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

Midterm 1 Review
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Announcements

• Homework 3 due tonight at 11:59pm on Gradescope 

• Midterm 1 Friday (October 3, 2025) in class 

– Written, closed notes 

– If you have SDAC, please schedule ASAP 

• No Quiz this Friday!
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Multiplexer (mux) 

x=a ? b : c 

A multiplexer (mux) is commonly drawn as a trapezoid in circuit diagrams.
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Multiplexer (mux) 

SABp-eeeTue.io0 0 0 ①
,

1
.

5& ! A & B
Gm晀 :

( 1 5& ! A & 13) 1 1 1 5&A& 13) 1
② ! S & A & B

fjī 15& A& ! 13) 1 4&A& 13)
1 0 1 11-TT.se ③ S & A & 113

④ S & A& B
1 0 1

i '进
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Multiplexer (mux) 

(5& A& 1 13) 1 4&A& 13)

⼼如奶" "娜"

Īfǖ
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2-bit Multiplexer (mux) 

2-bit values instead of 1-bit values 

Inid
,

䶰,



Page 20

Binary

Any downsides to binary? 

Turn 213010 into base-2: 

hint: find largest power of 2 and subtract

2
"

2
1 0

2
9
2
8 2 26 25 2

4
2
3
2
2
2
1
2

0

2048 ⽇4 512 ⽐ 1 28 64 32 1 6 8 4 2 1

11 0 0 0 0 1 0 1 0 0 1 0

2130 -2048 = 82 82 - 6 4 = 1 8 1 8 - 1 6 =2



zexercisesil.hn/decmaltobmary:5b42
⇒

5 5 4 2

0 1 0 1 1 0 1 1
0 1 00 00 1 0.

5× 1 6
3
-1 处 1 1 ✗ 1644x16+2✗ 1

= 5 ✗4096411x256 +4ㄨ 1 6 +2× 1

= 2048 -1 2 8 1 6-1 64-1 2

= 233 62 ,

2.bmam.to hexdeàmal

巡业些

些 些 业 0

1 A F 2

1 肝216
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Binary Addition

11101011 + 11100101

01101011 + 01100101
òilòiòi

Rangeforan8-bitgiio.sinumber :

0000 000 0 - 1 1 1 1 1 " '

O 255

-

' iiiòiòi 1 0 2
8
- 1

iii._ overflow !



Page 18

Binary Subtraction

01111011 - 01100101
0111 I 011

t.io
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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 Fhpallbits :

1 1 0 1 00 1 1 → 0 0 1 0 1 1 0 0

② Add 1 : 0 0 1 0 1 1 00

+
0 0 1 0 1 1 0 1

'
-5

③ whatis 00 1 0 1 1 0 1 Mdecimal ?

oǜǒii : 32 -1 8 -1 4 -1 1 - 45

40 .
50 thevdueofthisnegt.ve numberis -45.
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Consider the following decimal number: 

-117 

What is its value in 8-bit binary binary?

Values of Two’s Complement Numbers
① positive 117in bmaryi 0 1 1 1 0 1 0 1

⑦
,

invertthebits.no/olo

③.tl ,
1 000 1 0 10 -1 1 = 1 0 0010 1 1



Page 9

Bit vector: fixed-length sequence of bits (ex: bits in an integer) 

• Manipulated by bitwise operations 

Bitwise operations: operate over the bits in a bit vector 

• Bitwise not: ~x - flips all bits (unary) 

• Bitwise and: x & y - set bit to 1 if !, " have 1 in same bit 

• Bitwise or: x | y - set bit to 1 if either ! or " have 1 

• Bitwise xor: x ^ y - set bit to 1 if !, " bit differs

Operations (on Integers)
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Your Turn!

What is: 
0x1a ^ 0x72

① .to bmaryi
l a 7 2

000 1 1 0 1 0 0 1 1 1 00 1 0

0 0 0 1 1 0 1 0

等章⇒ Ox 68
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Floating Point Example

101.0112

1 bitisign
4 bitsexponent

ii) 1兕
吧9171019

3 bitsifractimksomplementfr2.romdto
"

011
"

0010

②
,

addthebiastoget.tk

biasednteger : 1
0 0 10

愳⼀藏藏
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Floating Point Example

What does the following encode?

然 嶼

𦦵Cdculatetheexponent.itoòiiio
1.

