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Chapter1 - it SHIESHEAR
ZREHA

Computer Generations

O Pre-computer — ~ 1946
= Non-electrical, non-programmable (FEHT-, A A4 fE)

O First Generation — 1946 ~ 1956
= Vacuum tubes, programmable (BT, ®4ifs, FER5TLE)

O Second Generation — 1956 ~ 1964

» Transistor, programming languages (¢¥n 4%, JnfEil 5 16 H)
O Third Generation - 1964 ~ 1971

» Integrated Circuit, OS (R HLES, #1ERGTF4ARA)

O Fourth Generation — 1971 ~ now
m Microprocessor, GUI, Personal Computer

(RHURRAE B BE &%, BRI P S, S N FE A )

O Fifth Generation — future
= Still in development ... ...

o ERRH - LA EAYARA
o BEERSFRERHR - TESEHESE, BRUESIESREFER— 17k

iTRNENX
1. ERFHLSEIIAE
2. 6189
3. ETUTIES

4. D] TMEIE < SR
5. 1tERED EEIRSE

iTEHNHRk

Hardware:

Software

ALU: adder, multiplier

Control unit
Path: multiplexors
- CPU
Registers

Datapath

Hardware< Memory

Computer System

Input: keyboard

\. I/O interface’| Bidirectional: RS-232,USB

Yor Ve ) A T A Sk iy e e Sk mAmnn--Qutput: VGA, LCD

o EMRE—RCRER, 2HIACPU, [AfF. power controller (B30, X#l. #5#Hl) #I/0

controller

e Memory:
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o Main Memory (F7F) - Volatile (35%ktE)
= DRAM - ZhiSBEIFHERS
= SRAM - BRSREH AR E RS

o Second Memory - Nonvolatile (JEZ%KM)
= Flash Memory - EZSHEEE or WTF
= Hard Disk - &2

Software:
Application software(RF#4F): word, PPT, office
Software Operation system:
e -@@Z[’ﬂﬁfé Linux, macos
% System software Compiler(5i%);
@ GCC
§ Firmware(Driver software):
2 fln. M-RIEE)
g Hardware
(&]
e OS:
o QEEARKIO
o HEcTFiE
o ZHIZAE

e Compiler - FFi¥eE: EEMESHIRINEES
e Firmware - I851: AR EHZITEY software", (FEARREEEOSEANIEREE—3

Instruction Set Architecture (J8SEE) - BIEREHAITR, EREERZULFRIERAVRIE

software % ﬁ\’
compller 'Wl

Applications ]

a instruction set forioiocd | T -

[ Instruction Set Processor [ VO System |

| Datapath & Control |
| Dightal Dasign |
[ Cireult Design [
[ Layout |

hardware

REESER



swap(int v[], int k)
{int temp;
temp = v[k]:
vik] = v[k+1]:
v[k+1] = temp;

—

C compiler ) .
C -'}&J&-_—

B-3

28]
swap:

muli $2, $5.4 1 é’t}&' -k}
add $2, $4$2 &

w $15,0(82) Hhivad)
w $16, 4(52)
sw $16, 0(52)
:].:l sw $15, 4(52)

AR L

(_’,‘Jﬂb;r;\

x@%ﬁg\i\‘j 2N ni’ﬂi
00000000101000010000000000011 000—"
0000000010001 1100001 100000100001
1000110001 10001 00000000000000000
- 10001100111100100000000000000100
10101100111100100000000000000000
10101100011000100000000000000100
00000011111000000000000000001000

o

WIERRE - RIS

THIgT — RBEEF — SHEE — SRR

TR TR
Cost per die = bost per wafer .
Dies per wafer x Yield""%
A7 BV o
it&cost:  Dies per wafer » Wafer}a?ea/Dle area’? Y
Yield = 1 3 i
(1+ (Defects per areaxDie area/2))’ b taa )
- - - - - - (caln] P

TR :

o BRREM
o Phbk - “RIFE". "THFEE"
WG
HReiTE (NERY)
1. BRENX
response time (IfKAT[E) /execution time (H{TETE) - SE—TUESESA
throughput (bandwidth) (FMI=) - BURERNT LSRN IIFE
Per formance = 1/Execution time

