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CS 2130: Computer Systems and Organization 1 
Xinyao Yi Ph.D. 
Assistant Professor

Midterm 1 Review
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Multiplexer (mux) 

x=a ? b : c 

A multiplexer (mux) is commonly drawn as a trapezoid in circuit diagrams.tegperator.li
b

nnt
HYabcresull.cn了 else { O c (dependson c)

C 1 bcdepends.in b)
了

a.b.ccouldbeanythmg.theyauldbestnngs.numbers.fm⽐"… …



a.b.careallmeb.it ,
'

weather.su/tist1⽐ ?
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Binary

Any downsides to binary? 

Turn 213010 into base-2: 

hint: find largest power of 2 and subtract

2
"

21029 28 J 2 2
5
2
4

2
3
2
2

2
1

2
0

2048 1024 5 12 256 128 64 32 16 8 4 2 1

1 0 0 0 0 1 0 1 0 0 1 0

2 1 30 -2048= 82 8264 =1 8 1 8 - 1 1=2
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Exercise

Turn 11010111100102 into base-10:

1 1 0 1 0 1 1 1 1 0 0 1 0

212+2"+2+2+2425 -1 2
4
-1 2

1

= 409 6 -1 2048 -1 5 1 2 -1 1 28 -1 6 4
-1 32+ 1 6 -1 2

= 6898
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Exercise

Turn 34210 into binary:

5 12 i i i i i i i i i
1 0 1 0 1 0 1 1 0

342 -256= 8 6

8 6 - 64 =22

22- 1 6 = 6
6 -4-2

2 -2 = 0
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Exercise

Turn 11010111100102 into hexadecimal:

//Turn 11010111100102 into 8-bit hexadecimal:

巡业些

些 些 业 0

1 A F 2

1 肝216

Howtoextendit ?



Page 10

Exercise

Turn 5b4216 into binary :

⺤! 。

5 b 42 1 6
= 0 1 0 1 1 0 1 1 0 1 0 0 00 1 0

2
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Exercise

Turn 5b4216 into decimal :

5 b 4 2

1 6
3

1 6
2

1 6
'

N

5 × 16411X162 +4 ✗ 1642x16
°

= 20480 -1 28 1 6-1 64 -1 2

= 23362
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Exercise

Turn 11010111100102 into octal :

1 1 0 1 0 1 1 1 1 0 0 1 0

eetn.net, n_n
1 5 3 6 2

50
.

1 1 0 10 1 1 1 1 0 0 1 0 2 = 1 5362
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Exercise

Turn 4628 into binary :

総沁
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Binary Addition

11101011 + 11100101

01101011 + 01100101
0 1 1 0 1 0 1 1 ( 1 07 )

-1 0 1 1 0 0 1 0 1 ( 10 1 )

i i o i ǒòòo (208)

1 1 1 0 1 0 1 1 (235)

t
.

1
.

1
.

1 0 0 1 0 1 1229 )

1
1

1 1 0 I 601
g)

Thecorrectanswershmldbe464.ButIonlyharefbitsfrmyres.in
tcreadaszobrangefor8bit.si

(0 ~ 255 )
T
2
8
- 1 = 25 6

- 1 = 255
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Binary Subtraction

01111011 - 01100101

0 1 1 1 I 0 1 1 ( 123)

- 0 1 1 0 0 1 0 1 ( 1 0 1 )

0 0 0 1 0 1 1 0 122)
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Values of Two’s Complement Numbers

Consider the following 8-bit binary number in Two’s Complement: 

11010011 

What is its value in decimal?

Method 1 :

1 1 0 1 0 0 1 1

0226 2524 IÌ I 2
0

↑ ↑ ↑ ↑ ↑
- 128 64 1 6 2 1

- 1 28 -1 64 -1 1 6 -1 2 -1 1 = - 45
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Values of Two’s Complement Numbers

Consider the following 8-bit binary number in Two’s Complement: 

11010011 

What is its value in decimal?

1. Flip all bits 

2. Add 1

1 1 0 1 0 0 1 1

1 28 64 32 1 6 8 4 2 1

00 1 0 1 1 0 0
32 1 6 8 4 2

- 128 -1 64 tlbtz.tl =
-45

-
00 1 0 1 1 0 1

32-1 8-1 4 + 1 = 45 ⇒ -45
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Example: Bitwise AND

0 1 0 0 1 0 0 0
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Example: Bitwise OR

1 1 1 1 1 1 1 0



Page 12

Example: Bitwise XOR

1 0 1 1 0 1 1 0
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Operations (on Integers) 

Logical not: !! 

