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Abstract:i Ini thisi paper,i thei area-i andi power-efficienti architecturesi ofi integeri discretei cosinei transformi (DCT)i ofi differenti i 

lengthsi toi bei usedi ini Highi Efficiencyi Videoi Codingi (HEVC)i arei implemented.i Ani efficienti constanti matrix-multiplicationi 

schemei cani bei usedi toi derivei paralleli architecturesi fori 1-Di integeri DCTi ofi differenti lengths.i Thei proposedi structurei couldi bei 

reusablei fori DCTi ofi lengthsi 4,i 8,i 16,i andi 32i withi ai throughputi ofi 32i DCTi coefficientsi peri cyclei irrespectivei ofi thei transformi 

size.i Moreover,i wei proposei power-efficienti structuresi fori foldedi andi full-paralleli implementationsi ofi 2-Di DCT.i Thei Discretei 

Cosinei Transformi (DCT)i playsi ai vitali rolei ini videoi compressioni duei toi itsi near-optimali decorrelationi efficiency 

Keywords:i Discretei Cosinei Transformi (DCT),i H.265,i Highi Efficiencyi Videoi Codingi (HEVC),i Integeri Discretei Cosinei Trans-i 

Formi (DCT),i Videoi Coding. 

I.i INTRODUCTION 

Thei Discretei Cosinei Transformi (DCT)i playsi ai vitali rolei 

ini videoi compressioni duei toi itsi near-optimali decorrelationi 

efficiencyi [1].i Severali variationsi ofi integeri DCTi havei beeni 

suggestedi ini thei lasti twoi decadesi toi reducei thei 

computationali complexityi [2]–[6].i Thei newi H.265/Highi 

Efficiencyi Videoi Codingi (HEVC)i standardi [7]i hasi beeni 

recentlyi finalizedi andi poisedi toi replacei H.264/AVCi [8].i 

Somei hardwarei architecturesi fori thei integeri DCTi fori HEVCi 

havei alsoi beeni proposedi fori itsi real-timei implementation.i 

Ahmedi eti al.i [9]i decomposedi thei DCTi matricesi intoi sparsei 

sub-matricesi wherei thei multiplicationsi arei avoidedi byi usingi 

thei liftingi scheme.i Sheni eti al.i [10]i usedi thei multiplieri lessi 

multiplei constanti multiplicationi (MCM)i approachi fori four-i 

pointi andi eight-pointi DCT,i andi havei usedi thei normali 

multipliersi withi sharingi techniquesi fori 16i andi 32-pointi 

DCTs.i Parki eti al.i [11]i havei usedi Chen’si factorizationi ofi 

DCTi wherei thei butterflyi operationi hasi beeni implementedi i 

byi thei processingi elementi withi onlyi shifters,i adders,i andi 

multiplexors.i Budagavii andi Szei [12]i proposedi ai unifiedi 

structurei toi bei usedi fori forwardi asi welli asi inversei transformi 

afteri thei matrixi decomposition.i Onei keyi featurei ofi HEVCi isi 

thati iti supportsi DCTi ofi differenti sizesi suchi asi 4,i 8,i 16,i i i  and 

32.i Therefore,i thei hardwarei architecturei shouldi bei flexiblei 

enoughi fori thei computationi ofi DCTi ofi anyi ofi thesei lengths. 

hardwarei implementation.i Wei havei designedi scalablei andi 

reusablei architecturesi fori 1-Di andi 2-Di integeri DCTsi fori 

HEVCi thati couldi bei reusedi fori anyi ofi thei prescribedi lengthsi 

withi thei samei throughputi ofi processingi irrespectivei ofi 

transformi size. 

