Name: SOLUTIONS

UID: CS 33

1. Drawing the Diagrams

For each program, create a diagram of the data dependencies.

a. .L1:
imull (%rdi, $rcx,4),
addg $1, %rcx
cmpqg ¥rcx, %rsi
jl
rsi rex rdi eax
h -
load
~
~
add
| »  mul
cmp
rex eax

$eax

Loop (scalar)

t =t x d[i]

i++

Compare i:length
If <, goto Loop




L2

imull (%$rdi, $rcx,4), %eax
imull 4 (%$rdi, $rcx,4), %eax
imull 8 (%rdi, $rcx,4), %eax
imull 12 (%rdi, %rcx,4), %eax
addqg $4, %$rcx
cmpqg %$rcx, %rsi
jl L2
rsi rex rdi eax
¥ load
L—+ mul
¥ load
add L——+ mul
¥ load
L—+ mul
cm
P ¥ load
L—+ mul
rex eax

Loop

t =t *x d[i]

t =t * d[i+1]
t =t *« d[i+2]
t =t x d[i+3]
i+=14

Compare i:length
If <, goto Loop



d[i]

d[i+1] *» d[i]
d[i+2]

d[i+3] = d[i+2]
e8d « e9d

rax » e9d

; Compare i:length

.L3: ; Loop
mov (%$rdi, $rcx,4), %e8d ; e8d =
imull 4 (%rdi, $rcx,4), %e8d ; e8d =
mov 8 (%rdi, $rcx,4), %e9d ; e9d =
imull 12 (%rdi, %rcx,4), %e9d ; e9d =
imull %e8d, %$e9d ; e9d =
imull %$e9d, %eax ; rax =
addg $4, %Srcx ; 1 += 4
cmpqg $rcx, %rsi
Jjl L3 ; If <,
rsi Iex rdi eax

load load load load
mul mul
add mul
mul
cmp
rex eax

goto Loop



2. Two Bounds

Given the following table for latency table:

Instruction Latency (Cycles) | Cycles/Issue | Count (#)
Arithmetic (except multiply) 1 1 2
Multiply 2 2 4
Load/Store 4 4 8

For each prior program, provide the Cycles per Element (CPE), Throughput Bound, and
Latency Bound.

For Cycles per Element, max(LB,TB) | # Elems.

For Latency-Bound, calculate the latency among the critical path (register to register).
(Cycles/Issue) x Ops Required
# Resource Count

For Throughput-Bound, use the formula: maz( ) for each resource.

CPE: 2 Throughput: 1 Latency: 2

a.

Throughput-Bound Calculation:

e TBay =% =1

e TByyL =31 =3

e TBroap/store = 5 = 3

o max(T'Bary, TByur, TBroap/store) = 1

Latency-Bound Calculation:

e [B=FAX - MUL - FAX

o [B=2
L CPE: 2 Throughput: 2 Latency: 8

Throughput-Bound Calculation:

TBaw =42 =1

2x4
TByyy, = 2 =2
4%4
TBroap/store = 55 = 2

max(TBary, TByur, TBroap/srore) = 2

Latency-Bound Calculation:

e LB=FAX - MUL - MUL - MUL - MUL — FAX
o LB=28



CPE: 5 Throughput: 2 Latency: 2

Throughput-Bound Calculation:

o TBapy =42 =2
o TByyp =% =2
o TBroap/store = 5+ =2

o max(T'Bary, TByur, TBroap/store) = 2
Latency-Bound Calculation:

o [ B=FAX - MUL - FAX
e LB=2



