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Overview for today

* Recap sign extension
* Conclusion of integer representation
e Lab 1



Integer Logic Exercises

Promotion hierarchy:

1) unsigned long

2) long

3) unsigned int

4) int

5) Everything narrower undergoes int promotion



unsigned int ux; int x; int y;

* ux >= 0 always true?



unsigned int ux; int x; int y;

* ux >= -1 always true?



unsigned int ux; int x; int y;

e Ifx >0 8 vy >0
(x +y) > 0always true?



unsigned int ux; int x; int y;

e [fx >= 0
-x <= 0 always true?



unsigned int ux; int x; int y;

e [fx <= 0
-x >= 0 always true?



unsigned int ux; int x; int y;

e Ifx >y
-x < -y always true?



unsigned int ux; int x; int y;

e If x & OX7 == Ox7
(x << 30) < 0 always true?



unsigned int ux; int x; int y;

e (x | -x) >> 31 == -1 always true?



Widening a type

How do we determine the new bits?

We determine them to preserve its value

If t
If t

ne origina

ne origina

type was unsigned, zero extend
type was signed, sign extend



What do shifts do arithmetically?

e X<<n==x*2"
e x>>n == x/2" (floor division)



Why sign-extend signed right shifts?

* To preserve this arithmetic property for right
bitshifts of sighed numbers:

e x>>n==x/2"(floor division)

* We call a sign-extended right bitshift an
arithmetic shift.



(Assume shifted values are signed)

e 8>>2 - 7



(Assume shifted values are signed)
e 8>>2 , 2



(Assume shifted values are signed)

e -8>>2 - 7



(Assume shifted values are signed)
e 8>>2 _, -2



(Assume shifted values are signed)

e 1>>2 ., 7



(Assume shifted values are signed)
o 1 >>2 O



(Assume shifted values are signed)

e I >>2 L 7



(Assume shifted values are signed)
e -1>>2 ., -1

* Recall: floor(-0.25) = -1
e Therefore, -1/4 ==-1



(Assume shifted values are signed)
e (5==5)<<1 - ?



(Assume shifted values are signed)
e (5==5)<<1 - 2



By the way...

* Fill in the logical operator: “x and y”
* X??Y



By the way...

* Fill in the logical operator: “x and y”
* X &&Y



By the way...

* Fill in the logical operator: “x or y”
* X??Y



+ Fi
* X

By the way...

In the logical operator: “x or y”
y



By the way...

* Fill in the logical operator: “x but y”
* X??Y



By the way...

* Fill in the logical operator: “x but y”
* X &&Y



How to prevent overflow/underflow

.« 777



How to prevent overflow/underflow

signed - unsigned (maybe)
iInt - long

long - _ Int128 (!?)
“BigIint” / GMP



Python: all integers are Infinite precision

>>> 123 ** 456
99250068772098856700831462057469632637295940819886900519816298881382867104749399077
92112866142614463805542423693627187249280035274164990211814381967260156999810012079
04967595176364654458956257416098662099005001984071532446047789680169630280503102614
17615914468729918240685487878617645976939063464357986165711730976399478507649228686
34146696716791012665334213494274485146389992748709248661097714611276356710167264595
31321964814393398730170881404146612711985003332557130961423351514146306516830655187
84081203678487703002802082091236603519026256880624499681781387227574035484831271515
68312374214909556926046360965597770093884458061193124649516620869554031369814001163
80273225662526897808381363518287953142721621112222311709017156123557013475523715300
13693855379834865667060014643302459100429783653966913783002290784283455628283355470
52993295605148447712933388115993021275868760279508857923043166169601023218739043660
1614145603241902386663442520160735566561

>>> math.log2(123 ** 456)
3165.7866144346935



Real world examples of overflow

* These bugs have had a surprisingly large
Impact on human hlstory
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Year 2038 problem

How else can computers represent time?

Jnix timestamp: number of seconds since
Jnix epoch (January 1, 1970)

On 32-bit computers, represented as a 32-bit
signed integer

How high can that get until it overflows?



>>> import datetime
>>> datetime.datetime(1970, 1, 1) + datetime.timedelta(seconds=0x7fffffff)
datetime.datetime(2038, 1, 19, 3, 14, 7)






Fixes

* Switch to unsigned would buy a little more time

e Decision: switch to 64-bit signed integer

- WIll all software get patched? Can all software be
patched?

* 64-bit machines always used 64-bit time



When to use signhed vs. unsigned?

* Unsigned is more predictable across machines
* Unsigned can predictably wrap around

* Signed Is less predictable
 Some machines aren’t even two’s complement



When to use signhed vs. unsigned?

* Never negative — unsigned

 Can be negative and will never
overflow/underflow - signed

* Any other combination - you need something
higher level (Bigint, another language, etc.)



Print letters forwards...

int main(void) {
char *string = "hello";
for (unsigned int 1 = 0; 1 < strlen(string); ++i) {
printf("%c\n", string[i]);
}

return 0;



Print letters In reverse...!?

int main(void) {
char *string = "hello";
for (unsigned int i1 = strlen(string) - 1; 1 >= 0; --1) {
printf("%c\n", string[i]);
}

return 0;



Print letters In reverse...

int main(void) {
char *string = "hello";
for (unsigned int i1 = strlen(string); i-- > 0; ) {
printf("%c\n", string[i]);
}

return 0;



Digital computers

* In electronic computers, has to do with voltage
being either on or off

* Therefore, only Os or 1s



Digitization
Record in Os and 1s
0, 1, 0, 1, 0, 1°
- [0.03, 0.94, 0.02, 0.99, 0.04, 0.95]
- [ 0, 1, 0, 1, 0, 1
- [0.02, 0.95, 0.01, 0.98, 0.03, 0.96]
- [ 0, 1, 0, 1, 0, 1°




Digital is not necessarily base 2

* In fact, digit suggests base 10



Non-binary Computers

Soviets: “Setun” computer (1950)
Ternary

-1, 0, 1 (“trit”)
Hardware challenges

Social challenges




Base 47



DNA sequences

e Bases: A, T,C, G

« Remember: digital signals
are easier to copy without
errors

e Outside of DNA sequences,
we are largely analog

—3 =Adenine

1 = Thymine

3 = Cytosine

2 = Guanine

= Phosphate
backbone




Lab 1

 Lab 1 is assigned

* Due September 24
« Start work early
* This one Is tougher than it looks!



Work In groups!
* Not required
e But you might enjoy it!
e See Syllabus for rules (nothing complicated)



Lab 1

» Superficially, you're filling in C functions

e Butinrea

* And you C

Ity you're solving tricky bit puzz
on’t need to know much C at al

€S



TODO

* Assignment O Is assignec

* Assignment 1 Is assignec
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