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Beyond approxim ate com put ing!
A t ra n s p re cis ion com p u t in g  fra m e work:

 con t ro ls  a p p roxim a t ion  in  s p a ce  a n d  t im e  
(wh e n  a n d  wh e re ) a t  a  fin e  g ra in  th ou g h  
m u lt ip le  h a rd wa re  a n d  s oftwa re  fe e d b a ck 
con t ro l loop s .

 d oe s  n o t  im p ly re d u ce d  p re cis ion  a t  th e  
a p p lica t ion  le ve l
 it  is  s t ill p os s ib le  to  s ofte n  p re c is ion  re q u ire m e n ts  

for e xt ra  b e n e fit s .

 d e fin e s  com p u t in g  a rch it e c tu re s  th a t  
op e ra te  with  a  s m ooth  a n d  wid e  ra n g e  of 
p re c is ion  vs . cos t  t ra d e -off cu rve .
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[5 ]: Ma los s i e t  a l.: Th e  Tra n s p re cis ion Com p u t in g  Pa ra d ig m : Con ce p t , De s ig n , a n d  Ap p lica t ion s . DATE 2 0 1 8 , 2 0 1 8 .

[5 ]

Towa rd s  a  n e w com p u t in g  p a ra d ig m : Tr an sp r ecision Com p u t in g



 lack of an applicat ion-to-hardware fra m e work for m a n a g in g  p re c is ion  
with ou t  com p rom is in g  a p p lica t ion  q u a lity. 
 ke y b a rrie r to  a  wid e s p re a d  a d op t ion  of c la s s ic  a p p roxim a te  com p u t in g

 in  a  t ransprecision com put ing fram ework th is  lim it  is  ove rcom e  via  
fin e -g ra in e d  a n d  d is t rib u te d  con t ro l o f h a rd wa re  op e ra t ion  cou p le d  
with  s ta t ic  a n d  d yn a m ic  s oftwa re  con t ro l
 Com p ile r s u p p ort  to  e xte n d e d  floa t in g -p oin t  d a ta  typ e s
 fe e d b a ck b a s e d  p rog ra m m in g  m od e l e n a b lin g  on -lin e  t ra ckin g  of e rror m e t rics  

a n d  m od u la t ion  of op e ra t in g  p a ra m e te rs

Towa rd s  a  n e w com p u t in g  p a ra d ig m : Tr an sp r ecision Com p u t in g



 In pract ice, there are several different  approaches taken to achieve 
th is  g oa l with in  th e  p ro je c t

 Th e  focu s  of th is  t a lk is  on  floa t in g -p oin t  com p u ta t ion
 Me th od olog ie s  to  d is c ip lin e  th e  u s e  of re d u ce d  p re c is ion  com p u ta t ion  in  

a p p lica t ion s  (e .g ., e xp lore  m in im u m  p re cis ion  re q u ire m e n ts  in  a p p lica t ion s ) 
 Us e  of s u ch  m e th od olog ie s  in  a n  in te g ra te d  fra m e work
 Au tom a t ion  of m a n u a l p roce d u re s from  s ta te -of-th e -a rt  a p p roa ch e s

Towa rd s  a  n e w com p u t in g  p a ra d ig m : Tr an sp r ecision Com p u t in g



 The key focus of this talk is on the m W a n ch or
 b u t  th e  t e ch n iq u e s  a p p ly to  la rg e -s ca le , h ig h -p e rform a n ce  t a rg e t s  a s  we ll

Towa rd s  a  n e w com p u t in g  p a ra d ig m : Tr an sp r ecision Com p u t in g

Th e PULP p la t f o r m
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[1] : Ta g lia vin i e t  a l.: A Tra n s p re cis ion Floa t in g -Poin t  Pla t form for Ult ra -Low Powe r Com p u t in g . DATE 2 0 1 8 , 2 0 1 8 .

Towa rd s  a  n e w com p u t in g  p a ra d ig m : Tr an sp r ecision Com p u t in g
Context: Distributed Embedded Computing
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Low Power, High Performance

• Data processing usually requires FP support

• HW support needed for performance (speed)

• Up to 50% of processor power for FP-related operations. [1]

 Make processing more energy efficient on a system level

[1] : Tagliavini et  al.: A Transprecision Float ing-Point  Plat form for Ult ra-Low Power Comput ing. DATE 2018, 2018.

Towards a new com put ing paradigm : Tr an sp r ecision Com p u t in g
Context: Distributed Embedded Computing
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The Need for Float ing-Poin t  Arith m e t ic

Do we  n e e d  f l oa t in g -p o in t a t  a ll?

 Fix ed -Po in t ?
 Not  e n ou g h  fle xib ility (d yn a m ic  ra n g e )
Ma n u a l tu n in g  re q u ire d

 Log ar i t h m ic Nu m b er  Sy st em s (LNS)?
 Ad d /Su b t ra c t  ve ry e xp e n s ive . [1 ]

 UNUM ?
 Un wie ld y for LP HW im p le m e n ta t ion . [2 ]

[1 ] Ga u ts ch i e t  a l.: An  Exte n d e d  Sh a re d  Log a rith m ic  Un it  fo r Non lin e a r Fu n ct ion  Ke rn e l Acce le ra t ion  in  a  6 5 -n m  CMOS Mu lt icore  Clu s te r. IEEE Jou rn a l o f 
So lid -Sta te  Circu it s , 5 2 (1 ):9 8 –1 1 2 , 2 0 1 7 .
[2 ] Gla s e r e t  a l.: An  8 2 6  MOPS, 2 1 0  u W/MHz Un u m ALU in  6 5  n m . ISCAS 2 0 1 8
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Floa t in g  p o in t  f o r m at s

 Float ing-point  (FP) form ats are widely adopted to design applicat ions characterized by
a la r g e  d y n am ic r an g e

 IEEE 754 specificat ion defines an encoding form at  that  breaks a FP num ber into 3 
parts:
a sig n , a m an t issa , and an ex p on en t

 ex p on en t  d y n am ic r an g e
 m an t issa  p r ecision

The Need for Float ing-Point  Arithm et ic



 IEEE 754 -2 0 0 8  st an d ar d  t y p es

- b in ar y 1 6  (half precision)
- b in ar y 3 2  (single precision)
- b in ar y 6 4  (double precision)
- b in ar y 1 2 8  (quadruple precision)

Most ly used by 
program m ers (so far…) Available in 

em bedded system s

The Need for Float ing-Point  Arithm et ic
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FP16 support  on NVidia GPUs
 IEEE 754  f o r m at s  1  b it  s ig n , e b it s  e xp on e n t , m b it s  m a n t is s a

 FP1 6  ca n  re p re s e n t  3 0 ,7 2 0  va lu e s   1 0 2 4  va lu e s  b e twe e n  2 -1 4 a n d  2 1 5

 NVIDIA Te s la  P1 0 0  a n d  n e we r GPUs  s u p p ort  a  2 -wa y ve ctor h a lf-p re c is ion  u n it