— Per formancex / Per formancey = Execution timey /Execution timex = n

— "X is n time faster than Y"
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elapsed time - REUARATIE), SIELIE. 10, MESFTEITRE, RET ROHINMEAE
CPU time - QMIE—MEET/ERAGE (AE4EIOZ) , BiFuser CPU timefflsystem CPU time
clock period - — /it EIHAAGATHS
clock rate - —FbJI/NI$EHES —= 1/clock period
2. CPU timeFCPIAYITE:
CPU Time = CPU Clock Cycles x Clock Cycle Time
_ CPUClock Cycles
3 Clock Rate

Clock Cycles = Instruction Count x Cycles per Instruction
Clock tycle

CPU Time = Instruction Count x CPIx Clock Cycle Time

_Instruction Count x CPI
Clock Rate

o EONEER: BFAB. ISA (898) . WiFSRE

Clock Cycles = > (CPI, xInstruction Count; )

i=1

_ Clock Cycles _i
Instruction Count 45

o HYCPITE: RIEERIECHHAEELSEAISILHITCPIRIIIATY

[ CPl x Instruction Counti)

Instruction Count

_Instructions y Clock cycles y Seconds

CPUTime = :
Program Instruction  Clock cycle
e CPUTime = —MEFINESEE * CPI * —/NETEHEHARHS
3. 10 R

e - /AR ‘{Ff% ,
Power = Capacitive load x Voltage” x Frequency

[ 3 | 3
QOB THERE QRS S B T 5%
4. SPEC CPUELMI

1. ST I (EERROEE) TERGELEE LIST, FERTEE,

2 i TS, SNSRI STES S8 LSRR AT
BT, e SRR AR
I S
MRMEMSTAER, NTHTSEE, WS,

3. LS AL AT R, CSSImEsPECEs, NIETFSE
RETRLAAEE, REMEREDNEAR (RPnRRtaR) SEn. /19
FEraEprai:

SPECT 5 = ([T, #MEt %)
EEMTRNS () SRSSEENLEER,

5. SPEC PowerEL )iz



) C AR BTG T IR [k
10 10
Overall ssj_ops per Watt = (Zssj_opsij / [Zpowen]
=0 i=0

> Fl s 7
6. {HLALBRH

o fotf. [ 5
T— Taffected

= . +
mPd improvement factor "™
AINRE

Tun affected

7. MIPS - SMEERNSLPERFIES (REEMEEMKIELL, ZESHRMESSRERN)

Instruction count \

MIPS = —
-~ Execution time x’
~Instruction count Clock rate
~ Instruction count x CPI £10° - CPI1x10°
Clock rate

8. BT

o HEEHERRZRIGHSRAY

o RIFRIMREITEIRERIITRIE

e Power is a limiting factor - JBISFHTH
I\KigitEie

1. Design for Moore's Law - &+ ZIREE/RER

e rapid change in computer design — design for where it will be

o eg BT HBH SIS (XEEIEIRY, TIFEERIRIETIGINNRE), TIFHIFHIRAIERE
ARIBHRAIEE TN

o ZEAM (for where it will be) XA
2. Use Abstraction to Simplify Design - SRS &I
o (RERHEARIIET NS ERIEE

o eg FNEEZBRE, RITHRAE 0T EESRERMERFHINEIEEERE, WFEE
BB RAFIEFEMIZFIRS, FHRETFEL G ERRAIAT

3. Make the Common Case Fast - JIEAERE

° eg BEEANREERE

4. Performance via Parallelism - @S H{TIES AL

* e.g IENICMOSEAERIMREFR (FEITELE) LUBLEFFXATE

5. Performance via Pipelining - @3k &2 = AL
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F—FIESRERI T —RI5<STHAM

TeQYQ xan Ny

* eg JNFEHNEFAILAI assembly lines)

6. Performance via Prediction - EBidFRiMlE= 4AE

o ERLERTHANERERRSTIIUFAIT I (HIANif elseiBq, F3EFRF))
* eg BENIEERI SHIFHHESMER

o BETUNNITARES, BDFEHIE

7. Hierarchy of Memories - TZfEEEBIX

o FiEREDERIT: R RIVIRBRNREATEREENRE, &I8. RANREENRFALT

Smaller & @

d
L1-Cache

E E (On-Chip)

