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Announcements

 Homework 3 due today

 Homework 4 available soon due Monday after Spring Break
on Gradescope
— You have written most of this code already
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Memory

What kinds of things do WM

»  Codetbinary code)like instructions in our example ISA
— Inte/AMD compatible: x86 64 Different CPUc e O/Wﬁ%f@ﬁjﬂ SAs.
— Apple Mx and Ax, ARM: ARM TSA dcribes fow #0 wn der Ston i
— And others! the binery.
* Variables: we may have more variables that will fit in registers
* Data Structures: organized data, collection of data
— Arrays, lists, heaps, stacks, queues, ...
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Dealing with Variables and Memory
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What if we have many variables? Compute: X +=y \/
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Arrays

Array: a sequence of values (collection of variables)

In Java, arrays have the following properties:
they do hoe oroler

nolen by nfegerc.

 Fixed number of values
 Not resizable

* All values are the same type
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Arrays

Array: a sequence of values (collection of variables)
In Java, arrays have the following properties:

* Fixed number of values

* Not resizable

* All values are the same type

T 1111]

o | X 3 4 St 71 & §lo--

Seqventiolly 1 Aemory

How do we store them in memory?




UNIVERSITYsf VIRGINIA

Arrays

avr = §2,17,42,127, 18§ @040

1 ossume ol these ore e byfe so that
each will fit in ome of thae slits

2 1 s nt]ig]
0 G 49 9 93 9 - - e

o [2]= 0x%90 + 2 =0x9%

positon of whee our gy clovt.
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Storing Arrays

In memory, store array sequentially
* Pick address to store array
* Subsequent elements stored at following addresses
* Access elements with math

Example: Store array arr at 0x90

* Access arr|3] as 0x90 + 3 assuming 1-byte values
arr 5] =021
MIGo+5] = (s |
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What’s Missing?

What are we missing?

* Nothing says “this 1s an array’” in memory
* Nothing says how long the array 1s

Memoy just stores o bunch of bytes.

TW mght be port of the pxiony 7 Part of o louge Mumber 7 bak of an

YchytcHon T olont now whot fh@ are. They're jMSJD vales

Some of qur oy Iangueges hee Jou, chores additional anformoction
sbuet yowr oaifs ke bow fog they ove, ot fype they e
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Instructions
icode b | meaning
0 rA = rB
1 rA &= rB
2 rA += rB
3 0| rA = ~rA
1| rA = '2rA
2 | rA = -rA
3| rA = pc
4 rA = read from memory at address rB
5 write rA to memory at address rB
6 rA = read from memory at pc + 1

WN O

rA &= read from memory at pc + 1

rA += read from memory at pc + 1

rA = read from memory at the address stored at pc + 1
For icode 6, increase pc by 2 at end of instruction

Compare rA as 8-bit 2's-complement to 0
if rA <= 0 set pc = rB
else increment pc as normal
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Instructions Set Architecture \/|0}2 dﬂsﬁg}ﬂ@( an Instruction Set Architectuie

Instruction Set Architecture (ISA) is an abstract model of-a-computer defining how the
CPU is controlled by software

* Conceptually, set of instructions that a@le and how they should@l

* Results in many different machines to implement same ISA_ Intel and AMD s Cfy
— Example: How many machines implement our example ISA? bﬂ\ MS?M X&0- b4t Iy
S they can run the some

Hgoum

e Common in how we design hardware

T
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Instructions Set Architecture

Instruction Set Architecture (ISA) is an abstract model of a computer

defining how the CPU is controlled by software os of flembibhy anl fealom &

buibl thigs thot wadd be focter e

>
. . Mpekfhreadwg. I ot worn| obout on the
* Provides an abstraction layer between: (/ oo ok | > Tuch ol one B onle Cin (2

— Everything computer is really doing (hardware) amprled g0 19 1 @ run it
— What programmer using the computer needs to know (software) * havdwere.

