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19 3.1. Configuration of SoC.

3.1.1 7HAJol & &4
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MM F=2 dolHE waA AqAx=sta deo] 7] fa ARSEARL
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19 3.2. Linear address map.

A WE FA2E 1 (Tag), 219~ (Index), 7HA] *E (Cache channel),
QA (Offsep o2 WEat)y 18 3.3 714 kel A717) 64l EQ 7 $-9]
dojtt. o & S0 EWRAM 99 A9 FAE 0X240°]th. 0X240(0000 -+ 0010
0100 0000)2 7HA] AE 12 wdH 22 ERAL @« 7HA 1o Eddr). v
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7 6 5 0
(a) Cache map | Tag | Index l Cache I Offset |
« Channel -»< 64 bytes
7 6 3 0
(b) Memory map I Row ] Bank I Column I Mem Column

19 3.3. Example of cache and memory mapping.

3.2.2 LIAMS] A4

o ofel Ae Ea) of Ael Fbsste] Wmelt waH o 2
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1% 3.4. Raster scan. 1% 3.5. Vertical scan.

3.3 DRAM

DRAMS AFE e} b2 gAY AR F2 AMgHE F7|9%44 §9 F
stifeolth. DRAMS dlolElE& AAstal Hshe d AMgEw, HFE e
tlole] Aol 4ol 9t v}, DRAMS 7 7] el w2zg] Ay
o] AL dolE HEE Aste d AMEHTE 7 AL e AstE AvA
Elo} ERXAHRE FAE ol Ao AEHE AvAIEC AgE date] Fol
el Ao WstETh ojelg AEo] Bo WMAF o|Fi 7 WAES 59X
o2 ZAEsn FAd AT ¢ Ak dolHE AAY & o da= WAES A
gstoiof s=d WMaE 9= 29 (Word line)oluy BIE 2421 (Bit line)S &3

ggetsar ddskd Ao dolHel Aod 4 vk ofH 3 WA e Y
A& 7hsstAl stel dHelH A< HE& w2 e d =ws o 28y
sAlol ol WA st s A WA 3P FEo] AT & vk o= AT

W7 2ol PFEB o]|F3 BIEo] Eo] DRAMES o|&t}. DRAMES 13
3.67 Zo] HEZ FAEZe S} AL AAH] Ut} HEY AEEHE Z2A

A EE e FAEEYH AR HIstEhe 84S Wi o] 24 54 F
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(Refresh) #Ztgdeo] sl e AEZDE olg 3 gz F7]E A3
a1, 23 79 DRAME 73Al8ic} w3k 2 Alx~® 4 Q49 wme] 71He]
8240 dolg HAES A o= FI HolHE ety How Qu & S

Memory
Bank 3 Bank 3
Bank 2 Bank 2
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! ! ! ! ! l l ! Channel
5 s| T T Array 11 5| T T Amay T - Memory
E 2 2 Controller
3 3 3
2 2 2
z g £
& 14 &
I ] I ’
0h ] Ih ]
Hi Hi
~ -

19 3.6. DRAM architecture.

3.4 Cache

MAE= w9l wWlEeEl9F CPU (Central Processing Unit) I+ Hlo]E A £%
TS fal Tl AAA o ® HolBE Btels wlReelth 832 AARt
=71 we} dlolgel skl &olstrt. A5 2ol dHolEu TR g
Ba MAlel AFstd CPUSH 22 AAlse] WEs HE o =l wEg= 7}
7] A AR A gske] B23E tolHE AREE = Al F . oY@ A

=11, L2, L39 #4¥=z e L1< CPUS e AX =9 718 7Hkolel <l
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of £t 7P wEa RAVE AZgE CPUSH oAy SRk =i 7

N BNH AGYT ALH AP A ded A9 8 5 e

Ir

A 94 (Temporal locality): Al7Hd A9 s

e &2 ggol g FxEE SAot vxes)

