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From Theory to Application
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Island-Style FPGA Architecture
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Mathematical Foundation: Function Decomposition

o BARIE: AIRELREER f 2. K0/NTHTOVY G HICHEIT %

o REBLH (X1) vs BRZEH (Xo): AWZH X =20t v MMZHE,

o BFEISIE: THEMEE (Column Multiplicity p)o DfRRICHITS TERBHNEZ—2) OBHEIRRIELZIRET 5.
o ESRH: 0y VBOBRREUX [log, n] TRE S,

S35 (Decomposition Chart)
Xi

0]0 01 10
00 X1 —>
X, 01 f(X1,X2) Xo
10 X, —>
11

Width = [log, p]

I
p: Number of unique column patterns.
(=2 in this example)
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LUT Cascade Structure
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Efficient Synthesis: The LUT Cascade

e Key Attributes
o 181E: LUT (XE) Z=—3I 8. EEN BN TR,
e 27—V T 1. Fzml- IR 51 LUTEUIER n (Xt L THRAZ (O(n)) (LR,
o LILEL (Rail Width) w:
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HEHEDRE : CRE (The C-Measure)

Definition: C

B

g (u): ANZERBDIEFZEE LR, H5p 55038

#t: u(f) = max ()

Criterion: u ﬁf]*é L = LUTAH X — FTRIRA&E (Feasible).
p DRIV - tDFEDKE (Infeasible).

Column Multiplicity p,
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Complexity Profile Graph
<« *C-Measure (p)**

Variable Cut Position

Infeasible
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Optimization: Smart Encoding Techniques

SRSt (Standard) FERBENFF S (Smart)
FEMERIC—EDI—F%Z8IDEHTS (Safe but Redundant) . BELhAREHETI-FERETS,
o
a1 ek
Compression [E"E B
Encoder — SN Encoder
—>10 —
. 4 % —> 1X
"
Result: 2 Wires Required. Result: Reduced Wires / LUTs.
Rail Width = 2 Rail Width < 2

R: PREBZ ANEREDOLDICERL.

LUTZ I (Algorithm 6.3.1),

Wires — Wires (Optimized) sz
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Feasible Functions I: Symmetric Functions

Definition: ZHZ B L THHAHPEHLS BV (F : SECREK. N7, NH) .

C-Measure Property: u(f) = n+l1 (Lemma5.3.1)
EHEIE n (X L THREICLHEZ B

Result: 15ZHOXIFREE — HI D 13{ED6-LUT TEIFATEE,

6-LUT
X3i— EEE_!—} P g
> 6-LUT [
6-LUT
: D 6-LUT
: : 6-LUT [~
> 6-LUT ]
r ﬂ r 6-LUT ——>

Weight Counter / Adder Circuit

Linear Growth O(n)
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Feasible Functions ll: Sparse Functions

Definition: EIRERICEWVT. HAN '1' L BRBIANNE =2 (EH u) HHRD THAVEE,
Bound: u(f) <u+1
Implication: 5 >4 L7 GmiBIXEECA. BEHFD "FENT—VRE] BHARXT — FIC&RE.

Input Patterns Output (f) C-Measure vs. Weight

00...00 ) A
HH. g -B‘l .ﬂ i i e e B o e e R i o, e i b
00...00 0 Random Logic
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00...01 0 3
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LI : Sparse 5| | AL [ EfidencyGain 1
00...10 1 Al o
01...01 0 Distribution S
01...10 0 =
10...01 0 O | AR
10...10 0 < L e e e e e e
10...01 0
10...10 0 Sparse Logic
T, (4] 0
kil TE 0 . >
gl 0 Weight (u)
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The Killer App: Index Generation Functions
Problem: RGN MILES (IP7RL X, 2—HID) Z%hEMICEELLY,

Solution: E8AZ7 MLz ERIEBEZ £ LTHRW. XEVEKT B,
Definition: AZIDEFERZ PILE—HThIETr Ty IR 2H . F—HE 50,

Sparse Input Space (23?) Dense Indices (1, 2, 3 ... k) I
1011001010. .. 1
ﬂﬂlﬂilllal - ] s g
.o ﬁ Logic Synthesis ﬁ
1100100011. .. ¢ (LUTSs) g
0101011010. .. G B
K

From Sparse Data to Dense Logic.
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12 —2v bDOBOFEHIT : Longest Prefix Match (LPM).

$E3k (Traditional TCAM)
TCAM
: I |
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Decomposed Logic
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LPMBEABDCREIL u < k+ 1 (Theorem 7.4.1),
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(Terminal Access Control) (Periodic Table)
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Atomic
Number
(e.qg., 26, 79)
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(p, @) %&F: p-input, g-output memory block.

A

b p
Larger p = Fewer stages, [:‘H | ¥’
Larger total memory.
Smaller » = More stages, g
Smaller total memory.

Design Space Trade-off

Speed (Stages) Area (Memory Size)

<&— Trade-off —>
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Quantitative Results & Theoretical Bounds

Case A:
n=10,
Weight u < 47

' Case B:
n=12,
Weight u < 95

Required 6-LUTSs:

<15

Required 7-LUTs:

<23

LUT Count vs. Function Complexity Comparison
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Case A Case B
Function Complexity

Signal Red: Brute Force MUX
International Klein Blue: Optimized Cascade
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“Memory is Logic. Logic is Memory.”




