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CS2100 Computer Organisation 

AY2021/22 Semester 1 

 

1. C Programming Language 
 
1.1. Pointer 

 &a: Address of a. 

 %p: Format specifier for addresses. 

 int *a_ptr;: Declaring a pointer variable. 

 a_ptr = &a; or int *a_ptr = &a;: Assigning 
value to a pointer. 

 *a_ptr is synonymous with a. 
 
1.2. Array 

 a is synonymous with &a[0]. 

 An array that ends with \0 is a string. 
 
1.3. Structure 

 We can directly assign by the name. 

 Structure is similar to variable. 

 (*a_ptr).b is equivalent to a_ptr->b. 
 

2. Data Representation and Number Systems 
 
2.1. Weighted-Positional Number System 

 (𝑎 𝑎 … 𝑎 𝑎 . 𝑓 𝑓 … 𝑓 )  
= 𝑎 𝑅 + 𝑎 𝑅 + ⋯ + 𝑎 𝑅 + 𝑎 + 𝑓 𝑅 +

    𝑓 𝑅 + ⋯ + 𝑓 𝑅   

 Base-𝑅 to Decimal Conversion: 

         
Division-by-2 Multiplication-by-2 

 
2.2. ASCII Table 
Refer to Appendix A. 
 
2.3. Signed Binary Numbers 

 Sign-and-Magnitude: 

 
 

 1s Complement 
−𝑥 = 2 − 𝑥 − 1 (negate all the bits) 
o If there is a carry-out of MSB during addition, add 

1 to the result. 
 

 2s Complement 
−𝑥 = 2 − 𝑥 (negate all the bits, then add 1) 

 
2.4. Excess Representation 

 Excess-𝑛 Representation: Subtract 𝑛 from every 
number 

 
2.5. Floating Point Numbers 

 
 
 

3. MIPS 
 
3.1. Instruction Formats 

 R-Formats 

 
 

 I-Formats 

 
 

 J-Formats 

 
o First 4 bits of PC + target address + 00 

 
3.2. MIPS Reference Page 
Refer to Appendix B. 

 
 
4. Datapath and Control 
 
4.1. Instruction Execution Cycle 

 Fetch Stage (IF) 
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 Decode Stage (ID) 

 
 

 ALU Stage (EX) 

 
 

 Memory Stage (MEM) 

 
 

 Register Write Stage (WB) 

 
 
4.2. Complete Datapath 
Refer to Appendix C. 
 
4.3. Control 

 Control Signals 

RegDst Select destination register 
RegWrite Enable writing of register 
ALUSrc Select 2nd ALU operand 

ALUControl Select ALU operation 
MemRead Enable reading of data memory 
MemWrite Enable writing of data memory 

MemToReg Select data to write register 
PCSrc Select next PC value 

 

 ALUControl Signal 

ALUControl Function 
0000 AND 
0001 OR 
0010 ADD 
0110 SUB 
0111 SLT 
1100 NOR 

o ALUControl signal is generated from 2-bit ALUop 
signal (LW/SW – 00; BEQ – 01; R-type – 10) and 
optionally 6-bit Funct field. 

 

 Implementation 

 
4.4. Pipelining 
 

 Pipeline Datapath 
 

 

Pipeline 
Register 

What data does this register 
receive? 
What data does this register 
supply? 

IF/ID 

(1) Instruction 
(2) PC + 4 

(1) Read register 1 & 2 
(2) 16-bit offset 

ID/EX 

(1) Read data 1 & 2 
(2) 32-bit immediate value 
(3) PC + 4 

(1) Read data 1 & 2 
(2) 32-bit immediate value 
(3) PC + 4 

EX/MEM 

(1) (PC + 4) + (immediate × 4) 
(2) ALU result 
(3) isZero? signal 
(4) Read data 2 

(1) (PC + 4) + (immediate × 4) 
(2) ALU result 
(3) isZero? signal 
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(4) Read data 2 

MEM/WB 

(1) ALU result 
(2) Memory read data 

(1) ALU result 
(2) Memory read data 

 

 Cycle Time and Execution Time 
o Single-cycle processor: 

𝐶𝑇 = 𝑇  

(𝐶𝑇: Cycle time; 𝑁: Number of stages; 𝑇 : Time 
for operations in stage 𝑘) 

𝐸𝑇 = 𝐼 × 𝐶𝑇 
(𝐸𝑇: Execution time; 𝐼: Number of instructions)  
 

o Multi-cycle processor: 
𝐶𝑇 = max(𝑇 ) 

𝐸𝑇 = 𝐼 × 𝐶𝑃𝐼 × 𝐶𝑇 
(𝐶𝑃𝐼: Average cycles per instruction) 
 

o Pipeline processor: 
𝐶𝑇 = max(𝑇 ) + 𝑇  

(𝑇 : Overhead for pipelining) 
𝐸𝑇 = (𝐼 + 𝑁 − 1) × 𝐶𝑇 

 

 Number of Cycles 
o Ideal case: 

𝐼 + 𝑁 − 1 
(𝐼: Number of instructions) 
 

o Without data forwarding: 

Instruction Delay Caused 
RAW +2 

Load Word +2 
Branch at MEM +3 

Branch at ID +1 
 
o With data forwarding: 