Ini thei nexti section,i wei presenti algorithmsi fori hardwarei 

implementationi ofi thei HEVCi integeri DCTsi ofi differenti 

lengthsi 4,i 8,i 16,i andi 32.i Ini Sectioni III,i wei illustratei thei 

designi ofi thei proposedi architecturei fori thei implementationi i 

ofi four-pointi andi eight-pointi integeri DCTi alongi withi ai 

generalizedi designi ofi integeri DCTi ofi lengthi Ni ,i whichi couldi 

bei usedi fori thei DCTi ofi lengthi Ni =i 16i andi 32.i Moreover,i wei 

demonstratei thei reusabilityi ofi thei proposedi solutionsi ini thisi 

section.i Ini Sectioni IV,i wei proposei power-efficienti designsi i 

ofi transpositioni buffersi fori full-paralleli andi foldedi 

implementationsi ofi 2-Di Integeri DCT.i Ini Sectioni Vi thei 

simulationi resultsi ofi thei proposedi architecturesi fori HEVCi 

arei discussed. 

II.i ALGORITHMi FORi HARDWAREi 

IMPLEMENTATIONi OFi INTEGERi DCTi FORi HEVC 

Ini thei Jointi Collaborativei Team-Videoi Codingi (JCT-i 

VC),i whichi managesi thei standardizationi ofi HEVC,i Corei 

Experimenti 10i (CE10)i studiedi thei designi ofi corei transformsi 

overi severali meetingi cyclesi [13].i Thei eventuali HEVCi 

transformi designi [14]i involvesi coefficientsi ofi 8-biti size,i buti 

doesi noti allowi fulli factorizationi unlikei otheri competingi 

proposalsi [13].i Iti howeveri allowsi fori bothi matrixi 

multiplicationi andi partiali butterflyi implementation.i Ini thisi 

section,i wei havei usedi thei partial-butterflyi algorithmi ofi [14]i 

fori thei computationi ofi integeri DCTi alongi withi itsi efficienti 

algorithmici transformationi fori hardwarei implementation. 

Thei existingi designsi fori conventionali DCTi basedi oni 

constanti matrixi multiplicationi (CMM)i andi MCMi cani 

providei optimali solutionsi fori thei computationi ofi anyi i ofi 

thesei lengths,i buti theyi arei noti reusablei fori anyi lengthi toi 

supporti thei samei throughputi processingi ofi DCTi ofi differenti 

transformi lengths.i Consideringi thisi issue,i wei havei analyzedi 

thei possiblei implementationsi ofi integeri DCTi fori HEVCi ini 

thei contexti ofi resourcei requirementi andi reusability,i andi 

basedi oni that,i wei havei derivedi thei proposedi algorithmi for 
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A.i Keyi Featuresi ofi Integeri DCTi fori HEVC 

Thei Ni -pointi integeri DCT
1i i fori HEVCi giveni byi [14]i i can 

bei computedi byi ai partiali butterflyi approachi usingi ai (N/2)-i 

pointi DCTi andi ai matrix–vectori producti ofi (N/2)i ×i (N/2)i 

matrixi withi ani (N/2)-pointi vectori as: 

And 

(5) 

Basedi oni (1)i andi (2),i hardwarei orientedi algorithmsi fori DCTi 

computationi cani bei derivedi ini threei stagesi asi ini Tablei I.i Fori 

8-,i 16-,i andi 32-pointi DCT,i eveni indexedi coefficientsi ofi 

[y(0),i y(2),i y(4),i ・i ・i ・i y(Ni −i 2)]i arei computedi asi 4-,i 8-, 

andi 16-pointi DCTsi ofi [a(0),i a(1),i a(2),i ・・・a(N/2−1)], 

respectively,i accordingi toi (1a).i Ini Tablei II,i wei havei listedi 

thei arithmetici complexitiesi ofi thei referencei algorithmi andi 

thei MCM-basedi algorithmi fori four-,i eight-,i 16-,i andi 32-i 

pointi DCT. 

