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VLSI Design of Data Manipulation Unit capable of bit
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ABSTRACT

A data manipulation unit capable of bit partitioned shift and various multimedia data type conversions in
addition to conventional shift, is presented. Utilizing the similarity between the data type conversion and the shift,
the addition of small amount of interconnections to conventional barrel shifter enables data type conversion as
well as shift operations with minimal hardware overhead. The presented data manipulation unit is composed of
the shifter block for conventional shift and a pack and a unpack block. It has been designed with verilog HDL

and the VLSI implementation results using compass 0.6 um standard cell are discussed.
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unpack, expand, merge <I4F 58 £33} z]els)r]
A HFde A2 e 3=l E FIReEH
Aze W gt dole] 4] MRS B3 4
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2|3H= 3}4= unsigned 8B|E dlolE|Z AIFIC)
ol AHEldl] $lsliA, 32 v|EL] $Juxis] dlo]
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o] 320|E dlo]elE AAdEh= unpackdAl So] F
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E 1. dlele] 3Apdst wede].

Instruction =4
PACK16 Four 16-bit packs
PACK32 Two 32-bit packs
PACKFIX Four 16-bit packs
EXPAND Four 16-bit expands
MERGE Two 32-bit merges
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o) e 8/e] 8uE HlolE R AR 64n]E
dlo]elE g

. ClOJE] AIZEQ} 84] et oiptol
S8t Ha| wot

71&2] 328|E H=xig] A ZEg} rjfe], 8, 16,
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EXPAND, MERGE 5°] +3& 93], + {4l
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g 32bit shifter
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shi%t\shi‘t‘shm shift  shift | output
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|
B4bit MUX - JOIN ‘ = | 64bit
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" ‘[ 2 1 output
—_— shift ‘—u
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T2 4. AK dlefe] A2l7|e 7=

Uubdsl AZE Qile] gleids, 7 79 ARl
319] 328]E barrel AJZE|E vlEloR EgizQl F
7fe] 32v]E dlofelo] ofs] S A|ZE A4t
S Fale 4 9lxE itk Byte, Halfword 59,
dlelelis Zb7k 20, 21, 2 zdlelx], 20, 21, 2%,
20 zEolA7AN|e] AZE olabe falm 2zt
2%, 2' ZHo]A]:= bypassdl] 3 rlgdicl o]
735, left A|ZE, right A|ZE Fo] 4, 319] HE
o] wizle]= A MUXe)| 2ls) 7+ ~Elo]A]el] 0
E= o dlolg BIEE J¥sle Ay rbs3id,
64H|E B9 wh] AZEE= 7 49 MUX-
JOINo|| 2J35l], 0 thAl 3}e] 32n|E A|zg] gl=HS
JHAA Al  E 2% dlelelAe)r)7F A8k
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H|Eo] gl dlo]e] F%E& F3Ysh= PACK64E
LolaHA| T-F F 9lxE 3%k PACK64E 9
A= 1~-31H]|ES] AZEsL QFEuER SH|EQ)
pack_factor=- A8-8}ic)

2. HelHAI7F Ak ik

+ & 71 % & 2}
PACK16 Four 16-bit packs
PACK32 Two 32-bit packs
dlo]H :
) . PACK64 One 64-bit pack
FAwa ,
A PACKFIX Four 16-bit packs
EXPAND Four 16-bit expands
MERGE Two 32-bit merges
ol kA4 o] SLL Logical left shift
NEZE SRL Logical right shift
At SRA 5Arithmetic right shift
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shift distance =n0-2°+nl - 2!
+ 72224+ n3- 284+ m - 20+ 5 - 2°
(), nl, 72, n3, W, n5 ={0,1}) 2

o7]4], n0, nl, n2, n3, nd4, n5+= 7}7z} Barrel
A ZE] 2Ho]A] 1, 2, 3, 4, 5ol QoA A|ZE o
-5 Jepdck ow] AdwEl w} 9= PACKIS,
PACK32, PACK64, PACKFIX 7} 74-5-ol <JoiAd,
64M|E glE (x[iDS E3l 328 E &Y (yliDE A
F3b) slalo] apEle ke 7t A6 - o3
2ol 59 4 9lck