,幽⼝
⼭

-

1 1畿 → - 1 7

㧨 : 0 1 0 0 0 0

+1 : 0 1 0 0 0 1 -> 1 7
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Adder

Add 2 1-bit numbers: ", # 
a

䵷:
封国,
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3-input Adder 

Add 3 1-bit numbers: ", #, $ frthispartyouanthmk.lifandonlyif ≥2 ,

ihinkaboutmgandlor7.rc.in
i. -.-

𡵞癎!:赞 潿。
carry.thencarry.sowealsocantzoneszpeven-slowestbit.is

gongtobeoloneandzzerostslowestbit.it
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Ripple-Carry Adder  

verifyiXXXXotY3YzY.tounsiged ? 1 1 1 1 (15)

5233250
dnp,

古兴㟆⼈

overflowlsigned.li
1 1 (⼗)

tiiii-eiirepeat.fm
此 贴 [ wrb !
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Equals

Equals: = 
• Attach with a wire (i.e., connect things) 
• Ex: z = x * y
• What about the following? 

x = 1 
x = 0 iOd.sn-
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Comparisons

Each of our comparisons in code are straightforward to build: 
• == - xor then nor bits of output
• != - same as == without not of output
• < - consider x < 0
• >, <=, => are similar

→ bitsareequalifftheXORisOComputeckxny.it
dlbitsofdare 0⇒

07eaudxagix-yo.co
>⼥》 3 1 ) & 1

iftheresultisl.tknnegatire
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Indexing

Indexing with square brackets: [ ] 
• Register bank (or register file) - an array of registers 
• Can programmatically pick one based on index 
• I.e., can determine which register while running 

• Two important operations: 
• x = R[i] - Read from a register 
• R[j] = y - Write to a register
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Aside: 4-input Mux

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

嗯!就
⽐ i

i:邀
进
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Writing

R[j] = y - connect # to input of registers based on index $

Evgdockgde , Ineed

"

芒
'蜀

tkannnp-zg.Ichtwanttolooseit.at
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Building a Computer

Code

ㄨ次的

5𣲚X
Y : 12[3]

instnnn :

三照Rfelth
>
PC

•

㱖+ 熙
pchastheaddressofthenextinstructin.ve
canaskmemagcanyougivemewhatIsupposedtodoat.tkx 5 ?
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Encoding Instructions

listutallthethgthatwecouldpossibhgdomourmachine.cn/T_
>。事,

以北

keepthisbit.fr

futurenewromdhdldestsrcaddhpyzbilszbitsthings.be
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Building a Computer

Code V3北

汇0] -1 =江⻔

0 0 00 1 1 00 90 o.no
no.io 00 0 1

. l 啊

。

1st
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Instructions

crtsszregisterscseosssss.im
mediatevdue

,



Page 11

Encoding Instructions

Example 1: r1 += 19o-smdecimallqmhexdecimal.io
x 1 3

lib 17073
-_-

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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Jumps

• For example, consider an if

whenwegotifwehaveachoicepc.si↑三中" fanueourcod.hnebyhneoned jmpifc ) { ②dontwanttodotheifbody.mg?ctmeifl)f
三eleport.to/eprtsmedownttheendfE了 oftheifs.hn .

0

(ifthefrsthneafterifhasndex25.IEmsteadofPCtl.IN say.PL -25)
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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

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

iflllji ifl ! D ) , jumptot-HDistrue.noneedtojump.continuetoA.FI
Asoweanthnkaboutitfromle.be1 jumptoccnonditondjumpancnitewg.it?D),jumpto

B.

13 B

2

situatimsizgoifDistrueidoitjump.cn
,

C
antinueA.tn C.

②.fi?isflse:jumptoB,ifconditinDistrue.IwiHdoA, |油
skipB.cmtinuetodoc
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while to jump

←

HowdoIknowwheretojump.fihardcodeifyouknowthaddresszo.iode 3_3

咷 ( 1 ) ( 州 ( 1画 )
,jumptoti if (II) ,jumpto

_

13

A Nj了 jumptoATNOIInfnatelwpl.it (四)
, jumpto A.ijump.inunn.inB

>

1313

dnlwpiteratimh.zjumpchecks.edu lwpthnonhghasl
jmpcheck ,
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Encoding Instructions

Example 3: if r0 < 9 jump to 0x42

r

Idmthaveanmstmct.it
Ineediaifricodei.whatshouldIdoi.ru

⇔ 10⇐ 8⇔ (0-8)<=0

⇐> ⽐⼗⼆ 810奸8)ro-o.ieo_o n_n6 4 42

V0 ⼗⼆

F8etelt_F86ZF8ifrow.PErleuii
7 1

64 4262 于8 7 1-
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Function Calls

3_3 save.PL
A

-jumptosavedpc.mn簿
"

⽐坦
B

:
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Dealing with Variables and Memory

What if we have many variables? Compute: x += y ⼼

ㄨ =0N

yg readfommem.gr/=MIOxSoJ-s67sor2=MIOx8o7-s6B8liexecute
rlt-12-ee-zbowritetommgMIOxsotrl-ens.ro - 0×80 → 6080

M [10]=1 1 → 54i.m-o.MU
] = 12 -> 58

67806138 126 608054608158
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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 
Wérein generalatthispontghgtostartstgingjustabovet.msbarrierandtothesofwares.de

,


