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A Design and Implementation of High Speed
Hardware Sorter with Reverse Radix Method

Hee Soon Park ' - Jong Yun Chun ™' - Hee Sook Kim 11

ABSTRACT

Radix sort scans the data twice in a pass, to scarch bit Os of the items being sorted and store them into the
lowest address, and to scarch bit 1s and store them into the following addresses. This doubles the sorting time.
In this paper, we introduce Reverse Radix Sort Algorithm, in which the data bemng sorted are sacnned just once
and write upward from the lowest address if it is 0 and downward from the highest address if it is 1. The algor-
ithm is simple and the hardware sorter implemented by this method shows very high sorting speed. Hardware
implemantation requires 1wo separate pocket memories, register, an upward increasing address counter, a down-
ward decreasing address counter, and comparator. The software simulation of Reverse Radix Sort Algorithm
performs sorting in the speed of 54.9ms per 10 thousand of 8 bit digit data, but the hardware sorter spends 5.3
ms to sort the same number of data.
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[ ¢t22]& 1 Reverse Radix Sort Algorithm
procedure reveseradix(N, b integer);
begin
for pass=0 to dataFields do
begin { pass n }
if (slr and $AA)=1 then
begin { MA -—-> MB )
Teua=Dcua: Teda=Dcdal
Dcua:=0; Dcubi=0; Dedal=N-1: Dedbhi=N-1;

far Dcua=0 to Dcua<Tcua do Dcuar=Dcua+1;
{ upper address, or 0 bits }

if (MA[Dcuz] and skr)=0

then MB[Dcubl:=MA[Dcual, Deubi=Deub+1;
else MB[Dcdbl:=MA[Dcual, Dedb:i=Dedb-1;

for Deda=0 to Deda>Teda do Dedar=Deda-1.
{ under address, or 1 bits }

if (MA[Dcda] and slr)=0

then MB[Dcubl:=MA[Dcdal, Dcub:=Dcub+1;
else MB{Dcub]:=MA[Dcda), Dedb:=Dedb-1;
slr shl 1

end; { MA ——> MB }

else
begin { MB --> MA }
Tecub=Dcub; Tedb:=Dcdb,
Dcua=0; Dcub:=0i Dcdai=N-1; Dedbi=N-1;

for Dcub=0 to Dcub<Tcub do Dcub=Dcub+1;
{ upper address, or O bits }

if (MB[Dcub] and slr)=0

then MA[Dcual:=MB[Dcub}, Dcua:=Dcua+1;
else MA[Dcdal:=MB{Dcub], Dedas=Deda-1;

for Dedb=0 to Dedb>Tedb do Dedbi=Dcdb-1;
{ under address, or 1 bits }
if (MA[Dcdb] and sir)=0
then MA[Dcua]:=MB{Dedb], Dcua:=Deua+l;
else MB[Dcdal:==MA[Dcdb], Deda:=Dcda-1;
slr shil }
end; { MB --> MA }
end; { pass n }
end. { reverse radix }

3.5tE80 7 H 7ls

2739 A AAE d3dFes BAY F e =
fAAE FAE7 d3to stFie FFie &
A e AT 5+ de F7F 2 T4 FILEHE 4AF
8, zt # 2ojtiel ndA ¥ E (07 DE A4S
@ 4 9l v =4 A (comparator)2} 0 Ho|E s} 1 dl
|89 £+ HAY F Y dA2HE A}

3.1 ofgbet (A Steglo) FEI|e 24

(249 32 4AE =] FARY, 4T 4
o} S9F4e A4S B33l 4709 Load/Count
gz ~E 8t ALY do]HE B 2719 vwg
9 dA AP A ¥ ES ¢T3 8 RS
#HIAE e A=Ze AL Ao 2 =d
A ESE TR

g3 A2 sleds AP s ME HoHE
Y £ AA FAE Aok HAE E7E dold
2] gig3 2RE dolHe 2P F HAFH
e, A A4 EPA o2 G



