HW?2 — Operational Memory Models

CS 554, Fall 2026
Due Sep. 25

1 Rules

1.1 SC operational model

o; = (store { v; o))

store
(o1 ... 05 oo || Op,m) = (01 || ... 0} ... || On, m[€ = 0])
o; = (r = load ¢; o))
load R r m()
(o1 ] .. 03 oo | Oy m) —— (01 || ... 0 oo || Opym)
1.2 TSO operational model
o; = (store £ v;s,b) ol = (s,b; 0 v)
store /
(e1 | . i oo || Onym) = (01 || ... 0F o || Onym)
. o; = (s,ell — v;b) ol = (s,b)
propagate
(o1 ] oo 05 oo | Opym) = (01 || ... 0f oo || O, m[€ = 0])
o; = (r = load ¢; s,b) &b ol = (s,b)
load-mem Rrm()
(o1 ] oo 04 oo || Oy m) —— (01 || ... 0 oot || Opym)

o; = (r = load ¢; s, b) last £inbis £ — v o = (s,b)
load-buf

R
(01| - 0i oo || Onym) =5 (01 || e T || o0y m)
o; = (fence;s,-) o} = (s,")
fence S
(o1 oo 0i oo | Onym) = (o1 || ... o) oo || Opym)

Note that - means an empty list.



1.3 SRA operational model
0; = (store £ v;s,V) V() <t (L,t) ¢ m V=Vl — t ol =(s,V’)

store
(o1 ] oo 04 oo | Opym) = (01 || oov 0 o || Oy m W (L0, 8, V"))

o; = (r = load 4;5,V) V)<t (v t,Vyem o= (s, VUV

load 7
Tv
(o1 oo 05 oo | Opym) —— (01 || .. O} ot || Onym)

2 Problems

This is a written homework with 3 problems, each of which has multiple parts.

1. Consider the following program:

store(x, 1)
rl = load(y)

store(y, 1)
r2 = load(x)

(a) Show a sequence of steps this program can take in the operational SC memory
model, producing the outcome where r1 is 0 and r2 is 1.

(b) Show a sequence of steps this program can take in the operational TSO mem-
ory model, producing the outcome where r1 is 0 and r2 is 1.

(c) Show a sequence of steps this program can take in the operational TSO mem-
ory model, producing the outcome where r1 is 0 and r2 is 0.



(d) Show a sequence of steps this program can take in the operational SRA mem-
ory model, producing the outcome where r1 is 0 and r2 is 0.



2. Suppose we changed the operational TSO model’s load-mem rule to remove the
requirement £ & b.

(a) Intuitively, how would this change the behavior of the machine?

(b) Write a concrete program where this change would be visible—i.e., one that
can have an outcome under the changed model that isn’t possible under the
real TSO model.



3. Consider the following program:

store(x, 1) rl = load(x)
store(x, 2) r2 = load(x)

(a) Prove that the outcome where r1 is 2 and r2 is 1 is impossible in the SRA
memory model.

(b) Write a modified version of one of the SRA rules that would make the above
outcome possible. Show an execution that uses your modified rule to lead to
the outcome where r1 is 2 and r2 is 1.

(c) Is there a sequential program that would behave differently in your modified
model than in regular SRA? If so, give an example of such a program and the
behavior your model allows for it.
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