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Syllabus

Functional organization of digital computers.

— Components, Logic-level, MicroArchitecture, ISA

OS & Assembly language

— addressing, stacks, argument passing, arithmetic operations,
decisions, macros, modularization, linkers and debuggers.

Prereq: CS 161, MTH 231

Written Homework: weekly, 10%
Programming: 10% (2 assignments ?)
2 Quizzes: 5% each

2 Midterms: 15% each

Final: 40%



Schedule

Week Chapter Notes
1 1 Quiz
2 2
3 3.1-34
4 3.5,4.1 Midterm 1
5 4.2 -4.7
6 5.1-5.5
7 5.6 - 5.7 Midterm 2
8 6.1-6.3 Holiday
9 6.4-6.5,7.1
10 7




History

Year Mame Made by Comments

1834 | Analytical Engine Babbage First attempt to build a digital computer

1936 | Z1 Zuse First working relay calculating machine

1843 COLOSSUS Britizh gov't First electronic computer

1944 | Mark | Alken First American genaral-purpose computar

1846 |ENIAC | - Eckert/Mauchley | Modern computer history starts here

1945 |[EDSAC Wilkes First stored-program computer _
1951 | Whirlwind | MLLT, First real-time computer _
1952 | |AS Von Neumann Most current machines use this design

1960 PDP-1 DEC First minicomputer (50 sold) _
1961 | 1401 IBM Enormously popular small business machine _
1862 | 7094 _IBM . Dominated scientific computing in the early ._,m.m__”__m“_
1863 BSOOD | Burroughs First machine designed for a _._..m_.f_m:m_._mzm.,.ﬁlmml_
1964 | 360 IBM First product line designad as a family _
1964 | 6600 CDC First scientific supercomputer _
1865 |FDP-8 DEC First mass-market minicomputer (50,000 sold) _
1970 |PDP-11 DEC Dominated minicomputers in the 19705 _
1974|8080 | el | First general-purpase B-bit computer on a chip |
1874 |CRAY-1 Cray | First veclar supercomputer *
1878 |VAX DEC First 32-bit superminicomputer

1281 | IBM PC IBM Started the modern personal computer era

1885 MIPS MIPS First commercial RISC machine

1987 | SPARC Sun First SPARC-based RISC workstation

1980 | RS6000 IBM First superscalar machine
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Von Neumann and IAS
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IBM 360

eMicroprogramme
eFamily

eMultiprogram

Model 50 Model 65

Froperty Model 40
Relative performance 3.5 10 21
Cycle time (nseac) 625 BO0 250
Maximum memaory (KB) 256 256 212
Bytes fetchad per cycle 2 4 16
Maximum number of data channels 3 4 _ 6 |




4004
8008
8080
8088
8086
80286
80386
80486
Pentium
PII
PIII
PIV

The VLSI revolution
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Exponential Growth
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Computer Organization
The layered model

Leval 5 Problem-oriented language level

Translation (compilar)

Level 4 Assembly language level

Translation (assembler)

Lawveal 3 Operating system maching level

FPartial interpretation (operating system)

Lewval 2 Instruction set architecture level

Interpretation (micropragram) or direct execution

Level 1 Microarchitecture level

Hardware

Lewvel O Digital logic level




Layered Machine model

Programs in Ln are

- either interprated by
Laval n Virtual machine Mn, with [.—  interpreter running
machine language Ln on a lower machine, or
are translated to the
. machine language of a
. lower machine
Virtual machine M3, with
Level 3 machine language L3
Frograms in L2 are
gither interpreted by
- interpreters running
Level 2 Virtual machine M2, with [.—"  on M1 or MO, or are
machine language L2 translated to L1 or LO
FPrograms in L1 are
either interpreted by
_ _ " an interprater running on
Level 1 ﬁﬁm.w,_._ﬂwmw__._:_m_m:%ul_m_ Ei - MO, or are translated to LO
Programs in LO can be
: - directly executed by
Level 0 Actual computer MO, with | .—  the electronic circuits
machine language LD




Digital Logic Level

e Logical Abstraction
of physical hardware

 Basic elements are
gates.

