A COQFRAMEWORK FORMORE TRUSTWORTHY
DRAM CONTROLLERS

-
, and Florian Brandner' l I s t

Ceatech

da Navine

Felipe Lishoa Malaquias', Mihail Asavoae?, Li

ILTCI, Télécom Paris, Institut Polytechnique de Paris
2CEA List, Université Paris-Saclay

1. Sum

Recently proposed Real-Time DRAM controllers lack trustworthiness.

ry

We propose a Coq framework to aid design and exploration of new DRAM scheduling algorithms, in a reliable w:

We use our framework to model two basic scheduling algorithms and propose a new one.

Algorithms modelled according to the framework are provably compliant with the JEDEC standards [1] and obey other high-level properties, such as fairness [2, 3].

Algorithms can be proven to be equivalent to a hardware implementations written in Cava, a Coq DSL [4]. Cava i ons can then be
\__to SystemVerilog. )

2. Motivation

« Memory controllers connect memory coming from ing units (e.g.. CPUs, GPUs, DMA-mapped devices) to the main memory.

o The ller needs to i a scheduling algorithm to decide the order in which requests are serviced.

« Difficult to balance predictability and performance. While trying to balance both, algorithms can get complex really fast.
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3. The Framework (plus Experiments)
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Record Trace_t := mkTrace { I !
Commands : Commands_t; T TS T T T T :
Cmds_T_RRD_ok : forall a b, a \in Commands — b \in Comnands —
isACT a — isACT b — ~— Same_Bank a b — Before a b — a.(CDate) < TP
S —E==———— &=
+ T_RRD <= b.(CDate); ommand Bus (S;)
Command Bus (S2)
Cmds_ACT_ok: forall a b, a \in Comnands — b \in Commands — isACT a o
\ iSCAS a — isACT b — (Same_Bank a b) — Before a b — exists ¢
, (¢ \in Commands) && (isPRE c) && Same_Bank b ¢ && Same_Bank
ac && (After c a) && (Before c b);
}
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