L2-Cache  (SRAM)

: / Main Memory (DRAM) \ﬂj
Bigger: Slow
o Y

Disk ,Tape, ect.

o eg EBIEEBE - IBEEEFBHELE

8. Dependability via Redundancy - B3 TR Al et

o [RNGEFAZMEIERE, ERNEIR—HAIEERUIRERROR
° eg BEHUE

Chapter3 - it EHEARIZEH

Pre-introduction

o IRALAGANI G, (BIELIRFEIITIEFRZELEIRBIYE REIA32(I
o FAII—RRER2's complementR B RFSEE]
o FIWEEGEL: MM FERESVAERESVHERIE— (C;) 8, HONLTESH

BAHE

iM% —fEF2's complement3ZiE/af0

BXEMSHEY: RSEIN/ESERER M ERESMAREA 1 BRERH
BRI S £ HBIEXER:
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TS
WS MR BB

ST A R AIRERLN0
EHE A B
2% PR NEUR

MAREE, REMMSHHERRRASN (EEhD 1Y, HetdBamiiasenm GoRii
) .

Number |Sign-Mag. | 1's Comp. | 2's Comp.
+3 011 011 011
+2 010 010 010
+1 001 001 001
+0 000 000 000
-0 100 111 —
-1 101 110 111
-2 110 101 110
-3 111 100 101
-4 o — 100

%’—}

Signed-Complement

et KIS HEE S0,

RS il mE: Sem EWaR BRI RY, GUREEIREGR, WARRHEY; EIMERES R A
Hm EGCS e RN E R,

WS ERE0aR : SR A BEE G S RIS TSR, ME T AL,
Ko JBRINETIEBUREA AT HERIANG (FREVERREZ LI TR,

Signed 2’s Complement Examples

= Example 1: 1101 (-3),+3,=0,
+0011

10000 => 0000

= Example 2: 1101 1101 (-3),-3,=(-6),
—0011 + 1101
= 11010 =) 1010



ALU

Extended 1-bit A

LU

Y Carry:: 1
== mTs
t bit 2= —
a7 (1% T OH:
1son (%) | e ree
it setfe ‘[;O * P
1
Last (les .
N . see )Most
SI%&?E‘N ot < o sig%nt bit
FANYLS Seection - |
— pbiiik
CarryOut

e Operation = 0—AND

e Operation =1—0R
e Operation = 2—Add/Subtract - BUGRFBinvert5S, 08900, J9 1 83%S b BUZH01(cin = 1):4

E

e Operation = 3—slt - LERIRIE, B rs-rt fF5{, RAIB—MESZERTEI JiTEslt, 3PMNE
HEEASTAYEILHE 00001 B¢ 00000 , EREEALAFIRTAL, BRI 9iEE

Operation Operand A Operand B Result overflow

o imtHEm:

A+B =0 =0 <0 (01)
A+B <0 <0 =0 (10)
A-B >0 <0 <0 (01)
A-B <0 =) =0  (10)

Complete ALU with Zero detection

IB1-bitlIALURR932(, L SEINRECRAIEARINEE,

g2, make common case like if(i == j) fast:

EIR AT LA I = RS 5R 25 /9 0 AILH
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Operation

ReR
=2 N
! al —»| Carryln Resull0
b0 —» ALUD
Less I_
CamyOut
)] L
al — Carryl
b1 — :[31“ Result
0 —>{ Less
CamyOut
" 1
2 2 Coi] rewe
S 0 —> Less
CamyOut
io: ; j
a3l — {llarrylln M
b31 —{ ALU31 Set
0 —»| Less + Qverflow
H
SEFRCPURRAJALU symbol & control
O Symbol of the ALU
Alu Operation
O A { Control: Function table
Zero ALU Control Lines Function
Resulf 000 And
Overflow 001 Or
B 010 Add
/ 110 Sub
111 Set on less than
101 srl %L
011 xor
Fast Adders
1. CLA - Carry Lookahead Adder
P,=A;®B; G;=A;B;

S;=P,®C,; Ciz1 =G; +PC;