(1a) 

And 

(1b) TABLEi I:i 3-STAGEsi Hardwarei Orientedi 

Algorithmsi fori thei Computationi ofi 4-,i 8-,i 16-,i andi 

32-Pointi DCT 

Where 

(2) 

fori i ii =i 0,i 1,i ・i ・i ・,N/2−1.i Xi =i [x(0),i x(1),i ・i ・i ・,i x(N 

−1)]i isi thei inputi vectori andi Yi =i [y(0),i y(1),i ・・・,i y(N−1)]i 

isi Ni -pointi DCTi ofi X.i CN/2i isi (N/2)-pointi integeri DCTi 

kerneli matrixi ofi sizei (N/2)i ×i (N/2).i MN/2i isi alsoi ai matrixi ofi 

sizei (N/2)i ×i (N/2)i andi itsi (i,i j)
thi entryi isi definedi as 

(3) 

Wherei C2i+1,jNi isi thei (2ii +i 1,i j)
thi entryi ofi thei matrixi CN.i 

Notei thati (1a)i couldi bei similarlyi decomposed,i recursively,i 

furtheri usingi CN/4i andi MN/4.i Wei havei referredi toi i thei 

directi implementationi ofi DCTi basedi oni (1)–(3)i asi thei 

referencei algorithmi ini thei remainderi ofi thisi paper. 

B.i Hardwarei Orientedi Algorithm 

Directi implementationi ofi (1)i requiresi N2/4i +i MULN/2i 

multiplications,i N2/4i +i N/2i +i ADDN/2i additions,i andi 2i 

shiftsi wherei MULN/2i andi ADDN/2i arei thei numberi ofi 

multiplicationsi andi additions/subtractionsi ofi (N/2)-pointi 

DCT,i respectively.i Computationi ofi (1)i couldi bei treatedi asi ai 

CMMi problemi [15]–[17].i Sincei thei absolutei valuesi ofi thei 

coefficientsi ini alli thei rowsi andi columnsi ofi matrixi Mi ini (1b)i 

arei identical,i thei CMMi problemi cani bei implementedi asi ai 

seti ofi N/2i MCMsi thati willi resulti ini ai highlyi regulari 

architecturei andi willi havei low-complexityi implementation.i 

Thei kerneli matricesi fori four-,i eight-,i 16-,i andi 32-pointi 

integeri DCTi fori HEVCi arei giveni ini [14],i andi 4-i andi eight-i 

pointi integeri DCTi arei represented,i respectively,i as 

(4) 
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III.i PROPOSEDi ARCHITECTURESi FORi INTEGERi 

DCTi COMPUTATION 

Ini thisi section,i wei presenti thei proposedi architecturei fori 

thei computationi ofi integeri DCTi ofi lengthi 4.i Wei alsoi presenti 

ai generalizedi architecturei fori integeri DCTi ofi higheri lengths. 

{00},i {01},i {10},i andi {11}i toi computei four-,i eight-,i 16-,i 

andi 32-pointi DCT,i respectively. 

A.i Proposedi Architecturei fori Four-Pointi Integeri DCT 

Thei proposedi architecturei fori four-pointi integeri DCTi isi 

showni ini Fig.1(a).i Iti consistsi ofi ani inputi adderi uniti (IAU),i ai 

shift-addi uniti (SAU),i andi ani outputi adderi uniti (OAU).i Thei 

IAUi computesi a(0),i a(1),i b(0),i andi b(1)i accordingi toi Stage-i 

1i ofi thei algorithmi asi describedi ini Tablei I.i Thei computationsi 

ofi ti,i 36i andi ti,i 83i arei performedi byi twoi SAUsi accordingi toi 

Stage-2i ofi thei algorithm.i Thei computationi ofi t0,i 64i andi t1,i 

64i doesi noti consumei anyi logici sincei thei shifti operationsi 

couldi bei rewiredi ini hardware.i Thei structurei ofi SAUi isi 

showni ini Fig.i 1(b).i Outputsi ofi thei SAUi arei finallyi addedi byi 

thei OAUi accordingi toi Stage-3i ofi thei algorithm. 