1o,
My
rlo
N
DX
2
&
v
N

(
Al dlolee] wixe] F47F Hod o Wy F248 ofdste] ta =
delel7F Al B0 A=A Gtk A wlgdd 3= dolE7F EA)8H3A
E H

it) 2 ez, A mEe e Z= dlolE vt EAEkA|

o &2

A w=7E EAskE HQl wEe A

ARNEH Fag dolHE ol A W et WEe Fas A H
1 (Tag), AIE Q192 (Set index), 55 23ZAl (Block offset) &= -/d ¥t
of A My FA4Tt A E5S AET F JEE I JHA B B2
Aol B 2= g vasks d ARSE AlE g as E5S A
o AHgEY. E5 oZAE A EF 5

ol o] F4 Hekel HIE FiEQ exA de= B U =8 Y
& oo ARESHA Gtk A S ES mAE ddsks g2 v Zvh T4
of Qlelze} A AEZZF e e}, o] F F40] gjaet JHA] dEL e Brt
A& wf ANAI7E AFH o] HolHE Z2AMA dasch T4 gl1eh JiA

HFHA b AN msk wgt. ol
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Tag Index Off'set

Valid Tag Data

Y

1% 3.7. Hit and miss operation in a cache.

3.0 AXIl Z=EEF

AXI¥= Advanced eXtensible Interface® ¢Fo]= IP (Intellectual Property)
ko] dlolE AEE 913 I o]~ giefelth. AXI ZR2EZS ARMA A9
g EF - JEAYEM L) Z2EZo|TH29]. AXIS] 542 £ O9F,
gto] ekl slEl F% (Pipelined operation), M~E 9o Ae, HE|F o}~
g g A 2=E (Multiple outstanding request), k% 2H 2T (Out-of-order)
EWdAAL o5 Adolry. AXI= L¥ 3.83 o] g7|e 2AVE FEste] vl
Aol ez sl vk =3 4 AdES SHHoR sAIY. 2] 4
oM mtAE7E SeolBol HolHE et niay M= SelolBrt b
olHE AN Wh=A & ¢ (o HolHF AF Tl e Fsom Q1T o
7h BASA] FeE H Ado] MER sty 3 ¢l et viaH
7b gdeolB HelHE 248t &wo]lBrt viAE A HelHE desFe
Fgoltt. HelHE BF dEst § o4 HolHE dEetA] =tk ov] A

A7t Rk AsolnE 4 Ade] EAshA wth

(2

o
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Write Add ress Channel
VALID, READY

Write Data Channel

VALID READY
MASTER SLAVE
Write Response Channel
READY VALID

Read Address Channel
VALID| READY

Read Data Channel

19 3.8. Channel construction of AXI protocol.

AXI ¥ ~% Valid-Ready #=4#]°o]3 (Handshake)Z A}g3lt} o] Zhzhe]
Advit; Basit) Valids HolEHE HUs FHoA Bl =87 FQus Als
& YERJA Readyw HlolHE W& ZFdA & FH[7F HAYE A5 E UE
Jith o] 3Zo A Valid As5E HUal W&o A Ready AZE B 1
o d=4o]Art o] Fojx HolEl7E dFHTE 1y 3.8914 ¢ o] Validet
Ready® o= ml=ElY &d@o|Ho] wgty]E= Zeo] ofd dHolHE Wi Zo o}
El=a= A=

AXI ZRESH 7]E ZREZY] Aol @ do]Zefloi F40) flo]

E7F shE Hof Qo] 3 Jfe] FAE drEx 9 dolEHuk A 4 Ak 1
AU AXI Z2EZ9] A9 3 /e T2 o8 N9 HolHE Al AT
A FH3Ah o] W AE (Burst)gl Tddth AXI Z2EF A$- 7]

