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The DECADES Project

DECADES PLATFORM 
ARCHITECTURE

RESULTS

* Op t im ize d  = DECADES a lgorit hm ic  im p rove m e n t s  + com p ile r innova t ions  

Graph Projections
Innovations
• e xp lic it  e d ge  lis t .
• in t ra - nod e  p a ra lle lis m .
• De coup le d  s up p ly/ com p ut e  id e n t ifie s  long la t e ncy 

load s  and  is s ue s  t he m  in  p a ra lle l.
• Hand le s  la rge  re a l- w orld  grap hs  e .g. YouTub e .
Results
• Se q ue n t ia l b a s e line  is  8x fa s t e r t han  SDH b as e line .
• Sca ling up  t o  16  t h re ad s  yie ld s  37x s p e e d up .

Vertex Nomination
Innovations
• Single  glob a l p a t h  com p ut a t ion .
• Us e d  s ub s e t  of Pyt hon  com p ilab le t o  a  na t ive  

e xe cu t ab le  w it h  Num b a .
• Pyt hon  t o  DECADES run t im e  t h rough  Num b a .
• Pa ra lle lis m  a va ila b le  in  glob a l gra p h  t ra ve rs a l
• Com p ile r- a w a re  m od ula r d a t a - s t ruc t u re s  (e .g. grap h).
Results
• Up  t o  10 ,0 0 0 x s p e e d up  ove r SDH b as e line .

PLACED AND ROUTED 
TEST CHIP

DECADES HARDWARE

Decoupled Memory Supply

Intelligent Storage Tile

Intelligent Storage Tile Features :
• Sha re d  s c ra t chp ad  for p roce s s ors  and  acce le ra t ors .
• Exp lic it  d a t a  m ove m e nt  t o  con t rol d a t a  re us e  and  m e m ory 

b and w id t h  us age , w hile  le ve raging t he  DECADES ne t w ork-
on- ch ip .

• Runt im e  configurab ilit y t o  m a t ch  t he  ne e d s  of a  give n  
ap p lic a t ion .

• Ne ar- s c ra t chp ad  com p ut a t ion .

Decoupled Memory Features :
• Se p a ra t e  m e m ory fe t ch  un it  for lookahe ad  and  p re fe t ch .
• Ort hogona l t o  DOALL Pa ra lle lis m .
• 4X- 10 X s p e e d up  from  m e m ory la t e ncy t o le rance .
• Out p e rform s  OoO d e s igns  for m e m ory- b ound  ap p lic a t ions .

BiSCUIT

In t e llige n t  St ora ge  Tile
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Scra t chp a d  Me m ory

BiSCUIT Bit-Serial Compute
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Exe cu t a b le  for 
DECADES a rch it e c t u re

Ins t rum e nt e d  LLVM
for DECADES s im ula t or

Ins t rum e nt e d  X86  
e xe cu t a b le  

(p a ra lle l CMP)

DECADES Com p ile r (b a s e d  on  LLVM)

C/ ++ Source Pyt hon  Source

DECADES Lib ra ry

DECADES COMPILER

BACKGROUND AND OVERVIEW: 
THE PROBLEM

SOLUTION: THE DECADES APPROACH

Overview
Tw o fron t  e nd s : C/ ++ t h rough  Clang and  Pyt hon  t h rough  Num b a .
LLVM is  linke d  aga ins t  DECADES run t im e  and  lib ra ry. 
DECADES t rans form a t ions : DOALL and  De coup le d  Pa ra lle lis m .
Com p ile d  d ow n t o : RISC- V e xe cu t ab le s , DECADES Sim ula t or, X86  e xe cu t ab le .

Decoupled Supply/Compute
Aut om a t ic  p rogram  s lic ing in t o  a  m e m ory acce s s  s lic e  and  a  com p ut e  s lic e .
Te rm ina l load s  a re  id e n t ifie d  and  annot a t e d  for ad d it iona l ana lys is  and  
op t im iza t ion .

Intelligent Storage 
Se m i- m anua l s lic ing of p rogram  in t o  com p ut e  core  s lic e  and  in t e llige n t  s t orage  
(IS) s lic e .
Us e d  for s it ua t ions  w he n  au t om a t ic  s lic ing is  not  s u ffic ie n t  (e .g. s p a rs e  t o  
d e ns e  t rans form a t ions ).

SPMD Parallelism
Ke rne ls  a re  s up p lie d  w it h  a  na t ive  t ile  id  w hich  can  b e  us e d  t o  w rit e  SPMD 
p rogram s .
Can  b e  us e d  in  t and e m  w it h  e it he r of t he  ab ove  (i.e . m ult ip le  com p ut e  t ile s  and  
s up p ly/ IS t ile s ).

• Due  t o  e nd  of Moore / De nna rd  Era , w e  face  m as s ive  cha lle nge s  in  
p ow e r/ p e rform ance  s ca ling.

• Pa rt ic u la rly ve xing for im p ort an t  e m e rging w orkload s  like  Mach ine  
Le a rn ing and  Grap h  Ana lyt ic s .

• Com p ut e  Acce le ra t ors  a re  a  p a rt ia l s o lu t ion , b u t :
1. Ne e d  d ynam ic  cus t om iza t ion  and  fle xib ilit y.
2. Ne e d  s olu t ions  t o  m e m ory b ot t le ne cks .

• APIs  a nd  language  cons t ruc t s  for d e coup le d  d a t a  s up p ly, s p a t ia l p lace m e nt , 
and  m ult i- granu la r m e m ory acce s s .

• St a t ic  a nd  d ynam ic  com p ile r ad ap t a t ions  and  au t om a t e d  p a ra lle lis m .
• Configurab le  t ile - b a s e d  ha rd w are : Core s , Acce le ra t ors , In t e llige n t  St orage .
• Sca lab le  fu ll- s ys t e m  s im ula t or and  FPGA- b as e d  e m ula t or, a s  w e ll a s  x86  

t a rge t s .
• Full- ch ip  fab rica t ion  w it h  HW/ SW fu ll- s ys t e m  m e as ure m e nt s .
• Technology Transfer : Te am  has  e xt e ns ive  e xp e rie nce  in  Op e n- Source  SW and  

HW e cos ys t e m , and  lic e ns ing of configurab le  HW t ile s .
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