 Su p p ort  in  CUDA in  cu d a-f p 16 .h
 h a l f a n d  h a l f 2 d a ta  typ e s
 i n t r in sic f u n ct ion s fo r op e ra t in g  on  d a ta  typ e s
 2 x  f ast e r  t h an  FP3 2

 Mixe d -p re cis ion  p rog ra m m in g  is  in te g ra te d  in  CUDA lib ra rie s
 cuDNN, TensorRT, cuBLAS, cuFFT, cuSPARSE

s e e e e e m m m m m m m m m mFP16
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saxpy CUDA kernel using half arithm et ic
__global__

void saxpy(int n, half a, const half *x, half *y) {
int start = threadIdx.x + blockDim.x * blockIdx.x;
int stride = blockDim.x * gridDim.x;

int n2 = n/2;
half2 a2 = __halves2half2(a, a);
half2 *x2 = (half2*)x
half2 *y2 = (half2*)y;

for (int i = start; i < n2; i+= stride) 
y2[i] = __hfma2(a2, x2[i], y2[i]);

if (start == 0 && (n%2))
y[n-1] = __hfma(a, x[n-1], y[n-1]);   

}

Com p i le r  in t r in sics t o  
p r og r am  op er a t ion  o f  
n on -st an d ar d  t y p es
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Energy consum pt ion of saxpy (NVidia Tegra X2 GPU)
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FP16 on m odern GPUs: the full picture

Source: ht tps://blog.inten.to



Sm al le r -t h an -3 2 b i t float ing point  types one step further

1) How m uch precision do we actually need?
 On ly  t w o  lev e ls o f  p r ecision  ar e  q u i t e  l im i t ed
 Wh y s top  th e re ?
 Wh ich  on e s  a re  u s e fu l? [3 ]

2 ) How to  s im p lify d e p loym e n t  of a p p lica t ion s
with  sm aller-than-32-bit floa t s ?

[3 ]: Ta g lia vin i e t  a l.: A Tra n s p re cis ion Floa t in g -Poin t  Pla t form for Ult ra -Low Powe r Com p u t in g . DATE 2 0 1 8 , 2 0 1 8 .
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Sm al lFloa t form ats for t ransprecision com put ing

 Tr an s-p r ecision  com p u t in g
1 . s t ron g  focu s  on  th e  p re c is ion  of i n t e r m ed ia t e  com p u t a t ion s
2 . e xp lo it in g  applicat ion-level softening of p r ecision  r eq u i r em en t s for e xt ra  b e n e fit s

(e .g ., en er g y  sav in g )

 Sm aller-than-32-bit FP form a ts  (sm al lFloa t s ca n  re d u ce  e xe cu t ion  t im e a n d  e n e rg y con s u m p t ion
• Sim p le r  log ic in  a r i t h m et ic u n i t s
• Vect o r iza t ion
• Ban d w id t h  r ed u ct ion

Sm al le r -t h an -3 2 b i t floa t in g p oin t  typ e s  on e  s te p  fu rth e r

Sm al lFloa t ex t en sion  o f  a  st an d ar d  FP t y p e  sy st em  

• Ne e d  a rch it e c tu re  s u p p ort
• Ne e d  com p ile r s u p p ort  (la n g u a g e  fron te n d , m a ch in e  b a cke n d )
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How  t o  ad d r ess t h e  t w o  key  g oa ls?

1. Support ing the Sm allFloat d a ta  typ e e xte n s ion
 Ha rd wa re  Su p p ort
 Com p ile r Su p p ort

2 . Sim p lifyin g th e  d e p loym e n t of Sm allFloat -based a p p lica t ion s
 Sm a llFloa t e m u la t ion
 Pre cis ion  Tu n in g
 Au tom a t ion  (com p ile r s u p p ort )

Sm al le r -t h an -3 2 b i t floa t in g p oin t  typ e s  on e  s te p  fu rth e r
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sm al lFloa t type system
 Pre lim in a ry e xp e rim e n ts [1 ] m ot iva te  sm aller-than-32-bit FP typ e s
 Se ve ra l a lt e rn a t ive s  a re  p os s ib le . A fe w u s e fu l on e s  h a ve  b e e n  d e fin e d  a lre a d y.

[1 ] Giu s e p p e  Ta g lia vin i, Ste fa n  Ma ch , An d re a  Ma ron g iu , Da vid e  Ros s i, Lu ca  Be n in i
A Tr an sp r ecision  Floa t in g -Po in t  Pla t f o r m  f o r  Ul t r a -Low  Pow er  Com p u t in g
In  De s ig n , Au tom a t ion  & Te s t  in  Eu rop e  Con fe re n ce  & Exh ib it ion  (DATE), p p . 1 0 5 1 -1 0 5 6 . IEEE, 2 0 1 8 .

Som e ap p l i ca t ion s r eq u i r e  
la r g e  d y n am ic r an g e…

…som e o t h er s r eq u i r e  h ig h er  
p r ecision
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1) Support ing the Sm allFloat data type extension

Hardware Support  (1): The PULP Plat form

 Op e n -s ou rce  ult ra-low-power com p u t in g  p la t form  b y
ETH Zür i ch  a n d  Un iv er si t y  o f  Bo log n a

 Ba s e d  on  th e  op e n -s ou rce  RISC-V 
in s t ru c t ion  s e t  a rch ite c tu re
 e xte n s ib le  with ou t  b re a kin g  offic ia l RISC-V s u p p ort

p u lp -p la t form .org
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1) Support ing the Sm allFloat data type extension

Hardware Support  (2): Goa ls f o r  Sm al lFloa t HW

 Provid e  sm al lFloa t form a ts  in  RISCV core
 Com p u ta t ion a l op e ra t ion s  (ADD, SUB, MUL)
 Con ve rs ion s  b e twe e n  in te g e rs  a n d  FP form a ts , a n d  a m on g  FP form a ts

 Vect o r ize re d u ce d -p re cis ion  op e ra t ion s  – 2 x 1 6 b it  o r 4 x 8 b it

 s m a llFloa t op e ra t ion s  (1 6 b it , 8 b it ) a n d  con ve rs ion s  in  sin g le  cy cle

 RISC-V ISA ex t en sion s to  h a n d le  n e w form a ts /in s t ru ct ion s
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1) Support ing the Sm allFloat data type extension

sm al lFloa t Unit  – Block Diagram
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1) Support ing the Sm allFloat data type extension

sm al lFloa t Unit  – Core integrat ion
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Energy consum pt ion of Sm allFloat operat ions

For m at Op er a t ion
In st r u ct ion

(sm al lFloa t  ISA
ex t en sion )