BRSNS EELERREIC:
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EHGPINXIST, R AGPINMEER R 52 FIP XY, BRI T ER G AL R
U S S S S (VAN I ¢ = SR (A7 A T3 v. S AV R N & S A |/
C,=G,+P,C,  ‘with substitat
C,=G+P,C,= G +P(G, + P, C)
=G, + PG, + PP, C
C;=G, + P, C, = G, + Py(G, + PG, + PP, )
=G, + P,G, + P,P,G, + P,P/ P, C,
C,=G, +P; C, = G+ P,G, + P,P,G, + P;P,P,G,
+P;P,P P, €
NEAAE L Z g FE b fan-inf R, FXAT1REGroup Carry Lookahead Adder - Bt {k i
ﬁﬁ“iﬁ1ﬁﬁﬂiﬂz§%§m7‘fﬁ, ISR T I T (VAR & W |1 0 < S (VAR

Je S
i i B

Cig Cyy Cy C, Cy

[a]
] 5 -

sk ek

c+
51

HAESFEIRF DT

C, = G; + P3G, + P;P,G, + P;P,P,G, + P;P,P,P,C, =Gy ;51 Py 3G
Gy = G; + P.G¢ + P;P(G; + P,P PG, + P,PP;P,C, =G+ P, ,C,
Ci2 =GP Gy +P PGyt Py PPy Gg+Py Py Py P Cy =Gy i+ Py |Gy
C,=G5tP G +P P G 5+P P P3G, +P P PP, C =6y, i+ Py, Gy
(.'a:rl:'y]
__._; — b - (2T \
b0 | Comia Resulid-3 J71‘ [ \’1 WI&‘\J*'I
(L v , ]
S ey =iy o\
- PO —— 1] ¥
SR =F m
Slat ., AT
I [T
;:: Eiym Resulid4-7
85— (s~
abh —= ALUI
b? i Pl pisl
+ Gl g+l
L ci+2
[ Tw
;:.-—: b — ————————t—* Results-11
a9 —=
b0 — (g0
ald —={ ALL
bl —= P2 p?»Z
i @ o
] 1+3
L
Eﬁi eyl Result12-15
all —» 'Y
bl3 G
ald ALU3 |
bl4 —= P3 ——= pi+d
W @ L
4 ci+d
{\E |-



2. CSA - Carry Select Adder

RrRERERERE, BC, = 0 1 VIEREEN, ARFCHERERBEEENNIERIELT

HER
Upper bits Lower bits
Cs ) 0
4-Bit Add Adder
A — Low
Ca I
| I
Cs | aBtadder | |1 Adder
‘ (7:4] R & High
HEEEEEE
4y e e R Cy 4-Bit Adder Co
2:1 Mux [3:0] ™ v
Cs Sy S S 8% |, S S 5 B
: [=1-]
eikes

ARENAE+ 25175850
V1 - BB

TR OLI=1 FEHFEOMI=0

1a B RBMEIR EHGS
RMAREFFR
T

P

[2wemusrsss—u|

[samusrass—il

P 3-4 SE—FPIREEESLE:, KA T 3-3 s a8 1
farn 3 A A 2 R 1, T 3 i F
Blb. WRAR, MRITF—#, EFEE
PR A ERAE. HX =R
H 5 64 K

V2 - 1S ENsRE e ATE TN =R

1 IR RE{HSEENAY1 28bit-ALURAR LAY T 64bit-ALU  (SERR L2651, EAEF#H{)
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Multiplier0 = 1 MultiplierD =0

1a. Add muliplicand to the l2f half of
the product and place the result in
the lefi hall of the Product register

o
i
0 T Y-

| 2. Shift the Product register right 1 bit |

|

| 3. Shift the Multipiier register right 1 bit |

/\ No: < 64 repetito
s etilon lo; < 13

Yes: 64 repetiions

rEp
ooo1ooooooo
o/ofof[1[1]o]o]o]o
o/ofo[1[1]1]ofofo 0
olofofo[1[1]1]0]0o 0 0
o/ofo]ofo[1/1]1]0 000 7

