material is presented during the 60 core hours course. There are two kinds of students cluster 

that are divided into 4 classes. The first cluster is divided again into two classes of 40 students each with  

a total of 80 students. The first cluster is using materials with general teaching materials (books, Slideshow, 

and e-learning). The second cluster is also divided into two classes, each containing 40 students with a total 

of 80 students who use the Logisim simulator to implement an 8 -bit CPU arch itecture. So the total tests are 

conducted on 160 students. This cluster differentiat ion is made to find out about the success rate  

of the simulator and simulation usage compared with the general teaching materials. Examination on 

the entire cluster of students is using mult iple choice questions as many as 100 questions which is done in 2 

hours. The material contains a variety of topics that reflect the overall material. 

On the side of the level of student satisfaction, the satisfaction rate questionnaire is granted  

to students who have used the Logisim learn ing module. Assessment was conducted on several aspects  

of 20 questions divided into five topics, include: the relevance of the material, features in Logisim,  

the suitability of the material, clarity of information and terminology, and understanding of the material. 

 

 

4. RESULTS AND DISCUSSION 

This section will exp lain how the mechanis m of the test and the results are obtained. In the first test, 

all students either receive the material using common CPU Modules or Logisim simulator will get the same 

exam. The exam contains definitions, problems related to the analysis of the material in accordance with 

some points in the COA’s LO. In this case, the student score is  divided into eight categories. 

Table 1 shows how the categories are made. The results from the final exam from both cluster is shown in 

Figures 5 and 6, respectively. 

Because there are more students that achieved “A” score in cluster-2, it can be concluded that  

the students in cluster-2 has achieved better performance compared to other students in cluster-1.  

To get more insight, the results of both cluster is then analysed based on the level of min imum, maximum, 

average, and the standard deviation of the test’s score that can be seen in Table 2. 
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Table 1. Scoring categoris  
Symbol Quantity 

A >80 points 
B+ 75-80 points 
B 69-75 points 

C+ 60-69 points 
C 55-60 points 

D+ 50-55 points 
D 44-50 points 

E <44 points 

 

 

  
  

Figure 5. Student’s score in cluster-1 Figure 6. Student’s score in cluster-2 

 

 

Table 2. First testing result 

 
Common Modules Logisim CPU Simulator 

Min 42 52 
Max 90 98 

Average 65.175 73.2625 
stddev 10.88231 10.6221 

 

 

From the first experiment results, it showed that the minimum and the maximum of examination 

results is increased by ten. It is true that not all of them has those same results, but from the three values: 

minimum, maximum, and average, it can  be concluded that most of them have been experienc ing some 

enhancement. It also can be seen that the standard deviation is not changing very much. Thus, it can be said 

that the performance for every individual has been increased with the new learning modules. 

The second test is performed only to the students on Cluster 2 who received the material by use of 

Logisim to implement an 8-bit  CPU architecture. The tests are carried out using a questionnaire with four (4) 

criteria: less good, fairly good, good, and excellent. The results of a second test can be seen in Table 3. 
 

 

Table 3. Second testing result 
No. Criteria not good pretty good well very good 

1 The relevance of the material with Learning Objective 1% 8% 57% 34% 
2 CPU Features On Logisim 2% 14% 52% 33% 
3 The suitability of the material to the evaluation 1% 13% 59% 27% 

4 Clarity of information and terms 0% 14% 65% 21% 
5 An understanding of the material 1% 11% 65% 23% 

Average percentage 1% 12% 60% 28% 

 
 

From the second experiment results, specific measurement is being taken according to the usage of 

this new learning module related to the learning process in class. More than 50% from those 80 students 

argued that they are more satisfied from many objects significant to the learning process: relevance with 

learning objectives, features in Logisim, material suitability, information clarity, and understanding of  

the material. Connecting with the result from the first experiment, this new learning module is a lready 

satisfied to fulfil the objective to improve the learning objective achievement in COA course.  While some 

previous researches showed that many different simulators are needed in COA teaching activ ities [6, 7],  

these experiments results demonstrated that by pre-designing and implementing Mic-1 CPU architecture in  

Logisim simulator, it can be used as a single tools to enhance and obtain the desired Learning Outcomes for 

undergraduate students in Computer Engineering Programme. 
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5. CONCLUSION 

In the previous research, a Mic-1 CPU architecture using Logisim simulator have been made.  

In this research, some undergraduate students in Computer Engineering department have already use that 

architecture as a foundation to design and implement their own CPU circu it  using Logisim simulator.  

On the test that has been done, it is shown that those students have a better understanding about Instruction 

Set Architecture, Measuring Performance, Computer Arithmetic, Processor Organization, Memory System 

Organization and Arch itecture, I/O Interfacing and Communicat ions, and Peripheral Subsystems.  

The abstract nature and complexity of the CPU circuit were also solved by hands -on and making a direct 

observation using Logisim simulator. 

In the future, it is planned to implement this new learning module by embedding the Logisim circuit  

to Field Programmable Gate Array (FPGA) by VHDL language. Logisim is very satisfying to help students 

imagin ing about how bits of the data and instruction flow from one part  to other parts in  the computer 

system. But because it is still only a simulator, a few steps need to be taken to bring this logic circuit design 

to be realized in a hardware. It is difficu lt to require that every education institution who teaches COA course 

must have equipment to making an Integrated Circuit (IC) or processor. So the realizable plan is to 

implement the design in an FPGA. This hardware has the ability of flexib le programmable logic gate which 

is enough to satisfy the needs to implement logic circuit design of the CPU. 
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