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Abstract

Von Neumnann architecture suffers from the interface between the central processing unit and the memory, which is
called “Von Neumann hottleneck”. In this paper, we propose a scalable general-purpose associative processor (AP) based
on content-addressable memory (CAM) which solves this problem and is suitable for the search-oriented applications. We
propose an efficient instruction set and a structural scalability to extend for larger applications. We define twelve
instructions and provide some reduced instructions to speed up which execute two instructions in a single instruction
cycle. The proposed AP performs in a bit-serial, word-parallel fashion and can be considered as a 32-bit general-purpose
parallel processor with a massively parallel SIMD structure. We design and simulate a maximum/minimum search,
greater-than/less-than search, and.parallel addition to verify the proposed architecture. The algorithms are executed in a
constant time O(k) regardless of the number of input data. .
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O Write A8l Peol: CAM o#lolo] HolElg 2

= FEo WA wix ddg FIEA gomz
Bgololn. YE2 o fEd g2 HoHE 2& CAMd A%d dolg 3 Ash= HER g5
Ro] 7hssie HE @98 AYHQ A7} 7hss 2 Wxg 9% ¢ doh
o PEIA E9she ghe =AY HO2 ©]83 O Read A¥9 WHol: CAM ol X34 dolHE @&
22 ggg A8 Hert sbsdid o| 3tE wlo] ol st 4 gojlle BHYololth CAME F24
Bls} nj2a 2 AMEEA AT ¢ Jov npaasg E44 ¥4 MRR Ed9 £8¢ 9= dgyoz
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Tablel. Instruction format

31 BV 2712 2By24 2822 21] 20419 1817716 9 8 7 615 0

OP_code | rspreg | selvec | dsrc msrc | dir] GPLB |mpat | mptbit bitpos

E - 2 "WHEHOe Zt 949y
Table2. Instruction fields

Instruction field | bit size Description

OP_code . 4 |¥EAY FF (12 74AD)

rspreg 2 |match, move 43 A] response register ¥ (R1, R2, R3) - _

selvec 2 |CAM rowE A93}7] 9% select vector (match result, GPLB out, MRRout, all select)
dsrc "2 |data source A# (all ‘0", data register, input data, all '1')

msrc 2 mask source 218} (mask register, fill pattern, mark pattern, mask register & pattern)
dir 1 |shift 53 A] W& M€ (up, down)

GPLB 8 IRL R2, R3& °]&% %& A4 (8719 minterm on/off)

mpat 1 |mask pattern A9 (fill, mark)

mptbit 1 fill/mark patternell Al A1g-€ HE A4 (1, 0)

bitpos 6 mask pattern 4% 2] bit position address (0 - 31)

E 3 @0l 2uAZ ¥ 8¢
Table3. Instruction cycles and their usage

Instruction # of cycles Description
nop 1 nop
write 2 write <selvec>,<dsrc>,<msrc> [GPLB] [mpat, mptbit, bitpos]
match 3 match <rspreg>, <dsrc>,<msrc>,[mpat, mptbit, bitpos]
read 3 read
shift 2 shift <dir>
move 2 move <rspreg>,<selvec> [GPLB]
select next 2 snext
write shift 3 wtsht <selvec>,<dsrc>,<msrc>,<dir> [mpat, mptbit, bitpos]
write select next 3 wtsnt <selvec>,<dsrc>,<msrc>,[GPLB],[mpat, mptbit, bitpos]
write column 2 wtcol <selvec>,<bitpos>,[GPLB]
read shift 3 rdsht <dir>
read select next 3 rdsnt
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g W oo,
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A, =EEF A 59 SEERIAE oF
g % ot o] 7HX9 #E FHEEE Quad BEVL
83t Quad 7129} 0% 10)9J0] *(don't
care), N(never match)®] #g F7}ste] #4349 7|&
9 Quad BE WA A AP Ao F Y=o
Quad A7) A =gl Flet] 7H
FAEY B =2olMqE F7te) s=go] glo)l A
T A dxguto Quad
HE9] CAM H=& F AX 8 21 /M9 Quad g%
zron Hdt= dole e nlra g HA3 AR
&3t H Quad E=9} Zo] F&8A "ot