B.i Proposedi Architecturei fori Integeri DCTi ofi Lengthi 8i 

andi Higheri Lengthi DCTs 

Thei generalizedi architecturei fori N-pointi integeri DCTi 

basedi oni thei proposedi algorithmi isi showni ini Fig.2.i Iti 

consistsi ofi fouri units,i namelyi thei IAU,i (N/2)-pointi integeri 

DCTi unit,i SAU,i andi OAU.i Thei IAUi computesi a(i)i andi b(i)i 

fori ii =i 0,i 1,i ...,i N/2i −i 1i accordingi toi Stage-1i ofi thei algorithmi 

ofi Sectioni II-B.i Thei SAUi providesi thei resulti ofi 

multiplicationi ofi inputi samplei withi DCTi coefficienti byi 

Stage-2i ofi thei algorithm.i Finally,i thei OAUi generatesi thei 

outputi ofi DCTi fromi ai binaryi adderi treei ofi log2i Ni −i 1i stages.i 

Fig.3(a)–(c),i respectively,i illustratesi thei structuresi ofi IAU,i 

SAU,i andi OAUi ini thei casei ofi eight-pointi integeri DCT.i Fouri 

SAUsi arei requiredi toi computei ti,89,i ti,75,i ti,50,i andi ti,18i fori ii =i i 

0,i 1,i 2,i andi 3i accordingi toi Stage-2i ofi thei algorithm.i Thei 

outputsi ofi SAUsi arei finallyi addedi byi two-stagei adderi treei 

accordingi toi Stage-3i ofi thei algorithm.i Structuresi fori 16-i andi 

32-pointi integeri DCTi cani alsoi bei obtainedi similarly. 

Fig.i 1.i Proposedi architecturei ofi four-pointi integeri i DCT. 

(a)i Four-pointi DCTi architecture.i (b)i Structurei ofi SAU. 

C.i Reusablei Architecturei fori Integeri DCT 

The proposed reusable architecture for the 

implementationi ofi DCTi ofi anyi ofi thei prescribedi lengthsi i i i is 
showni ini Fig.i 4(a).i Therei arei twoi (N/2)-pointi DCTi unitsi ini 

thei structure.i Thei inputi toi onei (N/2)-pointi DCTi uniti isi fedi 

throughi (N/2)i 2:1i MUXesi thati selectsi eitheri [a(0),i ...,i i a(N/2 

−i 1)]i ori [x(0),i ...,i x(N/2i −i 1)],i dependingi oni whetheri iti isi 

usedi fori Ni -pointi DCTi computationi ori fori thei DCTi ofi ai 

loweri size.i Thei otheri (N/2)-pointi DCTi uniti takesi thei inputi 

[x(N/2),i ...,x(Ni −i 1)]i wheni iti isi usedi fori thei computationi ofi 

DCTi ofi N/2i pointi ori ai loweri size,i otherwise,i thei inputi isi 

reseti byi ani arrayi ofi (N/2)i ANDi gatesi toi disablei thisi (N/2)-i 

pointi DCTi unit.i Thei outputi ofi thisi (N/2)-pointi DCTi uniti isi 

multiplexedi withi thati ofi thei OAU,i whichi isi precededi byi thei 

SAUsi andi IAUi ofi thei structure.i Thei Ni ANDi gatesi beforei 

IAUi arei usedi toi disablei thei IAU,i SAU,i andi OAUi wheni thei 

architecturei isi usedi toi computei (N/2)-pointi DCTi 

computationi ori ai loweri size.i Thei inputi ofi thei controli unit,i 

mNi isi usedi toi decidei thei sizei ofi DCTi computation.i 

Specifically,i fori Ni =i 32,i m32i i isi ai 2-bitsi signali thati isi seti to 

Fig.i 2.i Proposedi generalizedi architecturei fori integeri 

DCTi ofi lengthsi Ni =i 8,16,i andi 32. 

Thei controli uniti generatesi seli 1i andi seli 2,i wherei seli 1i isi 

usedi asi controli signalsi ofi Ni MUXesi andi inputi ofi Ni AND 

gatesi beforei IAU.i seli 2i isi usedi asi thei input m(N/2) toi two 
loweri sizei reusablei integeri DCTi unitsi ini ai recursivei 

manner.i Thei combinationali logicsi fori controli unitsi arei 

showni ini Fig. 4(b)i andi (c)i fori Ni =i 16i andi 32,i respectively.i Fori Ni =i 8,i i i m8 
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isi ai 1-biti signali thati isi usedi asi seli 1i whilei seli 2i isi noti 

requiredi sincei four-pointi DCTi isi thei smallesti DCT.i Thei 

proposedi structurei cani computei onei 32-pointi DCT,i twoi 16-i 

pointi DCTs,i fouri eight-pointi DCTs,i andi eighti four-pointi 

DCTs,i whilei thei throughputi remainsi thei samei asi 32i DCTi 

coefficientsi peri cyclei irrespectivei ofi thei desiredi transformi 

size. 