e How are gates

composed? o A
E]

A+ B

= TT) Do) Dot
B



MicroArchitecture

Registers
Datapaths

Functional Units
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First view of entire
machine - sort of

In.._._u:_. canirod signads (rd, wr, lekch)
x|
_F_ - 4
r— A-10=-1E
] IIH Daciodar
TTTTTTT
g KOR ==
=
MeR | B12 « 3688
caniral storg
. AL
. Y he M CTGEGgTa
W ——,
| W PC
] RiIH
[ or — EEnE g
o — [ —
[_oPc = M
H )
s el (CN T
h - Contral
e L " [1 L1171kt thp=fion signals
S ALY # Enable
Zz anbo
/1 B bis
Shifter p
£ .1 Writa
C buig
1o regisler




Instruction Set Architecture

Instruction-visible
registers

Instruction-view of
storage

Instruction-
available operations

Instruction word
format
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ISA View of CPU (Cont’d)

Register | Alt. name

Function

RO GO

Hardwired to 0. Stores into it are just ignored.

R1-R7 | G1-G7
R8-R13 | 00-05
R14 sP

Halds global variables
Holds parameters to the procedure being called
Stack pointer

R15 o7

Scratch register

R16-R23 | LO-L7

Holds local varniables for the current procedure

R24-R29 | 10-15

Holds incoming parameters

R30 FF

Pointer to the base of the current stack frame

R31 17

Figure 5-4. The UltraSPARC I1's general registers.

Holds return address for the current procedure

_ OPCODE

(&)

QPCODE

ADDRESS

OPCODE |ADDRESS]

ADDRESS?

ik

12)

Figure 5-9. Four common

Type 8 Bits | 16 Bits | 32 Bits | 64 Bits 128 Bits
Signed integer ® x ® *®
_Unsigned integer
Binary coded decimal integer
Floating point | » e

Figure 5-8. The IVM numeric data types.

CPCODE

ADDAT | ADDRZ

ADDRI

d)

instruction formats: {(a) fero-




Operating System Level

e Storage
management

— Memory
— Files

 Programs
 Processes

e Communication

Catagory

File management
n.mqm.n__uj___ managameant
 Frocess management
 Memory management

Some examples
Open, read, writa, close, and lack filas
Create and delate directones; maove files around
Spawn, terminate, trace, and signal processes
=hare memory among processes; protect pages

 Getting/setting parameter

5 Get user, group, process |D; set prionity

Dates and times

et file access times; use interval timer; profile execution

M,_m?___.m%_:m

Establish/accept connection; sendreceive message

Miscellaneous

Enable accounting; manipulate disk guctas; rebect the system

Figure 6-29. A rough breakdown of the UNIX system calls.

Descripbor

Deserighor
sagmanl

Segrmient
nurmbear

Fage frarms
Page
Mumigar Winirg
Fage
table Offsat

Fagsa \

1E-Bil Segmen
number

B-Bit page 10-Bit afteat
nmbes within the page

Teso-part MULTICS addrass




Assembly Language Level

. 000010
e Symbolic language 100001

— Keywords 111001

— Name management 001100

— Pseudo-Operations

Limit:

e Meta-language A:

— mMacros

Item Macro call Procedure call

WORD 2

ADD R1, RO
CMP RO, Limit
BLT A

When is the call madea?

During assambly

During execution

Is the body inserted into the object
program every place the call is
_made?

Iz a procedure call instruction
inserted into the object program
~and later executed?

Must a return instruction be used
after the call is dona?

Yes

Mo

Mo

Mo

Yes

Yasg

How many copies of the body ap-
pear in the object program’

One per macro call




Basics of software development

 Program development environment

— Assembler
— Linker
— Loader
— Debugger —— p—
procedure 1 madule 1
. Exacuiahle
Source Ohject
procedurs 2 Translator —=| ez [ | Lnker [—* uﬂm%%.:
Source Object
procedure 3 modulke 3

Figure 7-13. Generation of an executable binary  program
from a collection of independently translated source procedures
requires using a linker.



