


/\J uwxbar QQPFQSQI\JECLHOH,

Biy Tden Bils con Ceprosent Qﬁgeﬁ\fﬂ%
N bits = 2 representutions

Number Bases T Docimal | Octul. Hexadecmal otc .
Comerﬁvg other boses fon base 1O “leFtove Qﬁgo (khod
ex) (3, - baseA 2
£) 45 =024 — fiks O - lefdover (3
2) 452 256 = T8 O = leHover'[3
?) 4‘ SAY ngVS i e%Jro\)erQ(
) 4= (6> FsD - fover T
i —> O 4 + OXAY 4 | XL+ OXK+ Dek4pd°
T 7315 =0 DQ_\A(.

Common bases: DedmaQ B"mvg Hemcﬁec\ mal,
N otodion No@rehx Q)b ><..,

B’Imra e Hexadecinal Conversion - Use it tobkle!



Why T works: each 4 binary digits corvespondsto 1 bex digtt.
Uiks: Byte (8bts, Zhex), Nibble (4 BHs, £ hex)

Loteoer Representation.: Sty ned & Unsigned.
Uosigned: A bits— [0, M-I
Ls Overflow Negadtve Overfow ( not enough Qﬂg}!—g ()
Signed » Sign- Magrttude = letmost bit g the St
L 9% P I], Cou(\‘vﬁ\g Wb 18 weing .
ST%‘\EC\: One's CQME)LQW\QJ\JC ™ Oegovﬁve) then Jﬂ?p e b
L always nereastyg, but overtlow on the Q&%QS_
T%necll Two's Complement — sKTH dll “eacxﬁ\le& toleftd.
G §ives double tepresertadien o) 2200
G Another defTiition: MIB Ts now egatrive
Tg(\e&f; Rias Netation - siiht Query g to prevent overflow
L “shandard Blos” centers o zero makh Ts hard, .



PoTﬂJrQFSJ Arm%g & SJWAH\%S

AInC, false is only © oc null pointers (al else T trie)

“ Memor% 13 Just a \/mge eraﬁ”ﬁv 2och value hos addfess
Rinter: dhe value 1s 00 addmes of ansther vaclable
Ls 1§ D holdg X(S a&o\@s&)“@ S a Po]n%er to %"
513 T AR SR R R
P= <= (2)Ts 4he"oddress of opesaor
PORE (¥ plj=— (% ) s the deference (pries 3)
¥P:B} < able +o write on the address

C posses b% values but PAINTR(S ) %"we SSNGY
e} void addOne (Tnk *p) Y
%p - %f\a e d\cmaes the content that
g P oS 10, ok B
The NULL polnter: pointer to all Qg, 10 r/w
s auacd painters with T(Lp) S .. 3
Wuter to Struds: (*ptr) X © Phr =X



Arcod st Tot aer 975 archaund isacudy ity
ol ‘%(Q\—\-H\ 3 VO WO (% Qm%omaﬁcau% Sales ih fg}ﬁ}
> péinter 10 == panter + (0 X(Sz0t psinter)

Apoirter to a potnter o “handle” (Tt #*[)
L €iits allows Wd“RP“lQ!CZOH of PQALW@V values e of SCOpe. E

arr&%s lose T size Whotmadon when p&gsed\

Strings ¢ army of chars that ends wikh "\ Q'

Memory, Managerent
“wod size” 4 of butes In an address
Frdianness - (e endton = LB s vhored {orek
big efdlian = M\SEE stored, firsé
“word alignment” s 4be boundaries for mulfiple-byfe dorto.
> uges podding for Strucks/small types +o enfore dlignment
STzed(); = wes Size Tn bytes (of type or Varible)




C P(“cgmw\ Address Sq)oxcei A4 (eglors
) tack ; local vacble, grows down
2) Hecxtpi Cef}ues%edl via talloc (), 2rows wp
3) (Stokie) Do Vasialdles dedlaced. autside mdin
4) Text-(code): progrom erautble lasded dess not chorge

Global Vars = Data Local vaurs — Stadk, awko Sreed

Stack ' a new frome Ts allocaded uery (e odundion & wlled
- ftane hores | feturn addiess, arguments locd varolde space
The stack pdinter tracks Ehe ok Srame celevant

