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EVE MICRO-ARCHITECTURE CSIi:

03 03 | VCU/Cache Controller ||/ [eWay x

EVE| [EVE EVE| [EVE
| Wb | |kand fand A feaw
I,% I.I.)l$ I.,? ]?1$ L2 Bank O L2 Bank m EVE | EVE o EVE | EVE
L2 L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM RAM] ¢ RAM

T —— eWay O |--- [eWay n/2|| """ || eWay O | ... |[eWay n/2 : :
i ) EVE] . [EVE EVE| . |EVE
LLC LLC CTRL DTU CTRL DTU e | A e | e
SLICEQ SLICE & = — =E| [BvE| | [EVE| [BVE
VRU VMU RAM| [RAM RAM| [RAM

VMU | ¥ ¥ A

void vvadd( int* ¢, int* a, int * b) { | IDX Data Data Out

VMUReq 1
vstart () ; | |
1 1 I J—
for (int i = 0; i < len; i += vsetvl(len)) | ProcLogic j<= LineBuffer | | —
vld( v0, a + i ); L
. o — Shuffle/Align )
‘ vid( vl, b+ 1), al— = Me‘[adatag
vadd.vv ( v2, v0, vl );
vst( v2, ¢ + 1 ); ReqLogic LineBuffer LineBuffer
: |
vend () ; To L2 Cache From L2 Cache

Cornell University
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EVE MICRO-ARCHITECTURE CSIi:

03 03 | VCU/Cache Controller ||/ [eWay x
EVE| [EVE EVE| [EVE
55 (DS | T wb | [ o] i o
) ) LY
T +T +T +T L2 Bank O L2 Bank m EVE | EVE EVE | EVE
L2 L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM RAM] ¢ RAM
 E— Sh— eWay O |--- [eWay n/2|| """ || eWay O |:-- [eWay n/2 : :
y y y y
1] Tl EVE| : [EVE EVE| ¢ |EVE
[LC LLC CTRL DTU CTRL DTU e | e e | e
SLICE 0 SLICE k = — EVE| [EVE n EVE| [EVE
VRU VMU rRAM| [RAM rRaM| [RAM
, , , , VMU | v v A
* * *
void vvadd( int* ¢, int* a, int b) { VMIIJReq DX  Data Data: Out
vstart () ; | |
for (int 1 = 0; i < len; i += vsetvl(len)) | LineBuifer _'I | |=
vlid( v0, a + 1 ); L 5
p——— (e
— via(vi b)) SR e
vadd.vv ( v2, v0, vl );
vst( v2, ¢ + 1 ); ReqLogic LineBuffer LineBuffer
} 1
|
vend () ; To L2 Cache From L2 Cache

Cornell University
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EVE MICRO-ARCHITECTURE CSIi:

03 O3 | VCU/Cache Controller ||/ |eWay x
EVE| [EVE EVE| [EVE
TT5S TT5s | - wb | 1/ |land [eas]  feas] [ran
) I )
. T - - L2 Bank O L2 Bank m EVE | EVE EVE | EVE
L2 L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM RAM] ¢ RAM
T —— eWay O | --- [eWay n/2 eWay O | --- [eWay n/2 : :
T i EVE| : [EVE EVE| ¢ |EVE
LLC LLC CTRL DTU CTRL DTU e | e e | e
SLICE 0 SLICE k — — EVE| [EVE EVE| [EVE
VRU VMU rRAM| [RAM| RAM[ [RAM|
. . , , VMU | v v A
* * *
void vvadd( int* ¢, int* a, int b) | VMIIJReq IDX Data Data: Out
vstart () ; | ||
for (int i = 0; i < len; i += vsetvl(len)) { LineBuifer |
V]l-d( VS, a + l ) , g — — 8 L Shuffle/Align
‘ vlid( vl, b + i ); n|l— — 1 Metadata
vadd.vv ( v2, v0, vl );
vst( v2, ¢ + 1 ); ReqLogic LineBuffer
}
|
vend () ; To L2 Cache From L2 Cache
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EVE MICRO-ARCHITECTURE