HATTLAER, productEHESEFEoERITIRRAHFERRN, EX—a8o =TT LAINLAF)
A

V3 - JESREEIE M E I product B1FR GRS

1a Add multiplicand to the left half of
the product and place the resultin
the left haif of the Product register

L

, 2. Shift the Product register right 1 kit |

No: < g4repetitions
< 64" repetiion? >——————

Yes: 64 repefiions
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Multiplicand: 0001
Multiplier:x 0111

no Iys

0000011 #lnitial value for the product

1 00010111 W™ #After adding 0001, Multiplier=1
00001011 1 #After shifting right the product one bit
0001

Bl+: 2 00011011 #After adding 0001, Multiplier=1

00001101 1 #After shifting right the product one bit
0001 #After adding 0001, Multiplier=1

3 00011101
00001110 1 #After shifting right the product one bit
0000

4 00001110 #After adding 0001, Multiplier=0

00000111 0 #After shifting right the product one bit
R THEERERAERER
BISEHEREL
FEFAME, EXHEETR+HIMFFSRIET
Booth's Algorithm
INRBALRELUIM AR FRESCINER, BRAXNEIEHLLEBRER
£B, (BFGPT)

1. etk &%, HESWMNRER, SOREFSRE, AT TASIRS (BOOTHERS) . RE
— P EMEE (AC) MEFes (Q) . HPACHANN0, QiR EF—1Q-11I, #ial
790,

2. REQMIRBANL: RIEQIRE—MILIKRQ-TRIERITIRER (008 11 RfAE(E, 01 BTACHH_E#
%L, 10 RFACHEMRIRED) .

3. 8% BAC, QMQ-1EXGHEB—L
4. B8 ESLSEM3, BRISEHAMTEMAE,
5. 458 &&, AGIQH BN EREMIER.
B+
2% (—3) = -6 — 0010 * 1101 = 11111010
JIHR FERSE, Elhfproduct IZ4fINAC, HAAIAQ, RE—{IAQ-1

iteration Multiplicand  product
0 |Initial Values 0010 0000 1101 0
1.c:10—Prod=Prod-Mcand | 0010 [ 1110 1101 0
' [2 shiftright Product 0010 [ 11110110 1
1.b:01—Prod=Prod+Mcand| 0010  |0001 0170 1
2 [ shift right Product 0010  |0000 1017 @
1.c:10—Prod=Prod-Mcand 0010 1110 107710
3 [2: shift right Product 0010  [11110109 1
,  |1:d: 11— no operation 0010 [ 11110101 1
2: shift right Product 0010 1111 1010 1
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WHEK Multiplicand & 0010, FE Multiplier & 1101.

FITHEER 0000 AREFR DA, 1101 FAFRESREMRDA, FFLE 10, BIRTAESE, 0000 — 0010 = 1110, &5
wAMERON, MEAS, LUbEHE,

EEEBANHEERRER. bil_, BTRESKE,

BARGBAFF SRR

tRiEsfi%=R

PRI (ORMINESS, BT IUINET R
RO RECO. RN RS- REO REQ  REI- REO
WRE MR MRE MRN WEE MRM WRE RRN

g ey W S N A =

Fhlo3 FPl62 Fhl47..16 B FEHO
B 3-7 HUESLASEECREEH . BCNSSHIMER 31 Mk ER C BIFIRRR kBB EE, T
AN A 32 i ik EE 31 K
MnIRIERS A ZElogoRIMERT A, EAn TR/ #REEL.
RISC-VIRZIES

o mul -{E640RIE
e mulh - B6ANBFTEFRE - check for 64-bit overflow
e mulhu - B6ANTRFETRE
e mulhsu - B64MERE, — N IBERE—IEERE
BRiZ=s
X—RO[EEENFLLE e E A
V1 - BRI
TBIRSREESER L4, REESERa¥4
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E3-9 H-FMERERE, HLE
a5 LA 3-8, R4
BOWIE, TUDHE BR SO 8
BREch M E, RIGES
2a BHRA 1. IRE 1
BZERE KR, WE
BRAT BR BOA BB DB BR 3
PE, FrLAESE 2b
T 0 JF K5 B Hon B &
B, S SR
MR EH3 P,
HFT R B AL, RAE
T — A2 AR R 2
HEBRBOE X0 5. X