• !0 = 1 and !! = 0, ∀! ≠ 0 

• Useful in C, no booleans 

• Some languages name this one differently

1
0

meansfakeAnynonzerovaluemeanstme.Cdoesnthareabuit.in
Booleantypeinolderstandards.net

LogicalexpressionsretumintegerscoorDExampkiifl.pt) {
Pythmmtyptri5NULT.am/ClCtt:!了

Bashi !
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Operations (on Integers)

Left shift: ! << # - move bits to the left 

• Effectively multiply by powers of 2 

Right shift: ! >> # - move bits to the right 

• Effectively divide by powers of 2 

• Signed (extend sign bit) vs unsigned (extend 0)
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Floating Point Example

101.0112

1

bit.sign4bitsiexponent3bitsifractionl.co
1011x22

Iscomplement.fr 2 : 0 0 1 0

addthebias : 00 1 0
-1 0 1 1 1

_
> only 3 bitsfrfahn ?

1 0 0 10

vweareroundmg.to11001⼀⼀ 1
0-

0 1 01 1

signexponentfraction.lv
↓ 011

Lollri
fraction
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Floating Point in Binary

How do we store them? 

• Originally many different systems 

• IEEE standardized system (IEEE 754 and IEEE 854) 

• Agreed-upon order, format, and number of bits for each

1.01101 × 25

1

⊕ 0
/

⼝

⼈
_ faction

、⽩ 䆰 1T。… 。
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Floating Point Example

101.0112yrwg管管tthnkabmtwhatom.afterthebinarypont.IO
1
.
0 1 1

2
2

2
' 202223

T T
4 + 1 =5 2

-2
+2
- 3
= 本⽚ 字

50 : 1 0 1 . 0 1 1 = 5号
②
.

positionally3positionsiuptoI-8valueslpositionsjollis3.SU
318 lthreeeight )



Page 4

Floating Point Example

What does the following encode? 14

bits.signexponentfract.in
1 òòiiio biasednumber

1 ✗列 thisdown _ 011111 cminusbias )

1 0 1 1 1 1

Iscomplementl.nlXǕ flip : 0 1 0 0 0 0

+1 : 0 1 0 0-6.4⇒

ns.o.answer:-| 7
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Warm up!

Can I make an !-input AND from 2-input AND gates? 

What about XOR gates? 

,

D
台 D
c D

parity-readmg-O-evennumberofbitsthat.aeone 110→

0.l-oddnumberofbitsthataeoneool-slft.tn
useflmerrorcheckmgsend.ioi 1 ^O^ 1=0

receive : 1 00
1 ^O^ 0 = 1
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Adder

Add 2 1-bit numbers: ", # 

a
a b c r

t b 0 0 0 0

0 1 0 1 a

-0W ㄩ

C r 1 0 0 1Isthataonebitvahe1110_De_fHowbigcouldthat.ua
luebe ?
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Ripple-Carry Adder  

verifyiunsigned.li
1 1 1 15)

+ 1 1 1 1 ( 15)

xnxx.hn ←① 1 1 1 0 1 14)
+ ⽕ ⽕ 丫 丫。

☒
ZZZ.to overflow !

signed ?
1 1 1 1 (- D

-1 1 1 1 1 1 - 1 )

1 1 1 0 1 -2)

repeat.it -wrksi.in※
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What does this circuit do?     

1 0 1 0

o o o

1 0 1 1

Itadds 1 !
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Another Counter        
"

! !
"

R 0 - 1 1 0 1

- 1 1 1 0 1
.

0

y 2 0 1 1 1

3 1 1 2 1

122 4 1 2 3 2

1
5 5 3

X

x : Fibonaccisequence
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Reading

x = R[i] - connect output of registers to ! based on index "
i Z = 12[k ]

1

?
X k

?
E
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Aside: 4-input Mux

How do we build a 4-input mux? How many wires should " be?

onlythese2bitshigherlowerareditntxu.in dosetheishouldbezbits.lower-b.to。 wh
How about.8.int mux ?④

!
! 2

3
= 8soishouldbe3bits.XXii.ioi. ;

1
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Writing

R[j] = y - connect # to input of registers based on index $
2 thngstobeconsidered.y.io
① Howdo Ichoosewhich

rgster Iwantthwk
ro.itupto ?