Thei structurei ofi thei proposedi 4i ×i 4i transpositioni bufferi isi 

showni ini Fig.i 5(b).i Iti consistsi ofi 16i registersi arrangedi ini 

fouri rowsi andi fouri columns.i (Ni ×i Ni )i transpositioni bufferi 

cani storei Ni valuesi ini anyi onei columni ofi registersi byi 

enablingi themi byi onei ofi thei enablei signalsi ENii i fori ii =i 0,i 1,i 

· 
· ·,i Ni −i 1.i Onei cani selecti thei i i i  contenti ofi onei ofi thei rowsi of 
registersi throughi thei MUXes.i Duringi thei firsti Ni successivei 

cycles,i thei DCTi modulei receivesi thei successivei columnsi ofi 

(Ni ×Ni )i blocki ofi inputi fori thei computationi ofi STAGE-1,i 

andi storesi thei intermediatei resultsi ini the 

Fig.i 4.i Proposedi reusablei architecturei ofi i integeri i i i DCT. 

(a) Proposedi reusablei architecturei fori Ni =i 8,i 16,i andi i 32. 

(b) Controli uniti fori Ni =i 16.i (c)i Controli uniti fori Ni =i 32. 
Fig.i 3.i Proposedi architecturei ofi eight-pointi integeri DCTi 

andi IDCT.i (a)i Structurei ofi IAU.i (b)i Structurei ofi SAU. 

(c)i Structurei ofi OAU. registersi ofi successivei columnsi ini thei transpositioni buffer.i 

Ini thei nexti Ni cycles,i contentsi ofi successivei rowsi ofi thei 

transpositioni bufferi arei selectedi byi thei MUXesi andi fedi asi 

inputi toi thei 1-Di DCTi module.i Ni MUXesi arei usedi ati thei 

inputi ofi thei 1-Di DCTi modulei toi selecti eitheri thei columnsi 

fromi thei inputi bufferi (duringi thei firsti Ni cycles)i ori thei rowsi 

fromi thei transpositioni bufferi (duringi thei nexti Ni cycles). 

IV.i PROPOSEDi STRUCTUREi FORi 2-Di 

INTEGERi DCT 

Usingi itsi separablei property,i ani (Ni ×i N)-pointi 2-Di i 

integeri DCTi couldi bei computedi byi thei row-columni 

decompositioni techniquei ini twoi distincti stages. 

 Stagei 1:i Ni -pointi 1-Di integeri DCTi isi computedi fori i 

eachi columni ofi thei inputi matrixi ofi sizei (Ni ×i N)i toi 

generatei ani intermediatei outputi matrixi ofi sizei (Ni ×i N).i 

Stagei 2:i Ni -pointi 1-Di DCTi isi computedi fori eachi rowi i 

ofi thei intermediatei outputi matrixi ofi sizei (Ni ×i N)i toi 

generatei desiredi 2-Di DCTi ofi sizei (Ni ×i N). 