= (ccally declared variable are lost when function dloses

= Den't return a powter to Somebhing o the Stack Y

HQQPZ . D%ﬂquc" tnemory Hhot can be alloced, cedized and freed
Ls Huge cool of meinary , but not allocated cor\ﬁ%mousl(\q
allec() % allocates aw memory | anirialized from Inap
free ()2 Frees (nemory rom \(IQQP

ceallec () resizes pcevlouslg allocated (eap Block fo e Size




- \M walloc Cw uﬂs’I%necl Tt For byte counting
L_\Lf% ceturns o general paivter | witaik rebuen NULL 76 out o memary

X Alweus check for NULL malloc retumrs v
Toﬁi——g Stk = Wlptr==NUT..?
Nome SMruck x SPp = (gQ(Y\QS%WC& ¥> Wluo&SIZQQP(gSJ)]

Toallocate an artay of 20 Tnts? b depukonte
i ] - = archifeckure |
ik ¥pte = (ink*) molloc (Size o’ Tk} ¥20) 5 i

- g(‘Q@ (\JOT& ¥;EIJEL_>2 e @xack potter veturned by creyalloc()
L= a\w&%g shoudd be mwm([g) colled for each all o

- Cealloc (Uotd ¥ptr, €izet Size | 5 cew <ize wanted
b cetucns @ QW address o the wemory bleck

(the doto &\\\”\8\& have been CopTeci o0 0w LY o))

Mefmory Le ak 2 fatlure to free() ollocated memory
Use after free (eferending A patnter adfer Freel)
Deuble “Q(ee: J(r%”m% o freel ) o\me(onvg]L alreod% %ZPQ%}\

Creallecl) can prodkce dangling rerences 3 mulKTple
poinfers pssint to Ehe same memory. )



Funcfon Totters
d () (Uod %, vod ¥) = L 8op
S R ) (%) calls the functon

Genecics

Grepeca) ~pucpote code thot u{x&a‘res blocks regmtﬂess of J%Feg

=) Malloc cefurns a vod pointer to be casted

Toidto deference o ustd potnter ¥

(Serecic MRNOTY Qop&ha . memco%( )) nemmone ( )
s COP% does not check overlae , ode aimcx\&s okes 0. ‘VQM@ alr [‘a% i

a chacts c&\m%s 1 byte = wse to store ager\emﬂ (elg{ﬂdmé

Qq Swap_endS (Udid ¥ arr, Gz & fekmg | ste_t nngcesB 3
swap (are, (chor Xc)are + (eeme—1 )% nlisles nbytes)
L— )

§ PoTnJrQ\‘ o tkh mettes
™ 4 fnerementals |




F‘omﬁﬂ% PDNmJTS
Bino\f% Bk bouﬂc%% between "(ﬁe%e_r and J;mcﬁbmﬂ pork

aé o “Fixed inary pdnk! hos o predetenmined 4 &
Lot Tekeger and émd—lo(\a(l \Q\JC

£ foajﬂr\% P&mt‘ Some of the Bits Cacey the Hmcmé ot locakTon!
SCE\’\\% \C No’kﬂ& \o[’\n \© eaA\v\% ZeloReS — d\cu\g J(o (QO\SQ 2

mankissa @QXPNQM‘ I
) T.0O L% i — when (\ofmahze& fursk dgits A
b~poink \*o\d *®
Y9 TEEESA !
> Normalized ?ovq;g;t TR A S B B 5
58 e xponent ) ST; nficand J
A5 39Y- - - Y8k KUY ~ - - X393 s

L Ovee/ Undecflow 6 the exponent Ts too bl /Smal|
How fo store £he exponent = blas notation! (e ~07)
= (—-\\S X ( [« ng rﬂﬁw\M X ZCEXPMC ~EY

% 2=v0 Lndiand
S‘PQC\OQ N\LW\\)QYS £ 0O = Mmost EOS\‘V\\IQ expor\e(\i eserud ?brcm

O) - all zerees T eX@d\eﬁt&S%m%ccmcﬁ

Max exporent, foero Stficand —= {J 5 1\ repesefak Ten
exponet (), honzero Sig \iftcand - De Normed numbers



RISC-V

f\SSemHg: ®t of Y(\%Jtmcjcfo(\s) DPeerorS ZOPQPow\dS
Tostruction Set Archifecture (TSA) eRrsc-v, <86, ...
Reduced Tnstruckion € Computer(RTSC): small, siwple, fact

OPE [The of stewx\og code =5 One wstructon
No type, Bite T registars gek Trkerpreted by opmders