2715 Al & otk B e SAoRE o 2H oy EWAM 4n

Aol A=dE ofx £H oue= ¢

ZREZ A5 vedd EdfAde] EAT o g& HolHE AstA %3
-

.?4
Ak o] mEAE EAdo] A wf Holy A7t AAddn. oleks HEA

1904, msil2dd ozt s 5 ot 7=

ful

_18_



HA A

_19_



A 4 & Agtst= AA

4.1 pLIAM (padded Linear Address Map)

71 LIAM®] 54 Fstzuk dlolH7t A se 4S5 237 $13] pLIAM
S 2ZEO Q4 (ou|A AVNE WAS ] ol vy WS WM.
pLIAM2 olu|x] A7]& sjgats WA oz 7]Eo BAdes thEA wmey A
gz AMA ALE = o ayste] &S A ot o] WAL 7]E o]
A el A Ao B maE Y W Al 2l AVR F& w=-diAel 5] w2
Bl o g EdAL 372 Be FFete] o dolHrt Ay wf <
A o2 AN FIHER St 29 41604 T 0 AE 2 5 9l
th. 3k EflAEe]l 37]% 16 RGB A 52 641fo]Eelt}, o|ujx] 712 H7]
7F 128914%1 A5 19 4.19 LIAM¥} o] onx& 7[== A& u COo,
Co, CO, -+ CO, C1, C1, «. 9} o] &Aooz T2 Y 5L MR T
g B Utk olu g EdAM] IU|WNF oluAE HdE ST 5
Aok Hg & A olmx] Z7|7F 1289 Ao 16% o] B ojw|x] 7tE A

p

_1

C2, C3, . ¢} o] A&Fxor e Ad 2 vied d3¥= AS & F
oAtk o] 71 pLIAMe] LIAMEW <IH R §-3 o] P = 2= on
gk ey olm Al ZhE Av]e] mep sAoR HolHE AYd ¢ Lo
Az o drge @gu= 497 sk o2 Ag-ol= A

Zlo] frelsttt. wEkA o] wH

e Zolrt. o] HegHow AFPstr] 943 WED £42 4.

rr

_:Lmz

AP e AP o A @ PEe dolelE Asks u ASHA AW, o

Eels &9dd. ofu LIAM¥} vluste] wxe] gito] ¥ #gsith 19 4.1
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lo
oﬁ

S olujR e AR A7) 32, ojwA e 7k A7) 128941, RGBY w 4u}o]
ojth. o] A& R FatH 16,3841kl EVL €T pLIAM®O A9 ow]x] 9] 7}
2 A7] 144, o|n|A Y MZ A7) 32, RGBY w| 4ulo]Eo|t}, o] A& RF 57
s 18,4328l0]E7F HTh LIAMS| 49~ 16,384ulo]ExkEe] wRg] F-7ko]
HQstal pLIAMS] 45 18,432vfo]ERtFe] w®g] Fzto] F sttt pLIAM
S A48 w F7t2 2,0488F0)E, g 13%RHEFe QW =rt HAS o] 9

W == o] x] A7iniel F7hEo] dEpA = o] b4HgA AT Helth

ful

Original image Pad
>

Col 0 1 2 3 4 5 6 7 Col 0 1 2 3 4 5 6 7 8
Row @ @ @ @ Row @ @
0 | 0000 | 0040 | 0080 | 00CO | 0100 | 0140 | 0180 | 01CO 0 | 0000 | 0040 | 0080 | 00CO | 0100 | 0140 | 0180 | 01CO | 0200
| cl | 2| c|co|c|c2|c3 co|cl || |c|c|C|c|co
||| as ao DIE) an
1 | 0200 | 0240 | 0280 | 02CO | 0300 | 0340 | 0380 | 03CO 1 | 0240 | 0280 | 02C0 | 0300 | 0340 | 0380 | 03CO | 0400 | 0440
co|cr|ca|c3|cofc|c2]|c3 Padding cl | @ |3 |c|ca || a|c]|c
an [evlfen MY @b @ [€D)
2 | 0400 | 0440 | 0480 | 04C0 | 0300 | 0540 | 0380 | 05CO 2 | 0480 | 04C0 | 0500 | 0540 | 0580 | 05CO | 0600 | 0640 | 0680
c|c | c2|c3|co|c|c2]| 3 c2 | |co|c || |c|c |
@GO |@D|@ | |G |Gl &) G G
3| 0600 | 0640 | 0680 | 06CO | 0700 | 0740 | 0780 |07CO 3 | 06C0 | 0700 | 0740 | 0780 | 07CO | 0300 | 0840 | 0880 | 08CO
co|c1|c|c3|co|ct|c2|c3 3| |c [ | |cofc ||