En er g y

Id le Cy cle n op 6 2 .2  p J

in t 3 2 Dat a  m ov em en t
Ar i t h m et ic

lw ,sw
ad d ,m u l

9 4 .4  p J
1 0 6 .4  p J

f loa t 3 2 Ar i t h m et ic
Con v er sion s

f { ad d ,m u l } .s
f cv t .s.X

1 0 6 .8  p J
7 9 .7  p J

f loa t 1 6

Ar i t h m et ic
Con v er sion s
Vect o r  Ar i t h m et ic
Vect o r  Con v er sion s

f { ad d ,m u l } .h
f cv t .h .X

v f { ad d ,m u l } .h
v f cv t .h .X

9 8 .8  p J
7 4 .7  p J

1 3 2 .6  p J
8 6 .4  p J

f loa t 1 6 a l t

Ar i t h m et ic
Con v er sion s
Vect o r  Ar i t h m et ic
Vect o r  Con v er sion s

f { ad d ,m u l } .ah
f cv t .ah .x

v f { ad d ,m u l } .ah
v f cv t .ah .X

8 7 .2  p J
7 3 .5  p J

1 0 8 .9  p J
7 9 .5  p J

f loa t 8

Ar i t h m et ic
Con v er sion s
Vect o r  Ar i t h m et ic
Vect o r  Con v er sion s

f { ad d ,m u l } .b
f cv t .b .x

v f { ad d ,m u l } .b
v f cv t .b .X

7 4 .0  p J
7 2 .5  p J
9 5 .2  p J
7 7 .8  p J

Av er ag e en er g y  p er  op er a t ion  ( f r om  p ost -lay ou t  s im u la t ion s)

9 5 .2  p J / 4  =  2 3 .8  p J

UMC 65nm , target  @350MHz
Worst -case libraries (1.08V, 125°C)

Almost Identical

Energy decreases with 
fewer mantissa bits

Idle System Energy per Cycle
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1) Support ing the Sm allFloat data type extension

Com piler Support

 La n g u a g e  typ e  s ys te m  e xte n s ion  (fron t -e n d )
 ISA e xte n s ion  (b a ck-e n d )
 Th e  ro le  o f ve ctoriza t ion  



28©  2018  OPRECOM P – h t t p : //op r ecom p .eu

Com piler support  to the Sm allFloat data types

middle-end
generic trees

back-end
RTL

generic trees

gimple trees

into SSA

SSA optimizations

out of SSA

gimple trees

generic trees

GCC Passes

machine 
description

JAVA front-end

C front-end
C++ front-end

parse trees

C/C+ +  p lu s 
Sm al lFloa t
t y p e  sy st em

Gen er at e  
cod e t o  u se  
RISCV 
Sm al lFloa t
ex t en sion s
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Com piler support  to the Sm allFloat data types

Fr on t  En d

C

C+ +

M id d le  En d Back  En d

Opt  pass 1

Opt  pass 2

Vectorizer ASM

…
…

Assem b ler

Bin a ry

BINUTILSGCC

RISCV ISA

Sm a llFloa t  
ISA

Sm a llFloa t  
s ca la r typ e s

RISCV
s p e cific

Sm a llFloa t  
ve ctor typ e s

Sm a llFloa t  
ca s t s

Sm a llFloa t
s ca la r op s

Sm a llFloa t
ve ctor op s

Fort ra n

Flex Float / Tr an sFloat
su p p or t

RISCV
Ex t en sion

Bin ar y
Too ls

Au tom a te d
Pre cis ion  Tu n in g

Exe cu t ion on
Fin a l t a rg e t

Sm a llFloa t
typ e s
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Com piler support  to the Sm allFloat data types

 Ok, n ow ou r com p ile r u n d e rs ta n d s  a n d  h a n d le s  s m a llFloa t typ e s .

 Is  th is  s u ffic ie n t  to  e n a b le  th e  e xp e cte d  e n e rg y s a vin g s ?
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The role of vectorizat ion

LET’S CONSIDER THIS SIM PLE EXAM PLE.. .

int main ()

{

int i;

float a[SIZE];

SMALLF b[SIZE], c[SIZE] d[SIZE];

for(i = 0; i < SIZE; i++)

{

b[i] = b[i] + c[i];

d[i] = b[i] +  (SMALLF) a[i];

}

}
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The role of vectorizat ion
.L3:

flw fa5,0(s2)

flh a3,0(s1)

flh a2,0(s3)

add       s1,s1,2

add       s3,s3,2

add       s2,s2,4

add       s4,s4,2

fcvt.h.s a4,fa5

fadd.h a3,a3,a2

fadd.h a4,a4,a3

sh a3,-2(s1)

sh a4,0(s4)

.L3:

flw fa5,0(s0)

flw fa3,0(s2)

flw fa4,0(s3)

add       s0,s0,4

add       s4,s4,4

add       s2,s2,4

add       s3,s3,4

fadd.s fa5,fa5,fa3

fadd.s fa4,fa4,fa5

fsw fa5,-4(s0)

fsw fa5,-4(s4)

l oad /st o r e  h a l f  w o r d  op er an d s 
d oes n o t  r ed u ce t h e  en er g y  

con su m p t ion

Ad d i t ion a l  cast  op er a t ion s 
ar e  r eq u i r ed

472.0 pJ LOAD/STORE
425.6 pJ ADD (integer)
213.6 pJ ADD (float)
--------------------
1111.2 pJ TOT

472.0 pJ LOAD/STORE
425.6 pJ ADD (integer)
197.6 pJ ADD (float16)
74.7 pJ CONV

--------------------
1169.9 pJ TOT

# d ef in e  SM ALLF f loa t # d ef in e  SM ALLF f loa t 1 6
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The role of vectorizat ion

a b c d e f g h i j k l m n o p

OP(a)

OP(b)

OP(c)

OP(d)

Data in Memory:

VOP( a, b, c, d  ) VR1

a b c dVR1
VR2
VR3
VR4
VR5

0 1 2 3

Vector Registers  Data elements packed into vectors 
 Vector length  Vectorization Factor (VF)

VF = 4

Vector operation
vectorization

Au t om at ic v ect o r iza t ion  is 
t h e  key  com p i le r  

op t im iza t ion  t o  en ab le  
en er g y  sav in g s

How  d oes au t om at ic v ect o r iza t ion  w or k ?

Ve ctor re g is te rs  a re  log ica l 
p a rt it ion s  o f s t a n d a rd  3 2 b it  
re g is te rs  in  th e  sm al lFloa t

e xte n s ion



34©  2018  OPRECOM P – h t t p : //op r ecom p .eu

The role of vectorizat ion

 original serial loop:
for(i=0; i<N; i++){

a[i] = a[i] + b[i];
}

 loop in vector notation:
for (i=0; i<N; i+=VF){

a[i:i+VF] = a[i:i+VF] + b[i:i+VF];
}

 loop in vector notation:
for (i=0; i<(N-N%VF); i+=VF){

a[i:i+VF] = a[i:i+VF] + b[i:i+VF];
}

for ( ; i < N; i++) {
a[i] = a[i] + b[i];

}

vectorization

 Loop based vectorization

 No dependences between iterations

vectorized loop

epilog loop

Au t om at ic v ect o r iza t ion  is 
t h e  key  com p i le r  

op t im iza t ion  t o  en ab le  
en er g y  sav in g s

How  d oes au t om at ic v ect o r iza t ion  w or k ?
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The role of vectorizat ion

middle-end
generic trees

back-end
RTL

generic trees

gimple trees

into SSA

SSA optimizations

out of SSA

gimple trees

generic trees

GCC Passes

machine 
description

C front-end

Java front-end
C++ front-end

parse trees misc opts

loop opts

vectorization

loop opts

misc opts

loop optimizations

dependence analysis

Sm al lFloa t
extensions
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The role of vectorizat ion
.L3:

flw fa5,0(s2)

flh a3,0(s1)

flh a2,0(s3)

add       s1,s1,2

add       s3,s3,2

add       s2,s2,4

add       s4,s4,2

fcvt.h.s a4,fa5

fadd.h a3,a3,a2

fadd.h a4,a4,a3

sh a3,-2(s1)

sh a4,0(s4)