* Hardware and Software engineers have freedom of design, if conforming to
ISA

* Can change the machine without breaking any programs
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Instructions Set Architecture

Instruction Set Architecture (ISA) is an abstract model of a computer
defining how the CPU is controlled by software

* Provides an abstraction layer between:
— Everything computer is really doing (hardware)
— What programmer using the computer needs to know (software)

CSO: covering many of the times we’ll need to think across this barrier
Wg/re n Qeneral 0{‘,; ‘H’ﬁS Qﬂﬂt,gm\@ “@ Sjﬂ?lrt Smﬁng Jwt abUVQ ﬂTLS bﬁm@’ m ’bD W
gg]@pware side.
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Instructions Set Architecture

1& engy 4o fundy 0

Backwards compatibility recerved.

* Include flexibility to add additional instructions later T mq add moe Hings.

My naw machne. shll an run the obl e,

0ul dnstructions shill there.
¢ Same program can be run on PC from 10+ years ago and new PC today

* Original instructions will still work

Most manufacturers choose an ISA and stick with 1t
My news machie i much faster

* Notable Exception: Apple There mow ke <una assues, bt thet iS another Stony.
One manufbcturer thod hos encugh
-Fy”owv@ Lo be oble 1o moke these dwgés arol

Hll come qut oheod.
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O 1gM's power PC (19 -205) c0S 10,
(PouerBodlz, PowerMac — PowerfC 0 ot/ ot salng)

@. = latel x8b (200b-2020)

® Al prigiams had to be recampiled .
®. Hudvare gmpletely charged.

©. Gackword comgotibihl leame onisue.

Al cidnb nant old progioms o break . So they creted - Rosetton
Rosettat 4 o translodin lner Hhot dynamiaally convertad PowerfC srstnction 4nbo xgb metuctions

Tt essentially smulating the od TH. Evanhuall, Pgde *sunet” it and oloppart 4PTE.

RISC— CISC =RISC

@ => fple Silicon (220 —nov) Ml chrip (#heir own ARM chip) .

This s ancther ISA migution.
They yecurrected Rosettn (fosetbtn2). Tt Hangotes xsb AR m the £4].

0. Changng 1SA & o massive ecosystem chift.
®. Most oompouries avoid chﬂl@m IA.

8 IS clobilihy enables software lorgevity.
®. Packwoud ompoibikit modtars!

® Hardwore [ coftwore bdvies matter!
@®. Binan| translaion preserves erosystems.

. ISA decisions affect decadee of softunre.
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£190 - Lots of avstictions , ame veny specialized
e, Xxgb_blt: thowsande of instructions, venj ompler.

What about real ISAs?

o15c: fewer wstructions. bt eod\ executes vey efficiently

ngocoy . 47 busic istuctions. smell ond clean.
oitancing: oou o hudeds of nstauchions
ARM » 500~ [009 netmctions.

eg
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Our Instructions Set Architecture

What about our ISA?

* Enough instructions to compute what we need

* Asis, lot of things that are painful to do

— This was on purpose! So we can see limitations of ISAs early
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Our Instructions Set Architecture

What about our ISA?
* Enough instructions to compute what we need
* Asis, lot of things that are painful to do
— This was on purpose! So we can see limitations of ISAs early

* Add any number of new instructions using the reserved bit (7)
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Our Instructions Set Architecture

What about our ISA?
* Enough instructions to compute what we need
* As s, lot of things that are painful to do
— This was on purpose! So we can see limitations of ISAs early
* Add any number of new instructions using the reserved bit (7)

* Missing something important: Help to put variables in memory
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Storing Variables in Memory

So far... we/compiler chose location for variable

£
F :(/ ;D
Consider the following example: 2

f(x):
a=x
if (x<=0) return O
else return f(x-1) + a FUDtE = Sums wp the numbers botween oz ond 7.

=5
n=5

Recursion
* The formal study of a function that calls itself

wls #elf ina smaller gt
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Storing Variables in Memory

f(x):

a=x 10=4 00
if (x <=0) return O D/j/m

else return f(x-1) + a Sve 1t 0 o ragister R0 2

Overn e s

spwe 4t fo memary /\/\mﬁg‘ﬂ No! vohie over and. over
When L ol the soune oode again . Jump o the qune code g
1 occidently overwite the vokie T really wans

We nedl simethirg frot will help ys o organiie memory

0 thot we keep o of Hog \arobies.

Where do we store a?




