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What to Cover Today?

Software Side

e Information representation
e Floating point numbers
e Creview and memory management

Micro Pitfall

e Compiler, assembler, linker, loader(CALL)
Assembly(RISC-V ISA)

Hardware Side

e Combinational logic

e Sequential logic and timing

e FSM basics and typical exam problems
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How to Use This Review

o B REH LS AN, MR a s fl—KE

o IS e =1 definition, mechanism, typical examples, common mistakes
© HRARHA S AR TR AR R

o BRI AU TR ST 5 FSM S

o MRS WATE AL, BH WA S
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Great Ideas in Computer Systems

1. Abstraction: i J2 ¥k By 40 45

2. Moore's Law: il 138 57 AR A4 A4 g 51

3. Make the common case fast: {455 H PR IR
4. Principle of locality: F FH s} 1] J&) 3 P Fn 23 [a] Jay i itk
5. Parallelism: [&5] Ff 4B 24> T AR $.I0

6

/

. Performance measurement & improvement: 5t 84k, B4k

. Dependability via redundancy: f{ 0 &2 5] 524k
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Abstraction Across Layers

Fl—AMFE)F 7] DA 2 E IR Bif#: source code, assembly, machine code, hardware
Compiler: {8 & 2% iE = FHi% Bk assembly / machine-oriented representation

Assembler: #{ assembly %% jk, object code
Linker: #£ 24> object files FiI libraries ZH A&k 3%
Loader: { executable it N\ N F I H1hi21T

WRFHERTFE, RSB 227" BB 2 3 B2
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Abstraction

Application (ex: browser)

(EE/CE)

Circuit Design

transistors




CS110 Midterm | Review Spring 2026 00\ N . .

X , § & . . .
‘\ J’ ShanghaiTech University
\!

Amdahl's Law

AR A L f BIER > TCIERE, R rI O S A5, LA B

1
Speedup = P 1;5f
o RIEIFATER A TLFRP, RGiE A LR
o fi: # 20% AREIEAT, W
511_>1rr01o Speedup = 0—12 =5

o GE: SR o R I 2 W ik
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Floating Point Representation

XJF normalized floating point number:

V = (-1)% x 1.M x 2F-Bias
* S:sign bit
e E:exponent field

e M: mantissa / fraction field

e Bias: {8ZURE, 4N single precision g 127

e normalized number BRI\ G REHI S 1
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Norm, Denorm, and Range

Normalized: exponent BEA R4 0, A4S 1
e Denormalized: exponent £ 0, IR AERESHTS 1
denorm B X : ik very small numbers 255K $52 o

TEH0v I AH 5% 1) FBLE R 98 DA T JL3R:

o minimum positive denorm

o maximum denorm
o minimum positive norm

o maximum finite value

Exam Tip
o AEHRTARAK, EEHWr exponent BFFIETE DL

® 9, denorm, norm, inf, NaN EQEEQ
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Endian

7. Number representation. Let’s consider the hexadecimal number OxFCC48493. How is the
number interpreted, if we treat it as. . .

(a) an array A of 4 signed, 8-bit integers? Please write each number in decimal, assume the
machine isllittle-endian.l If the value is unknown, fill in GARBAGE (in all caps).

i. A[O]:

ii. A[l]:

i, A[2]:

1v. A[3]:
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Endian

7. Number representation. Let’s consider the hexadecimal number OxFCC48493. How is the
number interpreted, if we treat it as. . .

‘ (a) an array A of 4 signed, 8-bit integers? Please write each number in decimal, assume the
machine is little-endian. If the value is unknown, fill in GARBAGE (in all caps).

i. A[0]: 93 1001 0011 -109
. A[l]: 84 1000 0100 -124
iii. A[2]: _ C4 1100 0100 .60
iv. A[3]: ¢ 1111 1100 4

How about Big Endian?
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C basic

(d) The following code is compiled, and an executable file “main.out” is produced. Execute
“./main.out Make CS110 great again!” in the terminal. Write down the content that will
be printed.