M @4 <i<31) = i—(nd-2°

+aul -2 w2224 m3 - 28+ m - 2% +2°]

vli]l (16 < i < 23)=x[i— @0 -2"+n] - 2!
+m2- 2%+ 32+, - 2+ (2°+2%)]

vli] 8 <i <15 = x[(+2%—(n0-2°

+al -2 4+ n2- 224 M3 284w - 29+ (2°+29)]
y[il(0<i<7)=x[(i+2%) —(n0 - 2"+nl - 2!
+n2-22+n3'23+714-24)+(20+23+‘24)] (3)

yli]l (8 <i < 31) = x[i—(2%]

ylil (0 <i<7) = x[G +2%—(n0-2°
+nl -2+ n2- 28+ %3 - 2%+ - 2%)
+(2"+2%+2%] (4)

y[i] (32 < i < 63) = x[i—(n0 - 2"
+nl - 28+ 72 22+ m3 - 254+ - 29)]
v[i] (0 <i<31) = x[G +2%—(n0-2°
+ml -2 52 224+ m3 - 28+ - 29)] )

yli]l (32<i<63) = x[i—(n0-2"
+nl - 2"+ 72 - 2%+ n3 - 28+ m - 2Y)]
vli] (0 < i < 3D)=x[({+2°)—(n0-2°
+al -2 42224 u3- 2%+ - 20 +2']  (6)

A3 - 6)ollA e nie} zlo] gxER ¥t
" 7t dloje] wg Azl g o] 712
AZE g4l j(z)ﬂ AR HelE sl e
& &tk ole} AL FEAHE U 83}

dlole] A MES 9% 20] ) AlZE
5 Aven gt Ak A3 - 6)elld (i + 2°)
32 17l 40 YpERd MUX-JOINe]| 2]sle] 3

HU 1~J m1°

7Fs8l, PACK64o| M= F5dA7) hAlelA] o
=t} A3)ell viepd PACK16°3*JL 1%l 47)¢]
68| EofA] 479 BH|EES FE3:= dd4bow,
pack_factorol] 2]l ZAA%]+= n0 ~ ndell 25 7|
2o 2° ~ 2 A=ZE AH]OAE o]gsle] AzE
QAiks Fagkcl e 4] (3)oll vehd wle} 3t
o], o] <Ak o)elz 2°, 2%+ 2%, 2% + 2%, 2° + 27 +
2'ukto) A zE odake AwE pack_ fact0r°ﬂ °|&h
At} A|ZEAZN FEo] MARKL F 1Y
dlojele] BIE 9)x] (63 < i < 0)F M| Hdaﬂ 16
H|E (63 < i < 48)% pack_factoritg A|ZLEE
T A 0 ~ I58]E AZE oite] 7h53laL
Zote 2%kge] A ZES Saslojof slug & |
~ 168 E Wgje] AZEF  F3sjoiol Fhr}
gh Al HA 168]E 47 < i < 32), - WA 16¥]
E 31 <i < 16), A HA 16H|E (15 < i <
0F ztzt 2% 2%, 2° + 24, 2° + 2° + 2* A=e
2 iz a7sleg 747 9 ~ 24u|E, 17 ~ 32
H|E, 25 ~ 40H|ES] A ZE qiilo] S3E HQ
7b Qlek &, dl 789 16H[E dlolE] EE-2 A&
=Rzl AZES g7 slug F HA 16H]E
31 AZE 93 16 ~ 24v|ExFe] Axe Qi