.L3:

flw fa5,0(s0)

flw fa3,0(s2)

flw fa4,0(s3)

add       s0,s0,4

add       s4,s4,4

add       s2,s2,4

add       s3,s3,4

fadd.s fa5,fa5,fa3

fadd.s fa4,fa4,fa5

fsw fa5,-4(s0)

fsw fa5,-4(s4)

.L3:

lw a0,0(s4)

lw a4,0(s6)

flw fa4,8(s5!)

flw fa5,8(a1!)

add        s6,s6,4

add        a3,a3,4

add        s4,s4,4

vfcpka.h.s a5,fa4,fa5

vfadd.h a4,a4,a0 

vfadd.h a5,a5,a4

sw a4,-4(s4)

sw a5,0(a3)

1169.9 pJ (iter) *
1024 iters = 1198 nJ

1111.2 pJ (iter) *
1024 iters = 1138 nJ

1237.2 pJ (iteration) *
512 iterations = 633.5 nJ

566.4 pJ LOAD/STORE
319.2 pJ ADD (integer)
265.2 pJ vADD (float16)
86.4 pJ CONV

--------------------
1237.2 pJ (iteration)
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Agenda
 In t rod u ct ion – Tra n s p re cis ion Com p u t in g
 Sm aller-than-32-bit floa t in g  p o in t  typ e s
 Im p le m e n t in g th e  sm allFloat e xte n s ion

 HW s u p p ort
 Com p ile r s u p p ort

 Sim p l i f y in g t h e  d ep loy m en t o f  Sm al lFloa t -b ased ap p l ica t ion s
 Con clu s ion



Sim plifying th e  d e p loym e n t of Sm al lFloa t -b a s e d a p p lica t ion s

2 ) How to  s im p lify d e p loym e n t  of a p p lica t ion s
with  sm aller-than-32-bit floa t s ?

 Fin e-g r a in ed  t u n in g  o f  FP t y p es f o r  p r og r am  v ar iab les
 to  e n a b le  e xp lora t ion  of p re c is ion  re q u ire m e n ts  in  a p p lica t ion s  (*)

 Em u la t ion  o f  a r b i t r a r y  FP t y p es (Sm al lFloa t )
 to  e n a b le  e xp lora t ion  of p re c is ion  re q u ire m e n ts  in  a p p lica t ion s  (*)

 Au t om at ion
 Com p ila t ion  too lch a in  for t ra n s p re cis ion com p u t in g

(*) a ls o  to  s t e e r th e  d e fin it ion  of HW e xte n s ion s  (in  e a rly s t a g e s )
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Sim plifying the deploym ent of Sm al lFloa t -based applicat ions

Pr ecision  Tu n in g of FP variables

 Prog ra m s  a re  writ t e n  u s in g  st an d ar d  FP f o r m at s
 C/C+ +  p rog ra m s   f loa t a n d  d ou b le va ria b le s

 Pr ecision  t u n in g   t ra n s form in g  p rog ra m s  b y ch a n g in g  d e fa u lt  FP typ e s  to  
in t rod u ce  s m a lle r on e s
- Ma n u a lly
- Se m i-a u tom a t ica ly
- Au tom a t ica lly

 Re s e a rch  p a p e rs  a n d  op e n  s ou rce  too ls  a re  a va ila b le …
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SOA of precision tuning
 Sta t is t ica l m e th od s
 Sou rce -to -s ou rce  t ra n s form  1

 Com p ile r IR la n g u a g e  2

 Bin a ry in s t ru m e n ta t ion  3

 Exa ct  m e th od s
 Form a l th e ore m  p roof 4

 Bra n ch  a n d  b ou n d  m e th od s  5

 Exa ct  m e th od s  h a ve  a  s e ve re  lim ita t ion   ap p l ied  t o  a  sin g le  ex p r ession ,  n o t  t o  a  
w h o le  p r og r am

[ 1 ]  Ho , Nh u t -M in h ,  Elav ar asi M an og ar an ,  Wen g -Fa i  Won g , an d  Ash a An oosh eh . " Ef f i c ien t  f loa t in g  p o in t  p r ecision  t u n in g  f o r  ap p r ox im at e  com p u t in g ."  In  
ASP-DAC 2017 , p p .  63 -6 8 .  IEEE

[ 2 ]  Ru b io -Gon zál ez,  Cin d y,  e t  a l . .  " Pr ecim on iou s:  Tu n in g  assist an t  f o r  f loa t in g -p o in t  p r ecision ."  In  Pr oceed in g s o f  t h e  In t e r n a t ion a l  Con f er en ce on  Hig h  
Per f o r m an ce Com p u t in g ,  Net w or k in g ,  St o r ag e an d  An a ly sis,  p .  2 7 .  ACM , 2 0 1 3

[ 3 ]  Lam , M ich ae l  O.,  an d  Bar r y  L.  Rou n t r ee .  " Floa t in g -p o in t  sh ad ow  v a lu e  an a ly sis."  In  Pr oceed in g s o f  t h e  5 t h  Wor k sh op  on  Ex t r em e-Sca le  Pr og r am m in g  
Too ls,  p p .  1 8 -25 .  IEEE Pr ess,  2016

[ 4 ] Web si t e :   h t t p : //p r ecisa .n ian et .o r g /

[ 5 ]  Ch ian g ,  Wei -Fan , M ar k  Bar an ow sk i ,  Ian  Br ig g s,  A lex ey  So lov y ev,  Gan esh  Gop a lak r ish n an , an d  Zv on im i r Rak am ar ić.

" Rig o r ou s f loa t in g -p o in t  m ix ed -p r ecision  t u n in g ."  In  SIGPLAN 2 0 1 7 , p p .  3 0 0 -315 . ACM

St a t ic an a ly sis 

Dy n am ic an a ly sis
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Precision tuning of FP variables
 Pre lim in a ry e xp e rim e n ts  u s in g  a  s t a t is t ica l m e th od   f p Pr ecision Tu n in g
 FP typ e s /op e ra tors  in s t ru m e n te d  to  GNU MPFR s t ru ct s /fu n ct ion s
 Tu n in g  p r ocess:  h e u ris t ic  s e a rch  in  Pn s p a ce  (n is  th e  n u m b er  o f  v ar iab les , P is  

th e  s e t  o f a va ila b le  p r ecision s)  Mu lt ip le  e xe cu t ion s  with  d iffe re n t  va lu e s  o f 
p re c is ion  a s s ocia te d  to  va ria b le s
 It e ra t ive  re fin e m e n t  o f th e  s o lu t ion  for d iffe re n t  va lu e s  o f in p u t  va ria b le s