#include <stdio.h>
> int main(int argc, const char *argv[]) {
printf ("argc = %d\n", argc);
4 for (int ndx = 0; ndx !'= argc; ++ndx)
printf ("argv([%d] =--> %s\n", ndx, argv[ndx]);
return 0;

}

Solution:

| argc = 5
argv[0] —-—> ./main.out

3 argv[l] ——> Make

4 argv([2] —-—> CS110
argv([3] ——> great
argv[4] —-—-> again!
1 for arge = 5;1forargv([0] --> ./main.out; 0.5 for the others.

iR AT
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C Memory Management

o —AMUERRMINAFIEA R TRAE—E" /Y
o IX 5K B S HE A & L B AR A R - stack, heap,

static data
o ZIREFEHZWNARIICAE, MEXoEmM
1A B 5 5

o Jaa JLIT 4 BRI — B XA B 4 iR
What to Focus On
o WM T IL
o R TREIK
N o XZRRHEZA

Ad

v B bug A4

A

A A

A "i TF Im“wi"\!,lrls.!llllumlm i 1 1

FFFF FFFF

0000 0000yex

7T > 2,
ey B8 A BOOR
8. R %
§E4NER Y
EX WL
&,

ERNL W, 4= . . .
i #&/ ShanghaiTech University
S

ffffff stack | stack
.heap heap
.bss |
.data static data
rodata ]
text code

ZA A 1R w R
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C Memory Management: Stack vs Heap
o Stack: ECA M B 3h 4 BEAVEEI, & A R#E FFFF FFFF,..

B8 e stack | stack
o MREEIA—IK, #SEHTH) stack frame l
o MERME 5, X—)Z stack frame &x#mEIMe, A 000000 - [ ————————
DURHRAE R 2 — FAAE heap heap
e Heap: ZINNEX I, FEIE 3 malloc / free .bss |
o heap EMIX 4G G 5 R HILE .data static data
o HIE A K/NEIBLTIN A HE W todata | |
0000 0000ex text code
Quick Contrast

n  © stack: BV EHE, WP, (HA B H AR

Ad y y
AN heap: B X7, {HEASE N EHER
ki

-
‘A‘ == W 11 ZA %9\/* d&‘a 1A
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C Memory Management: Static Data

e Static Data: global variables I static variables FFFF FFFF, .. ek <tack
£ 1 |
o 'BATEWAERRT AL, RSB F 4 !
5 A R
o PRI B AT A R A R0 K ) X R BB R B -heap heap
)", TGS A bss ]
o MR- EBAERKBE NG EIREE, SHE .data static data
Hox | static -rodata ]
0000 0000pex text code

Exam Tip
o %% global variable, 4eAHZ|'E AL stack |

A
‘A‘ o 53 static local variable, SEAER|“PHELE K )G

Ad .

A {E IR AE

4
A " | ’

i ZA %9\/* d&‘i 1N |

‘A‘ ; — el Imwle (i




CS110 Midterm | Review Spring 2026

C Memory Management: Common Problems

o Stack overflow: i IH AWK, BE HEREZH AR K FFFF FFFF,..

e Memory leak: 4} it T heap memory, {HFEFE%
12 B350 free

 Dangling pointer: 84 A B8 7£, {HE XS4
B4k

o Use-after-free: free Z J5 AR ZE 1) M iX LN 17

How to Judge

o SEAIWTRT GAEMRA X 35 0000 0000pex
o FAIWTRTGAT 4 IR R
o e AW A RS A

Faay) BB R BRAT

E2 L h, 4= . . -
"o w:./¢/ ShanghaiTech University
\\)

.bss

.data

rodata

text

stack

heap

static data

code
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C Memory Management: Review Checklist

* AR RLROA SE ] stack FFFE FFFEyex stack stack
o ZIBHIERNZEINEHE heap | |
e global flI static A% & B\ S AR static data T
¢ JURHREHE, MBI 4 AR A IR R
SRR Y g
.bss
Common Exam Traps .data static data
° ﬁ@%%ﬁ’ﬁﬁﬂﬂﬁt .rodata |
. T free 0000 0000 text code

e 5A0 free

o HUAREHEAE BN R R
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Macro Pitfall: Missing Parentheses

-

#define SUM(a, b) a + b
int x = 4 * SUM(1, 2);

-

Tt

int x =4 * 1+ 2;

o BRI, ANEEER
o LS ROmB AR RGR BRI 5

>
\

#define SUM(a, b) ((a) + (b))
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Macro Pitfall: Multi-line Statements

-

#define PRINT(a, b) \
printf( #a > a)s \
printf( #b » b);

XAV EIEH BRI, (B L 4

sum F ] 2 AR AL AE 2

PRINT FJ [v) il A 25 55 1 ) I A 38 il — - 344
AR ERREOR S, A BB LR
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Macro Pitfall: Why It Breaks Under if

4 N
#define PRINT(a, b) \
printf( #a , a); \
printf( #b , b);

if (condition)
PRINT(X, y);

JEH A

if (condition)
printf( s X);
printf( > YD)

. J
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Macro Pitfall: Multi-line Statements

.. il I ,: . . .
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-

#define PRINT(a, b) do { \

printf( #a , a); \
printf( #b , b); \
} while (©)