SR ETEH 33 W
0 Vs 0000 0010 0000 0000 0111
1: #¥=-2¥-B% 0000 0010 0000 @M1100111
1 2b: RPF<0=>+F¥, HLEH, LEMAELEO 0000 0010 0000 0000 0111
3: BREA® 0000 0001 0000 0000 0111
1 RE=RE-E 0000 0001 0000 1110111
2 2b: #¥<0=>+B¥, HLEE, FBRMEMEO 0000 0001 0000 0000 0111
3: BREAHE 0000 0000 1000 0000 0111
l: R¥=RE-BRE 0000 0000 1000 @111 1111
3 2b: R¥<0=>+Fr¥, HER, LEMALEO 0000 0000 1000 0000 0111
3: BREAER 0000 0000 0100 00000111
1 FRE=RE-BH 0000 0000 0100 @000 0011
4 2a: A¥=0=>HEH, FREMNE 0001 0000 0100 0000 0011
3: BREER 0001 0000 0010 0000 0011
1: RE=FRE-BRH 0001 0000 0010 @000 0001
5 2a: HY=0=>FEE, BN 0011 0000 0010 0000 0001
3: BRECHE 0011 0000 0001 0000 0001

F3-10 BRkFF, RAME -0 bk, ErERROMATIE T —SRiE
V2 - FTFERiER

ERESSFERIRESERGH, — I SERERNATFMEReminderfIHEER, REEFEDERE
BHHBORER
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Cl..n_)

| 1. SRt the Remainder register it 1 bil |

l

2. Subtract the Divisor register from the
leR haif of the Remainder register and

place the result in the lefl half of the
Remainder regislar
Remaindery 0 _ Remainder < 0
v
3a, Shift the Remainder register to the 3b. Restore the original value by adding
left, seiting the new righimosi bt to 1 the Divisor register lo the left half of the
R inder register and place the sum
in the left haif of the Remainder register
Also shift the 7emainder register to the
left, setling the new rightmost bitto 0
/J\ «,. No: < 64" repetition
- 64" repetition?

Example 7/2 for Division V3
O Well known numbers: 0000 0111/0010

iteration step Divisor Remainder
0 Initial Values 0010 0000 0111
Shift Rem left 1 0010 0000 1110

1 1.Rem=Rem-Div 0010

2b: Rem<0 —+Div,sllR,R;=0 | 0010 0001 1100~

, |1:Rem=Rem-Div 0010 | (DIT+-+100_

2b: Rem<0 —+Div,sllR,R;=0 | 0010 0011 1000 °

3 1.Rem=Rem-Div 0070 1000
2a: Rem>0 —sll R,R;=1 0010 0011 00017

A 1.Rem=Rem-Div 0010100010001
2a: Rem>0 —sll R,R;=1 0010 0010 00117
Shift left half of Rem right 1 0001 0011

—
................ Beiig 7@,% Romin der @vﬂ{z%

BEISHRE

IBERERIRISEIS, MRAREHSHERURNR.
KBS EHARESEAARIE, R = WIRE- 7 * IR
RIERRE

FEEFNRIESE Z—HERFA T ER NRR S S SRR S S FRIFSAX, B—PSRTIRER
EALABSTIUNA N —RHES U (REEEENSEELE) |, BREREHRITHEE.
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RISC-VERiEIES
o HHFNFROAIRERROR, R4iRENSFEE (make common case fast)
e div&rem - BRFESRIANIEFIREL
e divu&remu - ERFERIERIRFIREL

2R
ZFREET
(_l)sign ° (1 + signiﬁcand) ° zcxponcnt - bias
31 (30 ..... 23122 . 0
Single precision S exponent fraction
_______________ 1hbit  _ _8bits  _ _ _ _. _. _.28bits _ _ _ _ _
31130 ... 20019 ... 0
Double precision g exponent fraction
1bit 11 bits 20 bits
[31 fraction (continued) 0|

Bias = 127 for BB¥5E, 1023 for WIEE
R REETHEITANREL, 18LhrRE s, Hexp — bias = xf5exp
R ERFEEEEhidden 1, BEM2's complementR BS54