A WA 168 EL] A xE IR} FEo] ub
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= FEo] A Heol, o] I3t Fv1e] A ZE
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A% AR AZE AR FEFADL ASH =
o], o]& $13 Fv} A= A=A 6413]E g
ole]el|lA] 328 E dlo|elE ARl fHolA FEI
735 AR FE HAAEE A slsle] ok
o] F 7x] whfe] mEsgict A WAz 2' 3}
2’ Aze xdlelxNele] S AgR 2, 2° +
2, 2"+ 2%, 2° + 20 + 2'% 919 AR kR
holr). F WAR FEo| doifes AHRE Ax
E zdlo|A|vic} Wxe] AHRE Fvisle] sjdsh=
ulelcl. A WA wpHe] A FAAS §4
& 4= 9lan, Aozt golsichs Ao glovt 7}
AZE AR} ZFrlshe e Qick F HA why
& 37} Aze) ke Hon}, 7+ Aze sujo]A)o|
AtE $13F 22e] vlm A BAkslrls A1)
oick %Eelgk ®%e] ¥k 9 interconnection®] f
RS FAIE] 918k, A A ubgs ARl
t} o] 7§ F7}=]+= interconnection®] %A ke
How ofof tistedsi= Vellx] =g} 18] 62
PACK16 <i4kr 3) Hlehg vepiich. 32u]E dlo]
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pack_factor 00110

31 O 31 0]

2| 5. PACK64 od4HH]

B 2700l le] kA Al F 470e]  16W]|E(HI6
~ H31, HO ~ H159} L16 ~ L31, LO ~ L15)d)|
olel7} AlZE| R H¥H F, o]n] AwEl nle} 3o
pack_factor &}¢] 40| ERES- ARE-3}ed 2% = 9% 9]
Ame seolAE Ealel 1~ ISW|EAA Az
2 Sk o) 22 16v]E dolelel vt )
ole] % 3¢ H|E )Xl 2' A|LE stage?)
H23 ~ H30, H7 ~ H14¢} 123 ~ L30, L7 ~
Li4nE  gjxle]  dlelelE:  FiE AAR
interconnectiong- £3), 2° A|ZE stage®] H24 ~
H31, H16 ~ H23, H8 ~ H15, HO ~ H79] vH|E
91z EHsle]  32u|E Azjdelels A ¥
c}.

24 shift stage

25 shift stage
e e b

64bit input
data 20 ot 2 98

) 32bit result
shift stage

— | Extra interconnections

2! 6. PACKI16S $13 37} d4+x

UnpackedAe  TMell4] AwEk nie}l 7o)
EXPAND®} MERGE ¢<l4ko] gl EXPAND<}

MERGE &dARS A E Jake- _8_?-5’}-1] ok 71 A !

dAke "= SluE 7t AZE AR glo,
AZE A4k qlo] FHAIZ F AlZefe] W v
~E|o]R|o] A|Eo] ZrkE MUXZ FA% 225
E3lo] Aelsles slgick o] EFel iHE dlo]
Bl 28] 76 ehd ule} o] EXPAND =
MERGEo®]| 2]&] A%l MUX A|ojAlsel wel
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paddinge| “=3§%Ick

0
DATA31 (H)
0
DATA30 (H)
® 64bit
® 64 MUX'S | results
DATAO (H) ————
0
DATA31 (L)
®
I e
DATAO (L)

32 7. EXPAND, MERGE #e]ult

V. VLS| 0I7|&ix

dlole] #2]7]e] Alfelz|dlx= 17 8ol vie}
W onle} o] 7]Ee| A|ZE ol dHlolE] A
Wsledal 28 93k 2° ~ 2° A ZE sEo|R R T+
JElch o] A ZE 2g|o]R)i= lefte} right A]ZE]R
o]Fo]xl 328 wk9]e] barrel A]ZE| 27K (Shift
32 high, shift 32 low)& o]Fe]x] olck. =3k zhzt
of glo] FZF ~E|o|A]e] EXPAND, MERGE %
S 93t B2, 2|3 barrel A]ZE]9} EXPAND,
MERGE% %3 ol #F5E4$ Adsh= MUX
7} F&=le] gt} Shift 32 high, shift 32 lowell:=
MellA] Awd=l npe} zro] 2] wWshE 91k F719]
interconnectiono] A7 Eivk 77| 7|E AL
E 53] Aolli= 23 4 o vyepd mje} o] MUX
o o3l left A|ZES ]3] AME= 0'-2 shift