Dou b le  p r ecision
(5 3  m an t issa  
b i t s)

M in im u m  p r ecision
f o r  ex p lo r a t ion

Var iab les



Experim ents: Single-p re c is ion  a n d  h a lf-p re cis ion

ε Application Precision (mantissa bits)
3-11 12-23

10-6 HOG 0% 100%
KNN 0% 100%
PCA 0% 100%
DWT 0% 100%
SVM 0% 100%
CONV 0% 100%

10-4 HOG 0% 100%
KNN 0% 100%
PCA 0% 100%
DWT 0% 100%
SVM 0% 100%
CONV 0% 100%

10-1 HOG 0% 100%
KNN 0% 100%
PCA 0% 100%
DWT 0% 100%
SVM 0% 100%
CONV 0% 100%

ε Application Precision (mantissa bits)
3-11 12-23

10-6 HOG 50% 50%
KNN 50% 50%
PCA 91% 9%
DWT 100% 0%
SVM 100% 0%
CONV 50% 50%

10-4 HOG 50% 50%
KNN 100% 0%
PCA 100% 0%
DWT 100% 0%
SVM 100% 0%
CONV 50% 50%

10-1 HOG 50% 50%
KNN 100% 0%
PCA 100% 0%
DWT 100% 0%
SVM 100% 0%
CONV 100% 0%

Rela t i v e  e r r o r  on  p r og r am  r esu l t s

Sin g le  p r ecision  +  h a l f  p r ecisionSin g le  p r ecision

5 0 % sin g le  t o  h a l f

1 0 0 % sin g le  t o  
h a l f

9 0 % sin g le  t o  h a l f  (on  
av er ag e)

Per cen t ag e o f  v ar iab les a f t e r  t u n in g

HALF PRECISION
1  b i t    s ig n
5  b i t s  ex p on en t
1 0 (+ 1 )  b i t s  m an t issa



Experim ents: Single-p re cis ion , h a lf-p re cis ion  a n d  q u a rte r-
p re cis ion

ε Application Precision (mantissa bits)
3-11 12-23

10-6 HOG 50% 50%
KNN 50% 50%
PCA 91% 9%
DWT 100% 0%
SVM 100% 0%
CONV 50% 50%

10-4 HOG 50% 50%
KNN 100% 0%
PCA 100% 0%
DWT 100% 0%
SVM 100% 0%
CONV 50% 50%

10-1 HOG 50% 50%
KNN 100% 0%
PCA 100% 0%
DWT 100% 0%
SVM 100% 0%
CONV 100% 0%

ε Application Precision (mantissa bits)
3 4-11 12-23

10-6 HOG 50% 0% 50%
KNN 0% 50% 50%
PCA 0% 91% 9%
DWT 0% 100% 0%
SVM 100% 0% 0%
CONV 0% 50% 50%

10-4 HOG 0% 50% 50%
KNN 100% 0% 0%
PCA 0% 100% 0%
DWT 0% 100% 0%
SVM 100% 0% 0%
CONV 0% 50% 50%

10-1 HOG 50% 0% 50%
KNN 100% 0% 0%
PCA 0% 100% 0%
DWT 0% 100% 0%
SVM 100% 0% 0%
CONV 100% 0% 0%

Sin g le  p r ecision  +  h a l f  p r ecision

QUARTER PRECISION
1  b i t    s ig n
5  b i t s  ex p on en t
2 (+ 1 )  b i t s  m an t issa

Sin g le  p r ecision  +  h a l f  p r ecision  +   q u ar t e r  p r ecision

1 0 0 % h a l f  
t o  q u ar t e r

6 0 % h a l f
t o  q u ar t e r
(on  av g )



Sin g le  p r ecision  +  h a l f  p r ecision  +  q u ar t e r  p r ecision

Experim ents: Single-precision, 2x half-precision and quarter-
precision

ε Application Precision (mantissa bits)
3 4-11 12-23

10-6 HOG 50% 0% 50%
KNN 0% 50% 50%
PCA 0% 91% 9%
DWT 0% 100% 0%
SVM 100% 0% 0%
CONV 0% 50% 50%

10-4 HOG 0% 50% 50%
KNN 100% 0% 0%
PCA 0% 100% 0%
DWT 0% 100% 0%
SVM 100% 0% 0%
CONV 0% 50% 50%

10-1 HOG 50% 0% 50%
KNN 100% 0% 0%
PCA 0% 100% 0%
DWT 0% 100% 0%
SVM 100% 0% 0%
CONV 100% 0% 0%

ε Application Precision (mantissa bits)
3 4-8 9-11 12-23

10-6 HOG 50% 0% 0% 50%
KNN 0% 100% 0% 0%
PCA 0% 1% 91% 9%
DWT 0% 0% 100% 0%
SVM 100% 0% 0% 0%
CONV 0% 100% 0% 0%

10-4 HOG 0% 50% 0% 50%
KNN 100% 0% 0% 0%
PCA 0% 100% 0% 0%
DWT 0% 0% 100% 0%
SVM 100% 0% 0% 0%
CONV 0% 100% 0% 0%

10-1 HOG 50% 0% 0% 50%
KNN 100% 0% 0% 0%
PCA 0% 100% 0% 0%
DWT 0% 100% 0% 0%
SVM 100% 0% 0% 0%
CONV 100% 0% 0% 0%

Sin g le  p r ecision  +  h a l f  p r ecision  +  q u ar t e r  p r ecision
+   a l t e r n at iv e  h a l f  p r ecision

ALTERNATIVE HALF PRECISION
1  b i t    s ig n
8  b i t s  ex p on en t
7 (+ 1 )  b i t s  m an t issa

1 0 0 % 
sin g le

t o  a l t  h a l f

A lm ost  1 0 0 %
sin g le  &  h a l f

t o  a l t  h a l f



Flex Floa t : Fast  em ulat ion of Sm al lFloa t types

Flex Floa t  C t r an sf o r m ed cod e

flexfloat_t a, b, c;
ff_init_double(&a, 10.4, (prec_t) {11, 52});
ff_init_double(&b, 11.5, (prec_t) {11, 52});
ff_init(&c, (prec_t) {11, 52});
ff_add(&c, &a, &b);
printf("[printf] c = %f\n", ff_get_double(&c));

Ref er en ce  C cod e

double a, b, c;
a = 10.4;
b = 11.5;

c = a + b;
printf("[result] c = %f\n", c);

flexfloat_t  Flex Floa t t y p e
prec_t  For m at  d escr ip t o r

Em u la t ion  lib ra ry to  t e s t  less-than-32-bit typ e s - fle xib le , b u t p e rform a n ce -e ffic ie n t , too
Low-le ve l in te rfa ce  (e .g ., e xp lic it  ca s t s , on ly b in a ry op e ra t ion s )
Fu ll s u p p ort  to  IEEE 7 5 4  con ce p ts
In te n d e d  for i n t eg r a t ion  w i t h in  au t om at ic t oo ls

typedef struct
{

prec_t prec;
double value;

}
flexfloat_t;

typedef struct
{

unsigned int mant_bw;
unsigned int exp_bw;

}
prec_t;