@Q%’{S%@XS) are nside the proesor, Titeruckion 1 ey hst
RISG hos 32 registers the are 32 Bits wide
27 bis 2 1 word, 372 = word size (4 bytes)
Z(_’@_ i SPQCEO& and s 0&&0&3 <O l@&?ﬂ(\é s npossible)
RIS Syotax - oprame. cd, 033, €82

ex) add XL X2 X3 = o=btc (in )
U@r\g temporary (egisters possite | buf tight want fo ailiinize

[nwnediates . numericel copstants ¢ ) addt % ¥4 (O
- Che lost o?emr\& musk be a nunber Tnstead ot o FQ%TS%QY\



RISC-\ Dot Teonster

How do we lood From and stere to WLQMO\'\d?o

bs T(\Jvemcﬁw% W/ emory ©slow- -~ (lodec on ngro\le.w\eu\k\

«_doka oo

—> Po"wr%er to o (‘a\ﬁ

|00 (Lood word “From ) d, Teyte 0%&&&]( VS)
SW((Sore werd “to') €4, Chyte OWLFSQJQ(VSB
%S Jr(béfe offset) must be amulfiple of 4 fur \m&%@s \

—> SR
{b(Sb; lood and store \()%jte nfo €he low oute {‘BQSIJTTC{\ |

and oxtends he ftmest Bt to£he rest of the word,

L endlanness matters Tn €hits case ! by for umé‘gﬂ&d, noextend. )
[bu extends all zerees for ungigned byte”

RISCV Procedres
When cq(rur\g o function.. .

@ Pt qraumeﬁg ® Transter contral to function @ /'\CQP@@ Storage
DD £he function © Store Lhe tekurn value, ® Transfer condrdl 4o callee

Calh’n% Conventions » whod reglsters do whatjob



ald-a'l: Qrgumenjt Rgsters (aD-a\ are returg (Raisters as wl|)
ra’ teturn address 4o rehuen o paint of oTgIN

Lostruction Sugporjt Tor Fuaciong”
Buery fine of code algo (les T mehory [Tke data. .

When o Tuncion 1s called, Hhe oext (ie's address s fored to ga.
TC jumps to the oddiress stored T the _A_Com

T [ odUmp to realg—ke_p

After the Funciion ferminates T ceturns vl j¢ ta.
% Jal (gump and link) cenores hordoad g fine umioers |

530 rd, Furetionlabe! Saves next ine's addrecs fo od and, jumps to
fhe oddress ascodiohed wikh he Fundlon)abel
L 3c o 18 also aliased as “ret”

(5ol rd e, Imm can W\cmm\lg =k TC 4o tnmlrg) )

When o fundion ¢ called, old cegister values are stored and
Hhen estored just before (eturning = (s Stack |
push Lhe SP for space, pop £ € to Fre Stock spac



Nested Calls? ¢ ~ clobbers values T a0 ~a'l & ca
1> £he fested Runckion uill evecwrtte the dd. return addess |
= Save (a to the stack, too
Re gister Comvention . cules for what registers may be aktered
1) Preserved across Tunckion calls: PP, tp, %@—Sll]
2) Nt presert el 40~ €a, + -6 > £he collee s vespongble

for pre serving hese
RLC-\ Tnstruction Formt
PC (P( 0grom Counlreﬂ ] a POﬁ\V\J(QF for Tashruchon count
frsembly code —> Macline, Code (Biory)
Mosk dato are Tn words (32-kH) RIS wses Ikt
Fields Tn a0 Tstruckion fells &omejchu% meamn%aed

5 Keg Tnsteuction formaksr K 1 SR, U —F

R’Formmjv opnane ¢d, sl 32 (add, sll,..-)

25 24 018 (s @il 3

}Fm\dtrl | =2 | st l‘?\mc‘c?)l rd ‘ op o de/—\

S S 3 S [ F—>0tlool|

OPQO de PC\VJVLQH% S\DQCFH"TQS Jﬂ\e U\%Hc)\clﬁor\, Q(\c& waw\c%& '7
deseribes spectiices of wihitch version o tie Tstrudion To ouf




x) add ><4 X3 XQ\ B

WAO[\AQOOKDD\DD ll © o \j
R G A VY W VSR [ VAR T S |
P W 30 I 1 e S A P

"(:ormO\JV ophame cd, Si . (addt sl\i o)

Bl (S| @ 76

} TMmmitlzol | st [—S‘\m@ggl cd ‘ optode k
ﬂ L2 12 3 B 9 =00\l
E ~LOAR Jiojﬂ\ol CPU s nex\eﬂg e fore OPQX‘O\JL‘U\%