-

o ZATEWMBPAUBLLESN, 1E if iIEaP RS S
* do { ... } while (0) WML B IE A —AHH A
o #a 38 stringification, 3 token # p 244 5
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Compiler, Assembler, Linker, Loader
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-

C source

-> compiler
assembly

-> assembler
object file

-> linker
executable

-> loader
process in memory

Compiler R {EFHZFEFAL

Assembler < 7F instruction encoding

Linker 4t symbol references
Loader & SRS FIH R DR
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R-Type

(Register)

funct7

rs2

ral

funct3

33 a0 '29"28 o7 26 T2

24 2322 T2 oo

18 18 a7 16 15

[PLFTRRT

I1-Type

11]10]ofa|[7]6][s[a]3]2]1]0

| [ |

| |

(Immediate)

imm[11:0]

funct3

a1 a0 129728 27 ' 26 | 25 |

14'23'1:'21'10

l&rlall?llﬁlls

14|I3|11

12-Type

[ [T [[]

afaf2]1]o

[ [ ]

[ |

(Immediate)

S-Type

(Store)

funct? imm[4:0] sl funct3 rd opcode
31r30121}[281'1?r26|25 24I23r22l?1['20 l?rlle'l'llGIlS 14"311'2 ll]10I913|? 5[514r31§[ o

ufofofelrfefs| [ [ | [ | [ [ [ [ | [ [ [sfsfz]efo] [ [ [ ]]

imm[11:5] rs2 rsl funct3| imm[4:0] opcode
31'30 '29 '28 '27 '26 '25 '24 '23'22 '21 '20 '40 ' 18 '47 '16'45 '14 '23'12 '11'10'2 '8 ' 7 '6 '8 ' &' 3 ' 3! o

B-Type

12[10]9[8]7]6][s

ala]z2]1]n

(Branch)

J-Type

(Jump)

imm[12]10:5] rs2 rsl funct3|imm[4:1111] opcode
51'30'?‘9"23'27'25'25 2"'25'22'21'20 lDIIaILTIIGIIE l'ill3|12 ]l|10|9|3|7 5'5'1'3'2' o

20[10/9]8|7]6|s]4a]3]2]1]11]19]18]17]16]as]1a]aa|a] | | | | HEEE

imm[20110:1111119:12] rd opcode

31'30|29|28|2T|28'25'?4'23'?2'21'20'19'18

IL?IISIIB

Il&

IlSIIQ

U-Type

313029 |28|27]26|25]24] 23] 22]21[20] 19 18] 17] 16 15 14]13]12

(Upper)

imm[31:12]

a1 SDIﬂIQQITJI56|25|24|23|32|2l|30|19|19

Il?'iGIIE

Il-’.'l!'lj
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Datapath

PCSrc ResultSrc[1:0]
MemWrite
ALUControl[2:0]
ALUSrcB
Control | ImmSrc[1:0]
[06:00] Unlt RegWrite
op —
[14:12]
funct3
[31:25]
funct7
(Zero
CLK CLK ~ CLK
T SrcA| T zero i
0 WE WE
PCNext PC A RD Instr | ueias Al D1 5 ALUResult A RD ReadDat
lﬂ [24:20] 0 <
Instr A2 Register RD2 SrcB Data
Memory el P File 1 L — Memory
WwD3 WD
Q| PCTarget
>a
<q
[31:07] ImmExt

A [ PCPlus4

i Result 28»48

AD




Combinational Logic
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What is Combinational Logic?

fa th RO i\
BEHANERE, Dididd %

5 W45+ adder, mux, decoder, ALU
S A I IETE AR =

o circuit -> boolean expression

o boolean expression -> circuit

o truth table -> simplified logic

I E R A

ShanghaiTech University
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Basic Logic Skills

PR 2 /D75 BT T X BB AR PR A
o THYBIE WLiB%E]J: AND, OR, NOT, NAND, NOR, XOR
M\ HLI% B 325 H boolean expression
M boolean expression [ H} Hi & 45 44
H truth table H ¥ 2 4TI HE
PR H A B AR
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Truth Table
AlB C|Y
O[0[010
O[O0 |11
O[1,01]0
O/ 1110
11000
1[0 11]0
1 1/01]0
11110

(c) Write down the logic expression that implements the truth table using sum of minterm.

Solution: Y = ABC. This is the only form of the logic expression using minterm.
0 mark for all the other cases.
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(d) Build a logic circuit that uses only 2-input AND, 2-input OR and NOT gates implementing
the same logic above. Use as less logic gates as possible.
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(d) Build a logic circuit that uses only 2-input AND, 2-input OR and NOT gates implementing
the same logic above. Use as less logic gates as possible.