A ude B =ide

UeAs wat] Doy 15 ToE)

Up{D's it} Down(1 % bt}

(212! 3) Sledio] AT
(Fig. 3) Configuration of hardware

3.2 Address S| 29 HIX|AH 71E 9 7S

MHE= A9 T4 23 = ~E(Terminal Count
Register up A/B:TCuA/TCuB)

TCuA/TCuBE 2} sj2nlc} g9 51]%7} zZy
F ¢ E B OHEE 7|12 Ze volH &7
#ake WA 2otk R WA d¥H= iﬂ]:‘:(Pass—
0 7% TCuA/TCuB:E F AFEHZT-E v 24
2= gold 48 "ol $48 BdL. A&7}
A3 == £ TCuA/TCuBs] BaH dojee 4
=dAEA g=

TCuA/TCuBd 2&Ho U A2 delge &
£ d A #A3 Fo vz A e Hely
E Read-WritestH A =7}, 749 DCuA/DCuB2}t
H| 2l OHEE F12 Z+ Heleg FEel BF
Z3=AE ¢ F It TCuA/TCuBE= 28] s&
F3o] TUR HEE 71E e vlo|E e FFE
R g

@439 4 23 #x2E(Data Count Register
up A/B:DCuA/DCuB)

ABE dolErt AFE FollA € 0 ¥ EQ doH
o YA read F48 JLEFY, AEE vlolH} A
e ZoA 0 ¥ EQ doge] B FLE FHE

]
1
>
o
Iz
2
19
o
H

& SIEQI0] B9 A H P8 995

E gk}

z} #29] 7)o 0HRA 2 ZejA=E AT ¥ ET}
091 diolgj7t A" wuich 14 F7HET ¢old
W27t Bm o A2 AEAd #%9 DCuA/
DCuB Zh& 090 ¥]E9] F5o|22 o] Z& TCuA/
TCuBZ EA}&a, o8 29 HF vloly 4+ vx
Zoz AHEET

G HE 39 F4 B G A2 H(Terminal Count
Register down A/B:TCAA/TCdB)

TCdA/TCABE TCuA/TCuBst At 7158 &
= YASHEN TCIA/TCABE $¥l 9 w27k 2d
¥ 72 E @ IME dolHg FFE BasE A
£Elo|th. TCAA/TCdBe] AZd HeolH 9| T+
2 73 % DCAA/DCdB&} ¥l s o] F gho] F4
o ¥E7} 19 HelE 9 Ef(Read)S BN U
A2z WY@t |

@Y F4 233 9 2E{(Data Count Register
down A/B:DCdA/DCJB)

2 9 7153 AR, 190 v EL] do]ert B
#HE F4E FHEHEE AALHelth A2 2719
REHES 12 27d83 EF2 delHt 432
o vk} DCAA/DCABE 14 Z4ge, o 27 B
H %< DCIA/DCAB #@se] e & TCA/
TCdBE Htx]2 th-g& #H29] HolH readd HF
o= Apgdrt

65)49 22 v]327|(Comparator up A/B:CuA/
CuB)

Wz AdlA BE AP M2 W A read
HE "olE e F4 DCuAd HE T4 TCuAst F
ATME Websle TUEHA CuAs 12 4P
CuAvt 12 44 Hd 09 Hole e Fdo] ExtSS
a2, 141 HiolE 9] 3 Ho] A Fdr}.