Shift OFemJV oS U On[é bbjts for shamt (SR amount)
Ls Lhe efHwer Bils tels (ogkccﬁ [actmetic

I*\:OVN\O&CLOMDZ \O&dep (‘d wm(esd)

3 1> offset 281/ s @ 16

i Tmwm ol L l’?\mc‘qs \ rd ‘ ot)tode/‘\

[ 2. ) 3 5 T L 00000l|

funck 3 S?ecﬁ\ﬁeg how much +o (oad T whok format Clw, lk)-.-)

S~Formg& SJVDVQQP ¢ 82 UMM(VSi> - NO d\(ﬂ\%& (0 eyt &'\Br
1524 208  (Sk 2\ 16

' LMMUl | ( s PS'L ]&ncﬁlmmﬂ- 0] oPton"—\
S| s 3 D) 9 “—>0olgol|

the mmed\oJce (s 3ptk tfo fwo parts (RISC-V priorifizes keeping,
(Egﬁl%jref 4 elds To P\ace more than Tmmedfa{-es’>




PF oatam Counter (PC] ]OOTM'QF to place Tn code
5 4 after most lines, upo\aJtecQ {0 alakel for Jumps

FC B @Q[&JvTUQ ACQC&V@SST(\& ',DC T ‘?C t @33 te 0%8&&)
b £hits QMUQS Poﬁﬁoﬁ Ihcgepel\okeﬂlv CQO\Q (“0 bacd cm\?r\&)

— relatiR b\ﬂ te oot

B-Foomed : bmﬂd\op csl, 022 Lobel i e
= label only gets (2ks = Tourits of 2 byfes Chal§-words)

= PC celodie offsets suppork [-10%%,4045]

3 1514 28 Sk @2\ Mo
\_u—m_:\_[l_ﬂlIO_‘S] ( s st l&m’ggkmmﬂ- llll]( o?mde/_‘\
. H S |9 3,1 53 | 9 s |(oool|
| afwa§3aze(\o,
\ > €hTs keeps (04 | Tnkhe save pla! 20 dor't store
Z X XRXXX L WWWIWY = Z 4 5000 WWWW %
o 15 - S B —!
Ls(3-kit byte offsek

J-Foomat - 3ol od, Lahel

(ol 057 [ttt imat:03 [ e | opede |

l S T | S T T=slio\i\

\—>20 Twmediode BHis —= £D'® 30 -Kik Tnstructlons

U-Foomet. ophame 4, Tmmed
| ‘up(oe\r me&&w&e”



E w305 127] [ od l opcode \
[ ) +
Ls Tmm = Tam << 12

[uT d, Timmed ; (oad Tmmed to upper20 Bits, clear rest
L then use add? fo load the lower 12 \gtks |

([T pseudolnstruction handles (63 +oddT Twplicitly )
Edge Casel addi sign extends and decrements nexk kit
s T [2- bk inmediate g Negatie, add 1 fo wpper tinediofe |
ouipe v, twm = rd = PCA (tmmed <<12.)
(&vﬂpc od, 0 storeR Ehe current addirets £o od L)

Jolr od, =1, T = PC= sl +imm | cd=PCA 4
L fhis T juek an - Tormed Tostruckion (mm not X2)
= (1t jolr can access all 30 bt addre ¢g

GALL
Houw to trupslate fﬂgk\"[ﬁ\rd code o mackine code

CDW\?T{Q( . H”(a\ leve Lcmgu\age = ASSQW\U Y Code
> oufput may Tnelude pseudotnstructions G, 667,00



Assewble’ Asserly Code — Madkiine Language Module
L> object code & Todormation for \T(\kﬁ\(\%@ AQ[ouagTr\%
replaces Preudainstructiong with reol nstructions |
Dicectues Taform how to build okject Hles |

> ,,Jreﬁ) _dafa, . g(oU) . string, _word

Dbject File formod -
1) Header & size% POS{Hon ot obher Parts o Léhe £le
2) Text Segment - machne code
3) Daka SQ% nent - Stodic dadta Tn madine codee
%) Symbd Talle 2 shere undetenitned abeolute addre e g
5) Relocation Taformaton store labels for otiee £iles
fo teference Tor £he (Tnker 1o cesolve (To~do (Te)

6) Debugging Toformodton

| Toker? Object Files —— eyecrtolle mediine cade
Ls enables Separute compT\quIoﬂ of Tles !