Flex Floa t : Fast  em ulat ion of Sm al lFloa t types

Flex Floa t  C t r an sf o r m ed cod e

flexfloat_t a, b, c;
ff_init_double(&a, 10.4, (prec_t) {11, 52});
ff_init_double(&b, 11.5, (prec_t) {11, 52});
ff_init(&c, (prec_t) {11, 52});
ff_add(&c, &a, &b);
printf("[printf] c = %f\n", ff_get_double(&c));

Ref er en ce  C cod e

double a, b, c;
a = 10.4;
b = 11.5;

c = a + b;
printf("[result] c = %f\n", c);

flexfloat_t  Flex Floa t t y p e
prec_t  For m at  d escr ip t o r  
ff_init  In i t ia l i ze  a  Flex Floa t v ar iab le  w i t h  a  sp eci f i c f o r m at
ff_init_<float/double>  In i t ia l i ze  a  Flex Floa t v ar iab le  w i t h  a  f o r m at  an d  a  f loa t /d ou b le  v a lu e
ff_add, ff_sub,…  Per f o r m  ar i t h m et ic op er a t ion s
ff_get_<float/double>  Con v er t  t o  st an d ar d  FP t y p es

Em u la t ion  lib ra ry to  t e s t  less-than-32-bit typ e s - fle xib le , b u t p e rform a n ce -e ffic ie n t , too
Low-le ve l in te rfa ce  (e .g ., e xp lic it  ca s t s , on ly b in a ry op e ra t ion s )
Fu ll s u p p ort  to  IEEE 7 5 4  con ce p ts
In te n d e d  for i n t eg r a t ion  w i t h in  au t om at ic t oo ls
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Flex Float  Pass

Type
inst rum ent

Type
transform

Opt  
passes

Tar g et
Back  
En d

Target
Binary

float a,b,c;
…
c = a + b;

flexfloat_t a,b,c,t1,t2;

ff_cast(&t1, &a, E_t, M_t);
ff_add(&c, &t1, &t2);

PRECISIONS: {8, 16, …}

FP  p r ecision  t u n in g
( INPUT:  accu r acy )

X8 6
Bin a ry

X8 6

Tar g et
Pla t f o r m

float a,b,c;
_sf8 t1;
_sf16 t2;
…
… = t1 + t2;

X8 6
Back  En d

Au tom a t ion : in te g ra t ion  with  com p ila t ion  too lch a in



Autom at ion: integrat ion with com pilat ion toolchain
 Ma n u a l p rog ra m in s t ru m e n ta t ion with  Fle xFloa t p rim it ive s ca n  b e  a  t e d iou s a n d  e rror-p ron e  ta s k
 Mig h t  wa n t  to  h id e  th e  p roce s s  a s  p a rt  o f th e  com p ila t ion  too lch a in

middle-end
generic trees

back-end
RTL

generic trees

gimple trees

into SSA

SSA optimizations

out of SSA

gimple trees

generic trees

GCC Passes

machine 
description

C front-end

Java front-end
C++ front-end

parse trees
misc opts

loop opts

vectorization

loop opts

misc opts

loop optimizations

flexfloat
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How does Flex Floa t inst rum entat ion work?

1. Im plem ented on top of the Single Stat ic Assignm ent (SSA) form
 a llows to  re a s on a t fin e  g ra n u la rity (GIMPLE s ta te m e n ts on ly a llow s im p le e xp re s s ion s with  u p  to  3  

op e ra n d s )

a = 3.0;
b = a + 2.0;
b = b * a;

if i < 100

e = e + i o = o + i

print a, b, c

if i % 2 == 0

i = i + 1

a = 3.0;
b = a + 2.0;
b = b * a;
i = 0;

while (i<100)
if (i % 2 == 0)

c = a + b;
else

c = a – b;
i = i + 1;

print a, b, c;

CONTROL FLOW  GRAPH (CFG)

Basic b lock

st a t em en t  (assig n )

c = b * a;
LHS

RHS

ex p r ession
(b in ar y )

op er an d
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How does Flex Floa t inst rum entat ion work?

1. Im plem ented on top of the Single Stat ic Assignm ent (SSA) form
 a llows to  re a s on a t fin e  g ra n u la rity (GIMPLE s ta te m e n ts on ly a llow s im p le e xp re s s ion s with  u p  to  3  

op e ra n d s )

a = 3.0;
b = a + 2.0;
b = b * a;

SSA is  a  t ra n s form e d  p rog ra m
• Wh os e  va ria b le s  a re  re n a m e d

• e.g. x -->  x i
• Ha vin g  on ly on e  d e fin it ion  for e a ch  va ria b le
• With ou t  ch a n g in g  th e  s e m a n t ics  o f th e  o rig in a l p rog ra m

• i.e. every renam ed variable x i of x m ust  have the 
sam e value for every possible cont rol flow path

a1 = 3.0;
b1 = a1 + 2.0;
b2 = b1 * a1;

More  com p a ct  d e f-u s e  ch a in
Con t ro l flow b e com e s  e xp lic it  on  va ria b le  n a m e s

Im p rove s  p e rform a n ce  of m a n y d a ta -flow a n a lys e s
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How does Flex Floa t inst rum entat ion work?

2. Statem ents are walked and uses of 
REAL-TYPE variables are inst rum ented

FOR EACH BASIC BLOCK BBi
FOR EACH STATEMENT Sj

IF (Sj contains REAL-TYPE operands)
create FF alias for LHS (LHS-FF-alias)
create precision variable for statment Sj (Psj)

FOR EACH USE of LHS
set -FF-alias (USEk)  // m ark USE  k with

// defining FF alias

switch (EXPR (RHS))
case UNARY-EXPR:

h an d le -u n ar y -ex p r
case BINARY-EXPR:

h an d le -b in ar y -ex p r
case TERNARY-EXPR:

rem ove Sj

 ENDIF

h an d le -u n ar y -ex p r

If (is -re a l-con s t (RHS)
e m it FF-INIT< REAL-TYPE>  (&LHS-FF-a lia s , RHS, Ps j)

e ls e
cre a te  FF a lia s  fo r RHS (RHS-FF-a lia s )
e m it FF-CAST (&LHS-FF-a lia s , &RHS-FF-a lia s , Ps j)

h an d le -b in ar y -ex p r

cre a te  FF a lia s  fo r OP1  (OP1 -FF-a lia s )
cre a te  FF a lia s  fo r OP2  (OP2 -FF-a lia s )

e m it FF-CAST (&OP1 -FF-a lia s , g e t -FF-a lia s  (OP1 ), Ps j)
e m it FF-CAST (&OP2 -FF-a lia s , g e t -FF-a lia s  (OP2 ), Ps j)

s witch  (EXPR (RHS))
ca s e  PLUS-EXPR:
ca s e  MULT-EXPR:

e m it FF-< EXPR>  (&LHS-FF-a lia s , &OP1 -FF-a lia s , &OP2 -FF-a lia s )
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How does Flex Floa t inst rum entat ion work?

