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ACE: Boosting Large-Scale Traffic 
Simulation Performance
A C E ( A s y nc h r on o u s C o m m u ni ca t i o n a n d E x e c u t i o n ) i s a
C + + 1 7 l i b r a r y f or s c a l a b l e , a s y n ch r o no u s t a s k e x e cu t i o n o n
H P C s y s t e ms . I n te g r a t ed i n t o R U T H t r a ff i c s i m u l a t o r , A C E
a c ce l e r a te s a l t er n a t i v e r o u te c om p u t a t i o n b y e l i m i n a t i n g
w or k e r - s p a w n i ng o v er h e a d a n d d y n a m i ca l l y a d a p t i n g t a s k
g r a n u l a r i t y t o w or k l o a d c ha r a c t er i s t i cs .

W e e v a l u a te A C E i n t w o s c e na r i o s w i th v a r y i n g d a t a s e t s i z es
a n d r o u te c om p l e x i t i e s . P r e l i m i na r y r e s u l t s s h o w s u b s ta n t i a l
c om p u t a t i o n - t i m e r e d u c t i o n s a n d i m p r o v ed s c a l a b i l i t y
c om p a r e d t o a p r e v i o u s R u s t - b a s e d a p p r o a c h ( E v k i t ) , w i th
p e r f or m a n ce g a i n s r a n g i n g f r om ~ 1 . 4 5× t o ~ 1 5× d e p e nd i ng o n
r o u te l e ng t h .

Rethinking Alternative Route 
Computation: from Evkit to ACE
▪ E v k i t c om p l e x t o d e p l o y a c r os s d i v e r s e H P C s y s t e ms d u e t o

h y b r i d t oo l c ha i n a n d n on - M P I c om m u n i c a t i o n ( v i a Z e r o M Q ) .

▪ E v k i t h a s f i x e d b a t c h s i z e, s t a t i c s c h ed u l i ng , w or k e r
s p a w n i ng o v er h e a d ( ~ 1 7 8 - 8 2 4 s e c on d s o n 1 t o 1 6 n od es ) .

▪ A C E i m p r o v es p e r f or m a n ce , p o r t a b i l i t y , a n d m a i n ta i na b i l i t y
w i th n a t i ve C + + 1 7 .

▪ A C E b e g i n s e x e cu t i o n i m m e d i a t el y a f te r M P I j o b l a u n ch .

What Makes ACE Different
▪ N a t i v e C + + 1 7 i m p l e m en t a t i on , s e l f - c on t a i n ed b u i l d .

▪ A s y n c hr o n ou s t a s k m o d el w i th d y n a m i c l o a d b a l a n c i ng .

▪ P l u g g a b l e c om m b a c k e nd s : M P I , T C P .

▪ I n te r o p e r a b i l i t y w i th O p e n M P , T B B , C U D A .

▪ D y n a m i c t a s k g r a n u l a r i t y a d a p t a t i o n .

▪ R e mo v e s w or k e r - s p a w n i ng o v er h e a d .

Two regions and two workloads
▪ C e n t r a l B oh e m i a : l a r g e n et w or k - l o ng e r a l t er n a t i v es ,

m o r e s e g m en t s ( n e tw o r k a n d e x a m p l e r o u te s o n t he l e ft ) .

▪ P r a g u e : c om p a c t n et w or k - s h o r te r a l t er n a t i v es , f ew e r
s e g m en t s ( n e tw o r k a n d s i m u l a t i o n e x a m p l e o n t he r i g h t ) .

▪ W o r k l o a d = n u m b er v s l e ng t h o f c om p u t e d a l t er n a t i v es .

▪ C e n tr a l B o he m i a g r a p h : 1 9 4 , 5 8 5 n od es , 4 7 8 , 5 1 7 e d g e s .

▪ P r a g u e g r a p h : 4 , 6 6 7 n od es , 9 , 9 5 5 e d g e s .

Execution Times and Speed Up
▪ S c a l i n g e ff i c i e nc y r e m a i ns h i g h u n t i l ~ 8 n od es .

▪ P a r a l l e l s c a l i n g s a t u r a t i on o b s e r v ed f r om ~ 1 6 n od es .

▪ C P U u s a g e c on s i s te n t l y a t ~ 9 8 % .

Ongoing Work and Next Steps
▪ F u r th e r f i n e - t u ni ng t o a d d r e s s t he s c a l i n g s a t u r a t i on

o b s e r v ed f r om 1 6 n od es a n d t o i m p r o v e p e r f or m a n ce o n
l o ng e r a l t er n a t i v e r o u te s .

▪ E x t e nd i ng e v a l u a t i o n a c r os s l a r g e r d a t a s e ts a n d d i f f er e n t
r e g i o na l n et w or k s t o v a l i d a t e ACE’s r o b u s t ne s s .

Feature Evkit ACE
Language Polyglot (Rust, C++, Python) Pure C++ 17
Backbone ZeroMQ MPI / TCP
Architecture Broker Distributed Work-Stealing
Asynch Model Manual Threading Cooperative Tasking
Load Balancing Static (Round-robin) Dynamic (Task Donation)
Termination Manual / Ad-hoc Automatic (Coordinator)
Scalability Limited Massively Parallel
Collectives Not Supported Barriers, Broadcast

R U T H  R e p o

Nodes ACE Total 
(min)

Evkit Total 
(min)

Evkit Computation 
Time (min)

Evkit Spawning 
Time (min)

1 2.3 10.5 7.6 3.0
2 1.7 14.2 6.9 7.4
4 2.5 16.7 6.9 9.9
8 1.1 16.3 6.8 9.5

16 1.2 17.3 6.8 10.5

Nodes ACE Total 
(min)

Evkit Total 
(min)

Evkit Computation 
Time (min)

Evkit Spawning 
Time (m)

1 1,151.0 1,369.0 1,365.6 3.4
2 576.7 836.7 825.2 11.4
4 310.4 438.1 424.3 13.8
8 151.9 194.0 181.5 12.5

16 109.4 103.1 90.2 12.9

Prague - 2.6 Million Routes
▪ A C E d e l i v e r s a ~ 1 5× s p e e d u p o v er E v k i t , l a r g e l y d r i v e n b y

e l i m i n a t i n g t he m u l t i - m i n u te w or k e r - s p a w n i ng s t a g e .

Central Bohemia - 25 Million Routes
▪ A C E s t i l l i m p r o v es r u n t i me ( ~ 1 . 4 5× s p e e d u p ) .

▪ E v k i t s p a w ni ng o v er h e a d i s l e s s d o m i n a nt .

A C E  R e p o s i t o r y

V i d e o  S a m p l e
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