32 32
oo e e e ® I EEEEEEEE
3E00 | 3E40 | 3ES0 | 3ECO | 3F00 | 3F40 | 3F80 | 3FCO | |! 45C0 | 4600 | 4640 | 4680 | 46CO | 4700 | 4740 | 4780 | 47C0 | !
co|c || | co 1| | ag|laoa|la|la|ag|lom|a|c|ca
16> 16>
128 pixels —— 144 pixels
(a) Linear address map (LIAM) (b) Padded linear address map (pLIAM)

19 4.1. Comparison of LIAM and pLIAM.

4.2 CIAM (Cache Interleaved Address Map)

ANelRel o] HolEE Ae@ W E Fa Pel B3 Ao

=
W shte] AN dolEt @YEE A5 Ak ol A A I

& 71 A FA WoA st=go] 84S F7FsgTh CIAMES 7]1& F4 W
ol g EdRAM] A HlEe} e ERAANMAL A HEE WIste] Fa

o
ok
1>
o
[‘E
rf'
v
I
£
>
rir
I
o o
N
\)
o
iy
v

gl
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Cd 0 1 2 3 4 5 6 7 Clp 1 2 3 4 5 6 7
Row @ [G) R (OO [(D[D DD B[O
0 | 0000 | 0040 | 0080 | 00CO | 0100 | 0130 | 0180 | 0ICO 0| 0000 | 0040 | 0080 | 00CO | 0100 | 0140 | 0180 | 01CO
colci|cales|cofci|c2|c3 coocr | e lcs [ eodoel | e s
® (0 AD[(D A1 CIoja] L eE]
1 | 0200 | 0240 | 0280 | 02C0 | 0300 | 0340 | 0380 |03CO 1| 0240 | 0200 | 02Co | 0280 | 0340 0 0380
colci|ca colcifc2]|c3 Flipping clycoxeiN ¢ | cl Co Ty ©2
2 | 0300 | 0330 | 0380 | 0FCO | 0300 | 0330 | 0380 | 03O 2 0480}%@_ 00 | 0430 | 0380 | 03 .nigo;om
co|lci|c2f{c3|co|cr]|c2]|c3 C2 3 J‘(’ﬁy\ ¢l | a2t a c1
(;) (%:) Q26 Q{'? o5 (30) C;'_g 2D | QO |®D (2D |[GD | GD 28
3 | 0600 | 0640 | 0680 | 06C0 | 0700 | 0730 | 0780 | 07CO 3 | 06Co | 0680 | 0630 | 0600 | 07Co | 0780 | 0740 | 0700
Cojcr|c2|C3|co|CL|C2|C3 cslealer |c [c3| e cr|co |32
: 2 o o
4| &89 | @D @50 25D |@5D | €5)| €5D) | @59 3| @D | @EO| D) [@D | 53
3E00 | 3E40 | 3E80 [3ECO | 3F00 | 3F40 | 3F80 |3ECO | |! 1 | 3Eco | 3Es0 | 3E40 | 3E00 | 3FCo0 | 3Fs0 | 3F20 | 3F00 [t
CojCi|2|C3|Cfc1]| @ |cC3 c3 | c2|ct|fco|ec3a|c2|ct] co
Splas . 16> 128
128 pixels —
pixels
(a) Linear address map (LIAM) (b) Cache Interleaved address map (CIAM)

19 4.2. Comparison of LIAM and CIAM.