·

②
,
Foralloherregistersthat •

j-Imntwritmgyto.thgneedtke.pthecumntvduei-3Idmtwanttoloose.it
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Building a Computer

Codef-Thisistkcircuittellsyuwhichregistertowriteko-D.FR的
v3北 andfreachregister.amux

9:12问 四 ⼗⼆吐⻔ tellsupdatenewvalueorb.eep
- 12巩] R问 teoldone
0 0 00 1 1 00 Ǚǜoe oyB.fooo.gl?IDItgiresacodemtM7nstruction.we

& 00 1

needtencodeit.tt

.pt/2/
的
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Encoding Instructions

Example 1: r1 += 19mdecimalolqmhexdecimal.io
x 1 3

ai
1513th

hex : 6613

-
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Encoding Instructions

Example 2: M[0x82] += r3 
Read memory at address 0x82, add r3, write back to memory at same address

ideaio.Ihaveavdueinmemgataddesshex8220.Iwant.to
addwhatever-nR3tothatvalue.Onepomt.NO?nstructimsallowustopassanmmediaevalueastheaddress.soletssareondvess.me
tmeijustputamaregister.tn

weuseicode4toreaditout.icode5towriteitback.rEOX82e-f-S.aermachnereadsoandl.FM的了 艺¥t But.fr us →

easiertoread-pcnofhexrlt-3.it#MIr2Frlott6882462756

←
onemterestmgfndmg.tt hexisdwgouricode !
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Our code to this machine code

How do we turn our control constructs into jump statements?

凹 数 的 敀 )-7
- 盥

⼼ 煢芈

howtoconvertfrtowhile.tn?"。 ⇒ 产品表 25"熟.ie
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if/else to jump

Incnava.wehaveiflelse.ButfromtkCPUperspechre.ther.isnosuchthmgasiflelse-onlysequentialexecutimandjumps.hnkofthecpvaswahgfrwardonaroad.Defaultbehavior.beepmonngforward.OnlywhenwedoNOTwanttocont.nu trward ,weneedtojumpsomewkreelse.SUthecompilernaturallyaskwhens.hu ld Ijump
away ?

"

7h51eadofwhenshouldIatinueiForhumaniifDistue-A.itMuise→ 13
。

1张 tr

if (ii) 1 ifl ! D ) , jumpto_13 machmeil.TheCPUwilcontinue.clownwardby

A A

default.2.tl?iS3elseIjumptoccnonditiondjumpfalse.where.hu ldwe
g ?

B B 2 situatims :
<

} antnueA.tn c.
"thnkmgbackwardi.li:䀇 ;:
"

点:籝
,

②
, ifDisflseiumptoB.butacfuallywl.ae

c. c

naturalrule.wntinueunlessifconditinDistrue.IwildoA.inPh9Th 2 阰"

fuetojump.hu?skipB.continuetodoCwhydocompilersgeneratedthsway ?

zoitnspattemappearsinallarchitecture5.IQ" Fewerjumps
"

⇒fasterexecutionosequentialflow-betterbranchpred.ition
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while to jump HowdoIknowwheretojump.fihardcodeifyouknowthaddresszo.iode 3_3

呲咖 制⾯训⼼

䴯
。训⼼

A Nj i.y jumptoA7.NO ! Infndt 邶 !
if (四)

, jumpto A.
B jumptoifdotheondnncheck.is B

dnlwpiteratimhizjumpchecks.eachlwpite.atMonhghasi
jmpcheck ,

ItsntthesamelwpItado-whikl.pt
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Encoding Instructions

Example 3: if r0 < 9 jump to 0x42Idmthaveanmstmct.it
Ineediaifricodei.whatshouldIdoi.ru

⇔ 10⇐ 8⇔ (0-8)<=0

⇐> ⽐⼗⼆ 810奸8)
ro⇐ 0

1 1 = 0✗ 42 etdettr
6 4 42

v0 ⼗⼆ F8
-

0 世些- 訾ii.
-_--.-

7 1

64 426

2F87lregisteriiricurrentmstructm.PCiaddressofthenext.ms
tmctm
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Encoding Instructions

Example 4: 0x17 * 3

0× 1 7 * 3 ⇒ 0× 17 -1 0× 1 7 -1 0 × 1 7⇒

forlioii23iittixl-OX17.it
Oi x = 0 i

i : 0 i
i =☒ -2

whik以 3) {
HHEREc.in 3 - 3 : 明论

(Sǎe

xtoxni ✗ ⼗ ⼆ 0× 1 7

whereit.liitli toback)

, iflhjumt 0竽告号

iflii-2-ifliz.io?-reif(iEO)jumpHEREwhatvaluesweneed?x
→

roi-rlHERE-srz.no
x 17→ immediate