Potches text and dota Seguents, fen resolve. (efefRNCes

G ’Ch\"oué\\ releeaion fable,



PC- celofive addrseing don't need. rdocatlon !
External SundTon reference L. stafic doda. needs tlacaklon

Stafic. s Pynaric LTr\\(mai el cortained s only ceferences
DLl soves epace bt soeriflees runtine overbead
Upgmdﬂg [Thracies 18 mueh more teasopable tn DL

| sader: evecutable code —— cun nTn% Program

Séq nehionous DT%’(JraQ S Y TS

Sg nchronouss Al operalions coorditated by a. cntral] clock
Dﬂgﬁkjrqgi All values are discretized o )5 or 1s.

switches! open when | cloged when 1§ (aserted)
AND%QWL% V= A ad B (Z7% on oﬂ\C\g when A= and R=1)
OR ga‘rez Z=Aor R (ZTS on when A=1 orB::D

Teansstors MO feagsistors act os Voltage ~ controlld Swttdes
_LGI f-chaanel open when §is low, closed when G thk
SJL-D S—’)D J;loms when G o _\/‘\:Lgbkﬁnom%y\



L P-channel’ closed whenGis low, dosad mhen&ulntah
D 5D flows when G T8 low low enough

ox n .

o Relokonship Iefween T and out?
| Ouk N out
‘ Ov | 3V

O\/-_g—\,~ Sy O\/ / 5 ,L

SI%\\QQS L Wowetorns Cdod@ _K \ 2 l
> Assume Transmission ® Q%@ed vel Y nskant
- Impltes Eho€ o uiire has enly one value ot o Kime

Clreutt De\c%" Transistors tuke e 4o caleulate artputs |
= anly ly ook of £ alve ofter € propgation deloy

celd

Tgpes of Clraittr & O Cominokiondl Lo% (e Cleant @) tote Hevents
> State elements can store TeformadTon foe fudure cal alofions !



States
Accumdator: X~ S| — S

s e JOGSV\UV work Reayge.
+ N NN
l) No Cor\‘vro\ oNer [00p 2) hDTm’ﬂahzaJﬂo/\

XLH@ (eqister 18 uwd o hdd up trooder of dafa
R

. G 0~ Tnetances of FHip~Hops
. Lok p Tiop

Kegister = =
- & _ 0 cising_edge- frigered Ffip-flop sampks
i” T e input d and oufpits to 4. on o rising edge
X fhere T8 0 "dk-fo4 dQ\Q%HC“\c)\ o hold time’
[ toput Xis tot synced wikh clk, the register may copture
o weong Velue temporucily, but T e fied evenfualld.
= Mo delay = (LK toQ dday + Lagic cﬂe\o%j t Setup Lime

Fotte Stofe Machine & stades and trarsiton function

L each fronsifion fag an Tnpuk and an output



¥ESM an ke moppRd to hardware with o CLand register!
Combiratorial LD%TQ Back

Mutiplexor : SA%OaQ chooses which Taput gets outputfed.
Avﬁ\fc\\meha e Units P\DD JUB, AND OR

A
l_/JVyL *37_

Ls Rirwise

A&c&ef/ Subractor I)eﬁgy\ Teubh Toble o Coscade La&ep?

s Trukh 4able needs 2°° cows.
[carry it

Qo | bo| Sof| C Toe [LSE Cotkhad corvy nput)
ol o]l e S=0,X0R bo,Ci=0, AND b,
O I \ ()

( O | O

\ | 1 O 1 |




Bvery ofther row will have o ey Bk as an Tﬂ@uﬁ
oE 8“\ =XOR(G'\)]DT,CT>, G = MAJ(QT)bT‘CT> 2015"\ t Q—‘CTva;C«(
The ij@V Adder —= N- Adder

I;l 17 b Qg biay & q,

A VRN
ofE-e ot sty

v

\\/ S-1 g( So

Sy

—Ts Cp=| tecssacily o overFlow? Yes, for unsianed.
> Whot abowk SALSBQA (\uW\\BQ?Sz Oﬂ\% when Cn XDR O VOY

Subtrackor: Realize that A-R = A +(-R)

> tondiklonal inueyr-tor

Al Bits 10 B are XORed w fd\ i{ then Go=1-CB)
=The SUR Stgna& s connected to XORs o B and Co (¥

RIS Doskapath
Do:tq‘)d&b\ the loglc of the hadwace.
PFOCQSSOF ——s Control © £he cho \csamkm% deciklong

Ove ~Tostrueflon- Re- Cyce KT\ Machine
L> composed of  comginglonal (Oa“kc blocks % strte elements



/ﬂ Currnt output of Slade ehmerd s are
F\ 5 C\‘%%Q put o CL, and e oufputs abfect
] — the stote elwents on ke ted dock quele

ﬁInS‘\'Nd‘TQn — Podon

St regied by RESCA TS PC Regl 1 TMEM, DME M
X E\:er% RIS Tostruction d\a(\aes some, Stote element !

write enable,

o]+ =&Y FWE=l,0<D on RCE.