1
res

=
RrEES

REE A

o3l

E 4 CAM Quad ¢lZY
Table 4. CAM Quad encoding.

ith CAM bit (i+1)th CAM bit Quad #
0 0 ' -0

1 1 1
1 0 *
0 17 "N

E 5 Quad 2= ofx| ®ol&M:otA3, D:lolE)
Table 5. Quad mode match table.(M:mask, D:data)

match value

0 1 * N

M=1|M=0{M=0|M=1 | M=1|M=1|M=0| M=0

D=+ | D=0 | D=1 | D=* | D=+ | D=+ | D=1 | D=0

o 0folo yes o . yes no .
E 1f1]1 no ves yes 1o
§_ k1 0 yes yes yes yes
tc‘:b Nio|1 no no yes . no

A9 =, L2
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A2 4L F Yok Aot wepy Frtel =gl
glo] Quad A& 3 Uk

V. 44 ¥ A5

=24 e W& APt VHDLE AA o
Modelsim #7394 7)5¢] HAFH[AY §F o 24
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ol ¢ Foltt. MSBY-E LSB7HA e g o]
ult} § B EHR T3 o)X E 3)sHA] dewE ) 4
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Max_srch():
-mask = Ox7Effftff; # set mask value
data = Oxffffffff; # set data for match operation
for i=0 to 31 do { ’
call_Max();. # function call for minimum search
if{no_responder) call_Elim();
mask>>=1; }
call_Read();
call_Max():
R2 = R], # store Rl in R2
R3 = match(datamask), # find entries with ‘0’ in i-th posxtlon
Rl = R1 " R3, # refinement
call_Elim():
Rl = R2. # restore old response vector
call_Read():
result = CAMIMRRout). # read out result
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Fig. 7. Maximum search aigorithm.
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Fig. 8. Timing diagram for the maximum search.
Vold Y WERE A9 £5 2+ AHE F oo canionn:
o2 Yo ur3ulE ke BEstel og HEd A_mask = Ox{Iffffff; # set mask value for A
o _ _ . B_mask = Oxffflffff; # set mask value for B
stad S APgt vpx etz AAE F Fs Ao C = OxFfteefl; # bit position for result
HAdigtoln HkgHlE Fo] 19 JdEFYS} F 7 o)A data = Oxfffffftf; # set data for match operation
= v o call_Clear();
dedd 25 22 golth for i=0 to 7 do {
1 KX AN o z9 283 Elo]q call_Add(); # function call for parallel addition
% 8 &ltﬁﬁ- = E}—LE] L E} I8 E} A_mask <<= 1; # shift A_mask for next iteration
olojaol HoA 8 H|E dHlolE 8 /B o] &3y B mask <<= 1, # shift B_mask for next iteration
27 = < <<L=1; # shi fi i i
}é]tg_sl_ﬁq m }\] Z_l_’oﬂ move Dc:)‘ 330_17}_ QEBE]O'] Tll\] C 1} shift C for next iteration
el R1 #ARAZE7ZE AR T2 A gk T2 A7t call_Add():
. R2 = match(data,A. mask) # copy a; into R2
ma A Al7 olE]E o » '
match B3 o7} A3so] T4 |7+l CAM o] € =9 R3 = match(data,B_mask), # copy b; into R3
TAA B EE3} matchd 2721 101111110] R2 #A A Rl = (RZ’RI+(R2Z'RU+R3RL), # for carry-out
N R3 = R2"RI"R3+R2"RI"R3+"R2ZR1"R3+"R2"R1""R3, # for sum
E'] °ﬂ X'] %‘Q_E}‘ TS5 ’\] Z_]_‘O]] move Doiaoio']ﬂ' QEEE]O'] CAMIR3] = {C]. # copy R3 into ¢; of CAM word
T6 Al7tel R2 #lA2E 3k Rl dXAH gL AND AL Cloart
N call_Clear():
& Aol 101111110 R #XAEo 439k SR Ri- 0. # dlesr cary-in
[} = "/ o A = R .
MTO9 #°] € ¢ '’ o]22 YA match® move: a2 9 W oM guals

Fig. 9. Parallel addition algorithm,
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