03 03 | VCU/Cache Controller ||/ |eWay x
EVE| [EVE EVE| [EVE
DS 53 | - wb | | | [ean] i (e
) ) LY
T +T +T +T L2 Bank 0 L2 Bank m EVE | EVE EVE | EVE
L2 L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM RAM] ¢ RAM
T 4 eWay 0 |--- [eWay n/2 eWay 0 |--- [eWay n/2 : :
y y y y
T Tl EVE| : [EVE EVE| : |EVE
LLC LLC CTRL DTU CTRL DTU e | A e | e
SLICE 0 SLICE k — — EVE| [EVE n EVE| [EVE
VRU VMU RAM| [RAM| RAM[ [RAM|
. , , , VMU | v v A
* * *
void vvadd( int* ¢, int* a, int b) | VMIIJReq IDX Data Date Out
vstart () ; — || =
for (int 1 = 0; i < len; i += vsetvl(len)) | LineBuffer | —
vlid( v0, a + 1 ); L 5
— via(vi b1 i ) =R M
vadd.vv ( v2, v0, vl );
vst( v2, ¢ + 1 ); ReqLogic LineBuffer LineBuffer
} 1
|
vend () ; To L2 Cache From L2 Cache

Cornell University
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EVE MICRO-ARCHITECTURE CSIi:

03 03 | VCU/Cache Controller ||/ [eWay x
EVE| [EVE EVE| [EVE
eesl - sl | ~ Wb | |RIPE R e R
) ) LY
T +T +T +T L2 Bank O L2 Bank m EVE | EVE EVE | EVE
L2 L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM RAM] ¢ RAM
T —— eWay O |--- [eWay n/2|| """ || eWay O | ... |[eWay n/2 : :
1] Tl EVE| : [EVE EVE| ¢ |EVE
LLC LLC CTRL DTU CIRL RAM| | RAM RAM| | RAM|
SLICE 0 SLICE k = — EVE| [EVE n EVE| [EVE
VRU VMU rRAM| [RAM rRaM| [RAM
, , , , VMU | v v A
* * *
void vvadd( int* ¢, int* a, int b) { VMIIJReq DX  Data Data: Out
vstart () ; | |
for (int 1 = 0; i < len; i += vsetvl(len)) | LineBuifer _'I | |=
vlid( v0, a + 1 ); L 5
p——— (e
— via(vi b)) B
vadd.vv ( v2, v0, vl );
vst( v2, ¢ + 1 ); ReqLogic LineBuffer LineBuffer
} 1
|
vend () ; To L2 Cache From L2 Cache
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EVE MICRO-ARCHITECTURE CSIi:

03 03 | VCU/Cache Controller ||/ |eWay x

x wb EVE| [EVE
5 D3 s 5 DS | : VSU : | data RAM| [RAM
T +T +T +T L2 Bank O L2 Bank m EVE EVE EVE | EVE
L2 L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM RAM] ¢ RAM

T —— eWay O |--- [eWay n/2|| """ || eWay O | ... |[eWay n/2 : :

— - . .
i ) EVE] . [EVE EVE| . |EVE
LLC LLC CTRL DTU CTRL DTU e | e e | e
SLICE 0 SLICE & = — =E| [BvE| | [EVE| [BVE
VRU VMU RAM| [RAM| RAM| |RAM

VMU | ¥ ¥ A

void vvadd( int* ¢, int* a, int * b) { | T
VMUReq | IDX | Data DataI Out

vstart () ;

for (int i = 0; i < len; i += vsetvl(len)) { ProcLogic Li“eB“ffef_l' | | =
v1d( v0, a + i ); L _
== vid(vi, b +i); == e
vadd.vv ( v2, v0, vl );
vst( v2, ¢ + 1 ); ReqLogic LineBuffer LineBuffer
) |
To L2 Cache From L2 Cache
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EVE MICRO-ARCHITECTURE