A SIM PLE EXAM PLE.. .

int main ()

{

double a, b, c;

a = 3.0;

b = a + 2.0;

c = b * a;

return c;

}

int main ()

{

double a1, b1, c1;

double t1;

BB 1:

a1 = 3.0;

t1 = 2.0;

b1 = a1 + t1;

c1 = b1 * a1;

return c1;

}

…an d  i t s (GIM PLE)  
SSA r ep r esen t a t ion
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How does Flex Floa t inst rum entat ion work?

A SIM PLE EXAM PLE.. .

int main ()

{

double a1, b1, c1;

double t1;

flexfloat_t ff_a1;

prec_t p_s1;

a1 = 3.0;

t1 = 2.0;

b1 = a1 + 2.0;

c1 = b1 * a1;

return c1;

}

int main ()

{

double a1, b1, c1;

double t1;

BB 1:

a1 = 3.0;

t1 = 2.0;

b1 = a1 + t1;

c1 = b1 * a1;

return c1;

}

We st ar t  b y  w a lk in g  BBs 
an d  st a t em en t s t h er e in

1
2

3
4

a1 = 3.0;1

IF (Sj contains REAL-TYPE operands)
create FF alias for LHS (LHS-FF-alias)
create precision variable for statment Sj (Psj)

FOR EACH USE of LHS
set -FF-alias (USEk)  // m ark USE  k with

// defining FF alias

ff_a1

ff_a1

ff_a1
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How does Flex Floa t inst rum entat ion work?

A SIM PLE EXAM PLE.. .

int main ()

{

double a1, b1, c1;

double t1;

flexfloat_t ff_a1;

prec_t p_s1;

a1 = 3.0;

ff_init (&ff_a1, 3.0, p_s1);

t1 = 2.0;

b1 = a1 + 2.0;

c = b * a;

return c1;

}

int main ()

{

double a1, b1, c1;

double t1;

BB 1:

a1 = 3.0;

t1 = 2.0;

b1 = a1 + t1;

c1 = b1 * a1;

return c1;

}

We st ar t  b y  w a lk in g  BBs 
an d  st a t em en t s t h er e in

1
2

3
4

a1 = 3.0;1

ff_a1

ff_a1

ff_a1

switch (EXPR (RHS))
case UNARY-EXPR:

h an d le -u n ar y -ex p r

If (is-real-const (RHS)
em it FF-INIT< REAL-TYPE>  (&LHS-FF-alias, RHS, Psj)

rem ove Sj
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How does Flex Floa t inst rum entat ion work?

A SIM PLE EXAM PLE.. .

int main ()

{

double b1, c1;

double t1;

flexfloat_t ff_a1, ff_t1;

prec_t p_s1, p_s2;

ff_init (&ff_a1, 3.0, p_s1);

t1 = 2.0;

ff_init (&ff_t1, 2.0, p_s2);

b1 = a1 + 2.0;

c = b * a;

return c1;

}

int main ()

{

double a1, b1, c1;

double t1;

BB 1:

a1 = 3.0;

t1 = 2.0;

b1 = a1 + t1;

c1 = b1 * a1;

return c1;

}

sim i la r  p r ocess

1
2

3
4

t1 = 2.0;2

ff_t1

ff_t1
create FF alias for LHS (LHS-FF-alias)
create precision variable for statment Sj (Psj)

FOR EACH USE of LHS
set -FF-alias (USEk)  // m ark USE  k with

// defining FF alias

If (is-real-const (RHS)
em it FF-INIT< REAL-TYPE>  (&LHS-FF-alias, RHS, Psj)

rem ove Sj
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How does Flex Floa t inst rum entat ion work?

A SIM PLE EXAM PLE.. .

int main ()

{

double b1, c1;

flexfloat_t ff_a1, ff_t1, ff_b1;

prec_t p_s1, p_s2, p_s3;

ff_init (&ff_a1, 3.0, p_s1);

ff_init (&ff_t1, 2.0, p_s2);

b1 = a1 + 2.0;

c = b * a;

return c1;

}

int main ()

{

double a1, b1, c1;

double t1;

BB 1:

a1 = 3.0;

t1 = 2.0;

b1 = a1 + t1;

c1 = b1 * a1;

return c1;

}

1
2

3
4

b1 = a1 + t1;3

ff_b1

ff_b1

IF (Sj contains REAL-TYPE operands)
create FF alias for LHS (LHS-FF-alias)
create precision variable for statment Sj (Psj)

FOR EACH USE of LHS
set -FF-alias (USEk)  // m ark USE  k with

// defining FF alias
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How does Flex Floa t inst rum entat ion work?

A SIM PLE EXAM PLE.. .

int main ()

{

double b1, c1;

flexfloat_t ff_a1, ff_t1, ff_b1;

flexfloat_t ff_a1_1, ff_t1_1;

prec_t p_s1, p_s2, p_s3;

ff_init (&ff_a1, 3.0, p_s1);

ff_init (&ff_t1, 2.0, p_s2);

b1 = a1 + 2.0;

c = b * a;

return c1;

}

int main ()

{

double a1, b1, c1;

double t1;

BB 1:

a1 = 3.0;

t1 = 2.0;

b1 = a1 + t1;

c1 = b1 * a1;

return c1;

}

h an d le  BINOP ex p r ession

1
2

3
4

b1 = a1 + t1;3

ff_b1

ff_b1

switch (EXPR (RHS))
case BINARY-EXPR:

h an d le -b in ar y -ex p r

create FF alias for OP1 (OP1-FF-alias)
create FF alias for OP2 (OP2-FF-alias)

OP1

OP2
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How does Flex Floa t inst rum entat ion work?

A SIM PLE EXAM PLE.. .int main ()

{

double b1, c1;

flexfloat_t ff_a1, ff_t1, ff_b1;

flexfloat_t ff_a1_1, ff_t1_1;

prec_t p_s1, p_s2, p_s3;

ff_init (&ff_a1, 3.0, p_s1);

ff_init (&ff_t1, 2.0, p_s2);

ff_cast (&ff_a1_1, &ff_a1, p_s3);

ff_cast (&ff_t1_1, &ff_t1, p_s3);

b1 = a1 + 2.0;

c = b * a;

return c1;

}

int main ()

{

double a1, b1, c1;

double t1;

BB 1:

a1 = 3.0;

t1 = 2.0;

b1 = a1 + t1;

c1 = b1 * a1;

return c1;

}

h an d le  BINOP ex p r ession

1
2

3
4

b1 = a1 + t1;3

ff_b1

ff_b1

switch (EXPR (RHS))
case BINARY-EXPR:

h an d le -b in ar y -ex p r

em it FF-CAST (&OP1-FF-alias, get -FF-alias (OP1), Psj)
em it FF-CAST (&OP2-FF-alias, get -FF-alias (OP2), Psj)

ff_a1 ff_t1
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How does Flex Floa t inst rum entat ion work?