B.i Full-Paralleli Structurei fori 2-Di Integeri DCT 

Thei full-paralleli structurei fori (Ni ×i Ni )-pointi 2-Di integeri 

DCTi isi showni ini Fig.i 6(a).i Iti consistsi ofi twoi Ni -pointi 1-Di 

DCTi modulesi andi ai transpositioni buffer.i Thei structurei ofi 

thei 4i ×i 4i transpositioni bufferi fori full-paralleli structurei isi 

showni ini Fig.6(b).i Iti consistsi ofi 16i registeri cellsi (RC)i 

[showni ini Fig.6(c)]i arrangedi ini fouri rowsi andi fouri columns.i 

Ni ×i Ni transpositioni bufferi cani storei Ni valuesi ini ai cyclei 

eitheri row-wisei ori column-wisei byi selectingi thei inputsi byi 

thei MUXesi ati thei inputi ofi RCs.i Thei outputi fromi RCsi cani 

alsoi bei collectedi eitheri row-wisei ori column-wise.i Toi readi 

thei outputi fromi thei buffer,i Ni numberi ofi (2Ni −i 1):1i MUXesi 

[showni ini Fig.i 6(d)]i arei used,i wherei outputsi ofi thei ithi rowi 

andi thei ithi columni ofi RCsi arei fedi asi inputi toi thei ithi MUX.i 

Fori i thei i firsti i Ni i successivei i cycles,i i thei i ithi i MUXi provides 



Wei presenti herei ai foldedi architecturei andi full-paralleli 

architecturei fori thei 2-Di integeri DCT,i alongi withi thei 

necessaryi transpositioni bufferi toi matchi themi i withouti 

internali datai movement. 

A.i Foldedi Structurei fori 2-Di Integeri DCT 

Thei foldedi structurei fori thei computationi ofi (Ni ×i Ni )-i 

pointi 2-Di integeri DCTi isi showni ini Fig.i 5(a).i Iti consistsi ofi 

onei i Ni -pointi 1-Di DCTi i modulei andi i ai transpositioni i buffer. 
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outputi ofi Ni successivei RCsi oni thei ithi row.i Ini thei nexti Ni 

successivei cycles,i thei ithi MUXi providesi outputi ofi Ni 

successivei RCsi oni thei ithi column.i Byi thisi arrangement,i ini 

thei firsti Ni cycles,i wei cani readi thei outputi ofi Ni successivei 

columnsi ofi RCsi andi ini thei nexti Ni cycles,i wei cani readi thei 

outputi ofi Ni successivei rowsi ofi RCs.i Thei transpositioni 

bufferi ini thisi casei allowsi bothi readi andi writei operationsi 

concurrently.i Ifi fori thei Ni cycles, 

operationsi withi thei transpositioni bufferi continues.i Thei 

transpositioni bufferi ini thisi casei introducesi ai pipelinei latencyi 

ofi Ni cyclesi requiredi toi filli ini thei transpositioni bufferi fori thei 

firsti time. 

Fig.6.i Full-paralleli structurei ofi (Ni ×i N)-pointi 2-Di integeri 

DCT.i (a)i Fullparalleli 2-Di DCTi architecture.i (b)i 

Structurei ofi thei transpositioni bufferi fori inputi sizei i i 4×4. 

(c)i Registeri celli RCij.i (d)i 7-to-1i MUXi fori 4×4i 

transpositioni buffer. 

Fig.5.i Foldedi structurei ofi (Ni ×N)-pointi 2-Di integeri DCT. 

(a)i Foldedi 2-Di DCTi architecture.i (b)i Structurei ofi thei 

transpositioni bufferi fori inputi sizei 4×4. 

V.i IMPLEMENTATIONi RESULTS 

A.i Simulationi Resultsi ofi 1-Di Integeri DCT 

Wei havei codedi thei architecturei derivedi fromi thei 

referencei algorithmi ofi Sectioni IIi asi welli asi thei proposedi 

architecturesi fori differenti transformi lengthsi ini Verilog,i andi 

simulatedi byi usingi Xilinx.i Thei wordi lengthi ofi inputi i 

samplesi isi choseni toi bei 16i bits. 