T — <l Wette Ovam‘ﬁo(\% {M’r dotalN Tnto RIrd2 !

Me‘mu“ai ELJNW daR X MQMR\P\)=\J wrtke occuss. W\QMQ\N:OJ and o bR
2 4 / TMEM remones dokal), clk L memRW for cead ol\k% [

5 Sfoges oF Instruction Execion:

Wrike back
y Tottructio vke
/t I%&Qk\'&:_tlo“ “Decoil e‘\\\/ Execute. TMQMM% Pecess +o ogtster
N 1 Tt
[ Control Losic —

Tmplementing add s Rreda= Rresi7 +Rers21 pet=4-

e M&N @?dxr\e"m cd before
T[n-.(; ::R\ dRI Rirsia A next cale)
ol o | Ree) N

/\

RegWBa=! 7 ik




gkt sub? only differ n one bit Tn fuac'(, tastTs0] |

fugdote o e before

next cale)

Tamweduke SQI\Q(U&OW‘
Qccesses sk [31:207]

Ton G COP%‘:O ) bite, €hen Smear £he most APPRX o

ng\emex\k Load } ac‘mmll% Seilar to oddi! oith DMEMaccess now
<
RCesl] 3
W >m1clf dofeR V)
DMeM

Aluset  MewQRW WRSe |
Add, Read o)




[W\P\&“\Qi\& S+O(Q © Sowes o QECSI} T NEMOTY \o

R egf T | e o\&fw‘t
«\e{hoo\ of f%’t{u&(
(mmgy

(W\W\
aen

T
RgWEn  Twmlel RSl  Aluse Mewn — WRS]
) q 1 Addl Write K Cang)

Tmploment Branches - new . format pe condiflonally changes !

RTrs]
> A

Rmn Comp.
BW\Q

R EiiEwER )
’h\”\eh/ﬂo'\'"tcl\kﬁl\ IW\W\&Q\ Be Un. grE‘}B o 1 M (.A
S Ql’wml. Yo Gt )
apue bk)bey bge! ASe(

(Sekect. PC Y

L. Gen. Ser B-Tyges™ MUK for el {7
MUX Sor wm £01 Bﬁ:i@



meemel\t T UPdO\JtQ_PC and. Save rg o REed T

—
Rt
% b P Ls\ datld ( %
2
R m
Qac_j lge“r/\\ r_a /l\
:Lc&akeu\‘ﬁ LMM%DJ WBSQ\

Linplemest 3ok % akmost same, bt Stocks from Reeet 7 (absolute)
s Just use the I_“PO\“WAJV, but MUK Selects RTred] tnstead of De

Inw\sle\menjc U-Formek Chm%e £he Toum.Gen &Qcoo&“%\&
| UT = Rorda=Tim, so AL Just sefects &he Bltne !

AUTPC - Eﬂvcﬂz PQﬂvv\mJ So AL just dees .
DQJVO\PQ\‘H\ Control

Sornehow, we. (\QeoQ to Qﬁm& QO(\J(ro O%LC Teom Tngke, bite

Tme BN Twe

Qe \*\CL& PO\JE\I\ tc $+ t'tma: \L(_t:\g tmmx+ ‘tALu £0“5M+t * {M“P

Twe ways fo cealtze control’ ROM o Comly. logic
Ta RISCV 32, we only need 41kt int[ 30, 412 6207 +Bcky, LT!




ROM Cortedler ™ One—hot encoding Lo ol Tastruckions

AND OR
¥ S O¢r A — 1
r__'@ E > j(o\\ rﬁ ™
2 I -
TSl Twmlel - - -
PT@QW\KV\%

i How do We TN\pFoUe, QU cﬂcﬁqpo&b\ par@orW\OkﬂCQ? f
> Wlhat dees ™ mean Fo Guprove {Jemcovmcmcez
© Progmw\ Execudion TTme.~ Trm%ro%mw\
@ Through puf
®E(\e¢g% per Task — Energy APQ%VOW\
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