Solution: Optimal solution for this is shown below for full mark using the required
logic gates. Direct implementation of ¥ = ABC get 1 mark for no simplification.
You also lose point(s) if not using the required gates. The other cases for 0.

; O\
J

ki

W= [ (i Z A BA 1R R
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Sequential logic

v HIZE o8 i 71358

A 4
A
=GR e ZARA d&q WP |
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Sequential logic

A 4
A
=GR e ZARA d&q WP |
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What is Sequential Logic?

o Frt ADURET IR, WEGRT T RS
o JRZAEH H registers / flip-flops 1R 1%

o MRZANFEFEH H clock $#44]

s XRRGERETUME" Z I EETH 4

Keywords

e state
e register
e clock

* next state
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FSM Basics

e FSM = Finite State Machine
o ‘BHARARES & “ R Gk B R anfor 4L
o TRIREEWH NG, MRHE YGRS E:

o next state

o output
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Moore vs. Mealy

e Moore JRZHL: Fir i R 24 AP AT E
o Mealy JRZSHL: Fir H H 24 BPRASFI Y A dm N\ L F vt e

HW K, Moore Wkt & RESRE—Y]”, FrllimtiiEs RaERESEHZ RZAL; Mealy B4
HEaEEZR AW, FHibdN—2, b dn]aeir 2284,

WA E WX BT

o Moore Ef35E, it A% 5 KR 5i N\ B AE 46 £l 50

Mealy i 3 BEff, PR AS— 8 B3N T — MRS A 02 fa

Moore 1'}41}‘??6%%%’”(@\
Mealy £43 7] DL /2R SEBL R A T RE

v AR R TR R, — MR B T R B AR & T -

hd

A

Ad . e

‘:‘ Zl] ii:i i"_ﬁ’f state |, i@ & Moore aavae)
e 1 ‘B 1F transition edge E, & Mealy - .

75 ==, . W i AL d&‘a %P |
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Why FSM?
o ARZ R AR B s B IR R A A R FSM
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Example 1: Detect 101

Hb5: Hi\ bit stream, &35 =AM K 101 BF5 i 1
State Meaning

o se: V%A DL ) AR HT &%

o s1: [{jjFZ 1

o s2: IBZ 10
Transition Idea

® SO --1--> S1

¢ S1 --0--> S2

o 52 -1 Bt 1, FEEBIFFEH 1 RS
YHRBIEIGHE , TR BRSO BB 4 W4 Czvas)
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FSM Example Figure

Solution:
state bitl | state bit0 | Input | next state bitl | next state bit0 | Output
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 1 0 0
0 1 1 0 1 0
1 0 0 0 0 0
1 0 1 0 1 1

FePeIRZEE L, FFEL LR N\ AR .

Tay) BN BRF

z h,,. FE . . .
ShanghaiTech University
Jrecaos
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FSM Example Figure

Solution:
state bitl | state bit0 | Input | next state bitl | next state bit0 | Output
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 1 0 0
0 1 1 0 1 0
1 0 0 0 0 0
1 0 1 0 1 1

R L e

E2 L h, 4= . . -
"o w:./¢/ ShanghaiTech University
\\)
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Example 2: Two or More Successive 0

A S AP BLESE R DA o I fari 1

A Natural Design

o se: ik IELL o

o su: It BE T —1 o

o s2: IECAFR TRV WA IES: 0

Transition Logic

° SQ --0--> S1
e S1 --0--> S2, #jHH 1

S2 --0--> S2, KEEHH 1

s = Py
ﬁau\’lklu\lﬁﬁu 1’ lﬁliu S@
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FSM Solution Figure

Draw a FSM that outputs 1 when it receives two or more successive ‘0’.

Solution:
1/0
start —
itk o byt ae%ﬁmﬁugr&mi%"az%z%ﬂTn/r 0",
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Summary

o IMEER 4 FePNF 2k : abstraction, floating point, memory layout, macros, toolchain

e RISC-V ISA Fll datapath s& 5 pi: BEFEHE instruction format. control signal 1 datapath flow X _I
o AW )i gate, boolean expression, truth table, ALU

o I)F B f: clock, register

o FsM 52 B} BRI — 843 B4 i3k state meaning, [ transition, fiff sequence detection

idterm 4 WL A i 14—
e —1H floating point F&/~ U

e —jH macro / memory {3 45
e —jH RISC-V / datapath 43 #f15i

A

Yo i FSM A

Ad

W IR, B E B A BEA (R AL R

= - &) o« k
‘A‘ = El s [ R z 2 %9\/,*‘ ﬁf.. %X |