./]:
WEkS sk ek 19 A9 Co9F Cl, C2¢9F C3& wgath & 29 A%

C3E ®Wasith. 39 A5 CO9 C3, C13 C2& WIhgit) o]
23 oz ukEslel Wadthd a9 4.33 o] Ho R HolHE A
W CO, C1, C2, C3, - olgg &A= A7} e
GSLN®l| ©JalA] AARE . GSINS WAl MFR vhe 9 ywx|e wighketa
s EdAA] A M EE XOR (Exclusive or) 3H¥ 39 LIAM E w24 <]
WA HEZ} WgETh o] 3Age 18 43¢ A3} o A]7F YERY Q)

rE
m‘;"
m
e
)
2
o
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it 4.1. CIAM configuration.

ImgHB Image horizontal size ImgHB = ImgH X BytePixel
NumCache Number of caches
o . . SLS = (Number of caches) X
SLS Super-line size (in bytes) (Line size)
SLN Super-line number SLN = LIAM address / SLS
GSLS Grouped super-line size (in bytes) GSLS = k X SLS
GSLN Grouped super-line number GSLN = floor (SLN / k)
k 1 If ImgHB < SLS | k indicates how many superlines
round(ZmgHB/SLS) Otherwise that a grouped superline has.
7" indicates how many superlines
T ImgHB/SLS are associated with an image
row.

Coordinate (16, 1)
LIAM address ‘ @
0x240=10 0100 0000

| SLN =2 =floor (0x240 / 256) |
[GSIN =1 (=floor (2/2)) |
| Remainder=1(=1 % 4) |

Input: LIAM address

Given: (1) SLS(2) NumCache (3) k
Output: New cache number

1. SLN = floor (LIAM address / SLS)
2. GSLN = floor (SLN/ k)

3. Remainder = GSLN % NumCache

4. New cache number = [New cache =00, (= 01, XOR 01;)
(LIAM cache number) XOR (Remainder) CIAM address §
0x200=10 0000 0000
(a) Algorithm (b) Example

1% 4.3. Cache flipping procedure and the flipping example.

ol#] gt Aol A F7ke] st=dlo] Fx 7t Hasirh 1l 44% CIAMO| 3t=
o] =4 AWEE YepdYk. 19 44004 FNA E7 (Cache flipping) 5
e 19 4.3 ()9 gagFel HEHh Al THE FEolA CIAMS
We de F Atk T BE A9 CIAMo] st AL ofr] wia
CIAMo| A &= ojof & AeE &olsl= A2 7ArM A (Condition checker)
oA watdnh AU AANA 20E FAd & o uigitid 15 A”E)
o] CIAMe| #-&4d Aoli 127 %S w 00] A xo] LIAMo] &2 3]

4

th. CIAMo] A g ojof & e

ri

B>

N
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« Address

CIAM cache bits

Address

CIAM
enable

>

| Condiﬁop checker |

CIAM
address

GSLN

Cache
flipping

SLN/k % Hemdainder
Num Cache—
CIAM

:

LIAM
k

address

SLN

Calculate

LIAM cache bits
1% 4.4. CIAM hardware logic converter.

LIAM

address

cal culation

—

Coordinate
4.B)
ImgH
SuperLineSize
SuperLineSize

LIAM address

T

A

T
W)
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wl FAlel ole] vimele] wPEE A9 vk oleld A% At YAL
4§54 oo Hek,
3 pLIAMS| 7S dlmelzh AAleigel 3

T W52z 7} AAE AR e R
WgS A el A7 2 g slo]of

o

atal =-AAl 5l B HES ERAA
A7]1= Adsfof vk CIAMS] 45 WA F45 W@shy] dedl CIAME 7
Aloll 9l Afele WIS Jdgstal =-AfA o5 Ag WS A EsH] &e
ct.
4.3.1 2 24

AAT 7lEas A83RS W o5l H= olvA A7 Al a8A B

77k ek olmAe] Ahm Azle] weh @ el EAAM A4} thEth ol

Ar7h SLSe| v w &2

e o FHoR deoleE At

1. cl™sEAA Mo o e e
AMW”{Q Q143 E A o] 72 v o] Ao 4.

