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Announcements

 Homework 3 due Monday at 11:59pm on Gradescope
* Quiz 4 available today, due Sunday at 11:59pm
 Midterm 1 next Friday (October 3, 2025) in class

* Written, closed notes

* If you have SDAC, please schedule ASAP
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High-level Instructions

In general, 3 kinds of instructions
* moves - move values around without doing “work”

* math - broadly doing “work”

* jumps - jJump to a new place in the code




UNIVERSITYsf VIRGINIA

Encoding Instructions

sden: ©. 1 hove o volue n memory of odclies hos €2

Example 2: M[0x82] +=13 Q. L want to odd M\M@Ver n R3 o %Jf \/aMQ.
Read memory at address 0x82, add r3, write back to memory at same address
One ot . No arstructions allaw s 4o pass an immectae uohe o the ooldrese.
So lets que owsdves some fime : Just put €2 narggister
Then we we Joode & o read  awb Acagle & o wite 1t hock.

y2=0462 Q1o I_O_g@ €2 auy radive raads O ond |
vl=MId - 07 ]oo lblzﬂ But, for vg = easier rapd—> pois of " he
=12 0% o'l
0 !TLO ol 10
5) — b

MCr>1=r) 08 €2 4b21 St
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Encoding Instructions N
\/
: . Example 3: if r0 < 9 jump to 0x42
icode b | meaning
(1) rﬁ Z rBB L dort owe an stuchion sy r0<9.
rA &= r . A
2 rA += rB lﬂ@@i <=9 F[Q)( 7(00’8 7, M\&\fg}rwlﬂf
3 0 rA = ~rA T ()’O)
1| rA=I!rA
2 | rA = -rA 1024 £ 10¢=8 L= (10-8)<=0
3| rh = pc L= 10+=-8 (0xF8)
4 rA = read from memory at address rB 0 2=0
5 write rA to memory at address rB
6 0 | rA = read from memory at pc + 1 _ 2
1 | rA &= read from memory at pc + 1 ri=0nsl Q{)Mi ol og &
2 | rA += read from memory at pc + 1 t 42
3 | rA = read from memory at the address stored at pc + ~
For icode 6, increase pc by 2 at end of instruction ro+=t¢ 0 110 ®Jo £
7 Compare rA as 8-bit 2's-complement to 0 b 2 k&
if rA <= 0 set pc = rB _ _ (e ()
else increment pc as normal ]C 10:=0.PC=r| o (11 00 ol

regustey - 1r - Culytent mstuyctin
R oddrss of the nent inctractin
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Function Calls

2.3 e € A J//]L\U' jumF t sl .
Y, st FC ’P()
el
g b
fr>.




UNIVERSITYsf VIRGINIA

Dealing with Variables and Memory

What if we have many variables? Compute: x +=y
We aly hove 4 egisters ) = save. tham an memay |

X OrSy v0= M0x@] /1 Now 10 hos 7

g g:; ri=MIOs&1 /) Now vl s Y

" 8:§i (O+=r1 /] o the wlodbrtion

P On85 WL =1 T )] shie x bock 0 memeryf

R Ordy MEG& =10 ] gte y bnck 4o memoy (No need, qptimization ater),

ft=2: Y0=M08n]  J resd % agen. oo not reeSony | opfmizotion bder.

No matterhow rreay vouiables T bove, 1 only nexd 3 regasters to oo wiole {%ﬂg
2: opaotirg o wriobles | oudes
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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
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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

How do we store them in memory?
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Arrays




i UNIVERSITYs VIRGINIA

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
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Quiz Questions — Quiz 1

Q5.3 XOR
1 Point

Suppose we then shift it back and xor it with the original, like

For ignal.:
() XXX XXXX
((0XCA >> 3) << 3) " O0xCA.
>3 ) 000 X XXX
<3 PDXxX XO90O
The result is:
@® the same for both signed and unsigned integers 0x ”"x 7(;'500-}]
XX
O larger for signed than unsigned integers A O XX ><{9< ak
o yu A0 ay Bt X
O larger for unsigned than signed integers ! i, phe recufe s
O there is no way to know Gmilor H\Trg B nggatives. olwags = o

Page 12




UNIVERSITYsf VIRGINIA

Quiz Questions — Quiz 2

Q4 Floating Point
2 Points

Assume we will use 8-bit floating-point numbers with 3 fraction bits.
How would we encode the binary number -o10110000 into this 8-bit

floati int tation? ¢ ‘
oating point representation ﬁépl: §C’lemlw'{w‘£ 0 Plession -

O o 011 1110 @
— o1 x]O
O 1 011 1110 — /
VL
O [0 0111 011 /4 |
Step2- 1, 1T Ol
Q 0 1110 011 4\ /Y /r
O [1 0111 o011 g?@n Exp frad‘im\

® 1 1110 011 Hoits 3 bite
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Quiz Questions — Quiz 3

Q3 Coding hardware
1 Point

When coding inl\a hardware descriptiojlanguage (code that can be
turned into circuits), there are no typical control constructs like i,
while, and for; in addition, which of the following is not permitted?

O Accessing the same variable twice, likely = x + 1; z = x - 1;

® Assigning to the same variable twice, like y = x + 1; y = w - z; —> UM an't assign

ys : : 2 valwes 0 e
O Conditional operations, like|y = (x < 0) 2 x : -x; ] arinble.

| s ~ Multiplerer N
O Including several operators in a single expression, like recll: jf
- 0

y = (x +y) z;




Building a Computer

Cotle Y 5:YOJ Random Access Memory
alirp]

icod

IR & S T =
j IN|
° ® ('EHIS) J“
B | e E
Q5 Cycles

1 Point |

Quiz Questions — Quiz 3

In class, we built a computer that we could program with 1-byte
instructions, containing an icode, source, and destination registers. In
each cycle, the logic circuits only calculated the operation specified by
the given icode, which would be later written to a register.

Do all Hhe alophms of e same
tne. the itode will celect fom the

results . ( Coe

Page 15

O True
@® False
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Quiz Questions — Quiz 3

Q6 Coding ToyISA
1 Point

In our example instruction set (Toy ISA) from class, encoding an
operation may mean writing one or more instructions that collectively
have exactly the same result as the operation we want. For example,
to encode the operation x = -y, we may encodeitas x = y; x = ~x;
(icode 0 then icode 3.0). However, while y = -y; x = y; (icode 3.0 then
icode 0) has the same effect, it would also modify y as well as x.

The source code operation x = y + z; could be implemented
(efficiently using our instruction set as: ' X G

O One instruction X 1,/__ Z
@® Two instructions

O Three or more instructions

O It cannot be implemented with the Toy ISA instructions
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Quiz Questions — Quiz 3

Q7 ToyISA Encoding
2 Points

In our example instruction set (Toy ISA) from class, which of the
following programs will compute ro = r0 - r27?

O 3a02
@® 06 36 21
O 3a1200
O 06 34 21

yo Jut fnd ol pasible solytims ondl encade
thom 4o fl the answer

Page 17

O None of the above

chece. ench opthn to gee whot this Ginary do

0900 0119 wiil o1l 0Qlo 099
Rl =RK2 Rl =-2) R0+ =p |
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Quiz Questions — Quiz 3

Q8 Counter
1 Point

To build a 4-bit counter circuit, we could(directly connect the output of
the increment circuit back to the input. Nol N
Py@dum -

O True Osall lore W
@® False