CuBE DCuB% TCuB9] AHE| & uix3o] CuAst
9% Fag 5hu w2 AdA BR FAHE A
9 o fE8ct

6) 31§l =2 v :7]|(Comparator down A/B:CdA
/CdB)



06 =FEMRIEE =E A MIH Hl 4%=(96.7)

g4 JAYPHe ¥Ert 12 dolHe HEsHd,
CuA/CuBS}t #A1e 71%€ @t CdA/CdB7H 12
AR 9 H e Fho] Brdn

3302 s=e| XAl 7|5 2 7l

(1) | =2} (Memory A/B:MA/MB)
ERE volHs} 27E HolHE nase Wz
24 WE $5 F29 Z7e A3Y dolg ME
%, @70 BABT

(23 g A o] 45 (Sort Control Signal :SCS)

AE Aol AEe A A F4 dolH ] HES
0914] 1914 #e3ty, a9 volHE AFAE v=
2] 2] 39 F2(0HE dolE)dl Bad RAUA, 44
F2(1HE do|H)e BAE AAAE Aoldict.
g Ao dEe g@A [P EA dole ] ujesd A
AYF A2 AFE Q49 Dot AL A= 4
ZE SLR A &84 947 detth

)= E A =E A2~ (Shift Left Register: SLR)

dojg HE 5} F4d% WE 4£5 7= SLRE
A AYPH3 Qe sj2r 2 AR 20 E ¢
% ), 2719 SLR+ 12 43§ £ 2 028 A3
3, e A2vt 2 depd 4F o2 [HEH
o] E#t}. SLRE ¥ E F 19] 93] = ol oH 9 read/
write?] TekS F AR} SLRE 12] X7t 240,
24-) 9 %& e MAA HolBE readdte]
MBej A5 (MA MB), SLR2] 19] $]RA7t &5
(1,3,5) 914 & "= MBoA dlo]HZ Read
gted MBel| A FATHMB MA).

4. ojutst BlelA SEH0] HEvle| Sxt 7N

4.1 77|15 o
F AR st=deo] FE79 dele] &S o}
L3 2& 278 GAE A

@A 1. A=z EFE volHse F IAFHERH
memory A9 load§Hc}.

Al 2. memory A€ dloB €] & 7% DCuAd] A
k. "

27 3. SLRe] A3l v EE 12 4%}

A 1.239] 2718 HBF o] ol FolA F, F HF
HdA A8 A7 A50)7} 10)H FE7= (29 4)
o Ze FE5d nE SYPHA F24E FA "ol
AY Aol g3 FY I JIWE 12 434
He, F+ FHFEHZ AF 43 dolHst dddc).
Yo FAREL FEE NE NS Fp@=0,2,
-)d wolx, 39 REL Ef(n=1,3,5-)Y w9
Fgoltk(H Ee] W el AL AEE FY). 47
¢} & AA e o5 Pt

42 == A

4.2.1 A2 0

MAGA dolBlg glolM MBel B, Agste
HFFoE 7 HA2HEL b3} o] 271849 o
DEERE LN

TCud+~—DCud, TCdA+—DCdA
DCuAd ~—0, DCdA ~—1, DCuB+~0, DCdB~—1
FDCuA=TCuA) and SCS’
then read MA[DCuAl, write MB|DCuB]
DCud=DCuAd+1, DCuB=DCuB+1
if(DCud=TCuAd)” and SCS
then read MA[DCuA), write MB|DCAB]
DCud =DCuAd+1, DCdB= DCdB-1
if(DCAdA=TCdA) and SCS’
then read MA[DCdA], write MB[DCuB]
DCdA=DCdA-1, DCuB=DCuB -1
i (DCdA=TCdA) and SCS
then read M A[DCdA], write MB|DCdB]
DCdA=DCdA-1, DCdBR= DCdRB-1
if (DCuA=TCuA) then shr SLR