Metric; ; = N; , lelietricadj (4.2)
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) . Metric; ; (4.3)
tric = ' '
verage metric Total nmber of transactions

Average metric m LIAM
(Number of caches=4)

R

2 22525275 3 32535375 4 42545475 5 52555575 6 625 65 6.75 7 72575 775 8
ImgHB/SLS

12

S N A A ®

19 4.5. Average metric of LIAM.

A WMEHS F3517] 8 WE" &5 EF g * 2] 4337 o] o] E
dade] Az etk Bd e 1eE el 23 29 459 2
SUEE 98 4 Q. W dEe] 245 A AR EdAMe] A% o
2 frgo] Hsla IS oujdtl Hi WEZo] A4S Ed M A
2 2o v Aot Sdadel Bt AL gt B WEdel %
e By BAG AT 4 448 L 5 A0

D195 < [ng:ZBS §+o 125 (P A (4.4)

T At ImgHBE= olvA 8] 7tz Hd A7|et A4 EWRGB, YUV--)] A
A7NE w& gholth. o AL oA Jh=m Av)ol uwhel AAET A 44004

(4.5)
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21 4.5% oln|x]9] 3k s H s Al EZ2 AE Eo] ABFHAMNEAE
FEAS, Ao BE olu|x] A7l Wit Tae 73 Fol 4 4
% CIAM =2 pLIAM?] A& oF-E5 gQldit),

Average metric
(Number of caches=4) = pLIAM/CIAM
11

xR

2 22525275 3 32535375 4 42545475 5 52555575 6 625 65675 7 72575775 8
ImgHB/SLS

125
12
11.5

19 4.6. Average metric of pLIAM or CIAM.

a9 4.5% TEkel A 449 wrEshE 49 pLIAM 52 CIAMS 483 45
ojty, 18 4.43 9 455 W usglS w 13 4594 pLIAM 52 CIAMS
£35S u H WEZ F7F S AS FAT 4 Q) olE Fd 9F

& EUAREC] AZ e Add 239 F 98 %+ 9

N AFE 2AES olg3te]l AeHow WS AT dueFol 1y
4690 Atk 1Y 4614 dolEE AL w AFAEY w) F ofvx =]
o A W PEe A8sA Stk £E 4 440 WS @t A9 A
A WA AEeta gtk et 9d deel wd Feld smele] &4
of AANOIES H$ pLIAMAAE el 27w sge Wasta sjA o] ol
ohd Z% EdAH 270 AYe Addr £ CIAME] B3 AAelEal
A5 AN HES WBHT 13 2R 0 AR AP ek o
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Linear access
pattern or small

Linear access
1mage size?

pattern or small
1mage size?

No
padding

Pad=0

Yes | Flipping

Is memory attribute
cacheable?

Yes No

No flipping

| Pad =Line size ‘ | Pad = Transaction size |

1 Flipping | | No flipping

(a) pLIAM algorithm (b) CIAM algorithm

19 4.7. Proposed pLIAM and CIAM algorithm.
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5.1 A% T4

>,
U|

A 5%

23t

A g 7)ol sl A@str] Al Al~" S F 5.13 Zol sk 74
84S AXI & Z2EFS AREStY] A2 At [29]. e 37|18 A&
She FuFE CrroR TENYL oF AxY wild B4Rt =@
SoC %+ 29 3.1 BAFE] 2l

