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Page Table
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PTE of a nonexistent page

Virtual Address

I hardware
[ hardware or software
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Memory

A vrrwa panes =

add ress

R [ Reg [ Reg | en | 1@ [ 1@ | ALUOR on [ 1@ | Mem | en | im | en | [Br | NextStais ‘
Sel [ Wr [Reg | A | B AU | wa | we | Mem | m | imm
Sel
MA<R[s1] | 0 |rs1] O [ 1 |*]* B o|l1]o]o]*]Oo]N 2
A<-Mem 0 * 0 0 T * 0 0 0 1 0 S
if(A<B)goto | O [rd| O | 1|00 sLTU o1 oo ]*]o0o]|N DONE
DONE z
MA <- Rird]
Mem<-A N * 0 0 ]0[*[cCOPY_A i 0 1 0 2 0 S
A, B <- R[rs1] 0 frs1| O 1 111 0 0 0 0 N
RIrd] <- A 0O|rd|1]0] ]O|COPYA| T ] ] O0O]oO]|*|O0][N
A< A1 0 B 0 0 1[0 |DECA1| 1 # 0 0 % [ N
if (A==0) goto 0 [rs2| 1 0 * |1 0| COPY_A 1 0 0 0 |EZ| FETCHO
FETCHO
R[rs2] <- A
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compulsory

halve line size  *: shor

(assoc + #sets

constant) > 1/2
cap

double #sets
(capacity + line
size constant) >

halves assoc

brought
access

add good
prefetching

combine IS, D$ >

L1S w combined

cap (assoc + line
size constant)

add a branch delay slot

add a complex inst

reduce #regs in ISA

improve mem access
speed

add 16-bit vers of
common RISC-V insts

for CISC, parch impl:
pcoded engine - RISC
pipeline + a decoder

using wider pcode in a
Hcoded machine

pipelining pcode
engine in a ucode
machine

add an L2 cache
between L1 cache and
DRAM

add virtual memory

fewer adj elems

—: assoc no impact
on comp miss

4: good prefetcher
brings data before
we need it

conflict

terlines = 4 program
accesses more
lines in total >

more misses

in w first

1: lower assoc
conflict misses

4: prefetcher
brings evicted i
back into $

may 4 conflicts bt

data + inst lines
introduced

IPC

1: must insert NOPs
when the branch delay
slot cannot be usefully
filled

+:inst can condense a
sequence of insts

1: values frequently
spilled to stack; need to
swap

—: pcode not visible @
ISA level

—: L2 $ not visible at ISA

1 page faults need extra
inst for OS handler; SW
TLB need refills on TLB
miss

g yks

-may physinn) mmam} ok ¥ oL
4’,0@, Wil ""“ﬁ (s cvdwmlb N )
-Storts PPN and  hag

and fewer places to
put same element

~

A
=3
&

00
ol
02
03
oy
0os
00
01
0%
oa
10
i
12
I3
14
IS

degaswp-o

B

0000
0900\
0010
001\
0100
Q101
o110
onl
1000
100
10190
101}
1100
110}
1110
N

& 72 C s

3

¢ LY 32 b

27225 N

* RL|nmocw>o0

2 |
2* 22
K 2 |\

capacity hit time miss rate miss penalty
+: smaller cache +: smaller
better than small 4: smaller cap, + lines brought
: capacity halved increased tag check  more comp misses  in faster
= y: #isets 1 > tags
i 2 smaller; fewer tags —: dominated
—: capacity does  checked, fewer ways by outer mem
not change muxed out 1: conflict misses | hierarchy
+: prefetch lines —: BUT may
nes ‘“justintime"s ¢  no effect: prefetched  V: reduces miss increase due
cap miss not on hit path rate to pollution
may ¥: $ more
: dual-port $ flexible OR may 4: | —: dominated
are slower than single  edge cases® bt by outer mem
V: greater cap port OR can freq stall inst + data access | hierarchy
CPI / time

¥: some control hazards
eliminated, also NOPs
execute quickly

1: can mean more stages,
or more control logic

1: loads followed by dep.
insts will cause more stalls

V: less stall time for
memory

¥: code size shrunk >
fewer $ misses + less
waiting fetch time

+¥: ycode engine needs
mult clock cycles/inst; risc
~1

¥ : fewer microinst needed
to implement ISA inst

¥: pipeline is better than
bus-based

¥: L2 $ improves AMAT
for L1 miss

1 inst fetch + mem ops
use extra cycles for PT
walks, but ok w TLB

y

—: will not meaningfully
change pipeline; or
decrease: no branch kill
1 more control logic +
interlocks - incr crit
path (also, no effect)
: fewer registers =
shorter reg file access
time

¥ : if mem is on crit path
or mem is 1cycle

“: decode complexity
incr

—: work done in 1
pipeline stage = 1 pcode
cycle

“: sparse encoding =
larger ROM = slower
access

—: single bus is fast,
but so is deep pipeline

“: larger SRAM = long
c2q

—: TLB accessed in || w
VIPT $; should not
impact crit path

??: depends on how
often delay slot can be
filled w useful work

??: only if new inst will
be taken advantage of

??: if program uses few
regs

¥

??: main adv=smaller
code size; main
disadv=complex decode

¥: decrease in CPI from
pipeline is huge

+: wide pcode
parallelism better than
cycle time impact

+:inst throughput
increases

¥: reduces L1 miss
latency

1: impact when working
w apps (size > TLB
reach) and not all pgs in
physical mem
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[01 111
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# a@=dest, al=src, a2=n
#
deegory

memcpy :

Set configuration, ) mv a3, a@ # Copy destination :
calculate vector strip -m&/ ” w‘

loop:

length T~ vsetvli t@, a2, e8,m8,ta,ma # Vectors of 8b
# Load bytes Cﬂm m

Unit-stride ———— vle8.v vO, (al)
# Bump pointer

add a1, al, te
vector load sub a2, a2, to # Decrement count W‘“ & A“H) I

elements (bytes)
__—~ vse8.v ve, (a3) # Store bytes

Unit-stride vector add a3, a3, t@ # Bump pointer ?ﬂ“— mw

store elements bnez a2, loop # Any more?
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CPU read CR CE yes
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C1 impossible
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Message C. Cachel | Cache2 | Main Memory
ID | Event Shared State | State | Up-to-Dat
0 | CPUO: read A | 0:CR CE |1 1 Yes
1 | CPU2: write B | 2:CRI I I OE |No
2 | CPUL: read B | 1:CR; 2:CCI | I cs oS No
3| CPUL: write B | 1:CI I OE |I No
4 | CPU2: write A | 2:CRI; 1:CCI | T I OE |No
5 | CPUO: write B | 0:CRL; 2:CCI | OE |1 I No




