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Abstract: In this paper,a new routing algorithm for arbitrary bit permutation operations is proposed combining with
the divide and conquer strategy. The algorithm utilizes self-routing characteristics of the Inverse Butterfly Network. It can
complete any N-bit fixed permutation in no more than O(1gN) instructions, and also can complete any N-bit dynamic permu-
tation in no more than O(1g’N) instructions. On this basis,a new bit-permutation unit based on Inverse Butterfly, IBPU is
developed and synthesized in SMIC 65-nm process. The results show that our IBPU has less resource consumption which de-
creased by about 32% ,and lower latency which reduced by nearly 30% compared with the similar designs. Moreover , when
it performs fixed permutation ,the cost of the functional unit is minimal , which is not more than 60% of what was previously
designed. When it performs dynamic permutation,though its cost is greater,the cost has smaller increase accompanying with
the increase of permutation width N, so it has higher stability and its comprehensive performance advantages are obvious.
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HR43) . TRIEE AR 3. 1 7 Y B e SR B ] A, Btk AT —
IHFF 4 4F , Inverse Butterfly £ iy A4 A7 58 98 ~F | [7)
B AT R T —F. PR, B9k | ASMURERE LB 2 4~ V/
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(1<T<lghN) (2)
T E% Inverse Butterfly P25 1 A 1g(N/2771) +1
PENER 1gN T A TF OB E 07 R 5.

&% 1.:generate the control bits for parallel extraction

Input:R3; //R3 :N-bit initial control bits in register R3
Input; Tyeeeeeeeeeees .//Num_step T=1,2,3--1gN -1
output: C_bits; //the( 1gN —T) x N/2 control bits;
(1) For (1=0,l<=N/2"-1,0+ +)
{
Sum_pe[ 1] = POPCNT(R3[ h x N/2" +1:h x N/2"]) ;
Fori=1,2,-,lg(N/2") //i stand for each stage
{
k=21 // the sub-inverse butterfly networks width in stage i
For (j=1,j< =N/2"*"1 _1,j=7+2)
t
q=] x k -1
C_bits(i) = RLTR(1*, Sum_pc[q])
f

|

I

f
(2)RLTR(1*,m) //1* indicates a bit-string of k ones
For (a=0,a< =m,a+ +)
{

C=1"< < <1 //the k ones bit-string left rotation one time

C"*"™//reverse the least significant bit of the rotated string C

B 1R T2 BT %) Inverse Butterfly [ 28 7 5¢ 1
-SSR ARAE I, 25 90T 5C BT e 26 B 15 B A — b 28 i
B, EARS IS RE 52 LB A0 AR B . £ Ok
TPV Ty A= R U H T R AR BT 5 0 4 i £ L B R3
(Initial Control Bits). {554 4h 2 50 R X I H A 07 &:
FeoUs (263075 14), H gt stk i ) x5 Bk
(010 110 011 000 11 111 101 001 100). 5f—yxk A
HAESE U 2 8-bit Bl Hh & 4-bit (722K &84 ) R 4-
bit (A2 &R 53 ) F A 7. A7 J5 15 4-bit TR XN —
Ve H ISR AL 17 AR 4-bit JEE X R A 0™
X d ) i — k) e 8 v e 2R A s AL 07 T
ESRLIVER o119 58T DAy R W PIVE S X1 & O
e AR AT IRV 1 A T B BOCER B
G B2 < 17, R, 88— IR IA I E (T = 1)
() 4 45 S AT LA o %of 2 i = 3 ) bk e 91 A
P AU S , 54 2 kR kP 8 B 6 — i T
B GBS, 4 :Initial Control Bits=(1 011 111101),
e 6(a) .
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TUER YL BT 2R — R VAIF A 58 iUS , 90 46 B4 1
MECERE T2, N(26307514)2K(675412
30). HRAZESE U U 1A TR, W0 06 B X
INE ) R B stk e 3 06 20 R B A Y 2
T S 2 BE IE A £ B 27 — Y UH 3 o s 1 900 1R
FEME R B, 76 18] 6 XUR AT i 45 il B A2 v, W)
TR €/ipIve DA i I RE R DRSS =X DA
(BEHIFTER) , #R AF BE AR — U H I AR BT ) 2
14 Do 2% ity 2ok — 0, AL 6 (a 1) FTEI 6 (a_2) T 7.
XA TEBEA TR A IR AR I, sl BRI AR5 — IR B JF:
BAE—AE K 7 & B R Ar N e H A Huhk 81k
LI AE 30 2-bit Bl LU S, S ARSI E, DL
AL AR RIS ERAE AR B 5 1R e 4. il 6 (b)) Fs
Initial Control Bits = (0000) #1(1010).

S = URIA I, 2% B0 o R AR AL — 3k H 93
HEFP I E S 2 i B U0 LR A I R 2%, 5E il — k|
bk F AICAL I Bl , AnTEL 6 (b_1) Br7i. SR JE R I8k 5l )
SEH 4 A 2-bit P o ZE i1 1-bie Z gk il b kil WOSUS I
B —A> 4-bit 1 R RS, BT Inverse But-
terfly P28 55— IF KA :(1000)—(0 1 1 1).

R a A AR B AR S AR R R T s, H
H R,y ~ Ry g N-bit ZFfF , MRUCHGift 1 Mg i I
P ICE ik B M HE T 51, Cq (0 < g<2") MR
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