3% 5.1. System setting configuration.
Components Item Configuration
Channels Configurable
Line size 64 bytes
Cache Organization 16-way set associative
Mapping Tag, Index, Channel, Offset
Size 512 lines
Replacement Least Recently Used(LRU)
Data width 128 bits
Arbitration Round—-Robin
Interconnect
Transaction size 64 bytes
Multiple outstanding Max 16
Memory Mapping Row, Bank, Col, Channel, Col
Controller Request queue 16 entries
Model DDR3-800
Memory .
Channels Configurable
(DRAM)
Scheduling bank-hit first
Banks 4
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F 5.2 YA2E (Workload) AHUE|E HoJFt olnA|E e H &3}
= 72} ZElf (Camera preview), ©|v[A|e] A7|& 1.582 Sdjst= o]n
A =AY (Image scaling), -+ 7] oA & FA = o|n[#] LY (Image
blending)®] A-¢ #AE -2 oz dolEE sty it Y A7|=

Oolth. T3t =-FjAojEolunz CIAM A&5% ¢tk dE ovA & 3}

Hog &3 ZHOJEE= f2=d 9] (Rotated display)et 7MW El= oln| A&
A 3 o|uAE 3pHOo R FEFst= ZE|oJEl= X H (Rotated preview)

°f F% HelHE sz AYsts dAgo] xEEw pLIAMo| #-8¥o] I
0 == Ed#AM (Transaction) 717} ®v}. F AAHY A4 =-

Ao ol m CIAME A§H4 gtk 949 &30S P&she o A8

ol
N
N
uly

0.

oA HE AT ONNOIA ALSHE AT QA0 ARTH] 49 B B
% FAown AHs ol ¥aHorh Tejnw WY A7)E 0w A4
2ol 277k A T slAzse] A9 Ao o]y wie] CIAME E# 4§
g 4 9
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3 5.2. Workload (NC is non-cacheable, C is cacheable).

Workloads | Type | Component | Operation Access Pad Size CIAM
. Raster—
Camera Write
Camera scan
i NC Raster— 0 X
preview Display Read
scan
) Raster—
Camera Write
scan
Image Read, Raster—
. NC Scaler ] 0 X
scailingX1.5 Write scan
) Raster—
Display Read
scan
Read,
Image Raster-
] NC Blender Read, 0 X
blending ] scan
Write
Rotated ) ) O or
] NC Display Read Vertical ) X
display TransSize
) ) O or
Camera Write Vertical . X
Rotated NC TransSize
i Raster- 0 or
preview Display Read ] X
scan TransSize
Image Read,
Edge i 0 or
] C processing Read, Block ) ] 0]
detection ] ] LineSize
unit Write
Image Read,
. . O or
Convolution C processing Read, Block ) ) O
) ] LineSize
unit Write
5.2 A8 Alol&E &4
A Alo]E HlolE7F Ay H = AtolE & SAE Flolth. A Atol:

=7
olF F7F AeF S HolHZE A =gl Ado]l FolEddt= = vy
& SAE it AdS Ads]edl oln A Ariel wE TRk
= WA Feklth. Tee ImgHBE SLSZ ‘e Aotk oWl ImgHB2| 735 °l
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Ao Fbz 27]s) wpelE A
Ak ghel 2718 7@ geolh vlol= 5 4e)
7] WEo] dnfolE Wale] 3 gl A7)e @ EAAMY 165 46] A(RGB
)7} FAlA 6antol =7} ek ARl AFgE olmA A7)e} on X A7)
We gt 2ol w2 %ndF A8 ¥ H 530 et

3% 5.3. 7T value analysis.

