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Announcements

 Homework 3 due Monday at 11:59pm on Gradescope
* Midterm 1 next Friday (February 20, 2026) 1n class
* Written, closed notes

* If you have SDAC, please schedule ASAP

* Review session 1n class next Wednesday
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Encoding Instructions

—

icode b | meaning
0 rA = rB
1 rA &= rB
2 rA += rB
3 0| rA = ~rA
1| rA = I1A
2 | rA = -rA
3| rA = pc
4 rA = read from memory at address rB
5 write rA to memory at address rB
6 0 | rA = read from memory at pc + 1
1 | rA &= read from memory at pc + 1
2 | rA += read from memory at pc + 1
3 | rA = read from memory at the address stored at pc + 1
For icode 6, increase pc by 2 at end of instruction
F'd Compare rA as 8-bit 2's-complement to 0

if rA <= O set pc = rB
else increment pc as normal

\
Example 3: if ra/ <9 jump to 0x42
I doit fowe an nstuction Sy r0<4.
T rval “ro<=0" P cocde 7, whet doid
T ch
10«4 £ 10¢=8 L= (10-8)<=0
= r0+=-¢§ (0xF8)

10 4=0
Y =0x42 O I10 ol oo _42
b 4 42
ro+=Ft86 0 110 ® o B
b 2 kg
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Online Simulator

ONLINE SIMULATOR
Choose File | No file chosen
ir = 00
00 00 00 00|00 00 00 00|00 00 00 00 00 00 00 00 pc = 00
0 = 00
1= 00
2 = 00
3 = 00
Execute one instruction }’g@ig‘fg}r z 1 - (j/m’el\f ﬂl&‘f/uC’h\m .
: ()dd C
mmthh.s ]seconds between instructions it {43 O]c H“Q nert m fm{ﬁm

https://uva-cs.github.io/cso1-s26/homework/hw3-product.html
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Homework Hints

1. Write pseudocode that does the desired task.

2. Deal with control flow.

3. Split multi-operation lines into a series of single-operation lines.
e X=y—z;becomes X =y; X -=Z;

4. Convert operations to those in our instruction set.
e Xx-=7z;becomesw =2z, w=-w;X+t=Ww;

5. Deal with loops.

6. Assign variables to our four registers.
* Example:t0=x,rl=y,12=2z,1r3=w
e 10=rl;r3=12;r3=-13;1r0 +=13

7. Write those instructions into triples, then hex.
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Encoding Instructions

icode b | meaning
0 rA = rB
1 rA &= rB
2 rA += rB
3 0| rA = ~rA
1| rA = I1A
2 | rA = -rA
3| rA = pc
4 rA = read from memory at address rB
5 write rA to memory at address rB
6 0 | rA = read from memory at pc + 1
1 | rA &= read from memory at pc + 1
2 | rA += read from memory at pc + 1
3 | rA = read from memory at the address stored at pc + 1
For icode 6, increase pc by 2 at end of instruction
F'd Compare rA as 8-bit 2's-complement to 0

if rA <= O set pc = rB
else increment pc as normal

Example 4: 0x17 * 3
Ox 1T %3= (x1+081140x0 [ =
%ﬁo}rH:O?ji‘%} ) A= O Ty

#=0;

1=0

while (123) 1
$+= 01T
1+=1

%x=0;
1=, 2
: iole 3-3: rA=FC
JHERE «—F
(Cave
7§+:O7<” where
14=1; 0 back)
Gy wmpHERE 1001l jo 1
2 3

if (i<=0) Jup HERE

whod voluee we need >

* —>r0
i—=rl

HERE T

Y= 0k 11 —immeshirte



UNIVERSITYsf VIRGINIA

Dealing with Variables and Memory

wwm? Compute: X +=y
We anly hove 4+ egisters) = save thom i memay |

g( é}‘gﬁ 0= rx@] /1 Now 10 fos 7

> oo P=MIO@] 1) Naw vl os o

;" 8:?2 ro+=r| /] oo the alpibfion

P Un85 NLOL] =¥0 )] shwe x bock £ mermn

Ro Ork&b Meoxkll= v et Y e o rmemony (No nead . aptimization /ater).

¥+=2: r0=MIOs80] / read # agiin. also not reeSany opfymofim fer.

No matter how rmeay vpriables 1 have, 1 onlf nexd 3 regusters to o whoee thig
2: operaﬁm N rables | = ouclress
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Function Calls

2.3 e fC A j/‘/ﬁ)' jum/) vl .
Y_ :Pc 1[\()

9 )

fi>.
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Exercises

Q5.3 XOR
1 Point

Suppose we then shift it back and xor it with the original, like
o Qignd:
((0xCA >> 3) << 3) "~ OxCA. O )(x)( XXXX
>3 0000 X XXX

The result is: «<2: DXXX X000

@® the same for both signed and unsigned integers
0% Rx K000 ]
O larger for signed than unsigned integers A O XRK XKXXXK!

O larger for unsigned than signed integers fXXX ; o ol XB ay ot
- wrth 0, the reath g

Gmilor ¢ng o nogaties.  Aws S itodf

O there is no way to know
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Exercises

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 b}
O True 0sa loe W\PMMW J
@ False
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Exercises

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 -o1o0110000 into this 8-bit

ﬁgp J. stientfi ﬁ‘c oK pm@?'m :

floating point representation?

O o
O 1
O o
O o
O 1
®

011 1110

011 1110

0111 011

1110 011

0111 011

1110 011

— .01 X|0Q

0,
/
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Exercises

Q3 Coding hardware
1 Point

When coding inlﬂa\ 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, like|y = x + 1; z = x - 1;

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

e : : 2 values B0 e
O Conditional operations, like|y = (x < 0) ? x : -x; o Drinble.

| s ~ Mulviplener N
O Including several operators in a single expression, like recl: jx
- 0

y = (x +y) z;
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Exercises

Q5 Cycles
1 Point

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.

O True Do all the @lqibtons ot ¢ same
@ False fne. the 1coole will celoct T%m £he,
roslte .
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Building a Computer
Y 2oy OJ Random Access Memory
Cod
% (ilearE]
icode dest Src

0l 000 | Il |00 - °

0 ol0 q qi Oslo__.
) \T_ ] ko
/\ 000 n KB

Register
@ | File s
(RF)

Al