DCuA W&2 F22 MAYA HeHE ¢z 4
2g vEE H3H vEs €t o] ¥ES} 00"
DCuB®] gre A= o] MBel sz, 109
DCdB9] #2 F4=2 3o MB AAgt) <o
DCuB FAo AAsPYed DCuB+—DCuB+1,
DCdBe] A@Astged DCdB«DCIB—11& 43
ik kg A 2Y dolH e FAMDCAE 1 SHR



od
=

Lomd MA with {5in}
Laad (M ouA with n
St SLR with 1
bal and Swan

TCwA = COCua, TCda — OOdA I

i

CouA — ANOs, DCHA — AN Ts
OCuB — AN Ox. LCaB — Al 12

>

B~ A0 of2t I SISRI0 FETIO) M B T8 997

O

tal Up D Ena 7 =

| Faad MA, Wiite M2 J

D Dt End 7
I Read MA, VWnte MB | Shift Laft SLR

Py 3

l Increment/Cecrement I I

Incrament/Dacrament |

R R
+
TCUB ~ DCUD, TCID — DB
l |
4

DouB — all s, OCAB — All 1's
DCus Al Ors, DiCas — Al e

M

bl Up Datn End 7 =

I Fond MB, VWrte Ma |

4

I Incsrecvent/Derc e mant l

L

(O 4) ddbst gi=l~ sl=go] HEr(e My s5E
(Fig. 4) Flowchart of Reverse Radix Sort

o AEE Helre ¥4 #dEr] 9%ke] DCuA=
TCuA #Helgith T gho] 2x god ohg WA 9
HolHE go] FF g vtEay, 2oH DCIA WE
€ F£42 8td MAA HolEHE glo] 99 3434
7ol MBel| HelE & A E 8} DCIA=TCdAo|H
g dart ¢EdG. #2098 FJ$E DCIAY
TCdA7} 7] wio] SLRE& BH|E gF o2 ofF
Al715, 2= 1 T2 gt

4.2.2 21
MBOA HIOIEHE glolx MAS) HE, A=

FHom 7 ARN2HTL D3t Do) 27189 o}
dazgae ag.

TCuAd+~—DCuB, TCdA~—DCdB
DCuB +—~0, DCdB+-1, DCud 0, DCdA+-1
if (DCuB=TCuB)’ and SCS’
then read MB[DCuB), write MA[DCuA]
DCuB=DCuB+1, DCudA=DCud+1
if(DCuB=TCuB)’ and SCS
then read MB{DCuB], write M A[DCdA]
DCuB=DCuB+1, DCdA=DCdA-1



978 TIRTEKEISZ =X M3 M 435(96.7)
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{Table 1} Sequence of microoperation

A H Microoperation

S0 | 2713

g1 TCuA —DCuA, TCIA —DCdA
52 DCuA =0, DCdA=1, DCuB=0, DCdB=1
S3 | Nothing

54 Read MA, Write MB

§5 | Increment/Decrement address
86 Nothing

57 Read MA, Write MB

§8 | Increment/Decrement address
59 Shift Left SLR

510 | TCuB+—DCuB, TCdB —DCdB
Sl DCuA =0, DCdA=1, DCuB=0, DCdB =1
S12 | Nothing

$13 | Read MB, Write MA

S14 | Increment/Decrement address
S15 | Nothing

$16 | Read MB, Write MA

%17 | Imcrement/Decrement address
$18 | Shift Left SLR

§19 | Nothing

520 | END

Dy=56- ¢+87+59+510+S11 +812+513 +514-+517

faLEe) &8¢ 32 oS FHE 23 AX
Aol7]2] &8 S0--5202 F=Ho] FH719 Address
82 ¢} Memory® 28 Alojste A&7t Arh

6.2 Address & =2 A
o] AE7 Y FAEE MAY HFHF 4, 5
g0t MBS AAFL, 8154 & 4718 F4F

VTt~
G\quidl_" cnner gererl - BANY
BUSked — Tegister register
RE-aich P
-
compEralar ahﬁ;ﬂ:s -
7043

(33 6) ol=g|lAgo| Bl A AE HEY
~ (Fig. 6) Register configuration for address circuit
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Initial=S0 - 82 - S11
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(Fig. 7) Register configuration for memory circuit
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(Fig. 8) Sorting performance.
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