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RTL Design (contd) 

•  Last lecture: Designed datapath 
•  This lecture: Design Controller 
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Multiply(X, Y, Z, start, done) 
{ 
S0: If start’ goto S0 || doneß1; 
S1: Aß X || B ßY || iß0 || Mß0 || done ß0; 
S2: If B15 = 0 goto S4 || ißi+1; 
S3: M ßM+A;  
S4: if i>= 16, goto S6 
S5: MßShift(M,L,1) || BßShift(B,L,1) || goto S2; 
S6: Z:ßM || doneß1|| goto S0 
} 

operation 
A ß Load (X)  
B ß Load (Y) 
B ß SHL(B) 
Mß Clear(M) 
Mß Add(M,A) 
M ß SHL(M) 
iß Clear(i) 
i ß INC(i) 
 



Step 2d: Map Control Signals to Operations 
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Source: CK Cheng 

operation 
A ß Load (X)  
B ß Load (Y) 
B ß SHL(B) 
Mß Clear(M) 
Mß Add(M,A) 
M ß SHL(M) 
iß Clear(i) 
i ß INC(i) 
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Step 2d: Map Control Signals to Operations 

Source: CK Cheng 

operation 
A ß Load (X)     C0=1     
B ß Load (Y)     C5=0 and C3 =1  
B ß SHL(B)        C5=1 and C3 =1  
Mß Clear(M)     C2 =1 
Mß Add(M,A)    C4=0 and C1=1 
M ß SHL(M)      C4=1 and C1=1 
iß Clear(i)           C6=1 
i ß INC(i)            C7=1 
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B[15], i[4] 
 

Source: CK Cheng 



Design the Control Subsystem 
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Multiply(X, Y, Z, start, done) 
{ 
S0: If start’ goto S0 || doneß1; 
S1: Aß X || B ßY || iß0 || Mß0 || done ß0; 
S2: If B15 = 0 goto S4 || ißi+1; 
S3: M ßM+A;  
S4: if i>= 16, goto S6 
S5: MßShift(M,L,1) || BßShift(B,L,1) || goto S2; 
S6: ZßM || doneß1|| goto S0 
} 

Source: CK Cheng 

Multiply(X, Y, Z, start, done) 
{ 
S0: If start’ goto S0 || doneß1; 
S1:          ||              ||         ||        || done ß0; 
S2: If B15 = 0 goto S4 ||         ; 
S3:               ;  
S4: if i[4], goto S6 
S5:                  ||                  || goto S2; 
S6: ZßM || doneß1|| goto S0 
} 

operation 
A ß Load (X)     C0=1     
B ß Load (Y)     C5=0 and C3 =1  
B ß SHL(B)        C5=1 and C3 =1  
Mß Clear(M)     C2 =1 
Mß Add(M,A)    C4=0 and C1=1 
M ß SHL(M)      C4=1 and C1=1 
iß Clear(i)           C6=1 
i ß INC(i)            C7=1 



Design the Control Subsystem 

7 

Multiply(X, Y, Z, start, done) 
{ 
S0: If start’ goto S0 || doneß1; 
S1: Aß X || B ßY || iß0 || Mß0 || done ß0; 
S2: If B15 = 0 goto S4 || ißi+1; 
S3: M ßM+A;  
S4: if i>= 16, goto S6 
S5: MßShift(M,L,1) || BßShift(B,L,1) || goto S2; 
S6: Z:ßM || doneß1|| goto S0 
} 

Source: CK Cheng 

Multiply(X, Y, Z, start, done) 
{ 
S0: If start’ goto S0 || doneß1; 
S1: C0=1 || C5=0 and C3 =1 || C6=1|| C2 =1 || done ß0; 
S2: If B15 = 0 goto S4 || C7=1; 
S3: C4=0 and C1=1;  
S4: if i[4], goto S6 
S5: C4=1 and C1=1|| C5=1 and C3 =1 || goto S2; 
S6: Z:ßM || doneß1|| goto S0 
} 

operation 
A ß Load (X)     C0=1     
B ß Load (Y)     C5=0 and C3 =1  
B ß SHL(B)        C5=1 and C3 =1  
Mß Clear(M)     C2 =1 
Mß Add(M,A)    C4=0 and C1=1 
M ß SHL(M)      C4=1 and C1=1 
iß Clear(i)           C6=1 
i ß INC(i)            C7=1 



Control Subsystem 
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Source: CK Cheng 

Multiply(X, Y, Z, start, done) 
{ 
S0: If start’ goto S0 || doneß1; 
S1: C0=1 || C5=0 and C3 =1 || C6=1|| C2 =1 || done ß0; 
S2: If B15 = 0 goto S4 || C7=1; 
S3: C4=0 and C1=1;  
S4: if i[4], goto S6 
S5: C4=1 and C1=1|| C5=1 and C3 =1 || goto S2; 
S6: Z:ßM || doneß1|| goto S0 
} 



Control Subsystem 
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Source: CK Cheng 

Multiply(X, Y, Z, start, done) 
{ 
S0: If start’ goto S0 || doneß1; 
S1: C0=1 || C5=0 and C3 =1 || C6=1|| C2 =1 || done ß0; 
S2: If B15 = 0 goto S4 || C7=1; 
S3: C4=0 and C1=1;  
S4: if i[4], goto S6 
S5: C4=1 and C1=1|| C5=1 and C3 =1 || goto S2; 
S6: Z:ßM || doneß1|| goto S0 
} 
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Control Subsystem: One-Hot State 
Machine Design 

1.  Use as many bits to encode states as the number of states 
2.  To transition into a state the corresponding bit should be set high (all 
other bits should be set low 
 
State S0 is encoded as 

Source: CK Cheng 
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Control Subsystem: One-Hot State 
Machine Design 

Input: State Diagram 
1. Use a flip flop to replace each state. 
2. Set the flip flop which corresponds to the initial state and reset the rest flip 
flops. 
3. Use an OR gate to collect all inward edges.  
4. Use a Demux (or a network of AND gates) to distribute the outward edges. 

Source: CK Cheng 
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C0 C1 C2 C3 C4 
(mux) 

C5 
(mux) 

C6 C7 done 

S0 0 0 0 0 X X 0 0 1 

S1 1 0 1 0 X 0 1 0 0 

S2 0 0 0 1 X X 0 1 0 

S3 0 1 0 0 0 X 0 0 0 

S4 0 0 0 0 X X 0 0 0 

S5 0 1 0 1 1 1 0 0 0 

S6 0 0 0 0 X X 0 0 1 

Source: CK Cheng 

Multiply(X, Y, Z, start, done) 
{ 
S0: If start’ goto S0 || doneß1; 
S1: C0=1 || C5=0 and C3 =1 || C6=1|| C2 =1 || done ß0; 
S2: If B15 = 0 goto S4 || C7=1; 
S3: C4=0 and C1=1;  
S4: if i[4], goto S6 
S5: C4=1 and C1=1|| C5=1 and C3 =1 || goto S2; 
S6: Z:ßM || doneß1|| goto S0 
} 
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C0 C1 C2 C3 C4 
(mux) 

C5 
(mux) 

C6 C7 done 

S0 0 0 0 0 X X 0 0 1 

S1 1 0 1 0 X 0 1 0 0 

S2 0 0 0 1 X X 0 1 0 

S3 0 1 0 0 0 X 0 0 0 

S4 0 0 0 0 X X 0 0 0 

S5 0 1 0 1 1 1 0 0 0 

S6 0 0 0 0 X X 0 0 1 

Source: CK Cheng 
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Next week- Review! 