CSI=

| VCU/JRTETERlroller ||/ |eWay x
03 03 EVE| [EVE EVE| [EVE
| VSU | RAM| [RAM RAM| [RAM
'] ) L)
I,% I.I.)l$ I.,? ]?1$ L2 Bank O L2 Bank m EVE | EVE EVE | EVE
L2 L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM RAM] ¢ RAM
T —— eWay O | --- [eWay n/2 eWay O | --- [eWay n/2 : :
I I3 EVE]| : [EVE EVE| . |EVE
LLC LLC CTRL DTU CTRL DTU e | e e | e
SLICE 0 SLICE k = — EVE| [EVE T EVE| [EVE
VRU VMU RAM| [RAM RAM| [RAM
. , , , VMU | v v A
* * *
void vvadd( int* ¢, int* a, int b) | VMIIJReq IDX  Data Data: Out
vstart () ; | |
for (int 1 = 0; i < len; i += vsetvl(len)) f{ LineBuffer _'I =
vlid( v0, a + 1 ); L 5
v, b)) “ESIE 0 e
‘ vadd.vv( v2, v0, vl );
vst( v2, ¢ + 1 ); ReqLogic LineBuffer LineBuffer
} 1
|
vend () ; To L2 Cache From L2 Cache
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EVE MICRO-ARCHITECTURE

CSI=

03 03 | VCU/Cache Controller ||/ |eWay x
EVE| [EVE EVE| [EVE
| m | RAM| [RAM RAM| [RAM
'] ) L)
I,% I.I.)l$ I.,? ]?1$ L2 Bank O L2 Bank m EVE | EVE EVE | EVE
L2 L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM RAM] ¢ RAM
T —— eWay O | --- [eWay n/2 eWay O | --- [eWay n/2 : :
T Ty EVE]| : [EVE EVE| . |EVE
LLC LLC CTRL DTU CTRL DTU e | e e | e
SLICE 0 SLICE k = — EVE| [EVE T EVE| [EVE
VRU VMU RAM| [RAM RAM| [RAM
. , , , VMU | v v A
* * *
void vvadd( int* ¢, int* a, int b) | ) | IDX Data Date Out
MUReq 1
vstart () ; | |
for (int i = 0; i < len; i += vsetvl(len)) f{ LineBuffer _'I | | =
vlid( v0, a + 1 ); L 5
v, b)) S =F M
‘ vadd.vv( v2, v0, vl );
vst( v2, ¢ + 1 ); ReqLogic LineBuffer LineBuffer
} 1
|
vend () ; To L2 Cache From L2 Cache
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EVE MICRO-ARCHITECTURE CS|=:

03 03 | VCU/Cache Controller ||/ [eWay x
I ]
| VSU | vadd
I,% I,),$ I,? I,),$ L2 Bank 0 L2 Bank m ——
1.2 L2 Way O |-.- | Way n/2 Way O |-+ | Way n/2 vadd
T —— eWay O | --- [eWay n/2 eWay O | --- [eWay n/2 :
e e CTRL _|[ DTU CTRL _|[ DTU vadd
SLICE 0 SLICE k — — ——
VRU VMU vadd
. . . . VMU | v v A
void vvadd( int* ¢, 1int* a, 1int * b) { VMIIJReq DX Data DataEOut
vstart () ; |
for (int 1 = 0; i < len; i += vsetvl(len)) f{ LineBuffer _'I =
vlid( v0, a + i ); L _
a5 11 =R
ctadata
mmm) vadd.vv( v2, v0, vl );
vst( v2, c + 1 ); ReqLogic LineBuffer LineBuffer
} I
|
vend () ; To L2 Cache From L2 Cache
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EVE MICRO-ARCHITECTURE CSIi:

03 03 |/ I WE IEZE

EVE| [EVE EVE| [EVE
.es | VSU | RaM| [RAM rRaM| [RAM
I,% I.I.)l$ I.,? ]?1$ L2 Bank O L2 Bank m EVE | EVE o EVE | EVE
L2 L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM RAM] ¢ RAM