resultsi arei readi andi storedi column-wisei now,i theni ini thei 

nexti Ni successivei cycles,i resultsi arei readi andi storedi ini thei 

transpositioni bufferi row-wise.i Thei firsti 1-Di DCTi modulei 

receivesi thei inputsi column-wisei fromi thei inputi buffer.i Iti 

computesi ai columni ofi intermediatei outputi andi storesi ini thei 

transpositioni buffer.i Thei secondi 1-Di DCTi modulei receivesi 

thei rowsi ofi thei intermediatei resulti fromi thei transpositioni 

bufferi andi computesi thei rowsi ofi 2-Di DCTi i outputi i row-i 

wise.i Supposei thati ini thei firsti Ni cycles,i thei intermediatei 

resultsi arei storedi column-wisei andi alli thei columnsi arei filledi 

ini withi intermediatedi results,i theni ini thei nexti Ni cycles,i 

contentsi ofi successivei rowsi ofi thei transpositioni bufferi arei 

selectedi byi thei MUXesi andi fedi asi inputi toi thei 1-Di DCTi 

modulei ofi thei secondi stage.i Duringi thisi period,i thei outputi i 

ofi thei 1-Di DCTi modulei ofi firsti stagei isi storedi row-wise.i Ini 

thei nexti Ni cycles,i resultsi arei readi andi writteni column-wise.i 

Thei alternatingi column-wisei andi row-wisei readi andi i i i i  write 

B.i Simulationi Resultsi ofi 2-Di Integeri DCT 

Wei alsoi simulatedi thei foldedi andi full-paralleli structuresi 

fori 2-Di integeri DCT.i Thei 2-Di full-paralleli structurei yieldsi 

32i samplesi ini eachi cyclei afteri initiali latencyi ofi 32i cyclesi 

providingi doublei thei throughputi ofi thei foldedi structure.i 

However,i thei full-paralleli architecturei consumesi morei 

poweri thani thei foldedi architecturei sincei iti hasi twoi 1-Di DCTi 

unitsi andi nearlyi thei samei complexityi ofi transpositioni bufferi 

whilei thei throughputi ofi full-paralleli designi isi doublei thei 

throughputi ofi foldedi design. 
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VI.i SUMMARYi ANDi CONCLUSION 

Ini thisi paper,i wei havei proposedi area-i andi 

efficienti i architecturesi i fori i thei i implementationi i i of 

[13]i P.i Topiwala,i M.i Budagavi,i A.i Fuldseth,i R.i Joshi,i i i i and 

E.i Alshina.i (2011,i Nov.).i JCTVC-G040,i CE10:i Summaryi 

Reporti i oni i Corei i Transformi i Designi i i [Online].i i i Available: 

power-
i 

integer DCTi i i ofi i differenti i lengthsi i toi i bei i usedi i ini i HEVC.i i i i i i i The http://phenix.int-evry.fr/jct/doc end user/documents/7 
computationi ofi Ni -pointi 1-Di DCTi involvesi ani (N/2)-pointi 1-

Di DCTi andi ai vector-matrixi multiplicationi withi ai constanti 

matrixi ofi sizei (N/2)i ×i (N/2).i Wei havei usedi thei proposedi 

architecturei toi derivei ai reusablei architecturei fori DCTi thati 

cani computei thei DCTi ofi lengthsi 4,i 8,i 16,i andi 32i withi 

throughputi ofi 32i outputi coefficientsi peri cycle.i Wei havei 

proposedi power-efficienti architecturesi fori foldedi andi full-i 

paralleli implementationsi ofi 2-Di DCT,i wherei noi datai 

movementi takesi placei withini thei transpositioni buffer. 

Geneva/wg11/JCTVC-G040-v3.zip. 
[14]i A.i Fuldseth,i G.i Bjøntegaard,i M.i Budagavi,i andi V.i Sze.i 

(2011,i Nov.).i JCTVC-G495,i CE10:i Corei Transformi Designi 

fori HEVC:i Proposali fori Currenti HEVCi Transformi [Online]. 

Available: http://phenix.int-evry.fr/jct/doc end 

user/documents/7i Geneva/wg11/JCTV%C-G495-v2.zip. 
[15] M.i Potkonjak,i M.i B.i Srivastava,i andi A.i P.i 

Chandrakasan,i “Multiplei constanti multiplications:i Efficienti 

andi versatilei frameworki andi algorithmsi fori exploringi 

commoni subexpressioni elimination,”i IEEEi Trans.i Comput.-i 

Aidedi Des.i Integr.i Circuitsi Syst.,i vol.i 15,i no.i 2,i pp.i 151–i 

165,i Feb.i 1996. 

[16] M.i i i D.i i Macleodi i i andi i A.i i i G.i i i Dempster,i i  “Common 
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