Problem1 - Range

Single-Precision Range

O Exponents 00000000 and 11111111 reserved

O Smallest value

= Exponent: 00000001
— actual exponent =1 — 127 =-126

® Fraction: 000...00 = significand = 1.0
] 0 x2126=412 x 1038
O Largest value

= exponent: 11111110 Y
= actual exponent =254 — 127 @J

m Fraction: 111... 11 = significand = 2.0
m 2.0 x 24127 = +3 4 x 10+ R

BRI
e Overflow - too big to be represented

e Underflow - too small to be represented
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Problem2 - Precision

= Single: approx 223 7
o Equivalent to 23 x log;2 =23 x 0.3 % 6 decimal digits of
precision —

= Double: approx 2-32

o Equivalent to 52 x log;2 =52 x 0.3 :ecimal digits of
precision

Problems3 - Inf & NaN — &R#lIrangerhfiJexp

e ztInfinity—Exp =111...1, Frac=000...0
e Not-a-Number—Exp =111...1, Frac!=000...0

Single precision Double precision Object represanted
Exponent Fraction Exponent Fraction
0 0 0 0 0
0 MNorzero 0 Nonzero + denormalized number
1-254 Anything | 1-2046 Anything + floating point number
255 0 2047 0 = infinity
255 Monzero 2047 Nonzero MaN (Mot @ Number)

FRENNE
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Example y=0.5+(-0.4375) in binary %

0 0.5, = 1.000,X2

O -0.4375,=-1.110,X 27

O Stepl:The fraction with lesser exgq!lent is ﬂlft@l right until matches
-1.110,X22 — -0,1112Xt2'1,:}

O Step2: Add the significands

= -
B 1.000, X 21
+) - 0.111, X271
0.001,X21
O Step3: Normalize the sum and checking for overflow or underflow
0.001,X 21— 0.010,X22— 0.100,X23 — 1.000, X2
O Step4: Round the sum a7 wy%
1.000,X24 =0.0625,,
7 RERE
(s] #2¢1) e (s2022) =(s] ®s2)e2el*e2
Lo\ 18 pifs
ER IR

0 GIE- —teF ARk
HEHE 316 PISE, BRI 05,7 -0.437 5, R B,

O ==
TEHH T, a2 1.000, x2 7" f1 - 1. 110, x2 7 {3,
W1 AT RET RS SN —
-1+{-2) a-3
HE, [ERH R R
(=1 +127)+ (-2 +127) - 127
= (=1-2) + (127 +127 - 127)

=-3+127 = 124
B2 RS
1. 000,
x 1110,
0000
1000
1000
1000
1110000,
BRE1.110000, x2 7, HERNTERF4
i, BFAH 1110, x27°,
FR3: RERMNBEFUHBELZAKL

B, REEEERUHE LB TREST R .
XM BESRHAKILN, HE, AX127= -3=
-126, FFRAIRH FEMTE. (FERAFRIME

K. 254212431, FLMESORAT BLIL.) il

FWA: MREFARAEHRETK:

210

1.110, x 2~

HWS: BANMGENERERNTSHRE,

FrABRBFFS AR, Bk, Bh E3-16 FaEE. EXHBRERERT KXY
-1.110, x2° W3 AW, HMRSAERERE

HTRESR, HILELN . MR, WREELSRS
~1.110, x27 =-0.001 110, = -0.001 11, = -7/2], = -7/32,, = -0.21875,

ff 0. 5,, 1 - 0. 437 5, AOBIE ST - 0. 21875, 0
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ZRERE
1. expfirtEiR; (Ici54LiEbias)
2. BEUERR
3. UG
4. BN
5. #ItRFFS
FREEREERE
INERGMNOAI T EAE AR
* Guard - fRPfi: EFREFENTES, FALSEBNALTNERN, BHREENGE

e Round-BEANI: FEFEREFETES, EAUSREBIORNTHEN, EERPEERBEF
RIETN, BEIREEARTEL

e Sticky - #4i#z: ENMUFELET BICHT
FRAEEFREERIRGL (ulp) BE, EEE7SHRIBTENERNREEFE M ulpLAR,

SEEFH SDigppt. IHEEHFXNR, HobbitqialtAZIC. hmitHED
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