T —— eWay O |--- [eWay n/2|| """ || eWay O | ... |[eWay n/2 : :

= T . .
LLC LLC CTRL | [ CTRL || _DTU RAM '| jav| | [RAM '| RAM
SLICE 0 SLICE & = — =E| [BvE| | [EVE| [BVE
VRU VMU RAM| [RAM RAM| [RAM

VMU | v v A

void vvadd( int* ¢, int* a, int * b) { | T
VMUReq | IDX | Data DataI Out

vstart () ;

1 1 — J—
for (int i = 0; i < len; i += vsetvl(len)) | ProcLogic j<= LineBuffer | | —
vld( v0, a + i ); L
. o —1 [— 12 Shuffle/Align )
vid( vl, b+ 1 )7 ol— — 5 Me‘[adatag
vadd.vv ( v2, v0, vl );
‘ vst( v2, ¢ + i ); ReqLogic LineBuffer LineBuffer
: |
vend () ; To L2 Cache From L2 Cache
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EVE MICRO-ARCHITECTURE CSIi:

03 03 | VCU/Cache Controller ||/ [eWay x

EVE| [EVE EVE| [EVE
| — | |kand fand A feaw
I,% I.I.)l$ I.,? ]?1$ L2 Bank O L2 Bank m EVE | EVE o EVE | EVE
L2 L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM RAM] ¢ RAM

T —— eWay O |--- [eWay n/2|| """ || eWay O | ... |[eWay n/2 : :
i ) EVE] . [EVE EVE| . |EVE
LLC LLC CTRL DTU CTRL DTU e | A e | e
SLICEQ SLICE & = — =E| [BvE| | [EVE| [BVE
VRU VMU RAM| [RAM RAM| [RAM

VMU | ¥ ¥ A

void vvadd( int* ¢, int* a, int * b) { T

IDX Data Data Out

vstart () ;

for (int i = 0; i < len; i += vsetvl(len)) |{ Li“eB“ffef_l' | |=
vlid( v0, a + i ); L _
v1d( v, b+ ) == e
vadd.vv ( v2, v0, vl );
‘ vst( v2, ¢ + i ); ReqLogic LineBuffer LineBuffer
) |
To L2 Cache From L2 Cache
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EVE MICRO-ARCHITECTURE

CSIE=:

03 03 | VCU/Cache Controller ||/ |eWay x
| = é = | EVE EVE| [EVE
5 D3 5 DS : : RaM|  [RaM [RaM
T +T +T +T L2 Bank O L2 Bank m EVE EVE EVE | EVE
L2 L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM RAM] ¢ RAM
T —— eWay O | --- [eWay n/2 eWay O | --- [eWay n/2 : :
I I3 EVE]| « [EVE EVE|. [EVE
LLC LLC CTRL DTU CTRL DTU e | e e | e
SLICE 0 SLICE k = — 57 B | R [BE
VRU VMU RAM| [RAM RAM| [RAM
. , , , VMU | v v A
* * *
void vvadd( int* ¢, int* a, int b) | VMIIJReq IDX  Data Data: Out
vstart () ; | ||
for (int i = 0; i < len; i += vsetvl(len)) |{ ProcLogic )< LineBuffer _'I | =
vlid( v0, a + 1 ); L 5
vid( vl, b + i ); = req IEFS S e
ctadata
vadd.vv ( v2, v0, vl );
‘ vst( v2, ¢ + i ); ReqLogic LineBuffer LineBuffer
} 1
|
vend () ; To L2 Cache From L2 Cache
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EVE MICRO-ARCHITECTURE CSIi:

03 03 | VCU/Cache Controller ||/ |eWay x
+ EVE| [EVE EVE| [EVE
.es | VSU | RaM| [RAM rRaM| [RAM
I,% I.I.)l$ I.,? ]?1$ L2 Bank O L2 Bank m EVE | EVE o EVE | EVE
|5) L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM Bab) © [Eh
T —— eWay O |--- [eWay n/2|| """ || eWay O | ... |[eWay n/2 : :
r"“ n—l : :
e e CTRL |[ DTU CTRL data EVE):[EVE] | [EVE): [EVE
VRU VMU RAM| [RAM RAM| [RAM
VMU | v v A

void vvadd( int* ¢, int* a, int * b) { | IDX Data Data Out

VMUReq 1
vstart () ; | |
1 : I J—
for (int i = 0; 1 < len; 1 += vsetvl(len)) { ProcLogic LineBuffer | | p—
vlid( v0, a + 1 );

( ’ . ) Wl — 2 L Shuffle/Align oAl
vid(vl, b+ 1) g — 5 Metadata
vadd.vv ( v2, v0, vl );

‘ vst( v2, ¢ + i ); ReqLogic LineBuffer LineBuffer
} |
To L2 Cache From L2 Cache
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EVE MICRO-ARCHITECTURE CSIi:

03 03 | VCU/Cache Controller ||/ |eWay x

+ EVE| [EVE EVE| [EVE
.es | VSU | RaM| [RAM rRaM| [RAM
I,% I.I.)l$ I.,? ]?1$ L2 Bank O L2 Bank m EVE | EVE o EVE | EVE
|5) L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM Bab) © [Eh

T —— eWay O |--- [eWay n/2|| """ || eWay O | ... |[eWay n/2 : :
LLC LLC CTRL || DTU CIRL | . “H BN R
VRU VMU RAM| [RAM RAM| [RAM

. . . . VMU | ¥
void vvadd( int* ¢, int* a, int * b) { | IDX ata Out

VMUReq 1
vstart () ; =] |‘

ProcLogic LineBuffer ——

for (int 1 = 0; 1 < len; 1 += vsetvl(len)) { | —
vld( v0, a + i ); L :
. o —1 [— 12 Shuffle/Align )
vid( vl, b+ 1 )7 g — — 5 I\ljletadatag
vadd.vv ( v2, v0, vl );
‘ vst( v2, ¢+ 1i); LineBuffer LineBuffer
} v |
vend () ; To L2 Cache From L2 Cache

Cornell University
Computer Systems Laboratory

Micro-Architecture

Page 6 of 15



EVE MICRO-ARCHITECTURE CSIE:

03 03 | VCU/Cache Controller ||/ |eWay x

. EVE| |EVE EVE| |EVE
.es | VSU | RaM| [RAM rRaM| [RAM
I,% I.I.)l$ I.,? ]?1$ L2 Bank O L2 Bank m EVE | EVE o EVE | EVE
L2 L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM RAM] ¢ RAM

T —— eWay O |--- [eWay n/2|| """ || eWay O | ... |[eWay n/2 : :
LLC LLC CTRL || DTU CTRL _]|_DTU “H BN R
VRU VMU RAM| [RAM RAM| [RAM

VMU | v ¥ A

void vvadd( int* ¢, int* a, int * b) { | T

VMUReq | IDX | Data DataI Out

vstart () ;

ProcLogic LineBuffer —— |

for (int 1 = 0; i < len; i1 += vsetvl (len)) {

vlid( v0, a + 1 ); L Sh fﬂe!/Alin

u .
vid( vl, b + 1 )7 Me‘[adatag
vadd.vv ( v2, v0, vl );

‘ vst( v2, ¢ +1i); CHETIE > I data I LineBuffer
} 1

U |
vend () ; To L2 Cache From L2 Cache

STQ
[l
[l

LDQ
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EVE MICRO-ARCHITECTURE CSIi:

03 03 | VCU/Cache Controller ||/ |eWay x
+ EVE| [EVE EVE| [EVE
.es | VSU | RaM| [RAM rRaM| [RAM
I,% I.I.)l$ I.,? ]?1$ L2 Bank O L2 Bank m EVE | EVE o EVE | EVE
|5) L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM Bab) © [Eh
T —— eWay O |--- [eWay n/2|| """ || eWay O | ... |[eWay n/2 : :
r"“ n—l : :
[LC TLC CTRL DTU CTRL DTU ;Li°ixi gxi'ixi
VRU VMU RAM| [RAM RAM| [RAM
VMU | v v A

void vvadd( int* ¢, int* a, int * b) { | T
VMUReq | IDX | Data DataI Out

vstart () ;

