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Performance index

• Computation complexity
– Time cost for software

– Area cost for hardware

• Memory
– Storage requirement for software

– Area cost for hardware

• Quantization error
– Finite precision arithmetic

– Rounding and saturation

• Computation path
– Speed for hardware
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Chap 9 Structures for discrete-time 

systems

• 9.1 Block diagrams and signal flow graphs

• 9.2 IIR system structures

• 9.3 FIR system structures

• 9.4.1 All-zero lattice structure
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Block diagram vs. Signal flow graph
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Block diagram

(implementable)

Signal flow graph

(mathematical)



Transposition theorem
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Transposed form will be an equivalent structure if

1. Reverse all branch directions

2. Replace branch nodes by summing ones and vice versa

3. Interchange input and output nodes

Normal form Transposed form

(flipped)

9.1 SFG

v[n]



Direct form I (IIR)
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Mul #: N+M+1

Delay #: N+M

Path: Tm+max(M+1,N)*Ta



Transposed direct form I
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Mul #: N+M+1

Delay #: N+M

Path: Tm+2*Ta

(all-pole) (all-zero)



Direct form II
(Canonical direct form)
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Mul #: N+M+1

Delay #: max(N,M)

Path: 2*Tm+(N+1)*Ta

(all-pole) (all-zero)



Transposed direct form II
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Mul #: N+M-1

Delay #: max(N,M)

Path: 2*Tm+2*Ta

Mul #: N+M-1

Delay #: max(N,M)+1

Path: Tm+2*Ta

OR



Examples of 

direct forms
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Cascade form
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Conjugate pairs

for real-coefficient 

systems

Can reuse same function 

(SW) or module (HW)

(non-unique pairing)



Example of cascade form
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Timing path accumulated

Quantization error propagated



Parallel form
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(unique expression from 

partial fraction expansion)

Timing path paralleled

Quantization error summed



Example of 

parallel form
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Direct form
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Normal form

Transposed form



Cascade form

EE3660 Intro to DSP, Spring 2020 169.3 FIR



Direct form for linear-phase FIR
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Type I: M even, symmetric

Type II: M odd, symmetric

Type III: M even, anti-symmetric

Type IV: M odd, anti-symmetric



Direct form for linear-phase FIR
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Type I: M even, symmetric

Type II: M odd, symmetric

Type III: M even, anti-symmetric

Type IV: M odd, anti-symmetric



FIR example
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Direct form

Transposed form

Direct-form

linear-phase



FIR example
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Cascade form

Cascade-form

linear-phase



Polynomial Lagrange interpolation (Chap7.3)
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Substitute IDFT for x[n]

Reconstruct X(z) by DFT sampling



Frequency sampling form
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Real-coefficient system



Frequency sampling form
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Implement FIR using parallel IIR

Pro: could use fewer MACs; parallel form

Con: unstable (use r<1 instead)



Example of frequency sampling form

EE3660 Intro to DSP, Spring 2020 249.3 FIR

Only 9 multipliers required (17 for linear-phase form)



All-zero lattice structure (FIR)
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Recursive solving for lattice coefficients
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Recursive solving for lattice coefficients
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Build recursive formulation on Am(z) and Bm(z): 

Recursive formulation:



Recursive solving for lattice coefficients
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𝑘𝑚−1

𝐴𝑚−2

…

Initial condition

Until solving k1