[mgHB .
Image Size(Pixels) SLS Equation (4.4)
4 Channels 4 Channels

720X480 11.25 Not met
1280X720 20.00 Met
1152X864 18.00 Met
1440X1080 22.50 Met
1680X1050 26.25 Not met
1920X1080 30.00 Met
2048X1080 32.00 Met

5.2.1 pLIAM®| A& Alo]=

ZHolE = txaZ# o] (Rotated display)®t ZHoJE|= 2glH (Rotated
preview)©T T2 o2 Ho|HE AEste o] EFE Qo] pLIAMS &3
T Atk 1 AN A 44z w58k A9 pLIAMe] A &E St 17 5.1
A (@9 S A 440 wFsEE olnx] A7]Ql 1280X720, 1152X864,
1440X1080, 19020X1080, 2048X1080 ¥ 5.3 wel 7gkol 2] 4.40] =
stm R pLIAMo] #-&¥ o] Hd Ato]Z o] 71 SojE A& 1¥ 51004 &9l
& 4 Ak olwl H 11.9%, ol 34.8%9 HAES AT = AU yH
A olulA] 718 A A 440l A ol A= 77 002 AHEEe] A
g AbelZo] & Z1g F1F 4 vk 29 51004 (b)) A 2 4.4

Z3h= 4% pLIAMe] H&Ho] A Alo]Zo] Zol== aRE 7|del o
1280X720, 1152X864, 1440X1080¢] oA =ZL7]ellA A& Ate]F 7} H|2
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3 ANE e 5 AT o= HAL Fdl Uiel npiEs} BA B4 £F

Z5o] ofa Ad AloZo] AAHE AL HAT 5 AU A
4 49 TrEel= tfbE olu] x| A7)l 1920X1080, 2048X10802] 749 A3 Afo]
Zo] o= RS HUa = Tk ojul Wit 8%, At) 14.4%2] T

(el e]
==
| =719] Hlolee] 75 pLIAMo] Hg¥ A &

- o~ o -
& A8l PRI R v x
] = = [e) S o) 2= o
of A& Ale]F 7F 22 e &+ 3
Execution cycles SLIAM ©pLIAM Execution cycles SLIAM ©pLIAM
- 14 - 08
= =
£ 12 £ 07
E s E 06 —
08 il 0.5 —
0.4 I -
0.6 — |
0.3 —
0.2 = 0.1 :I :I =
0 LN 0 _.
Q 20 i & & o v g O o W O
o & @“*\“ o \1"‘& \\4& \9“*'\“ \@“*\“ \9’”“*\“ w&*\\\
Image size Image size
(a) Rotated display (b) Rotated preview

1% 5.1. Execution cycles of non—cacheable attribute in pLIAM (4 caches,

4 channels).

a9 529 A$ AEFA (Convolution)®} A t]¥lA (Edge detection)?]
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19 5.2. Execution cycles of cacheable attribute in pLIAM (4 caches, 4

channels).
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13 5.3. Execution cycles of pLIAM (4 caches, 2 channels).
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19 5.4. Execution cycles of CIAM (4 caches, 4 channels).
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19 5.7. Number of outstanding requests in cacheable attribute (pLIAM).
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Adaptive Address Mapping for Load Balancing in System
on Chip

So-Yeon Kim

Major of Electronic Engineering
Faculty of Applied Energy System
The Graduated School

Jeju National University

Abstract

When processing data, traditional address maps often cause traffic
congestion to on-chip memory components. Additionally, if the
application's access pattern does not match the address map, memory
utilization decreases. In order to reduce this traffic congestion and
improve memory system performance, this paper proposes two methods
to adaptively solve this problem for address mapping and hardware
configuration. The first is a technique for padding the image size. This

technique solves the above problem by changing only the elements of the



software. The second is a technique to switch the cache bits of the
address. This technique is a technique that solves a problem by only
changing hardware elements. Applying these two techniques can improve
load balance across the memory structure. The design is presented and
performance experiments are performed, mainly targeting high-bandwidth
image processing applications. In addition, the resulting overhead is
measured to compare reality from an economic perspective. As a result,
experiments showed that the presented design was able to improve the

load balance rate while minimizing memory space overhead.
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