1 1 — J—
for (int i = 0; i < len; i += vsetvl(len)) | ProcLogic j<= LineBuffer | | —
vld( v0, a + i ); L
. o —1 [— 12 Shuffle/Align )
vid( vl, b+ 1 )7 ol— — 5 Me‘[adatag
vadd.vv ( v2, v0, vl );
‘ vst( v2, ¢ + i ); ReqLogic LineBuffer LineBuffer
: |
vend () ; To L2 Cache From L2 Cache

} req data
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EVE MICRO-ARCHITECTURE

03 03 T8 vend W EEE
EVE| [EVE EVE| [EVE
5 D3 5 DS | VSU | RAM| [RAM| RAM| [RAM
) ) oo
T +T +T +T L2 Bank O L2 Bank m EVE | EVE EVE | EVE
L2 L2 Way O |--- | Way n/2 Way O |--- [ Way n/2 RAM| 7 [RAM RAM] ¢ RAM
T —— eway 0 | --- [eWay n72]| " [ eWay O |--- [eWay n/2 : :
1] i EVE]| : [EVE EVE| ¢ |EVE
LLC LLC CTRL DTU CTRL DTU e | e o | i
SLICE 0 SLICE k = — EVE| [EVE n EVE| [EVE
VRU VMU rRAM| [RAM| RAM[ [RAM|
, , , , VMU | v v A
* * *
void vvadd( int* ¢, int* a, int b) { VMI|JR IDX  Data Date Out
eq |
vstart () ; | ||
for (int 1 = 0; i < len; i += vsetvl(len)) | LineBuifer _'I | |=
vlid( v0, a + 1 ); L 5
. o —1| [—|® Shuffle/Align :
vid( vl, b + 1 )7 g — — a Metadata
vadd.vv ( v2, v0, vl );
vst( v2, ¢ + 1 ); ReqLogic LineBuffer LineBuffer
} 1
|
‘ vend () To L2 Cache From L2 Cache
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OUTLINE

03 03 [ VCU/Cache Controller |
[ VSU |
I$ D$ I$ D$ L2 Bank 0 L2 Bank m
L2 L2 [ Way O ]---[Wayni2] [ Way 0 ]--- [Way n/2
| ””:>_%” [[eWay 0 ] --- [eWay n/2] | """ | [eWay O ] -+ [eWay n/2
LLC rc |\ [[L_ctrRL_|[(DTU ] [ ctrL |[ DTU
| SLICE 0 | | SLICE k | - T—
[ vRu ]| VMU |
BL BLB data_in  data_out mask_out
o L3
T sel_data_in g 'g Bitcell Array
° ° ° ° o sel_and a8
= EVE Bit-Hybrid Execution Paradigm T _
Rl Bitline Logic
+ sel_nor Bus Logic
[ 1 XOR/XNOR Logic
L se-or ADD Logic
sel_xnor XRegister
s - Constant Shifter
4D"C‘>o_u Spare Shifters
b T sel_xor Mask Logic
I sel_add
i 5
coutb ‘ a0 @é
) cin
wr_xreg_bus
l T wr xreg_s
P
Stie, ff_en
sel_shft
s_shft
+ 1_shft
- ~ o
Sn
: A “7@[ E
" en_shft

€l il

_il
sel_mask_lsb
sel_mask_msb
Isb

L‘\
H i
-1
-

mask_in |
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EVE BIT-HYBRID EXECUTION PARADIGM CS[ii:

Assumptions:

= 8-bit elements
= 16x16 SRAM array

Definitions:

N
|

= Segment: Elements are
broken down into segments.
A segment size can vary from
1 bit to 8 bit.