Instruction Delay Caused 
RAW +0 

Load Word +1 
Branch at MEM +3 

Branch at ID +1 
RAW + Branch at ID +1 
Load + Branch at ID +2 

 
 
4.5. Cache 

 𝑇 = 𝑃 𝑇 + (1 − 𝑃 )𝑇  
 
(𝑇 : Average access time; 𝑃 : Hit rate; 𝑇 : Hit 
time; 𝑇 : Miss penalty) 
 

 Direct Mapped Cache 

 
 

 𝑛-way Set Associative Cache 

 
 

 Fully Associative Cache 

 
 
 Block Replacement Policy 
o Least Recently Used 
o First in First out 
o Random Replacement 
o Least Frequently Used 

 
 
5. Circuits 
 
5.1. Boolean Algebra 

 Laws of Boolean Algebra 
Identity Laws 
A + 0 = 0 + A = A A ∙ 1 = 1 ∙ A = A 
Inverse/Complement Laws 
A + A’ = A’ + A = 1 A ∙ A’ = A’ ∙ A = 0 
Commutative Laws 
A + B = B + A A ∙ B = B ∙ A 
Associative Laws 
A + (B + C) = (A + B) + C A ∙ (B ∙ C) = (A ∙ B) ∙ C 
Distributive Laws 
A ∙ (B + C) = A ∙ B + A ∙ C A + (B ∙ C) = (A + B) ∙ (A + C) 
Idempotency 
X + X = X X ∙ X = X 
One/Zero Element 
X + 1 = 1 + X = 1 X ∙ 0 = 0 ∙ X = 0 
Involution 
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(X’)’ = X 
Absorption 1 
X + X ∙ Y = X X ∙ (X + Y) = X 
Absorption 2 
X + X’ ∙ Y = X + Y X ∙ (X’ + Y) = X ∙ Y 
De Morgan’s 
(X + Y)’ = X’ ∙ Y’ (X ∙ Y)’ = X’ + Y’ 
Consensus 
X ∙ Y + X’ ∙ Z + Y ∙ Z = X ∙ Y + 
X’ ∙ Z 

(X + Y) ∙ (X’ + Z) ∙ (Y + Z) = (X 
+ Y) ∙ (X’ + Z) 

 
5.2. Adder 

 Half-Adder 

 

Input Output 
X Y C S 
0 0 0 0 
0 1 0 1 
1 0 0 1 
1 1 1 0 

 

 

 Full Adder 

 

Input Output 
X Y Z C S 
0 0 0 0 0 
0 0 1 0 1 
0 1 0 0 1 
0 1 1 1 0 
1 0 0 0 1 
1 0 1 1 0 
1 1 0 1 0 
1 1 1 1 1 

 

 

 4-bit Parallel Adder 

 
𝑋 𝑋 𝑋 𝑋 + 𝑌 𝑌 𝑌 𝑌 + 𝐶 = 𝐶 𝑆 𝑆 𝑆 𝑆  

 
 
5.3. K-Map 

 Gray Code: Only a single bit changes from one code 
value to the next. 

 
 

 2-variable K-Map 

 
 

 3-variable K-Map 

 
 

 4-variable K-Map 

 
 

 Prime Implicant: A product term obtained by 
combining the maximum possible number of 
minterms from adjacent squares in the map. 
 

 Essential Prime Implicant: A prime implicant that 
includes at least one minterm that is not covered by 
any other prime implicant. 

 

 If 𝛼 ≠ 𝛽, then: 
o m𝛼 ⋅ m𝛽 = 0 
o M𝛼 + M𝛽 = 1 

 
5.4. Decoder and Encoder 

 

Input Output 
X Y F0 F1 F2 F3 

0 0 1 0 0 0 
0 1 0 1 0 0 
1 0 0 0 1 0 
1 1 0 0 0 1 
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 Encode is reverse of decoder. 
 
5.5. Multiplexer and Demultiplexer 

 
 
5.6. Latch 

 Active-High S-R Latch 

 

S R Q Q’ State 
0 0 Q Q’ NC 
0 1 1 0 Set 
1 0 0 1 Reset 
1 1 0 0 Invalid 

 

 

 Gated D Latch 

 

EN D Q State 
1 0 0 Reset 
1 1 1 Set 
0 X Q NC 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.7. Flip-flop 

 S-R Flip-flop 

 

S R CLK Q(t+1) State 
0 0 X Q(t) NC 
0 1 ↑ 0 Reset 
1 0 ↑ 1 Set 
1 1 ↑ ? Invalid 

 

 

 D Flip-flop 

 

D CLK Q(t+1) State 
0 ↑ 0 Reset 
1 ↑ 1 Set 

 

 

 J-K Flip-flop 

 

J K CLK Q(t+1) State 
0 0 ↑ Q(t) NC 
0 1 ↑ 0 Reset 
1 0 ↑ 1 Set 
1 1 ↑ Q(t)’ Toggle 

 

 

 T Flip-flop 

 

D CLK Q(t+1) State 
0 ↑ Q(t) NC 
1 ↑ Q(t)’ Toggle 
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Appendix A: ASCII Table (Section 2.2) 
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Appendix B: MIPS Reference Page (Section 3.2) 
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Appendix C: Complete Datapath (Section 4.2) 
 

 
 
 
 
 
 
 
 
 
 
 