Sy

pack_mode

320 Input>_._.“ S’::fl;g2 o VERcE e —— 32bit output

hift 32
32bit input 5
S

> 32bit output
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I
|
|
2
B
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32 highe] #3&}e] B]ER g]=s}ed, shift 32 high
9} shift 32 low7} He2lElo] = 7)o S5l AxZE
7} eg=ick

dlole] 4] W3t 2 64| E dloJele] 7]E AL
B shift 32 low®] 4}$] H]E7} shift 32 higho]
ak¢] HIE MUXe|| ojs] odibda A==l dloje]e]
HE F3le] 3Y=lcl 328 E A ZE|Q] shift 32
high®} shift 32 low+= 7z}z} 8H|E whe]Z H]E H-
ste] 4sie] 8uIE, 2719] 16M]E, 17H9] 32vH|E
dielel7t A ZES  F3sA ok dlolE AW
3} 914} 5 packIARS- shift 32 high, shift 32 low
A4kS- 4=885}5, EXPAND, MERGES-= shift 32
high, shift 32 lowZ bypass 3}] EXPAND,
MERGEE-Z-i|4] dlo|e] 37} mi= 2BlG o]F &
& B3le] FEIh 64n]E dlole] A2lE 98,
shift 32 low®] ZAF$] ¥]ES-S- shift 32 highe] |
39 HIEER HAT)7] S 2 48] MUX-
JOINo|| sllds= AZAF%E 4] left shifte] 73-$-
o glo} 28 9ell vjehfigick shift 32 highe]
31¢] gl=dle]e]al DATAOMH)S} shift 32 low2]
#AF9]  dlo]elql DATA31(L)7}  A|e{4lZ(join)ol)
olalo] 2° A|xE ~wHo]#|2] &k MUXS! HOo|
o8] AelElc) Eolgl wpH o2 shift 32 higho] 2°
A|ZE ~lo]x] HOF HI MUXe| E3 dlo]e|e}
ak¢] 3m|E AzEje] 2° AxE AEo|x| L33}
L30 MUXe®] &% dlo]el7} joinilZel efste 4+
9] 32u|E AlzE]e] 2' AZE ~Eo|A]e] 39
MUXSl HO3} H1Z glo] Xt} o] 2°, 2°, 2*
A|ZE 2Ho|A & ZHE ubel] ofdte] F sle A
=] BES oyt 27 AzZE  AHoAE
shift32 low?] 2' A|ZE x@lolz]e] &3 e}
shift 32 high] 2* A|ZE ~#gle]z|e] ZHAyr}

Shift 32 nigh

DATA1(H)
DATAO(H)

DATAZ1 (L
DATAZO(LY

Shift 32 low

a2 9. MUX-JOINS $J3F A%

lHEle] HEA o7 32m|E AZED s 5
t}. ¥ 32 7129 barrel A|ZEo]| dlolE] A
Wzl J4kS 9)e|x] E23F 37} interconnection™
MUXS] A48 chehigich E 3o el wleh
7+o], 37} interconnection®} MUX+& 717} 1857,
62N2A ZHt oF 14.8%, <F 9% AX F7lstA =
ch [419] 7|9 integer unit HAPIE Fele] o
4 Ql%ol, dlole] 3] wist oAk} AlzE{e] Fh=
flofeke, Al faksh, Akl dlole] Azl
-2, t}h#] interconnection®} MUXH-3#-2] 10% # =2]
HE of] 3 W4 ZiE Ve AZE A4 B
ohe} zHg He|vicie] dloje] AHzlE 1% 3=
o5 folsiA T & S & F Sk o]
o} 22 JNAAHL oAle dile® FAE,
superscalar Z2A|4]2] 79~ 7]&e] upHc} Ho}
Z A7} olAl =, 7]Ee] ALUSE] 4biils
AR whiec AR PAdE sfede] 58xE

A& % gk

V. VLSI &4

Aok=l dlo]e]Ae]7]+= Verilog HDL-S ©]-8-3}e]
A5, Verilog-XLE o]83te] 7150] 3=
o ¥ 100 Agdeld AsE bk
op_al (op_a2)2- shift 32 high (shift 32 low)2] 4]
#o] 3, Finoutl (Finout2)-- shift 32 high (shift 32
low)2] =3 78 ehd, op_bl (op_b2)-2 shift
32 high®} shift 32 lowe] A|ZE A7 m&,
pack_factorE vjeEhfith  PackS Jubz{gl A|ZE
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