= Parallelization factor: Size of
the segment (to be processed
in parallel) in bits.

Number of Vector Registers
[\®]
|

= Bit-Serial has parallelization 14
factor of 1

= Bit-Parallel has parallelization >
factor of 8 1 2 4 8

Parallelization Factor

¥ Cornell University . : . :
N Bit-Hybrid Execution Paradigm

5/ Computer Systems Laboratory
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EVE BIT-HYBRID EXECUTION PARADIGM CSIE:

Assumptions: 4 Balanced Utilization:
Perfect utilization of all bit-
cells and in-situ ALUs in the
SRAM array

= 8-bit elements
= 16x16 SRAM array

Definitions:

N
|

Column Under-Utilization:
Reducing the number of
in-situ ALU in-favor of
storage in the SRAM array

= Segment: Elements are
broken down into segments.
A segment size can vary from
1 bit to 8 bit.

= Parallelization factor: Size of
the segment (to be processed
in parallel) in bits.

yvYyVvVyYVvYVY VY

[\S]
1

Number of Vector Registers

= Bit-Serial has parallelization 14
factor of 1

YYVYVVVYVVVVVVVYY

= Bit-Parallel has parallelization >
factor of 8 1 2 4 8

Parallelization Factor

A C 1 iversity . . . .
3/~ OeB Univeity Bit-Hybrid Execution Paradigm
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EVE BIT-HYBRID EXECUTION PARADIGM CSIE:

Assumptions: Balanced Utilization:
= 8-bit elements = Perfect utilization of all bit-
= 16x16 SRAM array cells and in-situ ALUs in the
<=  SRAM array

Definitions: « ==
= Segment: Elements are % ] Column Under-Utilization:
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EVALUATION — CIRCUITS

= Utilized a simplified version of EVE
circuits to estimate area and cycle-time
of EVE SRAM:
* Area: OpenRAM-generated layout
* Cycle-time: Extracted SPICE-netlist

= Area for other components (VCU, VSU,
DTU, VRU, and VMU) was estimated
through SRAM-array equivalence

EVE-1 EVE-2 EVE-4 EVE-8 EVE-16 EVE-32
= EVE incurs around 12% area overhead oo 17 1% 1 1% 1o
over O3 core Area Overhead Over O3
= EVE incurs no cycle-time overhead for EVE-1 EVE-2 EVEA EVE.S EVEL6  EVES2
parallelization factors of eight or less 1 ox L Ox L Ox 1 ox 115 o1y

Cycle-Time Overhead Over O3
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IV unit offers modest speedups at a very low area-overhead cost (~10%).
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DV engine achieves much higher speedups at the cost of larger area-overhead (~100%).
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EVALUATION — ARCHITECTURE CSL.
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We reach balanced utilization with EVE-4 (i.e., parallelization factor of 4).

Cornell University

Computer Systems Laboratory Evaluation

Page 14 of 15



EVALUATION — ARCHITECTURE CS[ii:

kmeans-int pathfinder jacobi2d-int backprop-int SW geomean
40 0 - 25
J 100 > 20
> 7.5 5 15
o,
3 204 - 30
& 20
254 109 10 54 | 5
0.0 - 0 0 0- 0
Em 03 B 03+1v 03+DV Il EVE-1 m EVE-2 I EVE4 Il EVE-8

Due to sub-optimized cache-subsystem for vector memory operations, EVE-8 achieves better
performance as the lower latency of EVE-8 is preferred to the longer vector lengths of EVE-4.
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EVE-16 takes a cycle-time penalty of 15%; thus, it performs slower than EVE-8 despite the
decreased latency
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EVE-32 takes a cycle-time penalty of over 50%; despite having no transpose overhead, it performs
very poorly.
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EVE-8 achieves comparable performance to an aggressive DV (~26x), while incurring an
area-overhead equivalent to an IV (~12%).
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EVE Is ABLE TO BALANCE THROUGHPUT AND LATENCY
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