A SIM PLE EXAM PLE.. .int main ()

{

double b1, c1;

flexfloat_t ff_a1, ff_t1, ff_b1;

flexfloat_t ff_a1_1, ff_t1_1;

prec_t p_s1, p_s2, p_s3;

ff_init (&ff_a1, 3.0, p_s1);

ff_init (&ff_t1, 2.0, p_s2);

ff_cast (&ff_a1_1, &ff_a1, p_s3);

ff_cast (&ff_t1_1, &ff_t1, p_s3);

ff_add (&ff_b1, &ff_a1_1, &ff_t1_1);

b1 = a1 + 2.0;

c = b * a;

return c1;

}

int main ()

{

double a1, b1, c1;

double t1;

BB 1:

a1 = 3.0;

t1 = 2.0;

b1 = a1 + t1;

c1 = b1 * a1;

return c1;

}

h an d le  BINOP ex p r ession

1
2

3
4

b1 = a1 + t1;3

ff_b1

ff_b1

switch (EXPR (RHS))
case BINARY-EXPR:

h an d le -b in ar y -ex p r

ff_t1

switch (EXPR (RHS))
case PLUS-EXPR:
case MULT-EXPR:

em it FF-< EXPR>  (&LHS-FF-alias, &OP1-FF-alias, &OP2-FF-alias)

rem ove Sj

ff_a1
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Flex Floa t inst rum entat ion

A SIM PLE EXAM PLE.. .

int main ()

{

double c1;

flexfloat_t ff_a1, ff_t1, ff_b1, ff_c1;

flexfloat_t ff_a1_1, ff_t1_1, ff_b1_1, ff_a1_2;

prec_t p_s1, p_s2, p_s3, p_s4;

ff_init (&ff_a1, 3.0, p_s1);

ff_init (&ff_t1, 2.0, p_s2);

ff_cast (&ff_a1_1, &ff_a1, p_s3);

ff_cast (&ff_t1_1, &ff_t1, p_s3);

ff_add (&ff_b1, &ff_a1_1, &ff_t1_1);

ff_cast (&ff_b1_1, &ff_b1, p_s4);

ff_cast (&ff_a1_2, &ff_a1, p_s4);

ff_mul (&ff_c1, &ff_b1_1, &ff_a1_2);

c = b * a;

return c1;

}

int main ()

{

double a1, b1, c1;

double t1;

BB 1:

a1 = 3.0;

t1 = 2.0;

b1 = a1 + t1;

c1 = b1 * a1;

return c1;

}

sim i la r

1
2

3
4

c1 = b1 * a1;3

ff_c1

ff_c1

switch (EXPR (RHS))
case BINARY-EXPR:

h an d le -b in ar y -ex p r

ff_a1

switch (EXPR (RHS))
case PLUS-EXPR:
case MULT-EXPR:

em it FF-< EXPR>  (&LHS-FF-alias, &OP1-FF-alias, &OP2-FF-alias)

ff_b1

rem ove Sj
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Flex Floa t inst rum entat ion

A SIM PLE EXAM PLE.. .

int main ()

{

double c1;

flexfloat_t ff_a1, ff_t1, ff_b1, ff_c1;

flexfloat_t ff_a1_1, ff_t1_1, ff_b1_1, ff_a1_2;

prec_t p_s1, p_s2, p_s3, p_s4;

ff_init (&ff_a1, 3.0, p_s1);

ff_init (&ff_t1, 2.0, p_s2);

ff_cast (&ff_a1_1, &ff_a1, p_s3);

ff_cast (&ff_t1_1, &ff_t1, p_s3);

ff_add (&ff_b1, &ff_a1_1, &ff_t1_1);

ff_cast (&ff_b1_1, &ff_b1, p_s4);

ff_cast (&ff_a1_2, &ff_a1, p_s4);

ff_add (&ff_c1, &ff_b1_1, &ff_a1_2);

ff_get_double (&c1, &ff_c1);

return c1;

}

int main ()

{

double a1, b1, c1;

double t1;

BB 1:

a1 = 3.0;

t1 = 2.0;

b1 = a1 + t1;

c1 = b1 * a1;

return c1;

}

sim i la r

1
2

3
4

return c1;

ff_c1
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Flex Floa t inst rum entat ion

A SIM PLE EXAM PLE.. .

int main ()

{

double c1;

flexfloat_t ff_a1, ff_t1, ff_b1, ff_c1;

flexfloat_t ff_a1_1, ff_t1_1, ff_b1_1, ff_a1_2;

prec_t p_s1, p_s2, p_s3, p_s4;

ff_init (&ff_a1, 3.0, p_s1);

ff_init (&ff_t1, 2.0, p_s2);

ff_cast (&ff_a1_1, &ff_a1, p_s3);

ff_cast (&ff_t1_1, &ff_t1, p_s3);

ff_add (&ff_b1, &ff_a1_1, &ff_t1_1);

ff_cast (&ff_b1_1, &ff_b1, p_s4);

ff_cast (&ff_a1_2, &ff_a1, p_s4);

ff_add (&ff_c1, &ff_b1_1, &ff_a1_2);

ff_cast_to double (&c1, &ff_c1);

return c1;

}

Pr ecision  v ar iab les ar e  act u a l l y d eclar ed as
g lob a l l y v isib le ,  ex t e r n ob ject s

extern prec_t p_s1, p_s2, p_s3, p_s4;

…as t h is is an  in p u t  f r om  t h e  p r ecision
t u n in g  f low
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Flex Float  Pass

Type
inst rum ent

Type
transform

Opt  
passes

Tar g et
Back  
En d

Target
Binary

float a,b,c;
…
c = a + b;

extern prec_t ps1, ps2...
flexfloat_t a,b,c,t1,t2;

ff_cast(&t1, &a, E_t, M_t);
ff_add(&c, &t1, &t2);

PRECISIONS: {8, 16, …}

FP  p r ecision  t u n in g
( INPUT:  accu r acy )

X8 6
Bin a ry

X8 6

Tar g et
Pla t f o r m

float a,b,c;
_sf8 t1;
_sf16 t2;
…
… = t1 + t2;

X8 6
Back  En d

Au tom a t ion : in te g ra t ion  with  com p ila t ion  too lch a in

prec_t ps1 = {8, 5};
prec_t ps1 = {5, 10};
...

Generated by the FP tuning processs
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Agenda
 In t rod u ct ion – Tra n s p re cis ion Com p u t in g
 Sm aller-than-32-bit floa t in g  p o in t  typ e s
 Im p le m e n t in g th e  sm allFloat e xte n s ion

 HW s u p p ort
 Com p ile r s u p p ort

 Sim p lifyin g th e  d e p loym e n t of Sm allFloat -based a p p lica t ion s
 Con clu sion
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Conclusion
 Less-than-32-bit floa t in g  p o in t  typ e s  a re  b e n e fic ia l to  re d u ce  e xe cu t ion  t im e /e n e rg y 

con s u m p t ion
 Su p p ort  is  re q u ire d  a t  HW le ve l a n d  com p ile r le ve l to  im p le m e n t Sm a llFloa t typ e s
 A com p ila t ion  too lch a in  ca n  p rovid e  a u tom a t ic  tu n in g

- In  th e  b e s t  ca s e , p rog ra m m e rs  u s e  floa t /d ou b le  va ria b le s  a s  u s u a l a n d  d o  n o t  ca re  
a b ou t  a u xilia ry FP typ e s
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